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INORGANIC ANALYTES IN SOIL 
FORT DEVENS, ~ASSACHUSETIS 

I. 
''.··• . ... ·,·=:c"·:· · . ..·• -:-···-·- N .... , 

cAi.,CuLA i f6N"s DATA ' 

I 
SAMPLE 

I.D. 
SOIL- 15 
SOIL- 4 
SOIL- 5 
SOIL- 3 
SOIL - 17 
SOIL - 12 
SOIL- 1 
SOIL- 8 
SOIL- 2 
SOIL- 14 
SOIL - 19 
SOIL- 10 
SOIL- 20 
SOIL - 11 
SOIL- 6 
SOIL- 18 
SOIL- 7 
SOIL- 13 
SOIL- 9 
SOIL- 16 

I 
I 
I 

SAMPLE 

I.D. 
SOIL- 1 
SOIL- 20 
SOIL- 12 
SOIL- 3 
SOIL- 13 
SOIL- 5 
SOIL- 1 
SOIL- 7 
SOIL- 15 
SOIL- 9 

SOIL - 16 
SOIL- 2 
SOIL - 17 
SOIL- 8 
SOIL- 19 
SOIL- 4 
SOIL- 10 
SOIL- 18 
SOIL- 6 
SOIL - II 

•• 

P:\TCI.AIU.."\IARJ\SOILCALC 

POTASSIUM 
CONCENTilA TION 

uiyg 
250 
310 
470 
530 
590 
600 Minimum -
620 
630 Maximum -
660 
700 Mean-
880 
990 68th %ile-

1000 
1100 
1100 
1700 Background 
1700 Concentration -
2200 
2400 
2400 

SELENIUM 

NO DATA AVAILABLE 

SILVER 
CONCENTilATION 

ug/g 
0.043 
0.043 
0.043 
0.043 
0.043 
0.043 
0.043 
0.043 
0.043 
0.043 
0.043 
0.043 
0.043 
0.043 
0.043 
0.043 
0.043 
0.043 
0.21-0 ° 

'0.580"'U 

Method Detection Llmit 
Likely Statistical Outlier 

Minimum -

Maximum -

Mean -

68th %ile-

Background 
Concentration -

250 

2400 

1000 

1700 

1700 

0.043 

0.043 

0.043 

NA 

0.086 * 

I 
I 

I 
I 
I 

15- D<c-93 



INORGANIC ANAL YTES IN SOIL 
FORT DEVENS, MASSACHUSETTS 

... ·-·•···· .. 

I DATA ·••.•-•, I CALCULATIONS 

I 
SAMPLE 

I.D. 
SOIL- 1 

SOIL - 12 
SOIL- 15 
SOIL- 3 
SOIL- 8 
SOIL- 4 
SOIL- 17 
SOIL- 2 
SOIL- 5 
SOIL- 6 
SOIL- 9 
SOIL- 19 
SOIL- 20 
SOIL- 14 
SOIL- 7 
SOIL - 11 
SOIL- 18 
SOIL- 16 
SOIL- 13 
SOIL-10 

I 
I 
I 

SAMPLE 

I.D. 
SOIL- 17 
SOIL- 15 
SOIL- 10 
SOIL- 20 
SOIL- 1 
SOIL- 5 
SOIL- 8 
SOIL- 19 
SOIL- 4 
SOIL- 14 
SOIL- 12 
SOIL- 2 
SOIL- 16 
SOIL- 3 
SOIL - 11 
SOIL - 18 
SOIL- 7 
SOIL- 6 
SOIL- 9 
SOIL- 13 

•• 

P:\TCIARK\IARI\SOILCALC 

SODIUM 

CONCENTRATION 

ug/g 

26.0 
26.0 
26.0 
26.0 
26.0 
26.0 Minimum -
57.5 
58.6 Maximum -
71.2 
79.8 Mean-
85.8 
86.7 68th %ile-
93.9 
100 
117 
123 Background 
124 Concentration -
130 
231 .. 

',680 "'* 
THALLIUM 

NO DATA AVAILABLE 

VANADIUM 
CONCENTRATION 

ug/g 

6.1 
6.2 
6.5 
7.2 
7.6 
7.9 
8.0 
9.9 

11.7 
13.8 
16.3 
16.6 
17.5 
17.9 
18.1 
22.8 
23.4 
32.3 
44.3 
46.6 

Method Detection Limit 
Likely Statistical Outlier 

Minimum -

Maximum -

Mean -

68th %ile-

Background 
Concentration -

9 

26.0 

231 

79.7 

131 

131 

6.1 

46.6 

17.0 

28.7 

28.7 

I 
I 

I 
I 
I 

!5-Dcc-93 



INORGANIC ANAL YTES IN SOIL 
FORT DEVENS, MASSACHUSETTS 

DATA CALCULATIONS 

I 
SAMPLE 

I.D. 
SOIL- 17 
SOIL- 15 
SOIL- 8 
SOIL- 20 
SOIL- 4 
SOIL- 19 
SOIL- 3 
SOIL- 5 
SOIL- 1 
SOIL- 12 
SOIL- 14 
SOIL- 16 
SOIL- 2 
SOIL- 11 
SOIL - 18 
SOIL - 13 
SOIL- 6 
SOIL- 10 
SOIL- 7 
SOIL- 9 

P:\TClARK\lARI\SOILCALC 

•• 

ZINC 

CONCENTRATION 

uglg 
11.2 
11.7 
13.2 
13.5 
13.6 
14.2 
14.6 
14.7 
16.5 
17.7 
22.2 
23.4 
27.7 
40.0 
40.0 
40.0 
40.0 
40.0 
40.0 

-1ilfo •:·.-

Method Detection Limit 
Likely Statistical Outlier 

Minimum - 11.2 

Maximum - 40.0 

Mean- 23.9 

68th %ile- 35.5 

Background 
Concentration - 35.5 

10 

I 

15-Dec-93 



GROUNDWATER BACKGROUND CONCENTRATIONS 
REPRESENTATIVE SAMPLES 

FORT DEVENS, MASSACHUSETTS 

TOTAL 
MONITORING LOCATION SUSPENDED 

WELL SOLIDS (ug/L) 

G6M-92-09X NORTH POST 37,000 

G6M-92-11X NORTH POST 53,000 

WWTMW-01 NORTH POST 20,000 

WWTMW-13 NORTH POST 30,000 

WWTMW-14 NORTH POST 25,000 

G3M-92-01X MAIN POST <4,000 

13M-92-01X MAIN POST -
12M-92-01X SOUTH POST -
27M-92-04X SOUTH POST -

28M-92-01X SOUTH POST -

ALUMINUM 
(ug/L) 

230 

1,920 

2,330 

3,150 

9,130 

71 

7,270 

179 

8,700 

2,280 

H20DATAWKI 
16-Dec-93 



INORGANIC ANAL YTES IN WATER 
FORT DEVENS, MASSACHUSETTS 

.. 

I 
-·-· ... •'.;..;.;,~ ' I (~Ail.GQLA:TfONS ])ATA ... w 

I 
MONITORING 

WELL 
G3M-92-01X 
12M-92-01X 
G6M-92-09X 
G6M-92-11X 
28M-92-01X 
WWTMW-01 
WWTMW-13 
13M-92-01X 
27M-92-04X 
WWTMW-14 

I 
MONITORING 

WELL 
WWTMW-14 
WWTMW-13 
WWTMW-01 
G6M-92-11X 
G6M-92-09X 
G3M-92-01X 
28M-92-01X 
27M-92-04X 
13M-92-01X 
12M-92-01X 

I 
MONITORING 

WELL 
G6M-92-11X 
12M-92-01X 
G6M-92-09X 
G3M-92-01X 
28M-92-01X 
WWTMW-13 
WWTMW-01 
13M-92-01X 
WWTMW-14 
27M-9'2-04X 

I 
MONITORING 

WELL 
12M-92-01X 
G6M-92-09X 
G3M-92-01X 
WWTMW-01 
28M-92-01X 
G6M-92-11X 
WWTMW-13 
13M-92-01X 
WWTMW-14 
27M-92-04X 

.. 

P:\TCLARK\IARI\1120CALCS 

ALUMINUM 
CONCEN1RATION 

(ug/L) 
71 

179 
230 

1920 
2280 
2330 
3150 
7270 
8700 
9140 

ANTIMONY 
CONCEN1RATION 

(ug/L) 
1.52 
1.52 
1.52 
1.52 
1.52 
1.52 
1.52 
1.52 
1.52 
1.52 

ARESNIC 
CONCEN1RA TION 

(ug/L) 
1.27 
1.27 
1.27 
1.77 
3.94 
5.39 
9.81 
10.9 
15.2 
'12.3 *"' 

BARIUM 
CONCEN1RATION 

(ug/L) 
2.5 
7.6 

10.7 
12.4 
14.4 
16.1 
19.5 
44.5 
46.3 
52.0 

Method Detection Limit 
Likely Statistical Outlier 

Minimum - 71 

Maximum - 9140 

Mean- 3527 

68th %ile- 6874 

Background 
Concentration - 6870 

Minimum - 1.52 

Maximum - 1.52 

Mean- 1.52 

68th %ile- NA 

Background 
Concentration - 3.03 * 

Minimum - 1.27 

Maximum - 15.20 

Mean- 5.65 

68th %ile- 10.5 

Background 
Concentration - 10.5 

Minimum - 2.5 

Maximum - 52.0 

Mean- 22.6 

68th %ile- 39.6 

Background 
Concentration - 39.6 

-I 

I 

I 

I 

I 

15-Dcc-93 



INORGANIC ANAL YTES IN WATER 
FORT DEVENS, MASSACHUSETTS 

.. 

I DATA I CALClJL;t-\ TIO NS 
I 

MONITORING 

WELL 
G3M-92-01X 
lZM-92-0lX 
G6M-92-09X 
G6M,-92-11X 
28M-92-01X 
WWTMW-01 
WWTMW-13 
13M-92-01X 
27M-92-04X 
WWTMW-14 

I 
MONITORING 

WELL 
WWTMW-14 
WWTMW-13 
WWTMW-01 
G6M-92-11X 
G6M-92-09X 
G3M-92-01X 
28M-92-01X 
27M-92-04X 
13M-92-01X 
12M-92-01X 

I 
MONITORING 

WELL 
12M-92-01X 
28M-92-01X 
WWTMW-14 
WWTMW-13 
G6M-92-11X 
WWTMW-01 
G3M-92-01X 
27M-92-04X 
G6M-92-09X 
13M- 92-0 IX 

MONITORING 

WELL 
G3M-92-01X 
G6M-92-09X 
28M-92-01X 
12M-92-01X 
WWTMW-01 
G6M-92-11X 
WWTMW-13 
27M-92-04X 
13M-92-01X 
WWTMW-1 4 

P:\TCLARK\IARJ\ll20CALCS 

•• 

BERYLLIUM 
CONCENTRATION 

(ug/L) 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

CADMIUM 
CONCENTRATION 

(ug/L) 
2.01 
2.01 
2.01 
2.01 
2.01 
2.01 
2.01 
2.01 
2.01 
2.01 

CALCIUM 
CONCENTRATION 

(ug/L) 
179 

1910 
2490 
3280 
5780 
6940 
7710 
8820 

17700 
23200 

CHROMIUM 
CONCENTRATION 

(ug/L) 
3.01 
3.01 
3.01 
3.01 
6.04 
6.36 
10.1 
16.4 
16.9 
18.7 

Method Detection Limit 
Likely Statistical Outlier 

Minimum - 2.50 

Maximum - 2.50 

Mean- 2.50 

68th %ile- NA 

Background 
Concentration - 5.00 * 

Minimum - 2.01 

Maximum - 2.01 

Mean- 2.01 

68th %ile- NA 

Background 
Concentration - 4.01 * 

Minimum - 179 

Maximum - 23200 

Mean - 7801 

68th %ile- 14747 

Background 
Concentration - 14700 

Minimum - 3.0 

Maximum - 18.7 

Mean- 8.7 

68th %ile- 14.7 

Background 
Concentration - 14.7 

I 
I 

I 

I 

15-Dec-93 



;,,:. ... 

INORGANIC ANALYTES IN WATER 
FORT DEVENS, MASSACHUSETTS 

-,-

I ':I ;.);;:::, .. 'DATA -Q~tCULATlQ~S ;, 

I 
MONITORING 

WELL 
G3M-92-01X 
12M-92-01X 
G6M-92-09X 
G6M-92-11X 
28M-92-01X 
WW1MW-01 
WW1MW-13 
13M-92-01X 
27M-92-04X 
WW1MW-14 

I 
MONITORING 

WELL 
G3M-92-01X 
WW1MW-14 
28M-92-01X 
WW1MW-01 
G6M-92-09X 
12M-92-01X 
G6M-92-11X 
WW1MW-13 
J3M-,-92--01'X 
27M-92--i04X 

I 
MONITORING 

WELL 
G3M-92-01X 
G6M-92-09X 
12M-92-01X 
G6M-92-11X 
28M-92-01X 
WW1MW-01 
WW1MW-13 
WW1MW-14 
27M-92-04X 
13M-92-0l X 

I 
MONITORING 

WELL 
G6M-92-09X 
WW1MW-01 
28M-92-01X 
G3M-92-01X 
G6M-92-11X 
WW1MW-13 
12M-92-01X 
WW1MW-14 
f3M-,92-01X 
27M-92-'04X 

•• 

P:\TCLAR1''\IARIIH20CALCS 

COBALT 
CONCENlRA TION 

( ug/L) 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 

COPPER 
CONCENlRA TION 

(ug/L) 
4.05 
4.05 
4.05 
4.05 
4.05 
4.05 · 
4.05 
6.52 

l816Q 0 

}9.oo·•'U 

IRON 
CONCENlRA TION 

(ug/L) 
171 
331 
373 

2390 
2410 
3250 
3830 
9250 

11200 
12900 

LEAD 
CONCENlRATION 

(ug/L) 
0.65 
2.00 
2.17 
2.30 
2.30 
3.10 
4.23 
5.70 

12:10 •• 

12.40 ° 
Method Detection Limit 
Likely Statistical Outlier 

Minimum - 12.5 

Maximum - 12.5 

Mean- 12.5 

68th %ile- NA 

Background 
Concentration - 25.0 * 

Minimum - 4.05 

Maximum - 6.52 

Mean- 4.36 

68th %ile- 5.2 

Background 
Concentration - 8.09 * 

Minimum - 171 

Maximum - 12900 

Mean- 4611 

68th %ile- 9104 

Background 
Concentration - 9100 

Minimum - 0.65 

Maximum - 5.70 

Mean- 2.81 

68th %ile- 4.25 

Background 
Concentration - 4.25 

3 

I 
I 

I 

I 

I 

15-Dec-93 



---- ----

INORGANIC ANAL YTES IN WATER 
FORT DEVENS, MASSACHUSETTS 

.. -.·.-, .. - .. ., ·- - .-.-.-.. -. ....... 

I DA'.FA .):J., .. . ,-""OA,LCULATIO"NS" 
I 

MONITORING 

WELL 
28M-92-01X 
G6M-92-11X 
G3M-92-01X 
WWTMW-13 
G6M-92-09X 
WWTMW-01 
WWTMW-14 
27M-92-04X 
12M-92-01X 
13M-92-01X 

I 
MONITORING 

WELL 
G6M-92-09X 
12M-92-01X 
WWTMW-01 
28M-92-01X 
G6M-92-11X 
WWTMW-13 
13M-92-01X 
WWTMW-14 
G3M-92-01X 
27M-92,-,, 0'4X 

I 
MONITORING 

WELL 
WWTMW-01 
G3M-92-01X 
12M-92-01X 
13M-92-01X 
WWTMW-14 
28M-92-01X 
G6M-92-11X 
G6M-92-09X 
27M-92-04X 
WWTMW-13 

I 
MONITORING 

WELL 
G6M-92-09X 
WWTMW-01 
28M-92-01X 
G3M-92-01X 
G6M-92-11X 
WWTMW-13 
12M-92-01X 
WWTMW-14 
13M-92-01X 
27M-92-04X 

P:\TCLARK\IARI\H20CALCS 

MAGNESIUM 
CONCENTRATION 

(ug/L) 
693 
857 

1000 
1390 
1600 
1900 
1970 
3550 
4110 
4500 

MANGANESE 
CONCENTRATION 

(u[VL) 
23.4 
69.9 
77.7 
86.4 
102 
107 
227 
233 
486 

-nro•,.,. 
MERCURY 

CONCENTRATION 

(u[VL) 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.70 

NICKEL 
CONCENTRATION 

(ug/L) 
17.2 
17.2 
17.2 
17.2 
17.2 
17.2 
17.2 
17.2 
17.2 
17.2 

Method Detection Limit 
Likely Statistical Outlier 

Minimum - 693 

Maximum - 4500 

Mean- 2157 

68th %ile- 3477 

Background 
Concentration - 3480 

Minimum - 23.40 

Maximum - 486.00 

Mean- 156.93 

68th %ile- 290.7 

Background 
Concentration - 291 

Minimum - 0.12 

Maximum - 0.70 

Mean- 0.18 

68th %ile- 0.35 

Background 
Concentration - 0.243 * 

Minimum - 17.20 

Maximum - 17.20 

Mean- 17.20 

68th %ile- NA 

Background 
Concentration - 34.3 * 

I 
I 

I 

I 

I 

15-Dec-93 



INORGANIC ANAL YTES IN WATER 
FORT DEVENS, MASSACHUSETTS 

.. 

I 
,•.•, ...-. .. 

I .~CALCULATIONS DA.TA ' 
·-

I 
MONITORING 

WELL 
28M-92-01X 
G6M-92-11X 
WWTMW-13 
G3M-92-01X 
12M-92-01X 
WWTMW-01 
·WWTMW-14 
G6M-92-09X 
13M-92-01X 
27M-92-04X 

I 
MONITORING 

WELL 
G6M-92-09X 
12M-92-01X 
WWTMW-01 
28M-92-01X 
G6M-92-11X 
WWTMW-13 
13M-92-01X 
WWTMW-14 
G3M-92-01X 
27M-92-04X 

I 
MONITORING 

WELL 
WWTMW-01 
G3M-92-01X 
12M-92-01X 
13M-92-01X 
WWTMW-14 
28M-92-01X 
G6M-92-11X 
G6M-92-09X 
27M-92~04X 
WWTMW-J:I 

I 
MONITORING 

WELL 
28M-92-01X 
G6M-92-09X 
WWTMW-14 
G6M-92-11X 
27M-92-04X 
12M-92-01X 
WWTMW-13 
G3M-92-01X 
WWTMW-01 
13M-92-0JX 

P:\TCLARK\IARI\H20CALCS 

POTASSIUM 
CONCENTRATION 

( ug/L) 
461 
645 

1080 
1450 
1500 
1980 
1980 
1980 
2570 
2790 

SELENIUM 
CONCENTRATION 

(ug/L) 
1.51 
1.51 
1.51 
1.51 
1.51 
1.51 
1.51 
1.51 
1.51 
1.51 

SILVER 
CONCENTRATION 

(ug/L) 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 

SODIUM 
CONCENTRATION 

(u!VL) 

1380 
2000 
2100 
2430 
3070 
4250 
4610 
8570 

11300 
18000 

Method Detection Limit 
Likely Statistical Outlier 

Minimum - 461 

Maximum - 2790 

Mean- 1644 

68th %ile- 2370 

Background 
Concentration - 2370 

Minimum - 1.51 

Maximum - 1.51 

Mean- 1.51 

68th %ile- NA 

Background 
Concentration - 3.02 * 

Minimum - 2.30 

Maximum - 2.30 

Mean- 2.30 

68th %ile- NA 

Background 
Concentration - 4.60 * 

Minimum - 1380 

Maximum - 18000 

Mean - 5771 

68th %ile- 10841 

Background 
Concentration - 10800 

5 

I 
I 

I 

I 

I 

15-Dcc- 93 



INORGANIC ANALYTES IN WATER 
FORT DEVENS, MASSACHUSETTS 

.. ..:, . .. 

1· DATA I CALCULATIONS 
I 

MONITORING 

WEI.L 
28M-92-01X 
G6M-92-11X 
WWTMW-13 
G3M-92-01X 
12M-92-01X 
WWTMW-01 
WWTMW-14 
G6M-92-09X 
13M-92-01X 
Z7M-92- 04X 

I 
MONITORING 

WELL 
G6M-92-09X 
12M-92-01X 
WWTMW-01 
28M-92-0IX 
G6M-92-11X 
WWTMW-13 
13M-92-01X 
G3M-92-01X 
27M-92-04X 
WWTivfW- 14 

I 
MONITORING 

WEI.L 
WWTivfW-13 
G6M-92-09X 
WWTMW-01 
28M-92-01X 
G6M-92-11X 
G3M-92-0IX 
WWTMW-14 
27M-92-04X 
12M-92-0IX 
n M.-92- 0 LX 

P:\TCI.ARK\IARl\lI20CALCS 

THALLIUM 
CONCENTRATION 

(ug/L) 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 

VANADIUM 
CONCENTRATION 

(ug/L) 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
12.8 
14.5 

ZINC 
CONCENTRATION 

( urJL) 
10.6 
10.6 
10.6 
10.6 
10.6 
10.6 
32.0 
41.7 
47.0 
78.S "" 

Method Detection Limit 
Likely Statistical Outlier 

Minimum - 3.50 

Maximum - 3.50 

Mean- 3.50 

68th %ile- 3.50 

Background 
Concentration - 6.99 

Minimum - 5.50 

Maximum - 14.50 

Mean- 7.13 

68th %ile- 10.41 

Background 
Concentration - 11.0 * 

Minimum - 10.6 

Maximum - 47.0 

Mean- 20.5 

68th %ile....:. 34.9 

Background 
Concentration - 21.1 * 

6 

I 
I 

I 

I 

15- Dec-93 
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RI SEDIMENT DATA SUMMARIES 

ABB Environmental Services, Inc. 
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TABLEJ-1 
RI SEDIMENT DATA SUMMARY 

SHEPLEY'S HILL LANDFILL 

REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP 1A SITES 

FORT DEVENS, MA 

SESHLOJ SESHL02 SESHL03 SESHL04 SESHLOS ·sESJUJ)6· SESHL07 SESHLOS SESHL09 SESHLl.O SESHLJ t SESBLi 2 SES8L13 
Analvsis.Mcthod Codc/Aoalvte .... .. · · (C6~ccottaii ons in ai~h) ; ·- ~- . ;i · · •.: : · : · · · · • <. 
00 Total Organic Carbon 31800 191000 117000 104000 80900 138000 231000 29500 21900 242000 218000 49100 222000 
JB03 Mercurv 1 27 2.1 1.7 0.55 3.5 3.5 6.07 33 53 130 72.0 38.0 
JD13 Arsenic 68.0 260.0 3200 2900 1800 3200 36.0 170 200 200 380 260 290 
JS15 Aluminum 14000 17000 1600 2200 14000 2700 963 23000 20000 19000 22000 9900 24000 
JS15 Barium 47.4 173 210 210 160 280 10.3 210 310 176 186 76.3 202 
JS15 Beryllium 0.40 1.360 <0.78 <0.78 <0.78 <0.78 <0.078 1.15 1.82 2.19 2.36 0.895 2.72 
1S15 Calcium 2600 7000 12000 13000 <1300 <1300 690 6100 6400 8100 7800 2900 10000 
1S15 Cadmium <0.424 21.0 34.0 53.0 33.0 55.0 4.38 60.2 18.3 23.7 12.7 4.93 53.4 
99 Lead 60.1 338 30.7 39.2 46.5 31.8 31 202 612 439 542 134 632 
1S15 Chromium 270 3700 310 390 <39 <39 270 950 5400 6900 10000 4700 9300 
JS15 Copper 39.7 119 <20 <20 <20 <20 6.01 54.6 132 113 122.0 60.9 128 
JS15 Iron 14000 4300 280000 330000 50000 34000 4000 73000 45000 33000 33000 19000 36000 
1S15 Potassium 2200 1520 185 244 996 324 90.5 2340 1740 1210.0 1310 704 1330 
JS15 Ma11:nesium 4300 3050 550 730 2600 850 164 6900 3800 2580 3090 2400 2880 

JS15 Manganese 280 <84 3800 3900 <84 <84 100 8800 3400 1500 1400 310 1600 

JS15 Sodium 238 <52 <520 <520 <520 <520 123 <52 799 896 588 266 825 

JS15 Nickel 11.6 69.7 <25 <25 <25 <25 6.77 70.1 64.9 79.3 53.5 12.4 75.4 

JS15 Vanadium 20.1 76.3 <13 <13 <13 <13 8.79 74.8 150 166 102 24.3 165 

1S15 Zinc <80 <80 <80 <80 <80 <80 42.8 <80 <80 <80 <80 <80 <80 

LH13 Heptachlor <0.012 0.020 0.092 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012 <0.012 

LH13 4.4'-DDE <0.04 <0.04 0.172 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 

LM15 Benzo( a )anthracene <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 1.10 <0.3 

LM15 Chrvsene <0.45 <0.45 <0.45 <0.45 <0.45 <0.45 <0.45 <0.45 <0.45 <0.45 <0.45 1.50 <0.45 

LM15 Fluoranthene <0.52 <0.52 <0.52 <0.52 <0.52 <0.52 <0.52 <0.52 <0.52 <0.52 <0.52 3.40 <0.52 

LM15 Phenathrene <0.41 <0.41 <0.41 <0.41 <0.41 <0.41 <0.41 <0.41 <0.41 <0.41 <0.41 2.50 <0.41 

LM16 Acetone 0.058 <0.01 0.29 0.15 0.54 <0.01 <0.01 0.37 0.4 0.15 0.15 <0.054 0.260 

LM16 Methylene Chloride 0.023 <0.006 0.05 0.053 0.036 0.082 0.034 0.072 0.12 <0.006 0.073 0.021 0.098 

LM16 Methvl Ethvl Ketone <0.01 <0.01 0.079 <0.01 0.13 0.089 0.023 <0.01 0.13 <0.01 <0.01 <0.01 <0.01 

LM15 Napthalene <0.42 . <0.42 <0.42 <0.42 <0.42 <0.42 <0.42 <0.42 <0.42 <0.42 <0.42 1.60 <0.42 

LM15 Pvrene <0.42 <0.42 <0.42 <0.42 <0.42 <0.42 <0.42 < 0.42 4.35 <0.42 3.50 2.60 < 0.42 

CSSED.WKl 14-Jul-93 



S~CSBOl 

Analysis Mc.tbod Codel_Anafyte _ 
00 Total Organic C'.arbon 52300 
00 Total Petroleum Hydrocarbons 291 
JD13 Arsenic 69 
JS15 Lead 50.4 
JS15 Aluminum 6900 
JS15 Barium 25.7 
JS15 Beryllium <.078 
JS15 Calcium <1300 
1S15 Chromium 20.1 
JS15 Copper 9.16 
JS15 Iron 14000 
JS15 Mercury 0.112 
1S15 Potassium 565 
1S15 Magnesium 2700 
1S15 Man_g_anese 440 
JS15 Sodium <52 
JS15 Nickel 12.5 
1S15 Vanadium 18.8 
1S15 Zinc <80 
LH13 4,4'-DDD 0.297 
LH13 4.4'-DDE 0.08 

LM15 Acena.!'_hthalene <0.46 

LM15 Anthracene <0.54 

LM15 Bis(2-ethylhexv}phthalate <0.39 

LM15 Benzo(a)anthracene <0.3 

LM15 Benzo(_a)pyrene <0.38 

LM15 Benz~fluoranthene <0.36 

LM15 Benzo(g,h,i)perylene <0.24 

LM15 Benzo(k)fluoranthene <0.8 

LM15 Chrysene <0.45 

LM15 Fluoranthene <0.52 

LM15 lndeno(l,2.J-c,d)pyrene <0.21 

LM15 Phenanthrene <0.41 

LM15 Pyrene <0.42 

LM16 Acetone 0.047 

LM16 Meth__ylene Chloride 0.024 

LM16 Methvl Ethvl Ketone <0.01 

- - = Not analyzed 

TABLEJ-2 
RI SEDIMENT DATA SUMMARY 

COLD SPRING BROOK LANDFILL 

REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILI1Y STUDY FOR GROUP lA SITES 

FORT DEVENS, MA 

SECSB02 SJ;3CSB03 SEC:::SB04 'SECSQ~J SE~B~~ / ~~~806 
- :" - (d,up) 

0:>nccntralioiis_in_:m,lkg), .. . -..... . _ 
170000 13600 24600 10300 I 57600 , - -
<74.4 <74.6 <74.5 <74.5 <426 

160 20 32 6.5 43 37 
174 14.2 32 11.4 78.6 73 

12000 5500 4800 3800 17000 12000 
67.4 19.3 22.4 13.8 52.3 34.5 

<.078 <.078 <.078 <.078 0.408 0.318 
13000 <1300 5400 1400 <1300 <1300 
<3.9 10.1 <3.9 7.24 38.3 31.3 
20.4 <1.95 6.67 <1.95 19.6 14.8 

45000 8500 12000 3800 20000 16000 
0.225 <0.026 <0.026 <0.026 0.153 0.168 

993 348 389 308 2100 1300 
3100 2100 1800 1400 5100 3800 
3000 500 750 130 500 500 
<52 119 <52 76.8 216 162 

<2.46 <2.46 <2.46 <2.46 13.4 10.6 
36.9 7.54 10.2 5.57 24.9 19 
690 32.7 <80 14.6 <80 <80 

0.625 0.034 0.102 0.083 0.72 
0.202 0.017 0.042 0.047 0.14 

<0.46 <0.46 <0.46 <0.46 <0.46 

<0.54 <0.54 <0.54 <0.54 <0.54 

<0.39 <0.39 <0.39 <0.39 <0.39 

<0.3 <0.3 <0.3 <0.3 0.73 

<0.38 <0.38 <0.38 <0.38 1.1 

<0.36 <0.36 <0.36 <0.36 0.88 

<0.24 <0.24 <0.24 <0.24 <0.24 

<0.8 <0.8 <0.8 <0.8 <0.8 

<0.45 <0.45 <0.45 <0.45 1.1 

4 <0.52 <0.52 <0.52 2.1 

<0.21 <0.21 <0.21 <0.21 <0.21 

<0.41 <0.41 <0.41 <0.41 <0.41 

<0.42 <0.42 <0.42 <0.42 2.2 

0.17 0.062 0.048 0.016 0.037 

0.061 0.012 0.017 0.01 0.026 

<0.01 0.025 <0.01 <0.01 <Q,!ll 

SECSB07 
~ :<• •'.· ·'.- s~gi:J9.s ,~~_SS!J°-~,,." 

.... ----···· ' ;-•• ' -;,.. -~· ,. , ..... · - ·· ·-· •••• 'L":• ••••••••••• 

51300 51900 I 101000 
<74.2 <74.4 2100 

35 34 52 
57.3 47.2 345 

5100 7600 17000 
25.4 22.7 58.6 

<.078 <.078 <.078 
3600 <1300 7500 
<3.9 <3.9 50.7 

<1.95 6.07 34.9 
9800 12000 31000 
0.154 0.117 0.718 

430 294 3000 
923 1400 7000 
370 370 450 
<52 <52 403 

<2.46 <2.46 26.3 
13.9 12.2 41.1 
78.3 55.6 <80 
<0.1 0.6 1.3 

<0.04 0.15 <0.04 

<0.46 <0.46 3 

<0.54 <0.54 3 

<0.39 <0.39 2 

<0.3 <0.3 4 

<0.38 <0.38 6 

<0.36 <0.36 5 
<0.24 <0.24 

<0.8 <0.8 10 

<0.45 <0.45 8 

<0.52 <0.52 10 

<0.21 <0.21 2 
<0.41 <0.41 6 

<0.42 1.2 20 

0.047 0.028 <0.01 

0.024 0.019 0.047 

<0.01 <0.01 <0.01 
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TABLEK..::t 
GllOUNDWATEll - INGESTION AND CONTACT DUlllNG SHOWElllNG 
ADULT EXPOSURE - UNFILTERED, MAXIMUM CONCl!NTllA'ITON 
SHEPLEY'S HILL IANDFILL - WELL GROUP 1 
lll!MEDIAL INVBS'ITGATION ADDENDUM llEl'OllT 
FEASIBILITY STI1DY FOil GROUP 1A SITES 
FOllTD~.11.A 
EXPOSURE PAllAMEI'EllS 

PARAMETER SYMBOL VALUE 

CONCEN'lllATION WATBR cw clx-.mical sp:cific 

INGESTION RATE JR 2 

EVENT FREQUENCY EV 1 

BODYWEIGHT BW 70 

DOSE ABSORBED PER EVENT D~ut cbcDJaJspecific 

SHOWER EXPOSURE TIME ET 0.2 

EXPOSURE FREQUENCY EF 350 

EXPOSURE DURATION ED 30 

SURFACE AREA EXPOSED SA 19400.0 

AVERAGING TIME 
CANCER AT 10 

NONCANCER AT 30 

I " ""'VERSION FACTOR CF n=• 
[!) PC=•t calculatrd iD App,udi< W 

(2] Sur&cc Arca ir.pn:senb entire. body. 

USEPA, 1969b. EXJX>•"'" Factor,Haudbook. 

USEPA, 1969f. Risk Asaeosm,ntGuKlaua, for Supe.rfund. 

USEPA, 1991b. ~tandard DcC.ult Exp,surc Factor,•. 

USEPA, 1992d. Dermal EXJX>Sure Assossmcnt Principlc,aud Application,. 

ABB Environmental Services, Inc. 

I GSIG_L UM.A 15-Dec-93 ] 

EQUATIONS 

UNm; SOURCB 

"'l!ililrr CANCER RISK= INTAKE (msJlr8-cloy) • CANCER SLOPE FACTOR (~-cloy) ~ -1 

litr.n/day USEPA, 1991b 

events/day HAZARD QUOTIENT= INTAKE (msfk8-cloy) /REFERENCE DOSE (mg/lqi-day) 

"8 USEPA, 1991b 

m@/cm2-~nt Calculatrd [!} (USEPA, 1992d) 

boura/day USEPA, 1989f 

da~r USEPA, 1991b INTAKE-INGESTION= CW::a:IR s:ABS; xETs:EF :a:ED 

:,an USEPA, 1989f BW •AT• 365 cloya/yr 

cm2 USEPA, 1969b (2) 

:,ars USEPA, 1969f INTAKE-DERMAL= D~ai:11txEVs EFxED x CFs SA 

~.an USEPA, 1969f BW • AT• 36.5 daya/yr 

titt-rll03cm3 

Where: 

DAc.cut = PC.....ut • CW 

Note: 
PorD0111c:an:::inos,:aicc&c:ta: AT= ED 

Ab,orptioo Factors (ABS;) for ingestion arc o,I cqml to one ( USE PA Rcgx,n I dcC.ult value). 

R ev. 7/91 



TABLE K-1, amlinot:d 
GllOUNDWA'IEll - INGESTION AND CONTACT DUlllNG SHOWElllNG 
ADULT EXPOSURE - UNFILTI!lllID, MAXIMUM CONCENfllA'llON 
SHEPLEY'S HILL LANDFILL - WELL GllOUP l 
llEMEDIAL INVESTIGATION ADDENDUM llEPOllT 
FEASIBlllTY STUDY FOil GllOUP lA STIES 

FORT DEVENS. MA 
CARCINOGENIC EFFE<:r.i 

WATl'R INGESTION 
COMPOUND CONCEN'IllATION AB5; ,_.:., 

1.2-Didalorocihane 0.0099 

1,2-Did,Joroprop,uc 0.00052 

Bcan:nc 0.0017 

ArRnic 0.39 

Dichlorobenznc■ 0.011 

[1] Calculated from the Oral CSF as desa:ibed in Section 6.1.2.3. 

ADB Environmental Services, Inc. 

INTAIU! 
INGBSTIOf,I PCEVJJNT 
'=•"'- _.._.,, -'-vcatl 

I 2.3E-05 0.00366 

I 1.2E--06 0.00811 

I 4.0E-06 0.0693 

I 9.2E--04 0.0002 

i 2.6E-OS 0.0894 

[GSIGltlMA is-Dec-93 I 

INTAltl! ORAL Di:RMAL CANCER. CANCER TOTJJ.. 
DERMA!. CSI' CSfl (IJ RISK 'RISI: CANCER 

lm•,i:•-.b>I , ... n.-..-c.1 .... ,- I '•·"''"".......J••\ .... - 1 IN"l!STION DERM·AL RISK 
4.IE-06 0.091 0.091 2.lE-06 3.8E--07 2.SE--06 

4.8E-07 0.068 0.068 8.3E--08 3.3E--08 1.2£--07 

l.3E--05 0.029 0.029 l.2E--07 3.9E--07 5.0E-07 

8.9E--06 1.75 1.19 l.6E--03 l.6E--05 1.6£--03 

l.lE--04 0.024 0.024 6.2E--07 2.?E-06 3.3£-06 

SUMllA.llY CANCEll lUSK. 2E'-'03 2E,',05 ZB-"03 

Rev. 7/91 



TABLE IC-1, amtinued 
GROUNDWATER - INGESTION AND CONTACT DUllING SHOWERING 
ADULT EXPOSURE - UNFILTERED, Y:AXJMUM CONCIDITRATION 
SBEPLEY'S HilL LANDFILL - WELL GROUP 1 
REMEDIAL INVES'llGATION ADDENDUM: REPORT 
FEASIBILrrY STIJDY FOR GROUP lA SITES 
FORT DEVl!l'r.i, KA 
NONCARCINOGEl'IIC l!PFECl'S 

WATllR INGESTION 

COMPOUND CONCENTRATJON AB5; 

'-"' 
J ,2-Dichloropropa.nc 0.00052 

1.2-Dicbloroclli<.oc (lot.I) 0.007 

Benzcnc 0.0017 

Chlorocthaoc 0.0055 

Aluminum 75.5 

Antimony 0.0033 

Arr.Die 0.39 

Barium 0.35 

Calcium 219 

CbromiumVI 0.115 

Cooalt 0.0546 

CoF¥'r 0.0922 

boo 97.4 

Potassium 31.8 

Map.sium 24 

ManpDC".sr. 9.65 

Sodium 67.3 

N-,ke] 0.177 

L<ad 0.0668 

Vanadium 0.0791 

Zmc 0.22 

Dichiaro bcnzcDC'.S 0.011 

1,J-Dichlorodhanc 0.0044 

l:Z- Dic:hloroe.thane. 0.0099 

ND= No data available 
[I] Calrulated from the Oral RID as described in Section 6.1.2.3. 

ABB Environmental Sernces, Inc. 

INTAKE 

INGESTION l'CEVl:NT 
lm•"'•--d••' ,~-~----

I 2.8E-06 0.00811 

I 3.8E-05 0.00888 

I 9.3E-06 0.0693 

I 3.0E-o5 0.00513 

I 4.IE-01 0.0002 

I 1.3E-05 0.0002 

I 2.IE-03 0.0002 

I 1.9E-03 0.0002 

I l.2E+oo 0.0002 

I 6.3E--04 0.0002 

I 3.0E--04 0.0002 

I 5.IE--04 0.0002 

I 5.3E-01 0.0002 

I 1.7E-01 0.0002 

I 1.3E-01 0.0002 

I 5.3E--02 0.0002 

I 3.7E-OI 0.0002 

I 9.7E--04 0.0002 

I 3.7E--04 0.0002 

I 4.3E-04 0.0002 

I l.2E-03 0.0002 

I 6.0E-05 0.0894 

l 2.4E-05 0.00651 

I 5.4E-05 0.00366 

(GSIGlUMA 15-Dec-93 ] 

INTAXE ORAL DERMAL RAZARD HAZARD TOTAL 

DERMAL RID RCDjlJ Qll.CfTll!NT QUOTIENT HA2.ARO 

'm•"'•--dnl . lm .. nr..-da•\ ... _ _ , INGl'.S"l10N nl:'RM'AL nUOTTEJIIT 

l.lE--06 NO NO 
1.7E-05 0.009 0.009 4.3E-03 1.8E-03 6.lE-03 

3.IE-05 NO ND 
7.5E-06 0.02 0.02 l.5E--03 3.7E--04 1.9E-03 

4.0E-03 NO NO 
l.8E--07 0.0004 0.000004 4.5E-02 4.4E-02 S.9E-02 

2.IE-05 0.0003 0.000294 7.JE+OO 7.IE-02 7.2E+OO 

l.9E--05 O.Q7 0.0049 2.7E-02 HE--03 3.IE-02 

1.2E--02 ND NO 
6. IE--06 0.005 0.00055 l .3E--OI I.IE--02 l.4E-Ol 

2.9E-06 ND NO 
4.9E-06 NO ND 
5.2E--03 ND ND 

1.7E--03 NO NO 
l.3E---03 NO NO 
5.IE--04 0.005 0.0002 l.lE+ol 2.6E+OO 1.3E+0l 

3.6E--03 NO NO 
9.4E--06 0.02 0.001 UE-02 9.4E--03 5.SE-02 

3.6E--06 NO NO 
4.2E-06 0.007 0.00021 6.2E--02 2.0E-02 S.2E-02 

1.2E--05 0.3 0.102 4.0E-03 l.!E--04 4.IE-03 

2.6E-04 0.09 0.09 6.7E--04 2.9E-03 3.6E-03 

7.6E-06 0.1 0.1 2.4E-04 7.6E-05 3.2E---04 

9.6E--06 0.3 0.3 1.8£--04 3.2E--05 2.IE-04 

SUIOl.AR.Y RAZAB.D INDEX 21!+01 3E+OO 21!+0I 

Rev. 7/91 



TABLEK-2 

INHALATION EXPOSU'IE TO VOCs DU'IING SHOWERING 

ADULT EXPOSU'IE - Ul"FL TfRED, MAXIMUM CONCENTRATION 
SHEPLEY'S HILL LANDFLL - WB.l. GROlF 1 

REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBUTY STUDY FOR GROlF 1A SITES 
FORT DEVENS, MA 

EXPOSU'IE PARAMETERS 

P.ARAMETfR sn.ea. VALUE 

CONCENTRATION Afi CA 

CONVERSION FACTOR 1 CF1 24 
EXPOSU'IE TIME ET 0.2 

EXPOSU'IE FREQUENCY EF 350 
EXPOSU'IE DU'IATION ED 30 

CONVERSION FACTOR 2 CF2 365 
AVERAGING TIME CANCER AT 70 
AVERAGING TIIIE NONCANCER AT 30 
USEPA, 1991b. Stardard Defaul Exposure Factors. 

USEPA, 1989f. RAGs, Part A 

CARCINOGENIC EFFEClS 

AIR AVE.C:ONC. 
eou>OUM> OONCEHmATION LIFETIME ,, .. ,_ , ... -

1,2-Dichloroellane 4.1E+01 1.4E-01 

Benzene 9.1 E+00 3.1E-02 

st.nAIARY CANCER RISK 

NONC.ARCINOGEMC EFFEClS 

AIR AVE.CdNC. 
COMPOUND CONCENTRATION FOR TIME-PERIOD 

, ... ~ , .... -
Benzene 9.1E+ OO 7.3E-02 

Chloroelhane 3.2E+01 2.6E-01 

1, 1-Dichloroellane 2.1E+01 1.7E-01 
1,2-Dichloroellane 4.1E+01 3.3E-01 

1,2-Dichloraprapane 2.3E+ OO 1.SE-02 

1,2-Dichloroethene (total) 3.5E+01 2.SE-01 

SUMMMY HAZARD INDEX 
ND = No dala available 

ABB Environmental Services, Inc. 

[GSIH1UMA 15-Dec-93] 

EQUATIONS 

UNITS SOU'ICE 

ug/m.., Modeled 
holl's/day CANCER RISK= AVG. CONC. (ug/m3, • CANCER UNIT RISK (ug/m3)-1 

holl's/day USEPA, 1989f 

days/yea USEPA, 1991b HAZARD QUOTIENT = AVG.CONC.(ug/m3,,ffEF. CONC. (ug/m3, 
years USEPA, 1991b 

days/yea 

years USEPA, 1989f AVG.CONC.= CAair • Ef • ET* ED 
vears USEPA. 1989t"' AT*CF1 *CF2 

Note: 
*For noncarcinogenic elfects: AT = ED 

tNHAl.AnbN CANCER 

UNJTRISK RISi< 
,, .. - z 1 

2.6E- 05 3.7E- 06 

8.3E- 06 2.8E-07 

E - 06 

iNHAIAU6N ~D 
Rte dUol1ENr ., ... ,_ 

2.0E-01 3.8E-01 

1.0E+04 2.6E-05 

5.0E+02 lUE-04 

1.0E+01 3.3E-02 

4.0E+OO 4.SE- 03 

ND 

0.401 

Rev. 12/92 



TABLEK-3 
GROUNDWATER - INGESTION AND CONTACT DURING BATIIING 
CBil.D EXl'OSURE - (SUBCllllONIC) UNFILTERED, MAXIMUM CONCl!NTRA'IION 
SIIEl'LEY'S HILL LANDFILL - WELL GROUP l 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBIIITY STIJDY FOR GROUP lA SnES 

.. ~ ...... . --~ ·-· 
EXPOSURE PARAMEIERS 

PARAMET'ER SYMBOL VALi.TE UNITS 

CONCEN'IRATION WATER cw chemical spr.cific Dlf!/lib,r 

INGESTION RATE JR 0.3 lib,rs/day 

AGE-SPECIFIC SURFACE AREA SA; asc-spr.cific cm3 

EVENT FREQUENCY EV I events/day 

BODYWEIGHT BW 16 lc,g 

AGE-SPECIFIC BODY WEIGHT BWi asc-specific lc,g 

DOSE ABSORBED PER EVENT D~.1 cbcmcal specific Dl(llcm2-c~al 

BA1H EXPOSURE TIME ET 0.2 boun/day 

EKPOSURE FREQUENCY EF 3:50 day>/),,ar 

EXPOSURE DURATION ED 3 years 

AGE-SPECIFIC EXl'SOURE DURATION ED; age- specific years 

AGE-WEIGHTED SURFACE AREA (1] SA,,dj 2247.3 cm2-yr/Jli! 

AVERAGING TIME 

CANCER AT 70 years 

NONCANCER AT 3 years 

CONVERSION FACTOR ,.,, o~· 1!...__,.n3,."'3 

SOURCE 

USEPA, 1989b 

USEPA. 1989b 

USEPA, 1989b 

USEPA, 1989b 

Calcubt..d [2] (USEPA.1992d) 

USEPA. 1989! 

USEPA.l99lb 

Assumptioa 

USEPA. 1989b 

Appemlix V [3](USEPA. 1992d) 

USEPA.1989! 

USEPA. 1989! 

[l] Tbc cakuJatious fornorDIBiliud. surboe-.are.a (SAadi)aud dermallyabsorbcddoec-. ~r uaitarc-.a per event (D~.~at)arcdc-.scribed in App:-.odixV. 

[2] PC=•I calcublled ia Appc,,dix W. 

{3] St.riace area rcprer.nts the cnti~ body. 
USEPA. 1989b. Exp,,= FactonHaadbook. 

USEPA. 19989!. R,;,k Aar.aamcal Guidaacc for Supcrfuod. 

USEPA.1991b. St>adard Ddault Expos= Factors. 

USEPA. 1992d. Dermal l'~wc AssesslllCDt "'-'-'-'-· aad Annt;,,,tioos, 

ABB Environmental Service~ Inc. 

[GSIG!UMC 1s-0ec-93 I 

EQUATIONS 

CANCER RISK= INTAIIE ("'811<8-day) • CANCER SLOPE FACTOR (ms/ks-day)~ -1 

HAZARD QUOTIENT= INTAIIE (a,g/kg-day) /REFERENCE DOSE (ma/kg-day) 

INTAXE-INGESTION = CWxlR xABS; s.ET:a:EP s.ED 

BW •AT• 363 days/yr 

INTAXE-DBlMAL = D"-,e,t • EV s._EF x CP • SA,ctj 

AT• 363 days/yr 

Whc~: 

D~•t = ~•t•CW 

Note: 
For noncamDOi,:aic cffcebc AT = ED 

Abimption f:acton (ABSj) foriasestion are seteq1al to one (USEPAReg:ion ldefa.ultvalue). 

Rev. 7191 



TABLE K-S, conlinued 
GllOONDWA'l'Ell - INGESTION AND CONTACT DUIUNG BATHING 
CHILD EXPOSURE - (SUBCHRONIC) UNl'IL'IEIU!D, KAXDrul( CONCENTRATION 
SIIHPLEY'S BllL lANDl'ILL - WELL GROUP 1 
Rl!IUIDIAL INVES'llGA'llON ADDENDUII REPORT 
PHASIBlUl"Y S'IUDY FOR GllOUP 1A SOES 
FORT~KA 
CARCINOGENIC llFFECTII 

\V,/,TFJl INGES110N INT~ 
COM.POUND CONCENTl!J\TIOl'I ABS; INGti'nON , __ ., 

fm•"'·-'-·' 

1,2-Dic:l,Jometmne 0.0099 I 4.2E-06 

1,2-Dic:l,Jompropone 0.000,2 I :UE-07 

BcaD:DC 0.0017 I 7.3E-07 

Anenic 0.39 I l .7E--04 

Dic:1,Jon,beuoaeo 0.011 I 4.7E-06 

[1 J Calailated ftom Oral CSF as described in Seclion 6.1 .2.3. 

ABB Environmental Senices. Inc. 

PCl!VE'iT 
i-i..ve.ol\ 

0.00366 

0.00811 

0.0693 

0.0002 

0.0894 

[osJGJUMC lS-Dec-93 ] 

ll'ITAXI! ORAL DERMAL CJ\NCER CANCER TOTAL 

OERlofAL CSP CSFllJ RTS·I: RISI: CANCeR 
1-•"'·--dav\ l;m-A....-da•\..., - I h:a-A--~ .. -'~ - t ,.,,,.,.....ON DERMAL RISI: 

l.lE--06 0.091 0.091 3.9E--07 J.0E--07 4.9E--07 

l.3E--07 0.068 0.068 I.SE--03 UE- 2.4E--OS 

3.6E--06 0.029 0.029 2.IE-03 1.IE--07 l.3E--07 

2.4E-06 1.1, J.79 2.9E--04 4.3E-06 3.0E--04 

3.0E--0, 0.024 0.024 1.lE--07 7.3E-07 S.4E--07 

SUIOUJlY CANCER ltISE. 3E--o4 SEL06 :IB'-04 

Rev. 7/91 



TABLE K-3, c:oati.noed 
GROUNDWATER - INGESTION AND CONTACT DURING BATHING 
CUlLD EXPOSURE - (SUBCBRONIC) UNFILTERED, MAXIMUM CONCENTRATION 
SBEPLEY'S HILL LANDFILL - WELL GROUP 1 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBIUTYSTUDYFORGROUPlASITES 

FORT DEVE!iS. MA 
NONCARCINOGENIC EFFECI'S 

WATER 

COMPOUND CONCEN'lllAttON. , __ ., 
J,2-Dicbloropropanc 0.00052 

1,2-llichloroctbcoc (tobl) 0.007 

Benzene 0.0017 

ChlorocthaDC'. 0.0055 

Aluminum 15.5 

Antimony 0.0033 

ArEnic 0.39 

Barium 0.35 

Calaum 219 

Chromium VI 0.115 

Ccbalt 0.0546 

C<:tppr'.r 0.0922 

Iron 97.4 

Potassium 31.8 

MaF-sjum 24 

Maagancsc 9.65 

Sodium 67.3 

Nickel 0.177 

L,ad 0.0665 

Vanadium 0.0791 

Zinc 0.22 

Dicblombenz:cMs 0.011 

I, 1-DicMorocthan~. 0.0044 

1,2-Dichlorocthanc 0.0099 

ND= No data available 
(1] calculated from Oral RID as described in Section 6.1.2.3. 

ABB Environmental Ser,foes. Inc. 

-

INGESTION INTAU 

AB5; INGESnO!II 

'- -"'--'•vi 
I 3.IE--0'5 

I 4.2E-05 

I I.OE--05 

I 3.3E--05 

I 4.5E-01 

I 2.0E-05 

I 2.3E-03 

I 2. IE-03 

I 1.3E+oo 

I 6.9E--04 

I 3.3E--04 

I 5.SE--04 

I 5.SE--01 

I l.9E--OI 

I 1.4E--OI 

I 5.SE--02 

I 4.0E-01 

I 1.lE--03 

I 4.0E-04 

I 4.7E-04 

I l.3E--03 

I 6.6E-{)5 

I 2.6E-05 

I S.9E-{J5 

PCEVENT 
,-!--at\ 

0.00611 

0.00666 

0.0693 

0.00513 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

. 0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0694 

0.00651 

0.00366 

[ GSIGIUMC !5-Dcc-93 ] 

INTAKE 011-AL DERMAL R~D HAUIRD TOTAL 

DllltM:Al. Rftl IUD(!) QUonDIT QUO"ITENT HAZARD 

lm-""--davl ✓-~"---davl tm· .. n.J.. --d1i11\""'-t .D.,..U~I n•"'TIFNT 

I.SE--06 ND ND 

2.7E-05 0.009 0.009 4.7E-03 3.0E--03 7.6E-03 

5.IE--05 ND ND 

l.2E--05 0.02 0.02 l.6E--03 6.lE--04 2.3E-03 

6.5E--03 ND ND 

2.SE-07 0.0004 0.000004 4.9E-02 7.lE-02 1.2E-0l 

3.4E--05 0.0003 ,).000294 7.6E+OO I.IE--01 7.9E+OO 

3.0E--05 0.07 0.0049 3.0E--02 6.2E--03 3.6E-62 

J.9E--02 ND ND 

9.9E--06 0.02 0.0022 3.4E--02 4.SE-03 3.9E-62 

4.7E-06 ND ND 

7.9E-06 ND ND 

5.4E--03 ND ND 

2.7E-03 ND ND 

2.IE-03 ND ND 

6.3E--04 o.oos 0.0002 l.2E-+-Ol 4.2E+OO l.6E+OI 

5.SE--03 ND ND 

l.5E--05 0.02 0.001 5.3E--02 J.SE--02 6.SE-02 

5.SE--06 ND ND 

6.SE--06 0.007 0.00021 6.SE--02 3.2E--02 1.0E-01 

1.9E-{)5 0.3 0.102 4.4E-03 1.9E--04 4.6E-03 

4.2E-04 0.9 0.9 7.3E-05 4.7E-04 S.4E-04 

l.2E-{)5 I l 2.6E-05 1.2E-{)5 3.9E-OS 

J.6E-{)5 0.3 0.3 2.0E-04 5.2E-{)S 2.5E-04 

SUMMARY HAZARD OWf!lC Il!+0l 41?"+00 21!+01 

Rev. T/91 



TABLEK-4 

INHALATION E>CPOSlflE TO VOCs DlfllNG SHOWERING 

CHILD E>CPOSlflE (SUBCl-flONIC) - UNFILTmED, MAXIMUM CONCENTRATION 

SHEPLEY'$ Hill. LANDFILL - WEU. GROlJ> 1 

REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBUTY STUDY FOR GROlJ> 1A SITES 

FORT DEVENS, MA 

E>CPOSlflE PARAMETERS 

PMAMETER SYJ.Eot VALUE 
CONCENTRATION All CA 

CONVBISION FACTOR 1 CF1 24 

E>CPOSlflE TIME ET ' 0.2 

E>CPOSlflE FREQUENCY EF 350 

E>CPOSlflE DlflATION ED 5 

CONVBISION FACTOR 2 CF2 365 

AVERAGING TIME CANCER AT 70 

A!Jm.AGING TIME NONCANCER AT s 
USEPA, 1991b. Standard Defaul Exposure Factors. 

USEPA, 1989f. RAGs, Part A. 

CARCINOGENIC EFFEClS 

AIR AVECONC. 

COMPOUND CONCENTRATION UFE11ME ,, ... ,_ fun/"'"' 

1,2-Dichloroethane 4.1E+01 2,3E-02 

Benzene 9.1E+oo 5.2E-03 

SUMMNIY CANCB RISK. 

NONCARCINOGENIC EFFEClS 

AIR. A.VE. CONC. 

COMPOUND CONCENTRATION FOR TIME PERIOD ,, .. ,- ,, .. ,_ 
Benzene 9.1E+ OO 7.3E- 02 

Chloroethane 3.2E+01 2.6E-01 

1, 1-Dichloroethane 2.1E+01 1.7E-01 

1,2-Dichloroetlane 4.1E+01 3.3E-01 

1,2-Dichlorq,rapane 2.3E+ 00 1.SE-02 

1,2-Dichloroelhene (total) 3.5E+01 2.SE-01 

SUMMNIY HAZARD INDEX 
ND= No dala available 

ABB Envronmenb.l Services, Inc. 

[GSIH1UMC 15-Dec-93] 

EQUATIONS 

UNrts sotJlce 
ug/m" Modeled 

hours/day CANCER RISK= AVG. CONC, (ug/m3, * CANCER UNIT RISK (ug/m3)-t 
hours/day USEPA, 1989f 

days/yea USEPA, 1991b HAZARD QUOTIENT = AVG.CONC.(ug/m3),REF. CONC. (ug/m3, 
years USEPA, 1991b 

days/yea 

years USEPA, 1989f AVG.CONC. = CAim * EF * ET* ED 
vears USEPA. 19891" AT*CF1 *CF2 

Nale: 
*For noncacinogenic effecls: AT = ED 

INHAlATION CANCER 
I.NTRISK RISK 
((iafi',js, ..a: :I 

2.6E- 05 8.tE-07 

8.3E- 06 4.3E-08 

~ 71:- 07 

iNWLA.ooN HAi.Mi> 
Rte QUOTIENT 

,, ... lin3l 

2.0E- 01 3.eE-01 
1.0E+04 2.ee-os 
5.0E+03 3.4E- OS 
1.0E+01 3.3E-02 
1.3E+01 1 .4E-03 

ND 

0.398 

Rev. 12/92 



TABLEK-S 
GltOUNDWATEit - INGESTION AND CONTACT DUIUNG SBOWEIUNG 
ADULTEXl'OSUitE - UNFILTEitED, AVEltAGE CONCENTRAllON 
SBEPLE\"S BilL LANDFILL - WELL GltOUP 1 
IU!MEDIAL INVl!SlJGATION ADDENDUM ltEl'O.RT 
PEASIBIUTY STUDY FDit GltOUP 1A SrIES 

- -·~~- - ·- -
EXPOSUitE PAitAMETEitS 

P ARAMl!TER SYMBOL VALIJI! 

CONCEN'IRATION WATl!ll cw chcmiall ,pecific 

INGESTION RATE IR 2 

l!VENTFREOUFNCY EV I 

BODYWEIGHT BW 70 

DOSE ABSORBED PER EVENT D~.nt c.hemiot.1 specific 

SHOWER llXJ'OSURETIME ET 0.2 

EXPOSURE FREOUFNCY EF 350 

EXPOSURE DURATION ED 30 

SURFACE AREA EXPOSED SA 19400.0 

AVERAGING TIME 

CANCER AT 70 

NONCANCFR AT 30 

Ct\NVE1tC'l'""1rJ f:Al"1V'Ut = "-''"' 
[!) PCc,.,nt"'lculalrdiD AppcndttW 

[2] Surface Area 1".prcscnta ciitirc bcx:ly. 

USEPA. 19&9b. Expo""° FaetorsHandbook. 

USEPA. 19&9!. Rjsk AsE.umenl Guidance far Superf...!. 

USEPA. 1991b. ''Stn,dard Dcmult Exjx,sutt. Faetor,'. 

USEPA. 1992d. Dermal Exjx,surc Auessment Principlcsand Apjlii<alions. 

ABB Environmental Services. Inc. 

[ GSIGIUAA 15-Dec-93 ] 

EQUATIONS 

UNm SOUR.CB 

me/liter CANCER RISK= INTAKE (melq-day) z CANCER SLOPE FACTOR (mafk8-clay) ~ -1 

liters/day USEPA. 1991b 

~oh/day HAZARD QUOTIENT= INTAKE (maJkg-day) /REFBI.ENCE DOSE (msfks-,lay) 

ks USEPA. 1991b 

msfcm2-evcnl Calculatr.d [l)(USEPA. 1992.d) 

hoio/day USEPA. 19&9! 

day,/~r USEPA. 1991b INTAKE-INGESTION= CWz:IR. xABS; ll:ETz:EF xED 

~rs USEPA. 19&9! BW z AT z 365 day,/yr 

cm2 USEPA. 19&9b [2) 

~n USEPA.1989! INTAKE-DERMAL= D~!Cllt s: EV][ HF X ED X CF X SA 

~rs USEPA. 19&9! BW z AT z 365 daya/yr 
c ... . ,u~3cm3 

WhcR: 

DAc..eat = l'Ccv.,Dt • CW 

Note: 
For DODtarcinoFnic eflccbc AT= HD 

Absnption Factors ( AB Si) for inecstiou are set equal to one. (USEPA Region I default v.alue ). 

Rev. 7/91 



TABLE Jt-S, c:on1inaed 
GROUNDWATI!ll - INGESTION AND CONTACT DURING SHOWERING 
ADULT EXPOSURE - UNFILTERED, AVERAGE CONCENillATION 
SIIEPLEY'S HILL L\NDPILL - WELL GROUP I 
REMEDIAL INV:ESTIGAJ'lOl'l ADDENDUM REPORT 
FEASIBILITY snJDY FOil GROUP IA SITES 
PORT DEVENS., MA 
CARCINOGllNIC EFPECI'S 

WATER ING llSI'ION 

COMPOUND CONCENTRATION ABS; ,_~\ 
J ,2 -Dichloroelhane 0.00097 

1,2-Dichlompmp,ne 0.00027 

Beazicnc 0.0005] 

Arenic 0.101 

Dichlombc■R.11Ca 0.0054 

(1] Calculated ftom Oral CSF as d esaibed in Section 6.1.2.3. 

-'"\BB Environmental Senices., Inc. 

INTAX!l 
INGES110N l'Ci!vliNT 
lo,-"'--,bv\ 

,-e.__ __ ., 

I 2.lE-06 0.0)366 

I 6.lE--07 0.00311 

I l.2E--06 0.0693 

I 2.4E-04 0.0002 

I !.lE--05 0.0894 

[GSIGIUM 15-Dec-93 ] 

JNTAltl! OR"'1, OE:IU'(Al. CANCER CANCiZ TOTAL 
DOlM AL CSl' 

.•, 

CAN Ot!R CSF(I) II.ISi( IUS1'. 

'--"---m•' '--"--~\~-1 - ~-, JNr:e<-nroo DDIMAL Jl lSIC 

4.0E-07 0.091 0.091 2.IE-07 3.7E--08 2.4E-07 

2.SE-07 0.068 0.068 4.3E-0S l .7E--OS 6.0E-0S 

4.0E-06 0.029 0.029 3.SE--08 l .2E--07 l.SE-07 

2.lE-06 1.75 1.79 4.2E-04 4.JE-06 4.2E-<M 

S-'E--05 0.024 0.024 3.0E--07 l .3E--06 J.6E-06 

SUIOIARY CANCER IUS]lt 4E'-04 6E-"06 4£-,04 

Rev. 7/91 



TABLE K-5, continued 
GllOUNDWATEll - INGESTION AND CONTACT DUlllNG SHOWElllNG 
ADULT EXPOSURE - UNFILTEllED, AVEllAGE CONCENTllATION 
SHEPLEY'S HIU. L<'.NDFILL - WELL GROUP l 
BEMEDIAL INVESTIGATION ADDENDUII llEJ'OR.T 
PEASIBillTY STIJDY FOil GROUP 1A SITES 
POllTDgVENS.IIA 
NONCARCINOGENIC EFFECTS 

WATER INGESTION 

COMPOUND CONCEN1ttA110N AIU; 
(,....,1\ 

J,2-Dic:hloropropiil,ne 0.00027 

1,2-Dichlorocthcnc (total) 0.0014 

l!e,uene 0.00051 

Cblonx. thane 0.0013 

Alumi.num 4.26 

Antid:IODY 0.0017 

Ar:r.oic: 0.!01 

Barium 0.0476 

Calcium 34.3 

Chromium VI 0.009 

Cobalt 0.014 

Copper 0.0086 

Iron 17.6 

Potau.ium 7.12 

Magnesium 7.6 

Manpnesc 2.05 

S<xlium 20.7 

Nickel 0.0229 

k~d 0.0052 

Vamdium 0.0094 

Zinc 0.0294 

Di<:hlo10bcnzr.oca 0.0054 

1,1-Dichlorocth.nc O.OOM6 

1.2- Dichlorocth.ne 0,00097 

ND= No data available 
[I] Calculated from Oral RID as desaibed in Section 6.1.2.3. 

ABB Environmental Ser~ce~ !n.t.:... 

INTAKE 

INGJ!STION PCEVENT 
lm•,..•-davl , ............. ,, 

I UE--06 0.00611 

I 7.7E-06 0.00866 

I 2.&E-06 0.0693 

I 7.IE-06 0.00513 

I 2.3E-02 0.0002 

I 9.3E--06 0.0002 

I 5-~E--04 0.0002 

I 2.6E-04 0.0002 

1 3.0E--01 0.0002 

I 4.9E-05 0.0002 

I 7.7E-05 0.0002 

I 4.7E-05 0.0002 

I 9.6E--02 0.0002 

I l.9E--02 ' 0.0002 

1 4.2E-02 0.0002 

I J.lE--02 0.0002 

I 1.lE--01 0.0002 

I 1.3E--04 0.0002 

I 2.SE-05 0.0002 

I 5.2E--05 0.0002 

I l.6E--04 0.0002 

I l .OE--05 O.M94 

I 4.7E-06 0.00651 

I 5.3E--06 0.00366 

[GSIGIUAA is-Dcc-93 l 

INTAIU! ORAL Oflu.(Al, .HAZARD H~I) TOT.Ill. 
DERMAL RID IIID(I) QUOTIENT QUOTIENT HAZARD 

fm .. ll. .. --d.11'11'~ ,_,._•-davl 101•"""'-du\ ""'- l INGESTION Dau.lAL OUOTIFlllT 

5.&E--07 ND ND 
3.3E--06 0.009 0.009 8.SE--04 3.7E--04 l.2E-Ol 

9.4E--06 ND ND 
UE--06 0.02 0.02 3.6E--04 UE--05 4.4E-04 

2.3E-04 ND ND 
9.0E--06 0.0004 0.000004 2.3E-02 2.3E-02 4.6E-02 

5.4E--06 0.0003 0.000294 l.6E-+-OO l.&E--02 1.9E+OO 
2.SE-06 0.07 0.0049 l.7E--03 5.2E--04 4.2E--Ol 
2.9E-03 ND ND 
4.6E-07 0.005 0.00055 9.9E--03 6.7E--04 1.JE--02 

7.4E-07 ND ND 
4.6E-07 ND ND 
9.4E--04 ND ND 
3.&E--04 ND ND 
4.0E-04 ND ND 
1.lE--04 0.005 0.0002 2.2E+OO 5.4E--01 2.SE+OO 

1.IE--03 ND ND 
1.2E--06 0.02 0.001 6.lE--03 1.2E--03 7.5E-0l 

2.SE-07 ND ND 
5.0E--07 0.007 0.00021 7.4E-03 2.4E-03 9.7E-0l 
l.6E--06 O.l 0.102 5,4E--04 UE--05 5.5E-<M 

l.3E--04 0.09 0.09 3.3E--04 l.4E--03 1.SE-03 

l.5E--06 0.1 0.1 4.7E-05 1.SE--05 6.2E-05 

9.4E--07 0.3 0.3 UE--05 3.lE--06 2.IE-05 

SUKM.AR.YJIAZ.AllDINDEX 4E+OO '61!-'Dl SlUOO 
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TABLEK-8 

INHALATION E>CPOSLflE TO VOCs DlfllNG SHOWEHING 

ADULT E>CPOSLflE - UN"IL TB'IED, AVERAGE CONCENTRATION 

SHB"LEY'S HLL LANDFH..L - WELL GROI.J> 1 

REMEDIAL INVESTIGATION ADDENDUM RB"ORT 

FEASIBUTY STUDY FOR GROI.J> 1A SITES 

FORT DEVENS, MA 

E>CPOSLflE PARAMETB'IS 

PM.AMETB'I SYMBOL VALUE 

CONCENTRATION AR CA 

CONVERSION FACTOR 1 CF1 24 

E>CPOSLflE TIME ET 0.2 

E>CPOSLflE FREQUENCY EF 350 

E>CPOSLflE DlflATION ED 30 

CONVERSION FACTOR 2 CF2 365 

AVERAGING TIME CANCER AT 70 

AVERAGING TII.E NONCANCER AT 30 

USEPA, 1991b. Standard Defaul Exposll'e Factors. 

USEPA, 19891. RAGs, Part A. 

CARCINOGENIC EFFECTS 

Al'I AVG:. CONC. 
COIFOUND CONCENTR.ATION LIFET1ME ,,..,,_ , .... , ....... 

1,2-Dichloroellane 4.0E+ OO 1.4E-02 

Benzene 2.7E+OO 9.2E-03 

SUMMARY CANCER RISK 

NONCMCINOGENIC EFFECTS 

AIR AVG.CONC. 
COY'OUND CONCENTRATION FOR TIME PERIOD 

, .... - .·. ,,..,,~ 
Benzene 2.7E+00 2.2E-02 

Chloroelhane 7.7E+00 6.1E-02 

1, 1-Dichloroellane 4.1E+OO 3.3E-02 

1,2-Dichloroellane 4.0E+OO 3.2E-02 

1,2-Dichloroprapane 1.2E+00 9.3E-03 

1,2-Dichloroelhene (total) 6.9E+00 5.5E-02 

SUMMARY HAZMD INDEX 

ND = No data available 

ABB Environmental Services, Inc. 

[GSIH1UAA 15-Dec-93] 

"EQUATIONS 

~ITS soma: ,.. 
ug/m" Modeled 

holl's/day CANCER RISK= AVG. CONC. (ug/m3, • CANCER UNIT RISK (ug/m3,-1 

holl's/day USEPA, 19891 

days/yea USEPA, 1991b HAZARD QUOTIENT = AVG.CONC.(ug/m3)~EF. CONC. (ug/m3, 

years USEPA, 1991b 

days/yea 

years USEPA, 19891 AVG.CONC.= CAim • EF • ET* ED 

vears USEPA. 19891" AT* CF1 *CF2 

Note: 
*For nonc:acinogenic effects: AT = ED 

INHAUTION CANCet. 
UNrTRIS:t( 

..-<. ¼..-

A.ISK 
, .... -.<11""1 i 

2.6E-05 3.&E- 07 

8.3E-06 7.7E-08 

I :, 4E""07 

INHALATION I--IAiMo . 
R1C ai.icriiENr 

,, .. trn3\ ,; 

2.0E-01 1.1E-01 

1.0E+04 8.1E-08 

5.0E+02 8.&E-05 
1.0E+01 3.2E-03 

4.0E+oo 2.3E-03 

ND 

0.113 

Rev. 12/92 



TABLEK-7 
GROUNDWATEll - INGESTION AND CONTACT DURING BATIIING 
CHILD EXPOSURE - (SUBCBR.ONIC) UNFILTERED, AVERAGE CONcmrntA110N 
SBEn.EY'S BilL LANDPILL - WELL GROUP 1 
.REMEDIAL INVESTIGATION ADDENDUII REPORT 
FEASIBIIIl"Y s-nJDY FOR GROUP tA SilES 
PORT DEVENS, MA 
EXl'OSURE PAllAMEIERS 

PAJVIMIITER SYMBOL VALUE UNrrs 
CONCENTRATION WATER cw chemical specific q/li!or 

INGESTION RATE IR 0.5 lit.n/day 

AGE-SPECIFIC SURFACE AREA SA; •!l'·-•pecific cm3 

EVENTPREQUFNCY EV I = nb/day 

BODYWEIGHT BW 16 ks 
AGE-SPECIFIC BODY WEIGHT BWj 88(',-Str.ci6c: ks 
DOSE ABSORBED Pl!ll EVENT D~ut chcmial ape.cific ID@icu?-CY<ut 

BA"Ill EXPOSURE TIME ET 0.2 houn/day 

EXPOSURE PREQUFNCY EF 350 da~r 

EXPOSURE DURATION ED 5 '""" AGE-SPECIFIC EXPSOURE DURATION E~ •st--•P".ei6c '""" AGE-WEICiHTED SURFACE AREA [I] SA,,dj 2247.5 cu?-yr/JqJ 

AVERAGING TIME 

CANCER AT 70 '""" NONCANCEll AT 5 ,..,. 
l'Al"IY>R ,..,, em, ,~'--tt n3,..m3 

SOURCS 

USEPA, 1989b 

USEPA, 1989b 

USEPA, 1989b 

USEPA, 1989b 

Calculat.d [2] (USEPA. 1992d) 

USEPA. 1989! 

USEPA, 1991b 

Auumptiou 

USEPA. 1989b 

Appoudix V [3](USEPA, 1992d) 

USEPA. 1989! 

USEPA. 1989! 

[l)lbo.calculatiou, {oruorm,lized ,urfacoarea (SA,,dj)aud denmllyab,orbcddosc per uuitarca per=ut (D~t)are deocribcd iu AppoudixV. 

[2) ~DI calculat..d iu Appendix W. 

[3) Surfaoe area reprc~nb the coti~. body. 
USEPA. 1989b. Ezpm,.. Factor, Haadbook. 

USEPA, 199891. Jtj,k As"'"""utGuidauco for Supcrfuud. 

USEPA. 1991b. S1audard Default~ .... Facton. 

USEPA.1992.d. Dcrnml Ennsurc ~umeDt P.rincinlcaand A...IV"Gt:iona. 

ABB Environmental Services, Inc. 

[ GSIG!UAC IS-Dec-93 ] 

EQUATIONS 

CANCl!ll RISI:= INTAll:E (ms/l"s--clay) x CANCl!ll SIDPE FACTOR (lllfliq-day)A -I 

HAZARD QUOTIENT= INTAll:E (Jll8/k8-day) /REFERENCE DOSE (ms/q--clay) 

INTAJ:E-INGESTION = CW :a:JR. :a: ABS; xlITxEP s: ED 
BW x ATx365 daya/yr 

INTAJ:E-Dl!RMAL = DA..-nt z EV x EF 11: CF z SA,,di 
AT x 365 daya/yr 

Wbctc: 

D~t = rc..,,,ut" CW 

Note: 
For :noaam.DOgcaic cffccb: AT= ED 

Ab!Dl'pbOD factor. (ABS;) {OT iugestioa are sctequal to one (USEPARcgiou ldefaultwlue ). 

Rev. 7/9i 



TABLE K-7, continued 
GllOUNDWATEJt - INGESTION AND CONTACT DUllING BATHING 
CHILD EXPOSUllE - (SUBCRllONIC) UNFIL'IEllED, AVERAGE CONCHNI"llATION 
SIIHl'LEY'S BllL LANDPILL - WELL GROUP l 
lll!MEDIAL INVESTIGATION ADDENDUII llEl'OllT 
FHASIBIUl"YSTUDYFOllGllOUPlASrIES 
POllT1>B',fgNS, MA 
CARCINOGENIC EFFECI'S 

WATER 

COMPOUND CONClNlll.ArtON 

'-'-"' 
l;J.-Dichloroc.thane 0.00097 

1,2-Dichloropmpane 0.00027 

Bcnu:ae 0.00051 

Ara:aic 0.101 

Didalorobea2nca 0.0054 

(1] Calculated from Oral CSF as described in Section 6.1.2.3. 

ABB Environmental SeniO!:s, Inc. 

INGESTION INT.l\ltl! 

ABSj INGESTION 
la, ·"---,fav\ 

I 4.2E-07 

I l.2E--07 

I 2.2E-07 

I 4.3E-05 

I 2.3E-06 

l'Cl!VJlNT 
1-·L..-.t\ 

0.00366 

0.00811 

0.0693 

o.oooz 
0.0894 

[GSIGIUAC ,s-nec-93 I 

INTJ\Jll! ORAL Dl!R~AL CANcm · CJ\NCEll TOTAL 

DERMAL CSP CSl'flj 'RISIC Rltt CANCl!R 

'-·"'•-•\ 1111•--daV\ A-• fm•"'•-dn\A ·• ""G~ow DERMAL RJsic 
I.IE--07 0.091 0.091 3.8E--08 9.9E--09 4.SE-08 

6.7E--08 0.068 0.068 7.9E-09 4.6E-09 1.2E-OS 

1.IE--06 0.029 0.029 6.3E--09 3.2E--08 3.SE-08 

6.2E--07 1.75 1.79 7.6E-05 I.IE--06 7.7E-05 

1.5E--05 0.024 0.024 5.5E--OS 3.6E--07 4.IE-o7 

SUlOIAllYCANCEll JIISIC. IIE- DS 1,E,.Q6 IIK-OS 
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TABLE K-7. contin-1 
GllOUNDWA'IEll - INGESTION AND CONTACT DUlUNG BA'IlllNG 
CHILD EXPOSURE - (SUBCRllONIC) UNPIL'IEllED, A VEllAGE CONCENrllATION 
SHEfLEY'S HILL u\NDFILL - WELL GllOUP 1 
REMEDIAL INVESTIGATION ADDENDUM REl'OllT 
PBASIBIInY STIJDY FOil GllOUl' 1A SUES 

FO~T~,MA 
NONCARCINOGENIC EFFECTI; 

WATeJI INGEUION INTA!U: 

COl,IPO~D C<lNCl!N'TllAnON ABS; INGESTION , ...... , __ ,._-d .. 1 

1,2-Dichloroprop,oe 0.00021 I l.6E--06 

1,2-Dicb.lorocth•.n<· (total) 0.0014 I B.4E--06 

Benzene 0.00051 I 3.IE--06 

Chlo~. thane 0.0013 I 7.SE-06 

Alumi.D1UD 4.26 I 2.6E-02 

Antimony 0.0017 I I.OE-OS 

Anen:ic 0.101 I 6.IE--04 

& Oum 0.0476 I 2.9E-04 

Calcium 54.3 I 3.3E-01 

Chro:mi"Um VI 0.009 I S.4E-OS 

Cobalt 0.014 I 8.4E--OS 

Copper 0.0086 I S.2E-OS 

Iron 17.6 I l.lE-01 

Potassium 7.12 l 4.3E-02 

Mag,x-.aium 7.6 I 4.6E-02 

Maopoesc 2.05 I l.2E--02 

Sodium 20.7 I 1.2E-01 

Nickel 0.0229 I l.4E--04 

Lead 0.0052 I 3.IE-OS 

Vanadiu111 0.0094 I S.6E-OS 

Zinc 0.0294 I UE--04 

Dichlombr:n:u-.M.s 0.0054 I 3.2E-OS 

1,1-Dichlot'octhaoc 0.00086 I S.2E--06 

1,2-Dichloroethaae 0.000117 I S.BE-06 

ND= No data available 
[I] Calrulated from Oral RID as described in Section 6.1.2.3. 

ABB Environmental 3c.r\\oes. Inc. 

PCJ.!V'ENT 
,-L·-at\ 

0.00811 

0.00888 

0.0693 

0.00513 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0894 

0.00651 

0.00366 

[ QSIGIUAC 15-Dec-93 ) 

llil°TAU ORAL DERMAL HAZARD lfAZARD TOTAL 
D.ERMA.l. RID R(tl 11) Q007IENT QUOTffl,/T HAZARD 

'm•"'•--.hwl (m ~l'l. -dau\ lm•"'•-'n\A-J ING_.,.,ON n""'UAL nuo'nENT 
9.4E--07 ND ND 
HE--06 0.009 0.009 9.3E--04 6.0E--04 I.SE-OJ 

UE-05 ND ND 

2.9E-06 O.o2 0.02 3.9E--04 l.4E--04 5.3E--o4 

3.7E--04 ND ND 

1.SE--07 0.0004 0.000004 2.SE-02 3.7E--02 6.2E-02 

II. 7E-06 0.0003 0.000294 2.0E+OO 3.0E--02 2.0E+OO 

4.IE-06 0.0, 0.0049 4.IE-03 8.4E--04 4.9E-03 

4.7E-03 ND ND 

7.SE-07 0.02 0.0022 2.7E-03 3.SE--04 3.0E-03 

l.2E--06 ND i'<'t> 

7.4E-07 NO NO 

1.SE-03 NO NO 

6.IE--04 NO NO 
6.6E--04 ND NO 
UE--04 0.005 0.0002 2.SE+OO UE--01 3.3E+oo 

l.8E-03 ND ND 
2.0E-06 0.02 0.001 6.9E-03 2.0E-03 8.8E-03 

4.SE-07 ND ND 
II.IE--07 0.007 0.00021 3.0E-03 3.9E-03 1.2E-02 

2.SE-06 0.3 0.102 S.9E--04 2.SE-05 6.IE--o4 

2.IE-04 0.9 0.9 3.6E-OS 2.3E-04 2.7E-04 

2.4E-06 I I S.2E--06 2.4E-06 7.6E-06 

I.SE-06 0.3 0.3 1.9E-OS S.IE--06 2.4E-OS 

SUMM:AllY .IIAZAJI.D IND.EX SB+OO lB+OO m+oo 
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TABI..EK-8 

INHALATION ElCPOSLftE TO VOC:s Dl.RING SHOWERING 

CHILD EXPOSU1E (SUBC~ONIC) - UNFR.TmED, AVfflAGE CONCENTRATION 

SHEPLEY'S HILL LANDFU - WELL GROLP 1 

REMEDIAL INVESTIGATlON ADDENDUM REPORT 

FEASIBIUlY STIJDY FOR GR OLP 1A SITES 

FORT DEVENS, MA 

ElCPOSll\E PARAMETERS 

PMAMETER SYIEOL 
CONCENTRATION~ CA 

CONVfflSION FACTOR 1 CF1 

EXPOSU1E TIME ET 
ElCPOSU1E FREQUENCY EF 
EXPOSU1E Dll1ATION ED 

CONVfflSION FACTOR 2 CF2 

AVIHAGING TIME CANCER AT 

AVB\AGING TIME NONCANCER AT 

USEPA, 1991b. Standard Defaul Exposi,e Factors. 

USEPA, 1989f. RAGs, Part A 

CARCINOGENIC EFFECTS 

COIFOUND 

1,2-Dichlaroeltane 

Benzene 

NONCARCINOGENIC EFFECTS 

COIFOUND 

Benzene 
Chloroethane 

1, 1-Dichlaroetlane 

1,2-DicNoroetlane 

1,2-Dichlaraprq,ane 

1,2-Dichlaroelhene 

ND = No dala available 

ABB Erwi-onmental Services, Inc. 

AIR 
CONCENTRATION 

I 
4.0E+OO 

2.7E+ OO 

AIR 
CONCENTRATION 

, .... -
2.7E+oo 

7.7E+00 

4.1E+OO 

4.0E+OO 
1.2E+OO 

6.9E+00 

VALUE 

24 

0.2 

350 
5 

365 

70 

5 

AVG. CONC. 

LIFETIME 
l!.!i[m') 

2.3E-03 

1.SE- 03 

SUMMMY CANCER RISK 

AVG.CONC. 

FOR TIME PERIOD ,, .. ,_ 
2.2E-02 

6.1E-02 

3.3E-02 

3.2E-02 
9.3E-03 

5.SE- 02 

SUMMMY HAZARD INDEX 

[GS1H1UAC 15-Dec-93] 

EQUATIONS 

UNITS SOU1CE 

ug/m" Modeled 

hoi,s/day CANCER RISK= AVG. CONC. (ugJm3, * CANCER UNfTRISK (ug/m3)-1 

hoi,s{day USEPA, 1989f 

days/yea USEPA. 1991b HAZARD QUOTIENT = AVG.CONC.(ug/m3,,ffEF. CONC. (ug/m3, 

years USEPA, 1991b 

days/ye« 

years USEPA, 1989f AVG.CONC. = CA!m*EF *ET *ED 
11ears USEPA 1989'" AT* CF1 *CF2 

Nale: 
*Far nonc:arcinogenic effects: AT = ED 

INHALATION CANCER 

UNITRISK RISK 
(uaJm:!}-t 

2.6E- os 5.9E-08 
8.3E- 06 1.SE- 08 

7E- 08 

INtiAI.Atiolli HA'z#lo 
Rte 0lbtiENT ,,..,,-;.n 

2.0E-01 1.1E- 01 

1.0E+04 6.1E-06 

5.0E+03 6.6E-06 
1.0E+01 3.2E-03 
1.3E+01 7.2E- 04 

ND 

0.,:12 

Rell. 12/92 



TABLEK-9 
GllOUNDWATEll - INGESTION AND CONTACT DUltlNG SHOWElllNG 
ADULTEXPOSUllE - FILTEll.ED,MAXIMUM CONCENTllATION 
SBEPLEY'S BILL LANDFILL - WELL GROUP 1 
llEMEDIAL INVESTIGATION ADDENDUM llEl'OllT 
FEASIBILITY STUDY FOil GROUP lA SrIES 
PORT DBVENS, .ILA 
EXPOSUllE PAllAMHIEllS 

r ARAMJITEI\ SYMBOL VALUE 

CONCFN'IRATION WATER cw cM.DJalspecific 

INGESTION RATE IR 2 

EVl!NTPREQUFNCY EV I 

BODYWEIGHT BW 70 

DOSE ABSORBED PER EVENT DAc..,nt chcDJnJ,pecific 

SHOWER EXPOSURE TIME ET 0.2 

EXPOSURE PREQtJl!NCY EF 350 

EXPOSURE DURATION ED 30 

SURFACE AREA EXPOSED SA 19400.0 

AVERAGING TIME 

CANCER AT 70 

NONCANCER AT 30 

CONVE!.~ION FACTOR CF n.m, 

[I) PC<""•l"'lculat.din AppcndixW 

(2) Surface: Area ~presents entire body. 

USEPA, 19691,. ExJI>•=· Factors Handbook. 

USEPA. 1989!. RiU. As:essme.ot Guidance tor Supcrfuud. 

USEPA, 1991b. "Standard Dcfa,~t Exix>sur.. Facton". 

USEPA, 1992d. Dermal EIJx>s= A,r~ment Principlesand ApplicalionL 

ABB Environmenlal Sernces, Inc. 

[ GSIG-IFMA 15-Dec-93 ) 

EQUATIONS 

IJNITT SOUl\Cll . .,, CANCER RISK= INTAKE (mg/!rs-day) • CANCER SWPE FACTOR (ms/ka-day) ~ -1 

libenlday USEPA, 1991b 

cveob/day HAZARD QUOTIFNT = INTAKE (msJJrB-day) /REPERFNCE DOSE (mefkl!-day) 

ks USEPA, 1991b 

qlcm2-tvcnt Calculat.d (I] (USEPA, 1992d) 

boas/day USEPA, 1969f 

days/),,ar USEPA, 1991b INTAKE-INGESTION= CWxIRxABS; xET:s:E'FxED 

ycars USEPA, 1969f BW •AT• 365 daya/yr 

cm2 USEPA, 19691, fl) 

ycars USEPA, 1969f INTAKE-DERMAL= D~1e11t x EV s: BF I ED x CF s SA 

ycan USEPA, 1969f BW ,AT•365 dayai)r 

lit>-.r1103cm3 

Where: 

DAcvent = ~t • CW 

Note: 
For11oocarcinosenicclrccbc AT= ED 

Ahmrptiou Fact.on (ABSi) for ingestion arc 111et cq\BI to one (USEPA Rep>D I default Vllh.ic). 

Rev. 7/91 



TABLE K-9, conlinued 
GROUNDWA1ER - INGESTION AND CONTACT DUlllNG SHOWERING 
ADULT EXPOSURE - FIL1EllED, MAXD(U:U: CONCENTRATION 

SHEPLErS HIIL IJ\NDl'lLL - WELL GROUP 1 
:REMEDIAL INVESTIGATION ADDENDUM 1'.HPORT 
FHASIBIIJTY STIJDY FOR GROUP 1A SITES 

.. '-"' ........ --· ·- .. 
CARCINOGENIC EFFEcn 

WATm INGESTION 

COMPOUND CONCl!NTilATION ABS; , __ .. 
AnclUc 0.21 

[1] Calallated from Oral CSF as desa:ibedin Section 6.1.2.3. 

ABB Envh ~nmental Sernces, Inc. 

INTAXI! 
11'10E$110N PCl!V1Ni' 
·-· ... ·-<la•> '-'---•" 

I 6.3E--04 0.0002 

[GSIGIFMA 15-Dec-93 ) 

INTAJ:I! ORAL DHUIAL CANCl'a CANCER TOTAL 

DEJlMAL CSP CSP(l) 11.ISIC: RISS. CANCl'.II. 
Im·"-- ...L. .A '-·"'-----d•¥'1 ...,-I ,_ ......... 1 ■., .. .. 1 ING~~ OERM:isl 0••11: 

6.2E--06 1.75 1.19 J.JE--03 J.IE--05 1.IE--03 

. 
SUIIIUJl Y CANCER RISK lH-03 IE",OS U?-03 

Rev. 7/91 



TABLE K-9, CDllllmued 
GROUNDWATEll - INGESTION AND CONTACT DU:RING SHOWE:RING 
ADULT EXPOSUIU! - FIL'IEllED, MAXIMUM COMCENTII.ATION 
SIIEPLEY'S Bll.L L'UilDFILL - WELL GROUP 1 
IU!MEDIAL INVl!Sl'IGATION ADDENDUM :REPORT 
FEASIBlLITY STUDY FOR GROUP 1A SrIES 
FORT DEVENS. KA 
NONCARCINOGENIC EFFECTS 

WATER INGESTION 

COMPOUND CONCENTIIATION ABS; 
, __ .. 

Antimony 0.00312 

Ar:r:nic 0.21 

Barium 0.117 

Ca]cium 175 

lrou 91.6 

Potaui\lm I0.6 

Magnesium 19.9 

MangaM,,C 9.54 

Sodium 64.6 

Zinc 0.02.~5 

ND s No data available 
[I] Calwlated from Oral RID as described in Section 6.1.2.3. 

ABB Environmental Semces, Inc. 

INTAKE 
INGESTION PCEVENi . 1-L.--j\ 

I 1.1E--05 0.0002 

I J.5E--03 0.0002 

l 6.4E--04 0.0002 

I 9.6E--OI 0.0002 

I 5.0E--01 0.0002 

I 5.BE--02 0.0002 

I 1.!E--01 0.0002 

I 5.2E--02 0.0002 

I 3.5E--01 0.0002 

I 1.4E--04 0.0002 

[GSIGIFMA IS-Dec-93 ] 

ll'ITAXE ORAL DERMAL RAZAB.,D BAWO TOTAL 
061lMA1. lllD i\ro 111 OUO"l'IENT OUQTIENT HA:Z.ARD 

la, .11..--d:av\ - tm-lt.--da-\ "" - t ING.,..._;_., DERMA'- OIJOUE'IT 
1.7E--01 0.0004 0.000004 4.3E-02 4.IE-02 &.4E-02 
l.4E--05 0.0003 0.000294 4.9E+OO 4.9E-02 5.0E+OO 

6.2E--06 0.07 0.0049 9.2E--03 l.3E--03 1.0E--02 

9.3E--03 ND ND 

4.9E-03 ND ND 

5.6E--04 ND ND 

1.IE--03 ND ND 

5.IE--04 0.005 0.0002 1.0E+o! 2.5E+OO l.3E+-01 

3.4E--03 ND ND 

1.4E--06 0.3 0.102 4.1E-04 1.3E--05 4.&E-04 

SUIOUJlY IIAZAllDINl>EX 2E+01 1 3E+OO 2E+01 

Rev. 7/91 



TABLEJ::-10 
GllOUNDWATEll - INGESTION AND CONTACT DUlllNG BA"lllING 
CBlLD HXPOSUllE - (SUBCRllONIC) FIL "IEllED, MAXIMUU: CONCENTKAnoN 
SHEl'LEY'S BllL IANDFILL - WELL GllOUP 1 
REMEDIAL ~GATION ADDENDUM ltEPOllT 
FEASIBIUTY STUDY FOil GROUP 1A SITBS 
POllT DHVENS, MA 
EXPOSUllE PAilAMEIEllS 

PARAM.ETEJl SYMBOL VALUB UNm 
CONCE'i'IRATION WATER cw chemical ,pecific D!8J1jti,r 

INGESTION RATE JR 0.5 liti,n/day 

AGE-SPECIFIC SURFACE AREA SA; age-specific cm3 

EVENT FREQUENCY EV 1 ~nb/day 

BODYWEIGHT BW 16 Q 
AGB-SPECIFICBODY WEIGHT BWj age-specific Q 
DOSE ABSORBED PPR EVENT D~-~ot cbt-.mical tp-.cific ms'cm2-c=it 

BATH EXPOSURE TIME ET 0.2 houn/day 

EXPOSURE FREQUENCY EF 350 da~r 

EXPOSURE DURATION ED 5 ~,. 
AGE-SPECIFIC EXPSOURE DURATION ED; age-spocific ~"' 
AGB-WEIGHTED SURFACE AREA (1) SA.di 2247.5 cm2-yrllqj 

AVERAGING TIME 

CANCER AT 70 ~rs 

NONCANCPR AT 5 ~n 
I rnNVIIR ~ION FACTOR r,, •=• 1;1r,1103cm3 

SOURCB. 

USEPA, 1989b 

USEPA, 1989b 

USEP A, 1989b 

USEPA. 1989b 

Calculatrd (2] (USEPA, 1992d) 

USEPA, 19891 

USEPA, 1991b 

Alsumption 

USEPA, 1989b 

AppearuxV(3KUSEPA, 1992d) 

USEPA, 19891 

USEPA. 19891 

(I] Thecalculatiou1 fornormaliz,d surfaocan,a (SAa<1;)•nd dcrnmllyab,orb,,dclo,c per uwta=i per=nt (D~0 1)arc described in Appearux V. 

(2) PC=at calculalr.d in Appearux W. 

[3] Sur&ccarca rcpre:ienb. the entire body. 
USEPA, 1989b. Exp,,..., Factors Handbook. 

USEPA, 199891. R;sk A,r.ssmeDtGuidanoc for Supe.rfund. 

USEPA. 1991b. Standard O..fault E"!'Osllft' Factors. 

USEPA. 1992d. Dermal..,_...., ~.,mcnt ........,... and A....J ... tious_ 

ABB Eovironmen !al Sernces, Inc. 

[ GSIG!FMC 15-Dec-93] 

EQUATIONS 

CANCER Rtslt = INTAKI! (ms/18-day) x CANCER SLOPE FACTOR (me/lr8-day)- -1 

HAZARD QUOTIENT= INTAKE (me/lr8-day) /REFERENCE DOSB (mslq-day) 

INTAKE-INGESTION= CW :ii:JR. :ic ABS; s:EI"xEP a: ED 

BW x AT x 365 daya/yr 

INTAKE-DERMAL= DA...cnt 1: E'V :11: HP s CF K SA.dj 
AT X 365 daya/yr 

Whe,e: 

D~at = l'Ce...,at x CW 

Note: 
Pornonc:amDOa:nice&ebc AT= ED 

Aba,rptiou factors (ABS;) foringesnoa arc actcqU1) to anc (USEPARcgioa ldcfaultvahe). 

Rev. 7/91 



TABLH K-10, conlinned 
GllOUNDWATEll - INGESTION AND CONTACT DUIUNG BA'IllING 
CHILD EXPOSURE - (SUBCBllONIC) FILTERED, MAXlMUM CONCENTllATION 
SIIEPLEY'S Bll.L UINDl'ILL - WELL GllOUP 1 
llEYEDIALINVl!SnGAllON ADDHNDUlil RE.PORT 
FEASIBIUTY STUDY POil GllOU1' 1A Sril!S 

PORT DEVENS, tolA 
CARCINOGENIC EPFECTII 

WATER INGESTION INTAKE 

COMPOIJNJ) CONCEN'JllAnON AB&; ING l!STION , ____ 
lm-"'--d■ v\ 

Ancnic 0.27 I J.2E--04 

(I] Calculated from Oral CSF as desaibed in Section 6.1.2.3. 

ABB Enviroo1:ienla! Sernces, Inc. 

PCEV'mT 
1--L.-a t\ 

0.0002 

( GSIG!FMC !5-Dec-93] 

INTAXE ORAL DERMAL CANC 6l\ CAN<;J:R TO"J'i'J. 
DE:llMAL CS1' (1 ) CSP RlSlt R!S~ CAJ:(Cffl 

/a:11-·IL- __:.L •• l. ' m•"""-d .. 1 ~ - 1 11111•""""'-d■ T"\""'-l ING~~ 'D"""MAI n •~K 

l .?E--06 Ln 1.79 2.0E-04 3.0E--06 2.IE--04 

SUJOlAll.Y CANCBll BIS!s 2£-04 :JEC,,116 2B"-'04 
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TABLE K-10, caalinued 
GROUNDWATER - INGESTION AND CONTACT DURING BAlHING 
CIIILD EXPOSURE - (SUBCBllONIC) FIL"IERED, IIAXIMUII CONCENTllATION 
SBEl'LEY'S BilL LANI>Fll.L - WELL GROUP 1 
llEllEDIAL INVESTIGATION ADDENDUK REPOllT 
FEASIBIUTY STIJDY POil GllOUP 1A STIES 
FOllT DEVENS, MA 
NONCARCINOGFJ\IIC I!FFECl'S 

W.ATl!Jl INGESTION INTl\11:.8 
C.'OMPOONO CONCEN'llVITION ABSj INGESTION , __ ., 

fmSll..--cbw\ 

Antimony 0.00312 I 1.9E-05 

Arsenic 0.27 I l.6E-03 

Barium 0.117 I 7.0E-04 

Calcium 175 I 1.0E+-00 

Imo 91.6 I 5.5E-01 

Potusium 10.6 I 6.4E--02 

~gDC.Dum 19.9 1 l.2E-01 

MaQp.irsc. 9.54 I 5.7E--02 

Sodium 64.6 I 3.9E-OI 

= 0.02.~5 I UE--04 

ND= No data available 
[I] Calculaled from Oral RID as desaibed in Section 6.1.2.3. 

ABB Enviro111r,..,ntal Services. Inc. 

PCiivF.NT 
te-t..MC:Dt, 

0,0002 

0,0002 

0,0002 

0,0002 

0,0002 

0,0002 

0.()()02 

0.()()02 

0.()()02 

0.()()02 

[GSIGtFMC 1S-Dec-93 ] 

IN'TAU OIVJ. DERMAL aAiARo IL'iZAIU) TOT/U. 

DEii.MAL RID[II RID Q-UOTIENT QU01D!NT RAZ.ARO 
'-·"'·-<h•' ''--A.'--d••' lm-lL--da•\,..... -t •r~ DERMAi OUOTIENT 

Z.7E-07 0.0004 0.000004 4.7E-02 6.7E--02 I.IE--01 

Z.3E-05 0.0003 0.000294 5.4E+-OO 7.9E-02 5.5E+OO 

1.0E-05 0.07 0.0049 I.OE--02 2.IE-03 l.2E-02 

l.5E--02 NO NO 
7.9E-03 NO NO 
9.IE--04 ND ND 
1.7E-03 ND ND 
5.2E--04 0.005 0.0002 1.IE+ol 4.IE+OO 1.6E+QI 

5.6E-03 ND ND 
2.2E-06 0.3 0.102 5.IE--04 2.2E-05 5.3E-04 

SUIOlARYRi\ZMWJNDEX 2£+01 41?+00 2E+01 
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TABLEIC-11 
GllOUNDWATEll - INGESTION AND CONTACT DURING SUOWElllNG 
ADULTEXPOSUJ.q! - FILTEllED, AVEllAGI! CONCENTllA'IlON 
SIIEl'LEY'S UILL LANDFILL - WELL GllOUP 1 
REMEDIAL INVESUGATION ADDENDUM llEPOllT 
FEASIBillTY STUDY FOil GllOUP 1A SITES 

~,lt_T I>RVENS,MA 
EXPOSUllE PAllAMETEllS 

PJ\IVIMl!'TEI SYMBOL VALVE 

CONCFN'JRATION WA'raR cw cM.mical specific 

INGESTION RATE JR 2 

l!Vl!NT FREQUFNCY EV I 

BODYWEIGHT BW 70 

DOSE ABSORBED PFll EVENT o~., cbcmiads~ 

SHOWFll EXPOSURE TIME IIT 0.2 

EXPOSURE FREOUFNCY EF 150 

EXPOSURE DURATION ED 30 

SURFACE AREA EXPOSED SA 19400,0 

AVERAGING TIME 

CANCFll AT 70 

NONCANCFll AT 30 
p•-~D CF O,Ml 

(1 J PC,.,.ut calculatrd i.a App,.uctix W 

[2] Surfaoc Arca ~preSC",Db catin: body. 

USEPA. 1959b. E"I"""" F•ctorsHanclbook. 

USEPA 19159!. Riak ~ssnrotGuiaao« lor Supcr(und. 

USEPA, 1991b. "Standard Dr&ult Exp,oure Factor,•. 

USEPA. 1992d. Dermal E"JD'ure A>Eument Principleaaud Applj<atioua. 

ABB Environmenll\l Senoces, Inc. 

~fGIFAA 15-Dec-93) 

EQUATIONS 

UNITS SOUR Cl! 

a,wlitet CANCFll RISI:= INTAKE (ms/ks-day) x CANCFll SLOPE FACTOR (meJka-doy) ~ -1 

litrn/day USEPA, 1991b 

cvcnta/day HAZARD QUOTIFNT = INTAKE (meJka-doy) /REFERENCE DOSE ("'8/k8--day) 

kg USEPA. 1991b 

meJcrzl--cvcut O.Jculatr.d (I] (USEPA. 1992d) 

boun/day USEPA, 1959£ 

da~r USEPA, 1991b INTAKE-INGESTION= CW z 1R z ABS; z:Jrr z:EP s:ED 

ye~n USEPA, 1989£ BWxATx5115dayafyr 

Cr,} USEPA. 1989b (2] 

)"'.8rll USEPA.1959£ INTAKE-DERMAL= DA:ucat z: EV z EP z ED z: CF z SA 

~" USEPA, 1989£ BW x AT x 365 dayafyr 
,,._.,,.,J_l 

Whcie: 

D~,=~.1xcw 

Note: 
Fornoncaa:inoeeaiccffccb:: AT~ ED 

, Ab""J'b<>D Factor•(ABS;) fori.agcstiouare :,,tcqwl to one (USEPARcgion ldc&ultvahe). 

Rev. 7/91 



TABLE K-11, c:m,linued 
GROUNDWATI!R - INGESTION AND CONTACT DUIUNG SHOWEIUNG 
ADULT EXJ"OSUJlE - FILTI!RED, AVERAGE CONcmollATION 
SIIEPLEY'S HIIL LANDFILL - WELL GROUP 1 
JlEMEDIAL INVESTIGATION ADDENDUK REPORT 
FEASIBILITY STIJDY FOR GROUP 1A SITES 
FOltT~,M.I\ 
CARCIN 0G EN IC EFPl!CIS 

WATI?R INGESTION 

COM.POUND CONCJ::NTIV, TION ABs; 
<moffl 

Anr:t,jc 0.0?1 

(I] Calallated from Oral CSF asdesaibed in Section 6.1.2.3. 

ABB E::ivironment.,J Service~ Inc. 

I 

INTAltl! INTAXI! Oft.AL 

ING£STION l'C£VEHT DERMAL CSPriJ 
<m•"'·-da•\ '-'-.. ■ ti ; ., .... ...i.-~ , __ ,..__-d.,,\,., -J 

l.7E--OI 0.000'? l,6E~ 1.1, 

SUIOLAII. Y CANCHR RISK 

[GS!9lfM is-Dec-93 l 

DERMAL CANCER CANCER T OTAL 

CSF RIS~ 'RISC CANCllB 
t m-11, _ _...a ••'1""" - l INGESTION DAtMAI R4S« 

1,79 2.9E-04 2.9E-06 2.91!-04 

3E-04, :m- 06 3B-04 

Rev. 7/91 



TABLE K-11, conlinued 
GROUNDWATER - INGESTION AND CONTACT DURING SHOWERING 
ADULT EXPOSURE - FILTEltED, AVERAGE CONCEl'ITRAUON 
SREPLEY'S RIIL LANDFILL - WELL GROUP 1 
REMEDIAL INVESTIGATION ADDENDUM REl'ORT 
FEASIBILITY S'nJDY FOR GROUP 1A SITES 
PORTl>EVENS, KA 
NONCARCINOG ENIC EFFl!Cl'S 

WAT'l,R INGl!SnON 

COMPOUND cONcw,mv..nON ABS; 
(mo,1\ 

Antimony 0.002 

ArEuic: 0.071 

Barium 0.03 

Calcium 37.4 

lrou 14.4 

Potassium 4.13 

M,g,,wum 4.63 

Maac3.oc.,,c:: 1.31 

Sodium 16.9 

Zinc 0.011 

ND= No data available 
(I) Calatlated from Oral RID as desaibed in Section 6.1.2.3. 

ABB Environmental Senices. Inc. 

INTAltl! 

INGESTION PCBVDIT 
/malu-<i»wl '-"'-st\ 

I 1.11!--{)5 0.0002 

I 3.91!--04 0.0002 

I l .61!--04 0.0002 

I 2.0E-01 0.0002 

I 7.91!-02 0.0002 

I 2.31!-02 0.0002 

I 2.61!-02 0.0002 

I 9.91!--{)3 0.0002 

l 9.31!--{)2 0.0002 

I 6.0E--{15 0.0002 

[GSIGIFAA is-Dec-93 l 

INTAXE ORAL DERWAl. RAZAR.D RAZ,Ail.D TOTAL 
OllllM.AL am t1J RID QOOTIEi:rr OUOTIENT HAZMO 

tm•"'•-d.vl 1"'-n.-....i •• , , __ ,._~ .. , ~-1 ING f.STiOfi DERMAL ouofm.n-
I.IE--07 0.0004 0.000004 2.71!-02 2.71!-02 5.41!-02 

3.31!--{)6 0.0003 0.000294 1.31!-+-00 1.31!--{)2 l.3l!+oo 

1.61!--{)6 0.07 0.0049 2.31!-03 3.31!--04 2.71!--{)3 

2.0E-03 ND ND 
7.71!-04 ND ND 
2.21!-04 ND ND 
2.51!-04 ND ND 

9.61!--{)5 0.005 0.0002 2.0E+OO 4.SE-01 2 .51!+00 

9.0E--04 ND ND 
5.SE--07 0.3 0.102 2.0E-04 5.71!--{)6 2.11!--04 

SUWJolAltY llAZAJU).INDEX lE+OO Sl!- 01 -m+oo 
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TABLEK-12 
GllOUNDWATl!ll - INGESTION AND CONTACT DUlllNG BATHING 
CHILD EXPOSURE - (SUBCBllONIC) FIL"IEllED, AVEllAGE CONCENTllATION 
SIIEf'LEY'S BILL LANDFILL - WELL GROUP 1 
llEMlIDIAL INVES"l1GATION ADDENDUM llEl'OllT 
FEASIBILITY STIJDY FOil GROUP 1A SITES . __ ..._ ...,._ .......... ~ -·-. 
EXPOSUllE PAllAIIEIEllS 

PAIUIMl3Jt'R S\'Ml!OL VAU,ll!. UNin 
CONCENTRATION WATER cw cbcmiral apc-.cific mg,1iter 

INGESTION RATE IR 0.5 liters/day 

AGE-SPECIFIC SURFACE AREA SA; •s<·-•pccific em3 

EVENT FREQUENCY EV I C'\.'Cnh/day 

BODYWEIGHT BW 16 !rs 
AGE-SPECIFICBODY WEIGHT BWj agc-spmfic !rs 
DOSE ABSORBED PER EVENT D~""·•• chc,meaJ specific msfe,.2-,=nt 

BATH EXPOSURE TIME ET 0.2 hours/day 

EXPOSURE FREQUENCY EF 350 daysiy<,,.r 

EXPOSURE DURATION ED 5 ~ra 

AGE-SPECIFIC EXPSOURE DURATION ED; age-1pccific ,=n 

AGE-WEIGHTED SURFACE AREA [1] SA,,dj 2247.5 c,.2-yrllqi 

AVERAGING TIME 

CANCER AT 70 ~n 

NONCANCER AT 5 ~n 
'"""'""" S ION FACl'OR CF 0.001 1~+.o: ... 11n3cm3 

SOURCB 

USEPA, 1989b 

USEPA, 1989b 

USEPA, 1989b 

USEPA, 1989b 

Calculat,.d [2] (USEPA, l!md) 

USEPA, 1989! 

USEPA, 1991b 

As&umplioa 

USEPA, 1989b 

AppendixV[3KUSEPA. l~) 

USEPA. 1989! 

USEPA, 1989! 

[I] The calculations for normalized surface area (SA,,clj) and dermally absorbed do"' per unit area per =nl (D~nt) are descnoo.! in Appendix V. 

[2] PC.,.,01 ealculat,.d in Appendix W. 

{3) Surfaocarca repruents the cati1e body. 
USEPA, 1989b. ExjDsttt Fartor,Haadbook. 

USEPA, 19989!. Risk -me.at Guiclaucc for Supcrf und. 
USEPA, 1991b. Standard Dc6nllt Expo,ur,, Facton. 

USEPA, 1992d. Der""! F~= Aso:ssment l'rUleit>lesaad Annl.,.tiom. 

ABB Environmental Senires, Inc. 

(GSlGLFAC !5-Dec-93 ] 

EQUATIONS 

CANCER RISK= INTAICI! (msJJ<s-day) xCANCER SLOPEPACTOR (ma/ks-day)- -1 

HAZARD QUOTIENT= INTAICI! (ms/4-day) /REFERENCE DOSE (msfk8--day) 

INTAKE-••IGESTION = CW sill 11:ABS; s. ETx EP 11:ED 

BW x AT x 365 daya/yr 

INTAKE-DERMAL= DA..en t I EV '.It EP 11: CP I SA.di 
AT I 365 dayo/yr 

Where: 

D~.., •• =~ •• I cw 

Note: 
ForDODcarcinopiccffcdx AT= ED 

Absorption &rtors (ABS;) for ingestion are sctequal to on, (USEPARegion lde&wtvalue). 

Rev. 7/91 



TABLH K-12, amtinoed 
GROUNDWA"IER - INGESTION AND CONTACT DURING BATHING 
CHILD EXPOSUilE - (SUJICIIRONIC) FILTERED, AVERAGE CONCENTRATION 
SBEPLEY'S HILL LANDFILL - WELL GROUP l 
lll!MEDIAL INVESnGATION ADDENDUM ltEI'ORT 
FEASIBILITY snn>Y FOR GROUP IA SUES 
FORT De:VENS, MA 
CARCINOGENIC EFFECI'S 

WI\TEI\ INGJ;STIQN INTl\ll 

COM1'ClUND CONCrNTIU\TION ABS; INOl!STIOl'f 
f111en1 '-•"'•-da•I 

Ar~.a.ic 0.071 I 3.0E--05 

(I] Calrulated from Oral CSF as described in Section 6.1.2.3. 

ABB Environmental Ser.ices. Inc. 

!'C£VENT 
' -'--ot\ 

0.0002 

[ GSIGIFAC !5-Dec-93 ] 

INTAKE OR.AL (i0Ud)\L CI\NCEII, CI\NCEll TOTI\I.. 
DERMAL CSP CSP £11 .RJ~I, Ris11: CI\NGl!ll 

,.,,.n. . ...i.., 1-.. 11....-d•"'"""-J r--~-..la•\ .,.,- J INGJ>:iinON l'>EllMAL 1t1sr 
4.4E-07 1.75 1.79 5.3E--05 7.8E-07 5.4E-05 

SUJOlARY CANCHR lllSK SE- OS SE-"-07 .SB'-OS 

Rev. 7/91 



TABLE K-12, continued 
GROUNDWATER - INGESTION AND CONTACT DURING BA"IHING 
CHILD EXPOSURE - (SUBCHRONIC) Fll.TERED, AVERAGE CONCENTRATION 
SHEPLEY'S HJlL IANDFILL - WELL GROUP l 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP 1A SITES 
FORT DEVENS. MA 
NONCARCINOGENIC EFFECTii 

WATER INGESTION INTAKE 

COMPOUND CoNCENTilATloN ABS; ING11STION 

,-n\ lm•/1,•-dav\ 

Actim:my 0.002 I J.2E-05 

Ar:r.nic: 0.071 I 4.3E-04 

Barium O.Q3 I J.6E-o4 

C'.alcium 37.4 1 2.2E-Ol 

Iron 14.4 I 6.6E-OZ 

Potassium 4.13 I 2.5E-02 

Magnesium 4.66 I 2.6E-02 

Manga~.sc 1.61 I I.IE-OZ 

Soctium 16.9 I 1.0E-01 

Zinc: 0.011 I 6.6E-OS 

ND= No data available 
[I) Calculated from Oral RID as described in Section 6.1.2.3. 

ABB Environmental Services. Inc. 

PCilvFNT 
,-__;,.r.;.vent\ 

0.1Xl02 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

[GSJGIFAC 15-Dec-93 ] 

INTAXI! OR-AL DERloCAL 8 .AZARD flAZARJ) TOTAL 

DERMA1.. RID RID [LJ OUOT!l:NT QUOTIENT HAZ.ARD 
'--"'--m•• '--ff.--da vi ,_ ,.n;.;.:-d,.•'"' ·• ING l".'<TION nCD'UAI nu........,.,.,. 

J.7E--07 0.0004 0.000004 3.0E-OZ 4.3E-02 7.3E-02 

6.JE-06 0.0003 0.000294 J.4E-+-OO 2.lE-02 l.4E+OO 

2.6E-06 0.o7 0.0049 2.6E-03 5.3E-o4 3.lE-03 

3.2E-03 ND ND 

l.2E-03 ND ND 

3.6E-o4 ND ND . 
4.0E-04 ND ND 

1.6E-o4 0.005 0.0002 2.2E+OO 7.6E-OJ 2.9E+OO 

!.5E--03 ND ND 

9.5E--07 0.3 0.102 2.2E-04 9.3E--06 2.3£--114 

SUMMARYllAZ:ARDINDEX 4H+.oo m-Ol 41!+00 

Rev. 7/91 



TABLEK-13 
GllOUNDWATHJl - INGESTION AND CONTACT DUJllNG SHOWEJllNG 
ADln.TEXPOSUllE - UNFILTHllED, MAXDlUM CONCENI"llATION 
SREPLHY'S RIIL ~DFILL - WELL GllOUP 3 
llEMEDIAL INVESTIGATION ADDENDUM: REl'OllT 
SREPLHY'S RIIL ~FILL - WELL GllOUP 3 
PO.llT DEVENS. KA 
EXI'OSUllE PARAMEIEJlS 

PARAMETE\ SYMBOL VAWt! 

CONCEN'IRATION WATER cw cbclDKlll Spc'cific 

INGESTION JlATE IR 2 

EVENT FJlEQUENCY EV I 

BODYWEIGHT BW '70 

DOSE ABSORBED PER EVENT D~.ot cbcm:ial) apecific 

SHOWEil EXPOSUJlE TIME ET 0.2 

EXPOSUJlE FJlEQUENCY EF 350 

EXPOSUJlE DUJlATION ED 30 

SUJlFACE AREA EXPOSED SA 19400.0 

AVERAGING TIME 

CANCER AT 70 

NONCANCER AT 30 

CONVERSION FACTOR CF n=• 
(I) PC=01 caleula1"<! m Appc,,djxW 

[2] Surface Area 11:presenb entire body. 
USEPA, 1969b. Exp,,..., Factors Handbook. 

USEPA, 1989f. Risk ~umentGu:idancr. for Supcrfund. 

USEPA, 1991b. Standard Dcmult Exp,,..., Factors. 

USEPA, 1992d. Dermal Exp:,surc A,.,,ameot Prmciplesaod Applntions. 

ABB Environmental Semces, Inc. 

[ GSlG'lUMA 15-Dec-~ 

EQUATIONS 

UNITS SOUllCB 

.,.,, CANCER.JllSK = INTAKE (mg/kg-day) •CANCER SLOPEPACTOJl (mg/kg-day)h-1 

li11,n/day USEPA, 1991b 

~.nb/day HAZAllD QUOTIENT= INTAKE (mg/kg-day) /JlEPER.ENCE DOSE (Jll8/k3--day) 

kg USEPA, 199lb 

me]enl--cveut Caleulatrrl [!) (USEPA, 1992d) 

hot•s/day USEPA, 1969f 

days/yeu USEPA, 1991b INTAKE-INGESTION = CWxlR rABS; xETxEF sED 

ycan USEPA, l969f BW •AT• 365 daya/yr 

ed- USEPA, 1969b (2) 

~.an USEPA, 1969f INTAKE-DERMAL= D~uc:ats:EVrEFxEDzCFs: SA 

ycan USEPA, J989f BW x AT x 365 daya/yr 
t;tr,T'l]03c:nt3 

Whctt: 

DAcvcot = l'Cevcot x CW 

Note: 
Forn0111aircinoseaiccffccb: AT= ED 

Ab-,rpfuu Facton (AIIS;)formgestioo an, "'teqt8l toouc (USEPAJlcgioo ldcmtdtvalue). 

R•v. 7/91 



TABLEK-U.continaed 
GROUNDWATER - INGESTION AND CONTACT DUllING SHOWEllING 
ADULT l!Xl'OSUllE - UNPILTEltED, KAXDIUM CONCENTllATION 
SIIEPLEY'S BllL IANDFJLL - WELL GROUP 3 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
SIIEPLEY'S BllL LJ\NDFILL - WELL GROUP 3 
FORT OOVENS, MA 
CARCINOGENIC EFFECl'S 

WATER 

COMPOUND CONC8'1lllATION , __ ., 
Ancnic 0.017 

NONCARCINOGENIC EFFECl'S 

WATEll 

COMPOUND CONCH'l"JRATION 
,_._ .. 

Artuic 

Calcium 

Mans:a,n('.5C 

Sodium 

l..elld 

ND = No data allllilable 
[I] Calculated from Oral CSP as desaibed in Section 6.1.2.3. 
[2] Calculated from Oral RID as desaibed in Section 6.1.2.3. 

ABB Environmental Senia:s, Inc. 

0.017 

15.4 

1.59 

17.3 

0.00738 

INGESTION 

ABS,; 

INGESTION 

ABS; 

INTAXB 

INOESTION PCEVENT 
'-•"---d,,•\ 1- .t... -ot\ 

I 4.0E-OS •).0002 

IN.Ti.:i::B 

INGESTION re.EVENT . ,_..,_ __ ,, 
I 9.3E--OS 0.0002 

l S.4E--02 (1.0002 

I S.7E--03 0.0002 

l 9.5E--02 f.0002 

I 4.0E-OS C.0002 

[ GS!G3UMA IS-Dec- 93 ) 

INTAll:I! ORAi. DI:'RMAl. CJ\NC'l'R CANCEJI TOTAL 

DERMAi,. CSP CS!' ILJ JttSII:: RISI( CAN CER 

tm-.1'1.-d.111.i' ,_ ......... -cf •• \ ..... - , I - .IL--cf■ w\ ""' -1 IN'G.,._..,.,""' Dl'RMAI RJ~II". 

3.9E--07 l.1S 1.79 7.0E-OS 6.9E--07 7.IE-OS 

SUIOCARY CANCER. l!ISK. 7B--OS 7E- 07 1E;..os 

INTA:i::e ORAL Ol'l\MAI. ff~l> HAZAAD TOTAL 

DERMAL II.ID RID ti) QIJ<ma-iT 0IJOTIENT IMZAR.D . , ,;__,.. .... -A.\A , __ ,._ _ __, ... ~,.. _, n,,..~u nrro•r1"'UlrJ."1 ' 

9.0E--07 0.0003 0.0002!'4 3.lE--01 3. IE--03 3.IE-01 

ll2E--04 ND ND 
S.5E--05 0.005 0.0002 l.7E-+OO 4.2E-Ol 2.2E-+-OO 

9.2E--04 ND ND 
3.9E--07 ND ND 

SUliQ(ARY RAZAlU> INDEX 2E+OO (E- 01 2.E+OO 

R ev. 7/91 



TABLEK-14 
GltOUNDWATI!lt - INGP.STION AND CONTACT DURING BATHING 
CHILD EXl'OSURE - (SUBCBitONIC) UNFILTI!ltED, KAXDIUK CONCl!NTltATION 
SIIEPLEY'S BIIL IANDPILL - WELL GltOUP 3 
llEIIEDIAL INVESTIGATION ADDHNI>UK ItEPOitT 
FEASIBILITY STUDY FOR. GR.OUP 1A SnES 

PORT DEVENS. KA 
EXPOSURE PAltAMETEltS 

PAJI.Al,(l?rl!R SYMBOL VALUE UNm 
CONCEN'IRATION WATER cw chemical 1pecific Dl@ilitu 

INGESTION RATE lR 0.5 lit.rs/day 

AGE-SPECIFIC SURFACE AREA SA; •I!'· -,poclic cm3 

EVENT FREQUENCY EV I CYCats/day 

BODYWEIGHT BW 16 ks 
AGE-SPECIFIC BODY WEIGHT BWj asc - spccilie ks 
DOSE ABSORBED PEI. EVENT D~., cbcmnl specific "'8fcm2--..t 
BA1H EXPOSURE TIME ET 0.2 hours/day 

EXPOSURE FREQUENCY EF 350 dayo!y.ar 

EXPOSURE DURATION ED 5 years 

AGE-SPECIFIC EXPSOURE DURATION ED; asc-sF.cific years 

AGE-WEIGHTED SURFACE AREA(!) SA,,dj 2247.5 cm2-yrllqi 

AVEI.AGING TIME 

CANCEi. AT 70 yc-.ars 

NONCANCER AT 5 ~~n 

CONV""'qON .FACTOR r,; •=• litulto3c=3 

SOURCS 

USEPA. 1989b 

USEP A. I 989b 

USEPA. 1989b 

USEPA.1989" 

Ollculatr.d (2] (USEPA.1992d) 

USEPA. 1989f 

USEPA. 1991b 

Auumptiou 

USEPA. 1989b 

Appcnmx V (3l(USEPA. 1992d) 

USEPA. 1989f 

USEPA. 1989f 

(1] Tbealc::ulations for normalized surfaa".ltt.a (SAact;)and dcrmallyabaorbcddose per unitaJU per~.\/Cnt (D~0t)arcck-.sctjbed in AppendixV. 

(2) PC...,01 calculatr.d iD Appenmx W. 

[3) Surface Itta Rpre!CDU the cnti,e body. 

USEPA. 1989b. E"l"S\ ... FactonHaudbook. 

USEPA 1989f. Risk Asr.s:nncntGuiclan<w: (or Supc.rfuad. 

USEPA.199lb. Stn1dard Default Expos""' Factors. 

USEPA 1992d. Dcrn:ml P:rmlf:urc ~ssme-.nt Princiolesaud ApplicationL 

ABB Environmental ScrY..oes. Inc. 

[GS!GlUMC 15-Dec-93 ] 

EQUATIONS 

CANCEi. RISK= INTAl:H(maJlrs--day) xCANCEI. SLOPE FACTOR (mg/ks-clay)--1 

HAZARD QUOTIENT= INTAl:H (mg/kg-clay) /REFERENCE DOSE (msJ]ra--day) 

INTAKE-INGESTION = CWxlR :zABS; xETxEPxED 

BW xATx365claya/yr 

INTAKE-DFRMAL = DA.,cnt I EV x EF x CF z- SA,dj 
AT I 365 clays/yr 

Where: 

DAc...ut = ~.t I CW 

Note: 
Pornoadln:inoFaiceffcda: AT= ED 

Abs:nption fact.on(~) foriDgcsboD are set equal to one (USEPAReiuon ldcfaultwllr.). 
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TABLE K-14, 00Dtinued 
GROUNDWA'Il!R - INGESTION AND CONTACT DURING BA'IHING 
CHILD EXPOSURE - (SUBCHilONIC) UNFIL'Il!RED, MAXIMUM CONCENTRATION 
SBEPLEY'S HILL LANDFll.L - WELL GROUP 3 
REMEDIAL INVES1IGA11ON ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP lA SfIES 
FORT DlNBNS, MA 
CARCINOGENIC EPFECfS 

WATI:!R 

c:oMPOUND CON CENTRATION ,_., 
Ar£nic 0.017 

NONCARCINOGENIC l!FPECfS 

WATER 

COMPOUND CONCENTitATION 
,_ .. , 

Arsenic 

Cakium 

Manp.neae 

Sodium 

I.,ad 

ND= No data available 
[1) Calculated from Oral CSF as described in Section 6.1.2.3. 
[2) Calculated from Oral RID as described in Section 6.1.2.3. 

ABB Environmental Services. Inc. 

0.017 

15.4 

1.59 

17.3 

0.00735 

INGESTION INTAKE 

Al!Sj INOESTION ,., .... ~ ... , 
I 7.3E-06 

ING£STION' iNTAiCB 
ABSj INGESTION 

•-•111•--dto•l 

I I.OE--04 

I 9.2E--02 

I 9.5E--03 

I J.OE--01 

I 4.4E-05 

INTAXB ORAL 
fC&v»;'r DERMAL CSfl 
1-L.---t\ Im-A·- ....a.... :,,, f.ar-lL....-daw\ ""'-I 

0.0002 i .OE--07 1.15 

SOMMAltY CANCER ltlSK 

INTAU ORAL 
PCeVENT Dl'llMAL Rm 
,_.:...a;: .;11 ,..,.II¼ ....... , ,;...,.___. .. l 

0.0002 l.5E--06 0.0003 

0.0002 l .3E--03 NO 
0.0002 l.4E--04 0.005 

0.0002 !.SE--03 ND 
(,.0002 6.4E--07 ND 

SUIIMAJlY 1IAZAllD INDEX 

[GSIG.lUMC 15-r,;,.,..93] 

Ol!RMAL CANCE8 CN(CI:('. TOTAL 
CSF(I) :R 191C RISK CJ\NCl!R 

l:m .11. --da•\""'-• IJiiGi,,rr,ON D"""~., JlJSIC 

1.19 l .3E--05 l.9E--07 1.JE-05 

tE--OS 2E- 07 tE- OS 

DE'RM.AL RAZARO HI\Z.!IRD 11:)TAL 
"<• .• 

OOOTIEJ:lT HAWO RID 12) QUO'.llBNT 

tmolb-davl- I ING.ESTION nniu .. , nUOTIENT 

0.000294 3.4E--01 5.0E--03 3.4E-01 

ND 
0.0002 J.9E-+-OO 6.9E--Ol 2.6E+OO 

ND 
ND 

2E+OO 7E:O,Ol 31!+00 

Rev. 7_i9, 



TABLHK-1S 
GltOUNDWATI!ll - INGES"DON AND CONTACT DUIUNG SBOWEllING 
ADULT HXPOSUllE - UNPILTHllED, AVEllAGE CONCHNTllATION 
SBEPLE\"S BILL LANDFILL - WELL GllOUP 3 
llEMEDIAL INVESTIGATION ADDENDUM llEPOllT 
SBEPLE\"S BILL LANDFILL - WELL GllOUP 3 

PORT Dl!VENS,.IIJ\ 
HXPOSUllE PARAMETl!llS 

PARAMETER SYMBOi, VALUI! 

CONCEN'IRATION WATER cw chcmic:a1 sp:-.cific 

INGESTION RATE IR 2 

EVENT FREQUENCY EV I 

BODYWEIGHT BW 70 

DOSE ABSORBED PER EVENT DAc..,,nt chemical spccif'JC 

SHOWER EXPOSURE TIME ET 0.2 

EXPOSURE FREQUENCY EF 350 

EXPOSURE DURATION ED 30 

SURFACE AREA EXPOSED SA 19400.0 

AVERAGING TIME 

CANCER AT 70 

NONCANCER AT 30 
I r,.,.,vca~JON FArrnD CF 0.001 

[ I] rc,,..,,01 calcubt..d in App,.D<lix W 

(2) Surface Area ~prcscnb cnb.n'. body. 

USEPA, 1989b. Exp,•= Factorslhndbook. 

USEPA. 19S9f. Risk AB!ssmt.ntGUKb.n~ for Supcrfund. 

USEPA. 1991b. Sbudard Default Expo,,.,, Factors. 

USEPA. 1992d. Dermal Exp>sure Asr.ssmut Pri»cipesand AJJP:icatioos. 

ABB Environmental Set "~CC~ Inc. 

[GSIG3lJAA !5- Dec-93 ) 

EQUATIONS 

UNITS SOURCB 

ms/litr.r CANCER RISK= INTAKE (meJ!r8-clay) xCANCER SLOPE PACl'OR (meJ!r8-day)~ -1 

ti~a/day USEPA. 1991b 

~ab/day HAZARD QUOTIENT= INTAKE (maJl<s-day) /REFERENCE DOSE (mg/q--day) 

Ila USEPA. 1991b 

ID@icn?- - evcnt Calcubtod [I] (USEPA, 1992d) 

houn/day USEPA, 198!1£ 

da~r USEPA. 1991b INTAKE-INGESTION= CW xlR :a: ABS; x IIT:ii: EP s:ED 

)"'.US USEPA, 198!1£ BW • AT• 565 clays/yr 

en?- USEPA. 1989b [2] 

~3n USEPA. 198!1£ INTAKE-DERMAL= D&:nc1:1t x EV s EP I ED x CF x SA 

~rs USEPA, 198!1£ BWxAT• 365 days/yr 
1; ... ,1n3,,., 

When:: 

D~at = l'Ce.cnt • CW 

Note: 
Forno•can:inoFaiccffccta: AT= ED 

Ab!Otplion Fact.ors (ABSj) foriDgestion are act cqwl to ooe (USEPARcgjon Idc&ultwl,c). 

R ev. 7/91 



TABLE K-15, CODtinDed 
GROUNDWATER - INGESTION AND OJNTACT DURING SHOWERING 
ADULTEXPOSUJlE - UNFILTERED, AVERAGE OJNCENTRATION 
SIIEPLEY'S HILL U\NDFILL - WELL GROUP 3 
REMEDIAL INVESTIGATION ADDENDUM REN>RT 
SIIEPLEY'S HILL LANDFILL - WELL GROUP 3 
FORT DEVENS, KA 
CARCINOGENIC EFFECl'S 

WA~ 

COMPOOl'ID CONC&ITitATION ,.....,,, 
A.renic 0.001!4 

NONCARCINOG l!NIC EFFECl'S 

WATER 

COMPOUND CONCl!N1RATION 
, .. ..n, 

Arsenic 

Calaum 

Maog:aM.se 

Soclium 

wd 

ND = No data available 
[1 J Calculated from Oral CSF as desaibed in Section 6.1.2.3. 

[21 Calculated from Oral RID as desaibedin Section 6.1.2.3. 

ABB Environmentai $1:,rvices, Inc. 

0.001!4 

I.I 

0.68 

7.6 

0.0034 

INGESTION 

ABS; 

INGESTION 

ABSj 

INTAltB 

INGllSTION PCl!VEJIIT 
fm•"'•-'ch•• ,--L.o 

I 2.0E-05 0.0002 

INTAJcl! 
INGl!STION PC£Vl:l'IT 

'•-'---0 

l 4.6E-O.l 0.0002 

l 6.0E--03 0.0002 

I 3.7E--03 0.0002 

l 4.2E-02 0.0002 

I 1.9E--OS 0.0002 

[ GS1G3UAA !5-Dec-93 ] 

INTA.ttB ORAL OERMAL CANC]'ll CANCER TOTAL 

OEP.l\fAJ.. CS!' CSF (JJ aunt Rls.tr. CANCEa 

fm•"'•-d .. \ : t••"-"-d••\~-1 lmolb-du\~-j INGESTION • DEJU,CAl ltlSI:: 

1.9E---07 1.75 1.19 3.5E--05 3.4E---07 3.5E-05 

SUIOIARY CANCBB..RISK 3E- OS- 31!.-07 3£- 05 

INTAKE ; ~ DERMAL IIAZAAD RAZARD TOTAL 

DEJU,l.lU. iuo RJJ) 121 OtJOTIENT QUOTIENT RAZAllD 
f ts/lo, -do y\ '-•"'•-'••'A-J -··- n=u•i 

4 . .lE-07 0.0003 0.000294 l.5E--OI l.5E--03 l .5E-Ol 

.l.3E--05 ND ND 
3.6E--05 0.005 0.0002 7.5E-OI l.8E--01 9.3E-Ol 

4.0E-04 ND ND 
J.8E---07 ND ND 

SUIOlAltY.HAZAIU) JNDEX m~o1 2E-,'Ol lE-t-00 

Rev. 7/91 



TABLEIC-16 
GROUNDWA'JEJt - INGESTION AND CONTACT DUJtlNG BATHING 
CHILD EXPOSUllE - (SUBCHJlONIC) UNPIL'IERED, A VEJtAGE CONCENl"RATION 
SIIEPLEY'S HILL IANDPILL - WELL GROUP 3 
REMEDIAL INVESTIGATION ADDENDUll REl'OJtT 
FEASIBILITY STUDY FOR GROUP lA SITES 

... --- ... a.r ...... , -.~~----

EXPOSURE P.AJtAMEIERS 

PARAMETER SYMBOL VALU!l l)Nm; 

CONCENTRATION WA'Il!R cw cbcmic:a) specific msn;1ie, 
INGESTION RATE Ill 0.5 lilt.rs/day 

AGE-SPECIFIC SURFACE AREA SA; agc-spe.ci6c: cm3 

EVENT FllEQUENCY EV I e~nb/day 

BODYWEIGHT BW 16 le& 
AGE-SPECIFIC BODY WEIGHT BWj aF-spccific le& 
DOSE ABSORBED PER EVENT D.\evcnt chcDD<OI sp,cifi< qicm2-t=nl 

BAffl EXPOSURE TIME ET 0.2 bours/day 

ElCPOSUJlE FllllQUENCY EF 350 days/ye,,r 

EXPOSURE DURATION ED 5 >"'" 
AGE-SPECIFIC EXPSOURE DURATION ED; agc-,pecific >"'" 
AGE-WEIGHTED SURFACE AREA[!] SA.di 2247.5 cm2-yrfkB 

AVERAGING TIME 

CANCER AT 70 >"'" 
NONCANCER AT 5 >"'" 

I c,oNVPRs•n~ l'A=<lR cr 0.001 Jite .,.n3.,.'""3 

SOUllCB 

USEPA, 1989b 

USEPA, 1989b 

USEPA, 1989b 

USEP A, 1989b 

C3leubted [2] (USEPA, 1992d) 

USEPA, !989f 

USEPA, 1991b 

Assumption 

USEPA, 1989b 

Appe.ndiK V [3l(USEPA, 1992d) 

USEPA, 19&9! 

USEPA, 19&9f 

[l] 11:ac ~kulatioas tor normalizt-.d surfa«. area (Sft.acfi) and <X'.rmallyabsorbed dose per unit am per event (D~0 t) a~ dcscribt.d in A~ndix V. 

[2] PCcw.ntcakuba,<I in App,.ndiK W. 

{3] Surbce:uca rcpn-.,enb the cntiJC body. 

USEPA, 1989b. E>JDSI~ Factor, Handbook. 

USEPA, 1989f. Jlj,kA,&ssmontG1Ddanre for S11pe.rlund. 

USEPA, 1991b. Stan<lard Dclawt Exposun,. FadDrs. 

US EPA 1992d. Dermal i;-Tl"ft,.urc Ass:samcat frinm,L.11 and A'DDl:icatioos. 

ABB Environmental Sernces, Inc. 

[ GSJG3UAC 15-Dec-93] 

EQUATIONS 

CANCER RISK= INTAKI! (ma/kg-day)• CANCER SLOPE FACTOR (Jll8/ks-day) ~ -1 

HAZARD QUOTillNT = INTAICll (mg/lqi-day) /Rl!FERENCE DOSE (msfkA-day) 

INTAtrn-INGllSTION = CWsJR sABS; sETxEFsED 

BW •AT• 365 day>/yr 

INTAKll-DEllMAL = DA...eert s EV z: EF s: CP • SA.,dj 
AT• 565 da'f'iyr 

Whc~: 

D~vcat = PC-events CW 

Note: 
Pornoncan:ino!Fnieclfccb:: AT= HD 

Abs,rption £actors ( ABSj) for in~stion arc set cqua) t.o one (USEPARegion I defud tvahic ). 

Rev. 7191 



TABLE K-16, aiatinacd 
GllOUNDWATEll - INGESTION AND CONTACT DUlllNG BATHING 
CHILD EXPOSURE - (SUBCBllONIC) UNFILTERED, AVEllAGI! CONCENTRATION 

Slll!PLEY'S HILL U\NDPILL - WELL GllOUP 3 
llEMEDIAL JNVt!STIGAllON ADDENDUM REPORT 
FEASIBILITY STUDY FOil GllOUP 1A SfIES 

FOllT DEVENS, MA 
CARCINOGl!NIC EFFECT'S 

WATER 

COMPOUND CONCENTilA11oN 
, __ ., 

Ancaic 0.0034 

NONCARCINOGF1'1IC EFFECT'S 

WAT»l. 

COMPOUND CONCENTRATION 
F - •• , 

Arr.Die: 

Cakium 

Manganese 

Sodi11m 

lead 

ND= No data available 
[I] Calatlated from Oral CSF as des~bed in Section 6.1 .2.3. 
[2] Calatlated from Oral RID as des~bed in Seclion 6.1.2.3. 

ABB Environmental Scrn.ccs.. Inc. 

O.OOM 

1.1 

0.68 

1.6 

0.0034 

INGE5TION INTAX.I! 

ABS; INGJiSTION 
lm-"'---dov\ 

I 3.6E---06 

ING E:rnON INTAUI 

ABS; INGESTION , __ ,..-.1 .. \ 
I ,.0E---05 

1 6.6E---03 

I 4.IE-03 

I 4.6E-02 

I 2.0E-05 

PCi;VENT 
'-'--'-1\ 

0.0002 

~ 
I -L----<1\ 

0.0002 

0.0002 

(1.0002 

(1.0002 

0.0002 

[ GSIG3UAC lS- Dec-93 ] 

INTAKE ORAL DERMAL CANCER (:AN~ TOTAL 
D.ERMAJ. <:Sl' fl j CSF RlSlt IIISI: CANCER 

la,-"-- --da•\ ,. ~--- ~.-,,...._1 t :19 ... Jl..- -dt. v\ " I ING-~ l>l'RMA1 DISJI: 

, .2E---08 1.1, 1.79 6.3E---06 9.3E---08 6.4E-06 

SUMMAR.Y CANCER.RISK 6E;.;.06 91!- oa ~ - 06 

INTAICII ,,-ORAL I D~L 
RAzARI> H~D TOi"i.1,. 

Rio £11 
•.,.- ..... 

DBlMAI.- ·RID QUOTll!NT OIJO~ flAZAAD 
.,_ ~IL. -,da,i·\ 1--n.--ou\ ' -•"'•-do-.\ " - I DERMAi: 

7.2E-07 0.0003 0.000294 1.7E---01 2.,E-03 l.7E-01 

9.,E---0, ND ND 

, .9E---0' o.oo, 0.0002 8.2E--01 2.9E-0l I.IE+OO 
6.6E---04 ND ND 
2.9E-07 ND ND 

SUIDCAllY llAZARD IND~ lE+OO 3EC,01 lE+ OO 

Rev. 7/Q) 



TABLHK-17 
GROUNDWATER - INGESTION AND CONTACT DUBING SHOWBBING 
ADULT EXPOSURE - FILTERED, MAXIMU1I CONCHNTRA'IlON 
SIIEPLEY'S IIILL LANDFlLL - WELL GROUP 3 
REMEDIAL INVES'IlGA'IlON ADDENDUM: REPORT 
SIIEPLEY'S IIILL LANDFlLL - WELL GROUP 3 
FORT DEVENS, MA 
EXPOSURE PARAMEIERS 

fAAAMl!TER SVMilot. VALUB 
CONCEN1RATION WATI!R cw chemial specific 

INGESTION RATE JR 2 

EVENTFREQUENCY EV I 

BODYWEIGHT BW 70 

DOSE ABSORBED Pfll EVENT DAcveut c~m:ial specific: 

SHOWER EXPOSURE TIME ET 0.2 

EXPOSURE FREQUENCY EF 3'.IO 

EXPOSURE DURATION ED 30 

SURFACE AREA EXPOSED SA 1!>400.0 

AVERAGING TIME 

CANCEJl AT 70 

NONCANCEJl AT 30 

I CONVRRqONPA,....,,., = 0.001 

[I] PC.,,.utcalculatrd iu AppcudixW 

[2) Smf:ac:c Att.a ~peacnts entire body. 

USEPA, 1989b. E"P',,.. Factor, lhndbook. 

USEPA, 1989f. !li.k As,eumcutGuimua: for Supcrfuud. 

USEPA, 1991b. Staudan! Default E.po.= Factors. 

USEPA. 1992d. Dermal Exp,a=. Asoessmcut Principlc .. ud Applicatiouo. 

, 

ABB Environmen1al Sernccs, Inc. 

[ GSIG3FMA 15-Dec-93 ] 

EQUATIONS 

IJNm. SOURCB 

mg/litrr CANCFR RISS:= INTAKE (msJlrB-day) s CANCFR SLOPE FACTOR (msJlrB-day)~ -1 

litrn/day USEPA, 1991b 

evcnb/day HAZARD QUOTIENT= INTAKE (mglq-day) /REFFRENCE DOSE (msJq--<by) 

ks USEPA, 1991b 

qlcm2-..,...t Calculatrd (I) (USEPA, 1992d) 

houn/day USEPA, 1989f 

days/year USEPA, 1991b INT~-INGESTION = CWxlR a:ABS; xfixEF xED 

year, USEPA, l989f BW s AT s !65 days/yr 

cm2 USEPA, 1989b (2) 

years USEPA, 1989f INTAKE-DERMAL= D~iEat xEVs: EF s:ED z CFx SA 

years USEPA, !989f BW s AT s 365 days/yr 
•~.11o',m3 

'Whc1e: 

DAc.c,,t = PC,,_ut s CW 

Note: 
FotaonC11n:iDOFD.iccffcct.: AT= ED 

Ab,orptxm FaciD«(ABS;) forDJ8C'b<>D arc ztequal toouc (USEPARcg;o,, ldcfaultwluc). 

Rev. 7191 



TABLE K-17, cantinued 
GllOUNDW ATEll - INGESTION AND CONTACT DUR.ING SHOWER.ING 
ADULT EXPOSUllE - FILTER.ED, MAXDIUM CONCENTllATION 
SIIEPLEY'S Hll.J.. LANDFILL - WELL GllOUP 3 
REMEDIAL INVESTIGATION ADDENI>Ulf llEPOllT 
SIIEPLEY'S Hll.J.. LANDFILL - WELL GllOUP 3 

POllT~,MA 
CARCINOGENIC EFFECTS 

WATER 

COM'POI.JND CONCFN11lATION ,_., 
No carc:inoscnic compc,tnd■ dekck.d 

NONCARCINOGENIC EFFECTS 

WATllR 

COMPOUND CONCENTilATION 
1-A\ 

Sodjum 

ND-= No data awilablc 
[I] Calculated from Oral CSF as desaibcd in Section 6.1.2.3. 
[2] Calrulated from Oral RID as desaibcd in Section 6.1.2.3. 

ABB Environmental Scni.ccs, Inc. 

16.4 

INGESTION 

ABS; 

INGESTION 

ABS; 

INTAltl! 

INGESTION l'CEVJINT 
lm""---da•' '--'-----t\ 

INTAICE 

INGESTION PCmrm,ry 
. - ,--:~-.:..:-t\ 

I 9.0E--02 0.0002 

[ GSIGJ FMA !5-Dec-93] 

INTAltl! ORAL DERMAJ.. CA.>JCfJI. CANCER TOT,U. 

DERMAL CSP CSP [IJ RISIC RISI: C.ilNCER 

lm•"'•-'-clavl lm.Jb-dn\ h -1 l,:m-~ -de-' "" -t ING.,.,.,.,,,.,., DERMAi insa:: 

SUIOfAR.Y CANCE!JI. lllSI: OE+OO OE+OO OE+OO 

INTAICE ORAl. DEkMAL BAZARD BAZAl!l> TOTAL 

DERMAL RID RID 121 OVOTU;NT QtJOTti!N'r RAV.RD 

- - -~ "''"' 
n.,,,,..~ n,•----'•-

S.7E--04 ND ND 

SUMMAllYHAZ.AllDIHJ)EX OE+OO OE+ OO OE+ OO 

R ev. 7/91 



TABLEK-111 
GllOUNDWATEll - INGES'IlON AND CONTACT DURING BATIIING 
CHILD EXPOSUllE - (SUBCllllONIC) FIL'IEllED, MAXDlUM CONCENTilATION 
SHEFI.EY'S BilL UINDFILL - WELL GllOUl' 3 
llEMEDIAL INVl!STIGATION ADDENDUM: llEPOllT 
PHASIBILilY STUDY FOil GROUP IA SilES 

FORT DEVENS, MA 
EXPOSUllE PAllAKHIEllS 

PARJIMETEJl SYMBOL VALUE UNn'S 

CONCEN'IRATION WATER cw cbei::n:K'31 spr-CU>C al(!ilitu 

INGESTION RATE IR o.s liters/day 

AGE-SPECIFIC SURPACE AREA SA; age-specific em3 

BVBNTFREQUDICY EV 1 C'lolCDt:s/day 

BODYWEIGHT BW 16 !qi 
AGE-SPECIFIC BODY WEIGHT BWj age-spr-.cific: !qi 
DOSE ABSORBED PER EVENT D~nt c:bemic:al specific maJem2-CM:nt 

BATH EXPOSURE TIME ET 0.2 bounklay 

EXPOSURE FREQUDICY EF 3,0 da~r 

EXPOSURE DURATION El) s >"" 
AGE-SPECIFIC EXPSOURE DURATION ED; age-spe.cific :,,an 

AGE-WEIGHTED SURPACE AREA [I] SA,,clj 2247.!I em2-yr/liB 

AVERAGING TIME 

CANCER AT 70 )Hr& 

NONCANCER AT s )H<S 

CnNV""~""" DA'"""'1> CF 0.001 litrrt1n~ ....... S 

SOlJRCll 

USEPA, 1989b 

USEPA, 1989b 

USEPA, 1989b 

USEPA, 1989b 

Calc:ulatr.d [2] (USEPA, 1992d) 

USEP A, I 989! 

USEPA, 1991b 

Assumption 

USEP A, 1989b 

Appendix V [3KUSEPA. 1992d) 

USEPA, 1989! 

USEPA, 1989! 

[1] The calc:ulation, fornormaliz«! ,umoearea (SA,,dj)•nd dermallyab~.ddo,e pct unihn,a pcr=nl (DAeve01)•re deocnl,e.d m AppcndirV. 

[2] ~•I ealc:ulatr.d m Appcudir W. 

(3) Surface arai ~prcr.nb the entire body. 

USEPA, 1989b. Ex!n•= Factors Handbook. 

USEPA, 19&9f'. RiskA32ssmentG,ridano: for Supc-rlund. 

USEPA. 1991b. Standard Def,ndt E>poeuie FactorL 

USEPA. 1992d. Dermal J:'rmsure ~mcnt PrinciNP-•aod AnnJVSlltiom. 

ABB Environmental Services, Inc. 

[GSIG3FMC 15-Dec-93 ] 

EQUATIONS 

CAN CPR RISJ: = INTAKE (lllfl/l<8-day) • CANCPR SLOPE PACTOR (msJlr8-day)~ -I 

HAZARD QUOTIE'IT = INTAKE (mg/ka-day) /REPPRl!NCE DOSE (msflcB--day) 

INTAKE-INGESTION = cw :11:IR z ABS; l[ El' X EP s: ED 

BW •AT• 36S days/yr 

INTAJ:E-DERMAL = DA.,•nt z EV z: EF z CF :a: SA.,dj 

AT• 36' &ya/yr 

Whc:rc: 

DAcvcnt = PCev.:nt x CW 

Note: 
For nonmrcinosenic cffccb: AT = ED 

Ab,oq,tio,, C.ctan (ABS;) formscstion arc ,etcqual to oD<. (USEPARegjon Idefilultvalue) . 

Rev. 7/91 



TABLE K-111, 0<mtinned 
GROUNDWATER - INGESTION AND CONTACT DURING BATHING 
CHILD EXPOSURE - (SUBCHRONIC) FIL1ERED, MAXIMUM CONCENTilATION 
SIIEPLEY'S Hll.L LANDFILL - WELL GROUP 3 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY S'IUDY FOR GROUP IA SITES 

FORTDl!Vl!NS.llA 
CARCINOGENIC: EFFECl'S 

WATER 

COM PO'Ulf 0 CON~TION 
lmo~l 

No 01tc:inogcllic cc,mpnmda de~c:ted 

NONCARCINOG E'NIC EFFECl'S 

WATER 

COMPOUND CONC&ITRATION 
, ... ~1 

Soc\jum 

ND= No data available 
[l] Calallated from Oral CSF asdesaibed in Section 6.1.2.3. 
[2] Calculated from Oral RID as desaibed in Section 6.1.2.3. 

ABB Environmental Seniices, lnc. 

16.4 

INGllSTlON INTMH 
ABS; INGESTION 

fm•"'•--dowl 

INGBSTION ll'ITA!Ut 

ABS; INGllSTION 
, •• n. .. ......tau\ 

I 9.8E--02 

INTIIXE OR,U. 

PCEVElO" ·Dl!IIMAL CSF 

'-'---at\ ,,..;,,.~., -lm-""-...-.dav\""' -I 

SOKILARY CANCER RISK 

INTAlCE ,. ORAL 

PCeVENT Dl!RMAL ' 1llD 
1.:.. _,,.· __ ·"" lm•"'•-dn\ ' . 

0.0002 1.4E--03 ND 

SUMMAllY IIAZAIIJ) INDEX 

~c 15-Dec-93 ] 

DffiMAL CANCl:R ~CEIi, TOTAL 

CSJ'(l) RISI: i\.isr. CANCER 
lmo/h--d ,~\ ~-1 INGl'STION DERMAt. RfSlt 

OE+OO OE+OO OE+OO 

D.El!.M.AL HAZARD HAZARD TOTAL 

RlD!'ZJ OJJOTreNT QUOT!ENT HAZARD 
, ....... -c1a.1 ~ ., . INGES110N DERMA• A• onmfT 

ND 

QE'.t-00 OE+OO OE+OO 

Rev. 7/91 



TABLEK-19 
GROUNDWATER - INGESTION AND CONTAcr DURING SHOWERING 
ADULT EXPOSURE - UNFILTERED, KAXIMUI( CONCENTllATION 
SIIEl'LEY'S HILL LANDFILL - WELL GROUP 4 
REMEDIAL INVESTIGATION ADDENDUM REl'ORT 
SIIEPLEY'S HILL LANDFILL - WELL GROUP 4 
F<:>RT DEVENS, MA 
EXPOSURE l'ARAMEI'ERS 

PARAM.IITER SYMBOL VALUE 

CONCENTRATION WATER cw c.bemD.1 specific 

INGESTION RATE JR 2 

EVENT FREQUENCY EV I 

BODYWEIGHT SW 70 

DOSE ABSORBED PER EVENT D"vcnt chemic.al specific 

SHOWER EXPOSURE TIME ET 0.2 

EXPOSURE FREQUENCY EF 350 

EXPOSURE DURATION ED 30 

SURFACE AREA EXPOSED SA 19400.0 

AVERAGING TIME 

CANCFJI. AT 70 

NONCANCER AT 30 

CONVFJUi'ION .,,.,.,.,.,.. rr: ft<'' " 
(I) PC=nt calculated in Appendix W 

[2) Surfaoe A=I repre>cnls enlm body. 

USEPA. 1989b. EllJD•ure Factors Handbook. 

USEPA. 1989!. Risk ~ss....,tGuidancc for Superfund. 

USEPA. 1991b. S1andard Default E,qxmne !'actors. 

USEPA, 1992d. lkrmal Exp,surc ~ssmcnt Principles and Applications. 

ABB Environmental Services. Inc. 

(s;sIG4UMA !5-Dec-93 ) 

EQUATIONS 

UNITS souacs 
mg/liter CANCER RISE:= INTAKE (msJ!r8-doy) • CANCER SLOPE FACTOR (msJ!r8-doy)~ -1 

liters/day USEPA. 1991b 

C"Yeob/day HAZARD QUO'OENT = INTAKE (msJks-day) /REFERENCE DOSE (mafk&-day) 
q USEPA. 1991b 

me,/cm2- f'.~nt Calcubtcd (1) (USEPA. 1992d) 

hours/day USEPA. 1989{ 

days/year USEPA. 1991b INTAJ::E-INGESTION = CWxIR xABS; s:ETxEPs:ED 

pra USEPA. 1989! BW • AT,365 daya/yr 

cm2 USEPA. 1989b (2) 

prs USEPA. 1989! INTAJ::E-Dl!RMAL = D~cat zEVzEFxED xCF x SA 

prs l/SEPA, 1989! BW •AT• 365 day,/yr 

liit-:rll03cm3 

Whc1e: 

DAevc•t = ~nt • CW 

Note: 
Forno11cncinoFoiccffccta::: AT= ED 

Abmrption Factors (ABSj) for ingestion are ~tcqual to one (USEPARegioa I default value). 

Rev. 7/91 



TABLE K-19, COD.tinucd 
GROUNDWA'll!R - INGESTION AND CONTAcr DUlllNG SHOWElllNG 
ADULTEXl'OSUllE - UNFILTElllID,MAXIMUM CONCENI'llATION 
SHEl'LEY'S HIIL LANDFILL - WELL GROUP 4 
REMEDIAL INVESTIGATION ADDENDUM IIEPORT 
SHEl'LEY'S HIIL LANDFILL - WELL GROUP 4 
FORT DEVENS, MA 
CARCINOGENIC EFFECJ'S 

WATER INGmlON 

<:OM POtll'I D CONC'E1-ITRATION ABS; 

'"'·"' 
Aracnic 0.024 

[I] Calculated from Oral CSF as described in Section 6.1.2.3. 

ABB Environmental Serices, Inc. 

I 

INTA"l:ll INTAXI! Oll"'1. 
lNGaTION PCEVfNT DERMAL CSP 
fm•"'•--dov\ ,__,___,1 , .. .ii....i.., ,_.,,,.._-da-.l"'" -l 

5.6E--05 (·.0002 5..5E--07 J.75 

SllMMAllY CANC£1llUSE 

[ GSIQ-IUMA 15-Dec-93 ] 

D~L CANCER CANCllR .TOTAL 

cs'i:' Pl ~(SJ: RISE CANCER 
h••ti. .. -dau\ A I IN'GESTinN DERMAL RiSK 

1.19 9.9£--05 9.8E--07 l.OE--04 

1E- 04 IE- 06 lE-'04 

Rev. 7/91 



TABLE K-19, amlmued 
GROUNDWATER - INGESTION AND CONTACT DUllING SHOWERING 
ADULTEXl'OSURE - UNFILTERED, MAXIMUM: CONCENiltATION 
SBEPLEY'S BILL LJ\NDFILL - WELL GROuP 4 
REMEDIAL JNVES'llGATION ADDENDUM REl'Olff 
SBEPLEY'S BILL LJ\NDFILL - WELL GROuP 4 
PORT DEVENS, MA 
NON CAl:lCIN 0G one EFPECI'S 

WA~ INGllSl10N 

C014POUND CONCPN11lAttON ABS; 
t ...,/1\ 

Arsenic 0.024 

Calcium IS .6 

Potassium 3.26 

Ma . .... 1.43 

Zinc 0.0358 

Tric.bJon>nw romc:th,, DC 0.0021 

ND = No data available 
[I] Calrulated from Oral RID as desaibed in Section 6.1.2.3. 

ABB Environmental Sen-ices. Inc. 

INTAKI! 

INGl!STloN f'CEVl:JilT 
'-· "'• -,d.,.\ 1-'--nt\ 

I l.3E--04 0.0002 

I II.SE---02 0.0002 

r l.8E---02 0.0002 

I 7.8E-03 0.0002 

I 2.0E-04 0.0002 

I 1.2E--05 0.0163 

[filJG<IUMA !5-Dec-93 ] 

INTAKE ORAL DERMAL RAZ.AJ!.D HAZMD l'OTAL 
DERMAL Rll> Rfl> fll OUIJTIENT QUOTIJ'lff lfl\ZARD 

·-·"'·-do•\ '-•"'---dav\ 1 - .IL--da•\ """- a ING.......,,,.. nER. .L•' nuo....,,.,... 
1.3E--06 0,0003 0.0002!>4 4.4E-0I 4.3E-03 4.4E--OI 

8.3E--04 rm ND 
1.7E--04 ND ND 
7.6E-0S 0.005 0.0002 l .6E+-OO 3.BE--01 l.9E+oo 

1.9E--06 0.3 0.102 6.5E--04 l .9E--05 6.?E--04 

9.IE--06 0.3 0.3 3.BE--05 3.0E--OS 6.9E-0S 

SUMMARY llAZAllD INDEX I 2£+00 41!.-,-0l 2B+OO 

Re-v. 7/91 



TABLEK-20 

INHALATION ElCPOSLRE TO VOCs ~ING SHOWERING 

ADUI.. T EXPOSLRE - U~R.. TffiED, MAXIMUM CONCENTRATION 

SHEPLEY'S HILL LANDFU - WELL GROU> 4 

REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBUTY STIJDY FOR GROlP 1A SrTES 

FORT DEVENS, MA 

ElCPOSUIE PARAMETffiS 

PMAMEltR SYlol30L VALUE 

CONCENTRATION Al\ CA 

CONVERSION FACTOR 1 CF1 24 
ElCPOSLRE TIME ET 0.2 

ElCPOSLRE FREQUENCY EF 350 

ElCPOSLRE DUIATION ED 30 

CONVERSION FACTOR 2 CF2 365 

AVERAGING TIME CANCER AT 70 

AVERAGING TIME NONCANCER AT 30 

USEPA, 1991b. Standard Defaul Exposure Factors. 

USEPA, 1989f. RAGs, Part A. 

CARCINOGENIC EFFEClS 

AIR AVE CONG. 
COIFOUND CONCENTRATION (JFETIME , ... ,~ , ... ~ 

No carcinogenic voes 
detected 

SUMMARY CANCER RISK 

NONCARCINOGENIC EFFECTS 

AIR AVECONC. 

COW'OUNO CONCENTRATION FOR TIME PERiOO 
lualm'\ ,, ... 1....31 

Trichlorolluoromelhane 9.2E+ OO 7.4E-02 

SUMMARY HAZMD INDEX 
ND = No data available 

ABB Environmental Services, Inc. 

[GSIH4UMA 15-Dec-93] 

EQUATIONS 

UNITS SOLACE 
ug/m~ Modeled 

hours/day CANCER RISK = AVG. CONC. (ug/m3} * CANCER UNIT RISK (ug/m3)-1 

hours/day USEPA, 1989f 
days/yes, USEPA. 1991b HAZARD QUOTlENT = AVG.CONC.(ug/m3).flEF. CONC. (ug/m3) 

years USEPA, 1991b 

days/year 

years USEPA, 1989f AVG.CONC.= CAiis * EF * ET* ED 
vears USEPA. 19891" AT* CF1 *CF2 

Nole: 
*For noncacinogenic elfec:ls: AT = ED 

INHALATlON CANCER 
UNrTRISK RISK 
,,.,.,.,.,..- 1 

OE+c>C> 

INHALATION HAzNID 
R1C QUOTENT 

lualm'I 

7.0E+ 02 1.1E- 04 

0 .0001 

Rev. 12/92 



TABLEK-21 
GROUNDWATER. - INGESTION AND CONTACT DUR.ING SHOWER.ING 
CBJLD EXPOSURE - (SUBCBR.ONIC) UNPILTEllED. 1IAXIMUM CONCENTRATION 
SIIEPLEY'S BILL LANDFILL - WELL GROUP 4 
REMEDIAL INVES'llGATION ADDENDUM'. REPORT 
FEASIBILITY STUDY FOR GROUP 1A SrIES 
FORT DEVENS, KA 
EXPOSURE PARAMEIER.S 

PARAMETER SYMBOL v..wa UNITS 

CONCEN'IRATION WATER cw c:bcmic:al specific DJ8/li11,r 

INGESTION RATE IR 0.5 lill,rs/day 

AGE-SPECIFIC SURFACE AREA SA; •[IC-•pccmc cm3 

EVENT FREQUENCY EV I =•ts/day 

BODYWEIGHT BW 16 ks 
AGE-SPECIFIC BODY WEIGHT BWj &[IC - ,pccilic ks 
DOSE ABSORBED PER EVENT D~..:nt cbemiral specific miaJc:m2-cvie.nt 

BATH EXPOSURE TIME ET 0.2 hours/day 

EXPOSURE FREQUENCY EF 350 day,lyear 

EXPOSURE DURATION ED 5 ~ra 

AGE-SPECIFIC EXPSOURE DURATION ED; agc-sP"afic ~rs 

AGE-WEIGHTED SURFACE AREA (I] 5Aadi 2247.5 cm2-yrf),g 

AVERAGING TIME 

CANCER AT 70 ~rs 

NONCANCER AT 5 ~rs 

CONVERSION FACTOR CF QM > lifl!rll03cm3 

SOURCll 

USEPA, 19891> 

USEPA, 19891> 

USEPA, 19891> 

USEPA, 1989b 

C.lculall,d [2] (USEPA, 1992d) 

USEPA, 1989! 

USEPA, 1991b 

As.umption 
USEPA, 1989b 

AppoDctix V [3J(USEPA. 1992d) 

USEPA. 1989! 

USEPA, 1989! 

(J) 1Dcstimatin3thedcrmallyab90d,c:.,J dose forehildrcuasc 11D 6, 1he tim:-weigbtr.d t-ocf)~i$ht aor-m211i:u.d a\Dlccarea C%p05Cdia 

calculated froll! aur&~ att.a, exposure dumtion,and bodyweight for~.ach ofS asc pc:riods,agc l to 6, per USEPA. 1992. 

[2] PCcvent calculall,d m Appendix W. 

[3] SurfaccattJi reprernb the-. t-.ntirc body. 
USEPA, 19891>. Exp,s,a,: Fa<IDrsHandbook. 

USEPA. l 9989!. Risk Asr.ssUJCat Guida a~-for Supcrfuod. 

USEPA, 1991b. "S!andard Default E"P"surc Fa<IDrs". 

USEPA. 1992d. Dermal P.Tff"lsurc As.z.umcat Prinrinlr.a t1.od ADDlications. 

ABB Environmental Senices. Inc. 

[GSIG41JMC 15-Dec-93 ] 

EQUATIONS 

CANCER RISK:= INTAJCE(Jll8/lr8-day) •CANCER SLOPE FACTOR (mg/lqi-day)A -I 

HAZARD QUOTIENT= INTAJCE (mg/lqi-day) /REFERENCE DOSE (msfk8--.lay) 

INTAKE-INGESTION= CWzlR xABS; xETzEF xED 
BW •AT• 36.5 daya/yr 

INTAKE-DERMAL= DA...ent x EV x EF s: CP x SA,,dj 
AT• 365 daya/yr 

Wbc= 
SAadi = Sum (SA;• ED IBW;) 

DAcvcnt = l'Cevcnt • CW 

Note: 
Forno1u:::an:inoFnice&ctc AT= ED 

Abo:,rptioa fa<IDrs (ABS;) !orm[!Cstiou arc •cl•.q1al toouc (USEPARegion ldcfaultval~). 

Rev. 7/91 



TABLE K-21, continued 
GllOUNDWATI!ll - INGESTION AND CONTACT DUlllNG SBOWEllING 
CHILD EXPOSUllE - (SUBCBllONIC) UNFILIBllED, MAXDlUM: CONCENTllATION 
SBEPLEY'S BILL LANDFILL - WELL GllOUP 4 

llEMEDIAL INVESTIGATION ADDENDUM llEPOllT 
FEASIBILITY STUDY FOil GllOUP IA SnES 

PORT DEVENS, MA 
CARCINOGENIC EFFECTS 

W,\Tl!R INGESTION INTAltE 

COMPOl:Jl'ID CONC1!1111!.ATION ABS; INOBSTION , .. ~, ,..,_;.._;.,.i._, 
Aracitic 0.024 I I.0E-05 

[l] Calculated Crom Oral CSF as desaibed in Section 6.1 .2.3. 

ABB Environmental Sernces, Inc. 

N:EVfNT 
/......J,,~at\ 

0.0002 

[ GSIG4UMC 15-Dec-93 ] 

f1,IT"'-E .ORAL DERMAL CANc.eR CJ\t(Cffl 1'0TAL 

DSRMAL CSI' CSF [lj RISIC lUU. <,AN~ 
Im•"'•-'•-' '-•"'•-dov\~-1 lm•"'•-dul"-1 INGESTION DERMAL RISI:: 

1.5E --07 J.75 1.19 1.SE-05 2.6E-07 1.AE-05 

SUlO(A]lY CANCB'.ll 11J$g 2E--OS SE..:..07 '2!!- 05 

Rev. 7/91 



TABLE K-21, conlinued 
GllOUNDWATEll - INGESTION AND CONTACTDUlllNG SBOWElllNG 
CBILD EXPOSU:RE - (SUBCRllONIC) UNPIL'IEllED, KAXIMUM CONCENTllATION 
SBEPLEY'S Bill. LANDFILL - WELL GllOuP 4 
REMl!DIALINVES'DGATION ADDENDUM llEl'OllT 
FEASIBILITY S"IUDY FOil GllOUP 1A SrIES 
,.._ ....... ,.,, ... ... ·- . 
NONCARCINOGl'NIC EFFECI'S 

W ... Tl!B INGESTION INTAKl! 

COMPOUND CONCB"'lllATION ASS; INGES110N 

(moil\ lm•"'•--ds.i 

Ar~nic 0.024 I 1.4E--04 

Calcium 15.6 I 9.3E--02 

Potassium 3.26 I 2.0E-02 

MaDgBDt'.X. 1.43 I UE--03 

Zmc 0.0353 I 2.JE-04 

TrichloroOuorometbanc 0.0021 I J.3E--OS 

ND= No data available 
(2] Calculated from Oral RID as described in Section 6.12.3. 

ABB Environ.iiental Senioes, Inc. 

PCsvm'r 
'-'--•t\ 

0.0002 

0,0002 

0.0002 

0.0002 

0.0002 

0.0163 

[ GSIG4UMC !5-Dec-93 ] 

INT.AltS OllAL OEJlMAL ~o ~AZJ\RO TOT>i!. 
DERMAL Rlt> Rlt> (II OU01'11:'NT QtrQTil!NT Jf.-.z:ARO 

lm•"'•-d••l '-"'""'•-'••\ lm•"'•-d>•\~ -1 INGESTION DF.RMJ\.l. OU<Ynl1NT 

2.IE-06 0.0003 0.000294 4.SE-01 7.0E-03 4.9E-01 

1.3E--03 NO ND 

2.SE-04 NO NO 

l.2E--04 0.005 0.0002 J.7E-Hl0 6.2E--Ol 2.3E-+-OO 

3.IE--06 0.3 0.102 7.2E-04 3.0E--05 7.SE--04 

1.SE--OS 0.7 0.7 l.BE--OS 2.IE-05 3.9E-OS 

' 

SUIOilAB.YBAZARl>lNl>EX lJ?+OO 151!- 0I lE+OO 

Rev. 7/91 



TABLEK-22 

INHALATION E>CPOSLIIE TO voes Dl.lllNG SHOWBIING 

CHILD E>CPOSLIIE (SUBCtfiONIC) - UNFILTERED, MAXIMUM CONCEN"IRATION 
SHe>LEY'S ttU. LANDFILL - WEl..l. GROLP 4 

REMEDIAL INVESTIGATION ADDENDUM Re>ORT 

FEASIBILITY STUDY FOR GROu> 1A SITES 

FORT DEVENS, MA 

E>CPOSLIIE PARAMETERS 

PAAAMETER SYMBOL VALUE 

CONCENTRATION~ CA 

CONVmSION FACTOR 1 CF1 24 

E>CPOSLIIE TIME ET 0.2 

E>CPOSLIIE FREQUENCY EF 350 

E>CPOSLIIE DLIIATION ED 5 

CONVmSION FACTOR 2 CF2 365 

AVERAGING TIME CANCER AT 70 

AVERAGING TIME NONCANCER AT 5 

USEPA. 1991b. Standard Default Exposll'e Factors. 

USEPA. 1989f. RAGs, Part A. 

CAACINOGENIC EFFEClS 

AIR AVE..CONC. 

COIIPOUND CONCENTRATION LIFETIME , ... , ...... (ua~ 

No carcinogenic voes 
detected 

SUMMARY CANCER R1$K 

NONCMCINOGENIC EFFEClS 

AIR AVE..CONt:. 

cowour«> CONCENTRATION FOR TIME PERIOD 

, ... """ ,, lr.n/rnSI 

Trichloroftuarometlw.ne 9.2E+OO 7.4E-02 

SUMMARY HAZARD INDEX 
ND = No dala available 

ABB Envionmental Services, Inc. 

[GSIH4UMC 15-Dec-93] 

EQUATIONS 

UNITS SOLIICE 

ug/mu Modeled 

holl's/day CANCER RISK= AVG. CONC. (ug/m3) * CANCER UNIT RISK (ug/rn3)-1 

holl's/day USEPA. 1989f 

days/yea USEPA. 1991b HAZAAD QUOTIENT = AVG.CONC.(ug/m3),fiEF. CONC. (ug/m3) 
years Assumption 

days/yea 

years USEPA. 1989f AVG.CONC.= CAair * EF * ET* ED 
vears USEPA. 19891" AT*CF1 *CF2 

Nolie: 
*Far noncacinogenic effecls: AT = ED 

INHALATION CANCER .. ,,:-.. -., 
UNITRISK RISK 
lr.n/m"l- 1 

oe+oo 

INHALATION HAZARD 
RfC ouoTieNT ,, __ 

7.0E+03 1. tE- 05 

0.00001 

Rev. 12/92 



TABLEK-23 
GROUNDWAIBll - INGESTION AND CONTACT DUlllNG SHOWElllNG 
ADULT EXPOSUllE - FIL"IEllED, MAXIMUM CONCENTRATION 
SIIEPLEY'S HILL LANDFILL - WELL GROUP 4 
:REMEDIAL INVESTIGATION ADDENDUM llEPOllT 
SIIEPLEY'S HILL LANDFILL - WELL GROUP 4 
PORT DEVENS, M.A 
EXPOSUllE PARAMEIEllS 

P~m"ER SYMBOL VALUl! 

CONCEN1RATION WATER cw chemical spr:cific 

INGllSTION RATll IR 2 

llVENTPRllQUllNCY EV I 

BODYWEIGHT BW 70 

DOSI! ABSORBED PER EVENT D~.ot cbcmiral sJ.r,Cific 

SHOWER EXPOSURE TIME ET 0.2 

EXPOSURE FREQUENCY EF 350 

EXPOSURE DURATION ED 30 

SURFACE AREA EXPOSED SA 19400.0 

AVERAGING TIME 

CANCER AT 70 

NONCANCER AT 30 
l r,-r-,,~SlONFAl"'"TW"\D CF OJXl1 

[I I PC=•• a1lculated in Appcodix w 
(2] Surflilcc Are.a represeob entire body. 
USEPA, 1989b. Exp,,...,. FactonHaodbook. 

USEPA. 1989!. Risk Asr.umentGuidancc for Super!uod. 

USEPA. 1991b. Smodarrl Default e.pa .... Factor,. 

USEPA. 1992d. Dermal Exp,surc A,.,..mcnt Principleuod Application._ 

ABB Environmen la! Sernces, Inc. 

[GSIG4FMA 15-Dec-93 ] 

EQUATIONS 

UNll'S SOURCB 

1JJ811.ilcr CANCER RISK= INTAKE (msJlr8-day) • CANCER SWPll FACTOR (mgll<s-day)~ -1 

lit..rslday USEPA, 1991b 

C\/Cnb./day HAZARD QUOTIENT= INTAKE (mgll<s-day) /RllFERENCll DOSE (ms/ks-day) 

ki! USEPA, 1991b 

me)crrl-cvcot C.lcu!At.d [I] (USEPA, 1992d) 

hours/day USEPA, 1989! 

da*u USEPA, 1991b INTAKE-INGllSTJON = CWxIR zABS; :a:ET:s:EPzED 

prs USEP A, I 989{ BW •AT• 365 daya/yr 

cm2 USEPA, 1989b [2] 

prs USEPA, 1989{ INTAKE-DERMAL= D~u:cat :s: EV s:EP xED zCFs: SA 

~rs USEPA, 1989! BW • AT•365 daya/yr 
li ...... 11n3em3 

Where: 

DAeYCal = ~YCnt z CW 

Note: 
Poraoac:::arcinoseaiceffccb:: AT= ED 

Ab,mption Factors (AB~) foringcsfun arc ,ct equal to one (USEPARcsion I default val~)-

Rev. 7/91 



TABLE K-23, C<JDlinaed 
GllOUNDWA'IEll - INGESTION AND CONTACT DUlllNG SHOWElllNG 
ADULT EXPOSUllE - Fll.'IEllED, MAXDIUM OONCENTllATION 

SIIEPLE\"S HILL LANDFILL - WELL GllOUP 4 
llEIIEDIAL INVESTIGATION ADI>l!NDUM llEPOllT 
SIIEPLE\"S HILL LANDFILL - WELL GllOUP 4 

--~-- . 
CARCINOGENIC EFFECI'S 

W~ TE\ INGl!STION 

COMPO\JND CONCE'mlA110W IIBS; ,._., 
No carc:inoaenic c:omp,md dckc11c.d 

(1 J Calculated from Oral CSF as desaibed in Section 6.1.2.3. 

ABBEnvironmenl-11 SerAce~Inc. 

INTAJOf 

U'IG ESTION PCBVENT , ...... _._"' l c -L·- - l \ 

[ GSIG4FMA 15-Dec-93] 

INTAKI! ORAL DERMA L CANCEi. CANCS\ T OTAL 

DEJtM.AL CSF flJ CSP RTSlt RISK CANCER 
, ... ,. ....... , t m ·,._ -da'W\.,;,,._t ,_ .II. -.r •• ,..;_. ING.,.,.,.,....., """MA I RISk' 

StllO(AllY.CANCl!ll lUSlt OE'f' OO OE+ OO OE+ OO 

Rev. 7/91 



TABLE K-23, coalinued 
Gl!.OUNDWA'JEll - INGESTION AND CONTACT DUlllNG SHOWEllING 
ADULT EXl'OSUllE - FIL'IERED, MAXIMUM CONCENTllATION 
SIIEl'LEY'S HIIL LANDPILL - WELL GllOUP 4 
llHMEDIAL INVl!S"l1GATION ADDENDUM llEPOllT 
SIIEl'LEY'S HIIL LANDPILL - WELL GllOUP 4 
FOllTDEVENS,)&,J\ 
NONCARCINOGENIC EFFECTS 

WATI!R INGESTION 

COMPOUND CONCE'nllATION Alls; 
fm..ill 

Calaum 16.9 

Manpocsc 1.85 

Zinc 0.0288 

ND= Noda13 available 
[2] Calailated from Oral RID as described in Section 6.1.2.3. 

ABB Environmental Services, Inc. 

l!'ITl'li.B 
INGESTtOI'! PCEVE-IT 
fm•"•-cb•• '-'--•I\ 

I 9.3E--02 0.0002 

I 1.0E--02 0.0002 

I 1.6E--04 0.0002 

[osr~FMA 15-Dec-93 ] 

!!'!TAKE ORAL DERMAL HAZJ\ll.D RAZAAD TOTAL 

O~AL 11.ID (i ) IUD QUOTUlNT QUOTIENT HAZ.M_O 

'-•"'•-dsv\ fm•n.•-dav\ lm•A,,.-cfaw, ~-1 IN'GES'I10N OliRU•t. OUot1'FNT 

9.0E--04 ND ND 

9.8E--05 0.005 0.0002 2.0E+OO 4.9E-01 2.5E+OO 

1.5E--06 0.3 0.102 5.3E--04 1.5E--05 5.4E-04 

smoill\llY HAZARDlNDEX 2B-t:OO SE--01 'E+iiO 

Rev. 7/9! 



TABLH.K-24 
GllOUNDWA"IEll - INGESTION AND CONTACT DUlllNG SHOWElllNG 
CHILD EXPOSUllE - (SUBCBllONIC) PIL"IElllID. MAXD(UM CONCENTllATION 
SIIEPLEY'S HILL LANDFILL - WELL GllOuP 4 
llEMEDIAL INVESTIGATION ADDENDUM: REPORT 
FEASIBILITY STIJDY POil GllOuP 1A SrIES 
.. ---'-- __ ,. ·-· -
EXPOSUllE PAllAMEIEllS 

P~l!TEII SYMBOL VALUE I.JiiJiTs 
CONCPN11lATION WA'll!R cw cbcmicahp«:ific q;nilor 

INGESTION RATE JR 0.5 lit.rs/day 

AGE-SPECIFIC SURFACE AREA SA; •sc-spca6c cm3 

EVENT FREQUENCY EV I =b/day 
BODYWEIGHT BW 16 q 
AGE-SPECIFIC BODY WEIGHT BWi asc-sP"cific q 
DOSE ABSORBED PPll EVENT DAeve.,1 cbcmioalsp<rific qJc,nl-evcnt 

BAffl EXPOSURE TIME ET 0.2 hours/day 

I!XPOSURE FREQUENCY EF 350 da~r 

I!XPOSURE DURATION ED 5 )'<Jin 

AGE-SPECIFIC EXPSOURE DURATION ED; a,gc - specific )'<Jin 

AGE-WEIGHTED SURFACE AREA (IJ SA,,dj 2247.5 cm2-yr,1qi 

AVFRAGING TIME 
CANCPll AT 70 )'<Jlrl 

NONCANCl?Jl AT 5 )'<Jin 

CONVERSION PAM"nR rr, noor ,:,.,11"'--' 

SO:URCI! .. 

IJSEPA, 1989b 

USEPA, 1989b 

IJSEPA, 1989b 

IJSEPA, 1989b 

Calcmtrd (2) (USEPA, 1992d) 

USEPA, 1989f 

USEPA, 1991b 

AMumptio,, 

USEPA, 1989b 

AppcndizV (lKUSEPA. 1992d) 

USEPA, 1989f 

USEPA. 1989f 

[.I) laesti-lins tbcclwm.lly,blOrl>cddo,c for~•BC I IO 6, I.be time-.,cighi<d~tl>Ofma.!iz,d suriiceuo apoocdi, 

cal< ul:atrd (,om o>rl>«. area, ,_,_du,atioa, • ad body wcisht for <->eh of 5 as,, period>. •$0 I b 6, pu USEPA. 1992. 

{1) PC.,...01 alc\,bc.d in AppcudizW, 
(3) Surl>c:e.orca , • .,...,...,. tl,oe,,lin: body. 

USE PA 19891,, &p,sUtt.F>dms luoclbook. 

USEPA. 19989!. R.>k -• Guidance for Superfuocl. 
USEPA. 1991b. "Staodard Dc&,~t· Ezp:,,,~c F>e!on". 

US£PA. 1992d. Dtn:ml 1=°nTUtlft: As.z.iUmcat p.;~lenod Annl.....,bDn~ 

ABB Environmental 5 ~rvices. Inc. 

[ GS!G4FMC l5-Dee--93] 

EQUATIONS 

CANCl!ll RISIC = INTAKE (meJlrll-day) zCANCPll SLOPE FACTOR (meJk8-day)~ -I 

HAZARD QUOTIENT= INTAKE (mglkii-day) /REFPllENCE DOSE (Jll8/k8-day) 

INTAltE-INGESTION = CW:zlRxABS; xETzEFxED 
BWzATz365da'f'/yr 

INTAKE-Dl'RMAL = DA..w:ntxBVxEF:1:CPz SA,,cij 
AT• 365 daya/yr 

Whctc: 

SA,,dj = Sum(SA; zED /BW;) 

D~nt=~t•CW 

Note: 
JlorDODcarcinoFDice&eb:: AT= ED 

Abm,ption fac1Drs (ABS;)foriugcstionaresetequol to one (USEPARef!K>11 Ide&ultvalu,). 

Rev. 7/91 



TABLE K-2,4, ca,liaaed 
GROUNDWATER. - INGESTION AND CONTACT DUR.ING SHOWERING 
CBJI.D EXPOSUBE - (SUBCIIR.ONIC) FJL'IEllED, MAXDrnM CONCEN"l1lAllON 
SBEPLEY'S BllL IANDPILL - WELL GROUP 4 
R.EIO!DIAL INVl!SllGATION ADDENDUK ltEJ'OR.T 
FEASIBIUTY STUDY FOR. GKOUP IA SnES 

PORT1>£VENS, MA 
CARCINOGENIC l!FFI!CI'S 

WATl!R INGPSl"JON INT~ 

COMl'OUND CONCEl'ITR"'~ ABS; INGESTION 
{moll\ ,..,.,. ......... , 

No mraaogellic com:p:,.ada dctcc:k:d 

(1 J Calc:ulated from Oral CSF as desaibed in Section 6.1.2.3. 

ABB Environmenlal Sernces, Inc. 

PCEVEIT 
t-J....ot\ 

@gG4FMC 15-Dec-93 ] 

INTAJµl Oll.AL DERMAL CANCER CANCER '10'1:Al-
DERMAL CS.~ {11 CSP RTS!t R ISI!:'. CANCEi\ 

' -•"'•...bv\ ,.,.-..:a..1 ---1 ---"'•-d••\~--1 ING.,.;,:,,..., DERMAL RISJ:: 

SlJJIOlARY CANCER .IUSJC OE+1JO OE+.00 DB+.00 

Rev. 7/91 



q 

TABLE K-24, cmtinued 
GllOUNDWATEll - INGESTION AND CONTACT DUllING SHOWEllING 
CHll.D EXPOSUltE - (SUBCHllONIC) Fll.TEllED, KAXD,IUM CONCENTilATION 
SIIHPLEY'S HllL LANDl'ILL - WELL GROUP 4 
REMEDIAL INVESTIGATION ADDENDUK llEPOllT 
FEASIBIUTY STUDY FOil GROUP 1A SfIES 

FORT DEVENS, MA 
NONCARCINOGFNIC EFFECJ'S 

WATEJl INGESTION INTAICI! 
COMPOUND CONCENTRATION ABS; INOESTIOl'I ,., .. , lm•,.•-d•v\ 

Calcium 16.9 I 1.0E--01 

Mansaneae 1.8'.I I l .lE--02 

Zmc 0.0288 I l.7E--04 

. 

ND= No data available 
[2] Cah:ulated from Oral RID as described in Secliou 6.1.2.3. 

ABB Environmental Sernces, Inc. 

rcl!VENT 
,_ .. W'Bt\ 

0.0002 

0.0002 

0.0002 

Los1G1FMC 1S-Dec-93 ] 

INTAJ::1! ORAL. DERMAL HAZAl:lO HAZ.AAJ> TOTAL 
DERMAL RCD P.I Rm QUOTIENT OtJOTIENT H~D 

'-··"•-.b•\ ,;.._,.__._"' ,,..n...-<101"~1 !N'GESTION DEJtMAL 
,....,. _____ 

l.5E--03 ND ND 
l.6E--04 0.005 0.0002 2.2E+OO 8.0E--01 3.0E+OO 

2.5E-06 0.3 0.102 5.8E--04 2.4E-05 6.0E--04 

SOIDlAllYIIAZJ\R.DlNDEX 2E+OO llE'-"Ot I . 31!+oo: 

Rev. 7/91 



TABLE K-25 
FISH INGESTION - PLOW SHOP POND - WHOLE FISH (BLUEGILLS) 

ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
LANDFILL-RELATED COPCs 

REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP 1A SITES 

FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAMETBR SYMBOL 

CONCENTRATION IN FISH CF 

FISH INGESTION RATE IR 

RELATIVE ABSORPTION FACTOR RAF 

FRACTION INGESTED FROM SOURCE FI 

BODYWEIGHT BW 

CONVERSION FACTOR C 

BXPOSURBFRBQUF.NCY EF 

BXPOSURB DURATION ED 

A VBRAGING TIMB 

CANCER AT 

NONCANCER AT 

USEPA. 1991b. "STANDARD DEFAULT EXPOSURE FACTORS". 

USEPA, 1989£. "RISK ASSESSMENT GUIDANCE FOR SUPERFUND". 

ABB Environmental Services, Inc. 

VALUE 

[FPLWSA 15-Dec:-93 ] 

EQUATIONS 

UNITS SOURCE 

mg/kg SITE-SPECIFIC CANCER RISIC = INTAKE (mg/ks-day) s CANCER SLOPE FACTOR (mg/kg-day)- -1 

54 g,ijay USEPA. 1991b 

1 ASSUMYTION 

0.5 ASSUMYTION HAZARD QUOTIENT= INTAKE (mg/kg-day)/ REFERENCE DOSE (mg/kg-day) 

70 kg USEPA, 1991b 

0.001 kg/g INTAXB= CF xIRxRAF xFixCxBF xBD 

350 days/year USEPA. 1991b BW x AT x 36S days/yr 

30 years USEPA, 1991b 

Nute: 

70 years USEPA, !989f For ■oacaa:iaogeaic effec:ts: AT = BD 

30 \ "eats USEPA. !989£ 

Rev. 4/93 



TABLE K-25. continued 

FISH INGESTION - PLOW SHOP POND - WHOLE FISH (BLUEGILLS) 

ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

LANDFILL-RELATED COPCs 

REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP 1A SITES 

FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

AVERAGB MAXJMlJM 
CONCENTRATION CONCENTRATION 

COMPOUND INFISH INFISH 
(melh-, '•·"'·' 

Arsenic 0.331 1.3 

ABB Environmental Services, Inc. 

iNTAIQ! 
AVG. CONC. 

(.ykg-day) 

5.2E-05 

[FPLWSA 15-Dec-93 ] 

INTAKE TOTAL TOTAL 
MAX. CON'C. CANCBR S.LOPB CANCER. CANCER 

(-.gltg- <by) FACTOR RISK. RISK 

'•·"'•-day)A 1 AVG. CONC. MAX.CONC. 

2.tE-04 1.75 9.2E-05 3.6E-04 

SU MMARY (:ANCER RISK 
.. 

9£-05 4E - 04 

Rev. 4/93 



TABLE K-25, continued 

FISH INGESTION - PLOW SHOP POND - WHOLE FISH (BLUEGILLS) 

ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
LANDFILL-RELATED COPCs 

REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP lA SITES 

FORT DEVENS, MA 

NONCARCINOGENIC EFFECTS 

AVERAGE MAXIMUM 

CONCENTRATION CONCl!NTRATION 

COMPOUND INPISH INFISH , ... .,.,., , __ ..,_, 

Arsenic 0.331 1.3 

Manganese 63 .2 94.7 

Barium 2.76 4.4 

Nickel NC NO 

Iron 79.72 130 

ND = No data available 

ABB Environmental Services, Inc. 

INTAXB 
AVG. CONC. 

(•~g-d:ay) 

l .2E-04 

2.3E-02 

l.OE-03 

2.9E-02 

[FPLWSA lS-Dc:c-93 ] 

INi'AKB TOTAL TOTAL 

MAX.CONC. IU!Pl!RENCB HAZARD HAZARD 
(.ag/llg--da1) DOSB QUOTIENT QUOTil!NT 

'•·"'•· day) AVG.CONC. MAX. CONC. 
4.8E-04 0.0003 4.lE-01 l.6E+00 

3.SE-02 0.14 1.7E-0l 2.5E-0l 

1.6E-03 0.07 l.SE-02 2.3E-02 

4.8E-02 ND 

SUMMARY HAZARDlfilDB X. .. 6E - 01 ZE+ OO 

Rev. 4/93 



TABLEK-26 

FISH INGESTION - PLOW SHOP POND - WHOLE FISH (BLUEGILLS) 

CHILD EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
LANDPILL-RELATED COPCs 

REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP lA SITES 

FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAMJ!TBR SYMBOL 
CONCENTRATION IN FISH CF 

FISH INGESTION RATE IR 

REIATIVB ABSORYITON FACT'OR RAF 

FRACITON INGE5TED FROM SOURCE FI 

BODY WBIGHI" BW 

CONVERSION FACT'OR C 

EXPOSURE FREQUENCY EF 

EXPOSURE DURATION ED 

AVERAGINGTIME 

CANCER AT 

NONCANCBR AT 

USEPA. 1991b. 'STANDARD DEFAULT EXPOSURE FACI'ORS". 

USEPA. 1989b. "EXPOSURE FACTORS HANDBOOK'. 

USEPA. 1989f. 'RISK ASSESSMENT GUIDANCE FOR SUPERFUND". 

ABB Environmental Services, Inc. 

VALUB 

[FPLWSC tS-Dec-93 J 

EQUATIONS 

UNITS SOURCB 

m~g SITE-SPECIFIC CANCER RISK= INTAKE (mg/kg-day) x CANCER SLOPE FACTOR (mg/kg-day)- -1 

16.5 f/day USEPA, 1989b 

1 ASSUMYTION 

0.5 ASSUMYTION HAZARD QUOTIENT= INTAKE (ms/kg-day)/ REFERENCE DOSE (mg/ks-day) 

16 kg USEPA, 1989b 

0.001 kf/g INl"AKE = CFxIRxRAFxFix CxEFxED 

350 days,'y~ar USEPA, 1991b BWx ATx 365 ,bys/Jr 

5 year.; ASSUMYTION 

Note: 

70 years USEPA, 1989f For aoac:arciaogalic effects: AT = ED 

s vean USEPA. 1989f 

Rev. 4/93 



TABLE K-26, continued 
FISH INGESTION - PLOW SHOP POND - WHOLE FISH (BLUEGILLS) 

CHILD EXPOSURE -AVERAGE AND MAXIMUM CONCENTRATIONS 

LANDFILL-RELATED COPCs 

REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP lA SITES 

FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

AVERA.GB MAXIMUM 

CX>NCBNTRATION CX>NCBNTRATIO~ 
<X>M:POUND INPISK lNFJSB , ...... , , ...... , 

Arseni: 0.331 1.3 

ABB Environmental Services, Inc. 

INTAirn 
AVG. CX>NC. 

(•BM-d.!J) 

1.2E-0S 

, 

! FPLWSC lS- Dcc- 93] 

INTAKE TOTAL roi'JU.. 
MAX.CX>NC. C'.;ANCJ!R SLOl'E CANCB_R CANCBB 
(•BM-day) PACOOR B.1Slt. RlSK ,_ - ~ J AVG. <Y'tNC. M.AX. a>NC. 

4.6E-0S 1.15 2.0E-05 S.0E-05 

SUMM'AR Y CANCER RISK. 2E - 05 8E.- 05 

Rev. 4/93 



TABLE K-26, continued 

FISH INGESTION - PLOW SHOP POND - WHOLE FISH (BLUEGILLS) 
CHILD EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

LANDFILL-RELATED COPCs 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP lA SITES 

FORT DEVENS, MA 

NONCARCINOGENIC EFFECTS 

A~B MAXIMUM 
CON'CHNTRATION OONCBNTRATION 

OOMl'OUND INPISH INFISH , __ ,._, , ...... , 
Arsenic 0.331 1.3 

Manganese 63.2 94.7 

Barium 2.76 4.4 

Nickel ND ND 

Iron 79.72 130 

ND = No data available 

ABB Environmental Services, Inc. 

JNTAKB 
AVG.OONC. 

<•~-cbJ> 
1.6E-04 

3.lE-02 

l.4E-03 

3.9E-02 

( FPLWSC 15-Dcc-93 ] 

.IN'TAXE TOT~ IDTAL 
MAX.CON<::. RBl'HRHNCH ltAZA1lD HAiARD 
(•8,'tg- day) oos"E QUOTIBNT QUOTIENT 

'••-"•-cl-' AVG-.CX>NC. MAX. CX>NC. 
6.4E-04 0.0003 5.5E-0l 2.lE+00 

4.7E-02 0.14 2.2E-01 3.3E-01 

2.2E-03 0.07 l.9E-02 3.lE-02 

6.4E-02 ND 

SUMMARY HAZA.RD IND.EX 8E.,.,-Oi 
.. 

3E+OO., 

Rev. 4/93 



TABLEK-27 
FISH INGESTION - PLOW SHOP POND - WHOLE FISH (BLUEGILLS) 
ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

TOTAL RISK - ALL COPC1 
REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP lA SITES 

PORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAMHIER SYMBOL 

CONCENTRATION INPISH CF 

FISH INGESTION RAffl IR 

RELATIVE ABSORPTION PACI'OR RAF 

PRACITON INGESrED PROM SOURCB FI 

BODYWEIGHr BW 

CONVERSIONPACI'OR C 

EXl'OSURB FREQUENCY EF 

EXl'OSURB DURATION ED 

AVERAGING TIME 

CANCBR AT 

NONCANCER AT 

USEPA. 199th. 'STANDARD DEFAULT EXPOSURE FACTORS'. 

USEPA. 1989(. 'RISK ASSESSMENT GUIDANCE FOR SUPERFUND". 

ABB Environmental Services, Inc. 

VALUB 

[PPLWI'A 15-Dcc-931 

EQUATIONS 

UNIIS SOURCB 

mg/kg SITE-SPECIFIC CANCER RISIC = INTAKE (msfkg-day) x CANCER SLOPE FACTOR (mg/kg-day)~ -1 

54 ,/day USEPA. 1991b 

1 ASSUMPTION 

0.5 ASSUMPTION HAZARD QUOTIENT= INTAKE (mg/kg-day)/ REFERENCE DOSE (mg/kg-day) 

70 kg USEPA, 1991b 

0.001 k&fg INTAKE= CPxIRxRAPxPixCxBFxED 
350 days/year USEPA, 1991b BWx ATx 36Sdayl/fr 

30 years USEPA, 1991b 

Note: 

70 years USEP A, I 989! For aoacarcillogc:ajc effcds: AT = ED 

30 \'ca rs US.EPA 1989! 

Rev. 4/93 



TABLE K-27, continued 
FISH INGESTION - PLOW SHOP POND - WHOLE FISH (BLUEGILLS) 
ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
TOTAL RISK - ALL COPC1 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP lA SITES 
FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

AVEllAGB MAXIMUM 
CX>NCHNTRATION CX>NCENTRATION 

COMPOUND INPISH INPISR , .. ,..,., fa.JI,.\ 

Arsenic 0.331 1.3 

P,P-DDE 0.013 0.029 

ABB En\.ironmental Services, Inc. 

INTA,KE 
AVG . CONC. 

(•~--<hr) 

S.2E-0S 

2.lE-06 

[FPLwrA 15-Dcc-93 I 

INTAXE TOTAL TOTAL 

MAX.CX>NC. CANCBR SLOfB CANqnt ~<::BR 

(iag/kg- d-,) FACTOR RISK ltlSK 

<••"'•-dn\A -I AVG.CONC. MAX. CX>NC. 

2.lE-04 1.7S 9.2E-0S 3.6E-04 

4.6E-06 0.34 7.0E-07 l.6E-06 

SUM.MARY CANCER RISK 9E - 05 4-'E- 04 

Rev. 4/93 



TABLE K-27, continued 

FISH INGESTION - PLOW SHOP POND - WHOLE FISH (BLUEGILLS) 
ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

TOTAL RISK - ALL COPCs 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STIJDY FOR GROUP lA SITES 

FORT DEVENS, MA 

NONCARCINOGENIC EFFECTS 

AVBRAGB ~ 
CONCBNTkATI(lN OONC!!N'IllATION 

COMPOUND INFJSH INPJ.SR 

·'•"'"'"' , •• 11t .. , 

Ar.;enic 0.33 1.3 

P,P-DDE 0.013 0.029 

Manganese 63.2 94.7 

Zinc 25.02 29.6 

Lead 0.072 0.16 

Aluminum 2.58 4.5 

Barium 2.76 4.4 

Calcium 31940 48800 

Chromium ill 0.66 0.93 

Cobalt 0.11 0.16 

Copper 0.51 0.6 

Iron 79.72 130 

Men:u,:y 0.37 0.54 

Selenium 0.67 0.55 

Sodium 1794 2290 

Ma~esium 568 754 

Thallium 0.06 0.1 

Cadmium ND ND 

Nickel ND ND 

ND = No data available 

ABB Environmental Services, Inc. 

[ FPLWI'A 15-Dec-93 ] 

INTAKE INT.AXE TO'.l'AL lUTAL 
AVG. OONC. MAX.CONC. IU!l'BRENCB HAZARD HAZARD 
(•~-claJ) (•g.,t:g....ta,) DOSB QUOTD!NT QUOTIBNT 

, .. 
' AVG.CONC. MAX.CONC. 

1.2E-04 4.8E-04 0.0003 4.lE-01 1.6E+OO 
4.8E-06 l.lE-05 0.0005 9.6E-03 2.tE-02 

2.3E-02 3.SE-02 0.14 1.7E-01 2.SE-01 

9.3E-03 l .lE-02 0.3 3.lE-02 3.6E-02 

2.7E-05 5.9E-05 ND 

9.SE-04 l.7E-03 ND 
1.0E-03 l .6E-03 0.o7 1.SE-02 2.3E-02 

l .2E+Ol l .8E+Ol ND 
2.4E-04 3.4E-04 1 2.4E-04 3.4E-04 

4.lE-05 5.9E-05 ND 
1.9E-04 2.2E-04 ND 
2.9E-02 4.8E-02 ND 

1.4E-04 2.0E-04 0.0003 4.6E-01 6.7E-01 

2.SE-04 2.0E-04 0.005 5.0E-02 4.lE-02 

6.6E-01 8.SE-01 ND 
2.lE-01 2.8E-01 ND 
2.2E-05 3.7E-05 0.00007 3.2E-01 5.3E-01 

SltMMARY HAZARD INDEX lE+ liD.: 3E+oo· 

Rev. 4/93 



TABLEK-28 

FISH INGESTION - PLOW SHOP POND - WHOLE FISH (BLUEGILLS) 

CHILD EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

TOTAL RISK - ALL COPCs 
REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP lA SITES 

FORT DEVENS, MA 

EXPOSURE PARAMETERS 

P.ARAMHIBR SYMBOL 
CONCENTRATION IN FISH CF 

FISH INGESTION RATE IR 

RELATIVE ABSORPTION FACT'OR RAF 

FRACTION INGESfED FROM SOURCE FI 

BODYWEIGHr BW 
CONVERSION PACT'OR C 

EXl'OSURE FREQUENCY EF 

EXl'OSURE DURATION ED 
AVERAGING TIMI! 

CANCER AT 

NONCANCER AT 

USEPA. 1991b. "STANDARD DEFAULT EXPOSURE FACIORS". 

USEPA. 1989b. "EXPOSURE FACTORS HANDBOOK". 

USEPA. 1989f. 'RISK ASSESSMENT GUIDANCE FOR SUPERFlJND". 

ABB En,ironmental Services, Inc. 

VALOB 

[Pl'Lwrc 15-Dcc-93] 

EQUATIONS 

UNITS SOURCB 

mg,kg SITE-SPECIFIC CANCER lllSK = INTAKE (ms/kg-clay) x CANCER SLOPE FACTOR (mg/kg-day)- -1 

16.5 glday USEPA.198~ 

1 ASSUMFnON 

0.5 ASSUMFnON HAZAllD QUOTIENT= INI"AKE (mg/kg-clay)/ llEFEllENCE DOSE (mg/kg-day) 

16 kg USEPA.198~ 

0.001 kg/g INl"AKE = CPxlRxRAFxPlxCxEPxED 

350 days/year USEP A. 1991b BWxATx36Suys/yr 

5 years ASSUMFnON 

Note: 

70 years USEPA. 1989( For •o•carcillogcaic effects: AT = ED 

s vears USEP A. 1989f 

Rev. 4/93 



TABLE K-28, continued 

FISH INGESTION - PLOW SHOP POND - WHOLE FISH (BLUEGILLS) 
CHILD EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
TOTAL RISK - ALL COPCs 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP IA SITES 

FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

AVERA.GB MAXIMUM 
CONCl\NTRATION OONCEN:rRAllON 

COMl'OUND INl'ISH INPISH 
, •• &-., r •• &-., 

Arsenic 0.331 1.3 

P,P-DDE 0.013 0.029 

ABB Environmental Services, Inc. 

INrAim 
AVG. CONC. 

(•g/lg--ccby) 

l.2E-05 

4.6E-07 

[FPLwrC 15-Dec:-93 I 

INrAXE rotAL TOTAL 
MAX.CONC. CANCBR SLOl'B CANCER CANCRR 

(ag,tg--4-,,) PACIOR RISK. RJSlt. ,. • .• A l AVG; CONC. .MAX.OONI"' 
4.6E-05 1.75 2.0E-05 8.0E-05 

l.0E-06 0.34 t.6E-07 3.5E-07 

SUMMARY CANCERlUSK 2E- OS SE- OS 

Rev. 4/93 



TABLE K-28, continued 

FISH INGESTION - PLOW SHOP POND - WHOLE FISH (BLUEGILLS) 

CHILD EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
TOTAL RISK - ALL COPCs 
REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP lA SITES 

FORT DEVENS, MA 

NONCARCINOGENIC EFFECTS 

AVERAGB MAXIMUM 

CONCE.N'I'RATION CONCENTllATION 

COMPOUND INFJSH INFISH 
r ...... , f•Rhl 

Arsenic 0.33 1.3 

P,P-DDE 0.013 0.029 

Manganese 63.2 94.7 

Zinc 25.0Z 29.6 

Lead 0.072 0.16 

Aluminum 2.58 4.5 

Barium 2.76 4.4 

Calcium 31940 48800 

Chromium III 0.66 0.93 

Cobalt 0.11 0.16 

Copper 0.51 0.6 

Iron 79.72 130 

Mcrcu,:y 0.37 0.54 

Selenium 0.67 0.55 

Sodium 1794 2290 

Magnesium 568 754 

Thallium 0.06 0.1 

Cadmium NB ND 
Nickel NI: ND 

ND = No data available 

ABB Environmental Services, Inc. 

[FPLWI'C 15-Dec:-93 ] 

INTAXE INl'AJO! TOTAL TOTAL 
AVG . OONC. MAX.OONC. RBFHRENCB HAZARD RAZ.ARD 

(•~-day) (•~-day) DOSI! QUOTIENT QUOTIENT ,. 
'I AVG.CONC. MA,L OONC. 

1.6E-04 6.4E-04 0.0003 5.4E-01 2.tE+OO 

6.4E-06 l .4E-05 0.0005 1.3E-02 2.9E- 02 

3.tE-02 4.7E-02 0.14 2.2E-Ol 3.3E-Ol 

1.2E-02 1.SE-02 0.3 4.lE-02 4.9E-02 

3.6E-05 7.9E-OS ND 

l.3E-03 2.2E-03 ND 
l.4E-03 2.2E-03 0.07 l .9E-02 3.IE-02 

1.6E+Ol 2.4E+Ol ND 

3.3E-04 4.6E-04 1 3.3E-04 4.6E-04 

5.4E-05 7.9E-05 ND 
2.SE-04 3.0E-04 ND 

3.9E-02 6.4E-02 ND 
l.8E-04 2.7E-04 0.0003 6.tE-01 8.9E-01 

3.3E-04 2.7E-04 0.005 6.6E-02 5.4E-02 

8.9E- 01 1.lE+OO ND 
2.BE-01 3.7E-Ol ND 

3.0E-05 4.9E-05 0.00007 4.2E-01 7.lE-01 

SU M.MARY HAZAJU> INDEX 2E+ OO 4E + OO 

Rev. 4/93 



TABLE K-29 

FISH INGESTION - PLOW SHOP POND - FILLETS (BULLHEAD, BASS) 

ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

LANDFILL-RELATED COPCs 
REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP 1A SITES 

FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAMETBR. snlBOL 

CONCENTRATION IN FISH CF 

FISH INGl!5l'ION RATB m 
RELATIVE ABSORPTION FACI'OR RAF 

FRACTION INGESI'ED FROM SOURCE Fl 

BODYWEIGm BW 

VALUB 

54 

1 

0.5 
70 

CONVERSION FACI'OR C 0.001 

BXPOSURE FREQUENCY EF 350 

BXl'OSURE DURATION ED 30 

AVERAGING TIME 

CANCER AT 70 

NONCANCl!.R AT 30 

USEPA. 1991b. 'STANDARD DEFAULT EXPOSURE FACI'ORS'. 

USEPA. 19891. 'RISK ASSESSMENIGUIDANCE FOR SUPERFUND'. 

ABB Environmental Services, Inc. 

[FPLFSA 15-Dcc- 93 ] 

EQUATIONS 

UNIIS SOURCB 

mgikg SITE-SPECIFIC CANCl!ll RISK= INTAKE(mglkg-day)xCANCER SLOPE FACTOR (mg/kg-dayr-1 

g/day USEPA, 1991b 

ASSUMPnON 

ASSUMPnON HAZARD QUOTIENT= INTAKE (mg/kg-day)/ REFERENCE DOSI! (mg/kg-day) 

kg USEPA. 1991b 

kf/g INTAKE= CFxIRx RAFxFix CxEFxED 
days/year USEPA. 1991b BW x AT x 365 bys/yr 

years USl!PA, 1991b 

Note: 

years USEP A, I 989! For -•ogc:aic effects: AT = ED 

vears USEPA 1989! 

Rev. 4/93 



TABLE K-29, continued 

FISH INGESTION - PLOW SHOP POND - FILLETS (BULLHEAD, BASS) 
ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
LANDFILL-RELATED COPCs 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP 1A SITES 
FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

AVERAGB ~ 
CONCl!NTRATION CONCENTRATION 

OOMl'OUND IN PJSH INFISH 

l■ •llt•' , •• 11r .. , . 

Arsenic 0.05 0.15 

ABB Environmental Services, Inc. 

OOAKB 
AVG. OONC. 
(■g/tg-clay) 

7.9E-06 

[FPLPSA 15- Dec- 93 ] 

lNTAKE TOTAL TO'[AL 

MM. CONC. CANCBRSLOl'B CANCER CANCER 

(•g/tg--cbJ) PACl'OR RlS1t. ~ 
ta•llt•--d""\~ - 1 AVG. OONC. MAX:CONC. 

2.4E-05 1.75 1.4E-05 4.2E-05 

SUMMARY CANCE·R RlSK'. lE-OS 4E.- os 

• 

Rev. 4/93 



TABLE K-29, continued 

FISH INGESTION - PLOW SHOP POND - FILLETS (BULLHEAD, BASS) 

ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

LANDFILL-RELATED COPCs 

REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP lA SITES 

FORT DEVENS, MA 

NONCARCINOG ENIC EFFECTS 

AVHRAGB MAXIMUM 

CONCENTRA~ON CONCENTRATION 

COMfOUND INFJSH IN :FISH , __ ,.._, 
f••"'"' 

Arsenic 0.05 0.15 

Manganese 0.16 0.3 

Barium Nr ND 

Nickel ND ND 
Iron 8.19 27 

ND = No data available 

ABB Environmental Services, Inc. 

INTAKB 
AVG. CON€ . 

(~- day) 

1.8E-05 

5.9E-05 

3.0E-03 

[FFLPSA 15-Dcc-93] 

INTAKB TOTAL TCYI'.AL 
MAX.CONC. REJIBRl!l:olCB HAZARD 1lAZARD 
(•111&-daJ) DOSB QUOTIENT QUO~ 

'•·"'--d-' A.VG.CONG. MAX.""'Nr-
5.SE-05 0.0003 6.2E-02 1.8E-01 
1.lE-04 0.14 4.2E-04 7.9E-04 

1.0E-02 ND 

SUMMARY HAZARD INDEX 6E ,-02. 2E-01 

Rev. 4/93 



TABLEK-30 

FISH INGESTION - PLOW SHOP POND - FILLETS (BULLHEAD, BASS) 
CHILD EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
LANDFILL-RELATED COPCs 
REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP IA SITES 
FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARA.METBR SYMBOL 
CONCENTRATION IN FISH CF 

FISH INGESTION RATE IR 
RELATIVE ABSORPTION FACl'OR RAF 

FRACllON INGESllID FROM SOURCE FI 

BODYWEIGHr BW 

VALUB 

16.5 

1 

0.5 

16 

CONVERSION FACl'OR C 0.001 

EXl'OSURE FREQUENCY EF 350 

BXl'OSURE DURATION ED 5 

AVERAGING TIME 

CANCER AT 70 

NONCANCER AT s 
USEPA. 1991b. 'STANDARDDEFAULTEXPOSUREFACI'ORS'. 

USEPA.1989b. 'EXPOSURE FACTORS HANDBOOK". 

USEPA, 1989f. "RISK ASSESSMENT GUIDANCE FOR SUPERFlJND". 

ABB En~;ronmental Services. Inc. 

[FPLFsc 15-Dcc-931 

EQUATIONS 

UNITS SOURCB 

m1,'kg SITE-SPECIFIC CANCER RISK= INTAKE(mg/kg-day) zCANCER SLOPEPACTOR (mglkg-day)~-1 

t/day USEP A. 1989b 

ASSU!llmoN 

ASSUlllmON HAZARD QUOTIENT= INTAKE (mg/kg-day)/ REFERENCE DOSE (mg/kg-day) 

kg USEPA. 1989b 

kt/g lNTAKE= CPxlRx RAFxFix CxEFl<BD 
days,'year USEP A. 1991b BWl< ATx 365 d-,s/Jr 

year.; ASSUMmON 

Note: 

year.; USEP A. I 9891 For •oac:an:il.ogeaic cffccCs: AT = BD 

vean USEP A. 19891 

Rev. 4/93 



TABLE K-30, continued 

FISH INGESTION - PLOW SHOP POND - FILLETS (BULLHEAD, BASS) 

CHILD EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

LANDFILL-RELATED COPCs 

REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP lA SITES 

PORT DEVENS, MA 

CARCINOGENIC EFFECTS 

AVBRAGB MAXIMUM 
CONCENTRATION mN~TION 

WMPOUND INPJSH INFJSH 
, •• A-.\ 

, __ ... _, 

Anenic 0.05 0.15 

ABB Environmental Services, Inc. 

INTA.ltE 
AVG.CONC. 

(•~-ciaJ) 

l.8E-06 

[PPLPSC 15-Dcc-93 ] 

IN.J'AXE TOTAL TOTAL 
MAX, CONC. CANCRll SLOl!B CANCER CANCBR 

( •&l'lt--'daJ) PACl'OR RlSlt. lUSK 
, ....... -"-·'" 1 AVG. CONC. MAX. CX>NC. 

5.3E-06 1.75 3.lE-06 9.3E-06 

SUMMARY CANC.ER RISK 3E-:-Oii 9E.-"'06 

Rev. 4/93 



TABLE K-30, continued 

FISH INGESTION - PLOW SHOP POND - FILLETS (BULLHEAD, BASS) 
CHILD E XPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
LANDFILL-RELATED COPCs 
REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP 1A SITES 
FORT DEVENS, MA 

NONCARCINOGENIC EFFECTS 

AVERAGB MAXIMUM 
CONCENTRATION a:>NCENTRATION 

CO.Ml'OUND IN FISH INPISH ,_.,.._, ,_.,.._, 
Arsenic 0.05 0.15 

Manganese 0.16 0.3 

Barium NI: ND 

Nickel NI: ND 
Iron 8.19 27 

ND = No data available 

ABB Environmental Services, Inc. 

INTAKE 
AVG . CONC. 

(•z-¼- chly) 

2.5E-05 

7.9E-05 

4.0E-03 

[FPLFsc 1S-Dcc- 93 j 

J;NTAXl! TOTAL TOTAL 
MAX. CX>NC. REFllBENCll HAZARD H.µARD 
(ag/kg- chly) DOSB QUOTIENT QUOTIENT ,. - AVG. OONC. MAX. OONC. 

7.4E-05 0.0003 8.2E-02 2.5E-01 

1.5E-04 0.14 5.7E-04 1.lE-03 

1.3E-02 ND 

SUMMARY HAZARD INDEX 8E- 02 2E - 01 

Rev. 4/93 



TABLEK-31 

FISH INGESTION - PLOW SHOP POND - FILLETS (BULLHEAD, BASS) 
ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
TOTAL RISK - ALL COPCa 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP lA SITES 
FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAM.Bl"BR SYMBOL 

CONCENI'RATION IN FISH CF 

FISH INGESTION RAU! m 
RELATIVE ABSOlU'TION FACTUR RAF 
FRACTION INGBSilID FROM SOURCE Fl 

BODYWEIGIU BW 

VAUJB 

54 

1 

0.5 

70 

CONVERSIONFACTUR C 0.001 
EXPOSURE FREQUENCY EF 350 

EXPOSURE DURATION ED 30 

AVERAGING TIME 

CANCER AT 70 

NONCANCER AT 30 

USEPA. 1991b. ' SfANDARD DEFAULT EXPOSURE FACTORS'. 

USEPA. 1989f. 'RISK ASSESSMENTGUIDANCEFOR SUPERFUND'. 

ABB Environmental Services, Inc. 

jFPLFfA 15-Dcc-931 

EQUATIONS 

UNITS SOURCB 

mg/kg SITE-SPECIFIC CANCER RISK= INTAKE (ms/kg-day) x CANCER SLOPE PACTOR (mg/kg-day)~ -1 

l',fday USEPA, 1991b 

ASSUMmON 

ASSUMmoN HAZARD QUOTIENT= INTAKE (ms/k8-day) / REFERENCE DOSE (mg/kg-day) 

kg USEPA, 1991b 

kl',fg INrAICE = CFl<IRl<RAFl<Fll< Cl<EFxBD 
days/year USEPA, 1991b BWl< ATx 36S fbtJs/yr 

yean USEPA, 1991b 

Note: 

yean USEPA, 19891' For aoacarciaogcaic effects: AT = BD 
vea,s USEPA i9&9f 

Rev. 4/93 



TABLE K-31, continued 

FISH INGESTION - PLOW SHOP POND - FILLETS (BULLHEAD, BASS) 

ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

TOTAL RISK - ALL COPCs 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP IA SITES 

FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

AVERA.GB MAXIMUM 

CONC8NTRATION OONCl!NTRATION 
OOMJ'OUND INPJSB INFISH , __ ,..._, 

, ... 4,.) 

Arsenic 0.05 0.15 
P,P-DDE 0.0007 0.031 

ABB Environmental Services, Inc. 

oo.AicE 
AVG. CONC. 

<-~-a..,) 

7.9E-06 

l .SE-06 

[FPLFTA 15-Dec-93] 

iNTAKi! TOT..U. TOT AL 

MAX.OONC. CANCER SLOPS CANCER CANCER 

(•~-d-,.) PAC'.l'OR RISK. RISK ,. - - I AVG. WNC. MAX. OONC. 

2.4E-05 1.75 l .4E-05 4.ZE-05 

4.9E-06 0.34 5.2E-07 l.?E-06 

SU MMARY CANCER RISK lE-05 4E - OS 

Rev. 4/93 



TABLE K-31, continued 

FISH INGESTION - PLOW SHOP POND - FILLETS (BULLHEAD, BASS) 

ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

TOTAL RISK - ALL COPCs 
REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP lA SITES 

FORT DEVENS, MA 

NONCARCINOGENIC EFFECTS 

AVERAGE MAXIMUM 
CONCBNTRATION OON'CBNTRA110N 

COMl'OUND IN FISH INFISH 
,.o1t .. , 

, ___ , 
Arsenic 0.05 0.15 

P,P-DDE 0.0097 0.031 

Manganese 0.16 0.3 

Zinc 4.48 6.1 

Calcium 171 627 

Chromium ill 0.12 0.24 

Cobalt 0.056 0.11 

Copper 0.17 0.24 

Iron 8.19 27 

Mercury 1.14 4 

Selenium 0.12 0.2 

Sodium 421 509 

Magnesium 279 344 

Barium ND ND 

Cadmium ND ND 

Nickel ND ND 

ND = No data available 

ABB Environmental Services, Inc. 

[FPLFTA 15-Dcc-93] 

JNTAKE INTAKB TOTAL . 
TOTAL 

AVG.CONC. .«X.CONC. RE.l'BRENCB HAZARD HAZARD 
(agltg-cliiy) (•g/lg-cbJ) DOSE QUOTIENT QU0TmNT 

<••••- dw\ AVG.mNc. MAX. CONC. 

1.8E-05 5.5E-05 0.0003 6.2E-02 1.8E-01 

3.6E-06 l.lE-05 0.0005 7.2E-03 2.3E-02 

5.9E-05 1.lE-04 0.14 4.ZE-04 7.9E-04 

1.7E-03 2.3E-03 0.3 5.5E-03 7.5E-03 

6.3E-02 2.3E-01 ND 
4.4E-05 8.9E-05 1 4.4E-05 8.9E-05 

2.lE-05 4.tE-05 ND 
6.3E-OS 8.9E-05 ND 
3.0E-03 1.0E-02 ND 

4.2E-04 1.5E-03 0.0003 1.4E+OO 4.9E+OO 

4.4E-05 7.4E-05 O.OCl5 8.9E-03 l.5E-02 

1.6E-01 1.9E-01 ND 
1.0E-01 l.3E-01 ND 

SUMMARY H"-ZARD I.ND.EX rn+oo SE+oo· 

Rev. 4/93 



TABLEK-32 
FISH INGESTION - PLOW SHOP POND - PILLE.TS (BULLHEAD, BASS) 

CHILD EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
TOTAL RISK - ALL COPCs 

REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP lA SITES 

FORT DEVENS, MA 

EXPOSURE PARAMETERS 

l'ARAMBI'BR SYMBOL 
CONCENTRATION IN FISH CF 

FISH INGESTION RATE IR 
RELATIVE ABSORPTION PACI'OR RAF 
FRACTION INGBSTED PROM SOURCE Fl 

BODY WEIGHI' BW 

VALUB 

16.5 

1 

0.5 

16 

CONVERSION PACI'OR C 0.001 

EXl'OSURE FREQUENCY EF 350 

EXl'OSURE DURATION ED 5 

AVERAGll'V TIME 

CANCER AT 70 

NONCANCBR AT 5 

USEPA. 1991b. "SfANDARD DEFAULT EXPOSURE FACTORS". 

USEPA. 1989b. "EXPOSURE FACTORS HANDBOOK'. 

USEPA., 1989l "RISK ASSESSMENT GUIDANCE FOR SUPERFUND'. 

ABB Environmental Services, Inc. 

[FPLFTC lS-Dec-93 I 

EQUATIONS 

UNITS SOURCE 

m~g SrIB-SPECIFIC CANCER RISK= INTAKE(ms/k!i-doy)xCANCER SLOPE FACTOR (malq-doy)--1 

g/day USEPA,198~ 

ASSUMYllON 

ASSUMPTION HAZARD QUOTIENT= INTAKE (malq-doy) / REFERENCE DOSE (ms/kg-day) 

kg USEPA, 198~ 

kg/g INrAKE= CPxIRxRAPxFixCxEPxED 
days/year USEPA, 1991b BWxATx36Suys/Jr 

years ASSUMPTION 

Note: 

years USEP A, I 989( For aoac:arc:iaogeaic effects: AT = ED 

vcars USEPA. 1989( . 

Rev. 4/93 



TABLE K-32, continued 

FISH INGESTION - PLOW SHOP POND - FILLETS (BULLHEAD, BASS) 

CHILD EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

TOTAL RISK - ALL COPCs 

REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STIJDY FOR GROUP lA SITES 

PORT DEVENS, MA 

CARCINOGENIC EFFECTS 

AVERAGB .MAXIMUM 
OONCENTRATION OONCENTRATION 

OOMl'OUND INPISH INFISH 
r ...... , Ca•"'•' 

Anenic 0.05 0.15 

P,P-DDE o.oo.n 0,031 

ABB Environmental Services, Inc. 

INTAKB 
AVG.OONC. 

(•g/kg-ilily) 

t .8E-06 

3.4E-07 

[PPIFrc 15-Dcc-93] 

INT.Am TOTAL TOTAL 
MAX_CONC. CAN'CER SLO'ffl ~CBR CANCBR 
(•g.&g-day) PACl'OR RISK ~ -,. .. ... l AVG. OONC. MAX.a>NC. 

5.3E-06 1.75 3.lE-06 9.3E-06 
1.lE-06 0.34 1.2E-07 3.7E-07 

SUMMARY CANCE.R RISK 3,B- 06, l E - 05 

Rev. 4/93 



TABLE K-32, continued 

FISH INGESTION - PLOW SHOP POND - FILLETS (BULLHEAD, BASS) 

CHILD EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

TOTAL RISK - ALL COPCs 

REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP 1A SITES 
FORT DEVENS, MA 

NONCARCINOGENIC EFFECTS 

AVBRAGB .MAX1MUM 
CONCP.Nl'RATION CONceNl1tATION 

COMJ'C>UND IN FISH INPISH 
, .. , .. \ , __ ,.,_, 

Anenic 0.05 0.15 

P,P-DDE 0.0()1)7 0.031 

Manganese 0.16 0.3 

Zinc 4.48 6.1 

Calcium 171 627 

Chromium III 0.12 0.24 

Cobalt 0.056 0.11 

Copper 0.17 0.24 

Iron 8.19 27 

Mercury 1.14 4 

Selenium 0.12 0.2 

Sodium 421 509 

Magnesium 279 344 

Barium ND ND 
Cadmium ND ND 
Nickel ND ND 

ND = No data available 

ABB Environmental Services. Inc. 

[FPLFTc 15-Dcc-93 ] 

INTAKE INTAKB TOTAL TOTAL 
AVG.OONC. MAX. OONC. 1WPBlU!NCH SAZARb HAZA1tD 

(•~-d&J) (•~-day) pose QUOTIENT QUOTJBNI' 
,.•-·- ,, AYO.CONC. M'.AX.WN€.. 

2.SE-05 7.4E-05 0.0003 8.2E-02 2.SE-01 

4.8E-06 1.SE-05 0.0005 9.6E-03 3.lE-02 

7.9E-05 t.SE-04 0.14 5.7E-04 1.lE-03 

2.2E-03 3.0E-03 0.3 7.4E-03 1.0E-02 

8.SE-02 3.lE-01 ND 

5.9E-05 1.2E-04 1 5.9E-05 1.2E-04 

2.8E-05 5.4E-05 ND 

8.4E-05 1.2E-04 ND 

4.0E-03 1.3E-02 ND 

5.6E-04 2.0E-03 0.0003 t.9E+OO 6.6E+OO 

5.9E-05 9.9E-05 0.005 1.2E-02 2.0E-02 

2.lE-01 2.SE-01 ND 

1.4E-01 t.7E-01 ND 

SUMMARY HA.ZARI> INDEX 2E+OO 7E+OO 

Rev. 4/93 



TABLEK-3' 
SEDIMENT INGl!STION AND CONTACT - ADOLESCENT, AGl!S 6 TO 16 
PLOW SHOP POND - AVERAGE EXPOSURE - CUllllENTLANDUSE 
LANDFD.L-RELATED COl'Cs 
REMEDIAL INVESTIGATION ADDENDUM llEPO.llT 
FEASIBILITY STIJDY FOil GROUP 1ASI11!S 

FO.llT DEVENS, MA 

EXPOSURE PA.llAMETE.llS 

PAMMBl"BR SYMBOL 

CONCENI'RATION SEDIMENT cs 
INGESTION RATE JR 

FRACTION INGESTED Fl 

ADHERENCE PACl'OR AF 

AGE-SPECIFIC SURFACE AREA SA; 

ABSORPTION FRACTION ABS;IABSd 

CONVERSIONFACl'OR CF 

BODYWEIGHT BW 

AGE-SPECIFIC BODYWEIGHT BWi 

EXl'OSUREPREOUENCY EF 

EXl'OSURE DURATION ED 

AGE-SPECIFIC EXl'OSURE DURATION ED; 

AGE-WEIGHTED SURF ACE AREA (I) SA,cd/aclj 

AVERAGING TIME 

CANCER AT 

NONCANr"" AT 

VALUE 

chemical spe.c:i1ic 

100 

100% 

0.5 

age-,pecific 

default 

I.OOE-06 

42 

age-,pecific 

26 

10 

age-,pccific 

848.6 

70 

IO 

• Unib rm apoa\lrc frequency are in c~Dt~rin the a.lculation d. tbe dt:rnallyabsabed dos.c. 

ONrrs ·soURc.£ 

q/lqj 

q/day USEPA, 1991b 

uaitless Asawnpt:ion 

q/cm'--.:'"'"' USEPA. 1992d 

cm' USEPA,1989b 

umtlcss USEPA, 1989c 

ka/q 
lei! USEP A, 1989b 

lei! USEP A, 1989b 

da~r • k:sumption 

~n Assumption 

~n AppcadixV (USEPA, 1992d) 

cm2-)Cllr/lia AppcadixV (USEPA.1992d) 

~n USEPA.1989! 

-- I TT~l'P.o 1989{ 

[I) Tho cakulaliomfor normalized surlaoo.area (SA,.d/>dj)and denrallyab,orbed da!e per unit area per•'"'"' (DA,,,,.,u1)•re deocrib<din AppcndixV. 

USEPA.1992d. Dernal E"P""ureAuessnx.nt: Principk,and Applicatiom. 

USEPA. 1991b. "Sbndard Default Expo,un, Factor,". 

USEPA, 1989b. E"P""ure Factora Handbook. 

USEPA 1989c. Rt:gioo I Supplemental Risk As~ssment Guidance. 

USEPA.1989!. Ri,kAsx.sm,ut Guidauoe for Smr.rfund. 

ABB Environmental Services. Inc. 

[sDPLSCA ]j-o.c-93 l 

EQUATIONS 

CANCER RISK= INfAKE (mg/ks-day) xORALCSP (mg/ks-day)~-1 

HAZARD OUOTIENI" = INTAKE (mg/ks-day)/ ORAL RfD (ms/ks-day) 

INI"AKE-INGESTION = CS xJRxA~ zFlxCP xEF xED 

BW • ATx 365 day.,tyr 

INI"AKE-DERMAL = (DA,,,,.,nt x EP /AT• 365 da)"/ycar) • SA.eel/adj 

WheR: 

SA,,ccl/adj = SUM (SA; x ED;/ BW;) 

DA,,w,,d = CS x AF x ABSd • CF 

Nole: 

Foe: J10DC11rc:inogcaic cffecbc AT= ED 

Rev. 9/93 



TABLEK-33, amtinaed 
SEDIMENT Dl'Gl!STIO.N A.ND CONTACT - ADOLBScmff, AGES 6 TO 16 
l'LOW SHOP PO.ND - AVERAGE l!XPOSUJtE - CIJllltENT LAND USE 
LANDFILL-KELA'lED COl'Ca 
JtEIIEDIAL .INVESTIGATION ADDE.NDUM JtEPORT 
FEASIBILITY !nUDY FOR GROUP IASD'J!S 
FORT DEVENS, MA 
CARCDl'OGE.NIC EFFE~ 

sw n.«El'IT 
COMPOUND CONCJ!NTII.ATION 

, ..... n.., 
Are:aic 467 

JNGESTION 

ABS[lJ 

(1 J Set equal to USEPA Re@ion I default absotption facton for soil (USEPA, 1989c). 
[2) Calculated from Oral CSFs as described in Section 6.1.2.3. 

AB6 Environmental Services. Inc. 

J"'1"AEE oiraMAt. 
INGESTION ABS(l) ,_,.. __ .... -, 

l I.IE-OS 0.01 

ls»PLSCA ll-Dcc-93 ] 

rNrAIIOl ORAL CANCl!RIUSX. DER.MAL CANCRa RJSIC TOTAL 
DeRMAL CSP INGBSTJOti CSP (2) DER.MAL CANCJ!:R 

.,_ ;.;:_ .L..v\ ., _ _n..__:..__, ... _t .,_;.,__,..1.. .. ,':""'-t D•<W' 

2.0E-06 1.7SE+OO 2.0E-OS l.79E+OO 3.6£-06 2.3E-OS 

SUMIIAllY CANCER RISK 2H-"OS 4E~06 2H-OS 

... 

Rev. 9193 



TABLE J::-33, a,alinual 
SEDIMENT INGFSTION AND CONTACT - ADOLESCENT, AGFS 6 TO 16 

PLOW SHOP POND - AVERAGE EXPOSURE - CUR.RENT LAND USE 
LANDFILL-RELATIID COl'Ca 
REMEDIAL INVESTIGATION ADDENDUM JU!POllT 

FEASIBILilY STIJDY FOil GllOUP 1A SUES 

FOllT DEVENS, MA 
NONCAllCINOGENIC l!PFECr.l 

SBJ>IM'l!l'IT 

COMPOUND CONCllt(raATION 
,-~--

Ane:aic 467 

Barium 108 

Manpueac 2639 

Nickel 23 

Iron 36314 

INGBSTION 

ABS(!) 

(1) Set equal lo USEPA Re@i.on Idemull absmplion factors for soil (USEPA.1989c). 
[2] Calailaled from Oral RIDs asdesaibedin Section 6.1.2.3. 

ND= Nodala available 

ABB Environmental Services. Inc:. 

INJ'AKE DJlR.MAL 

INGBmON ABS(ll 
1-n...- ,l,.v\ 

I 7.9E-O'.I 0.01 

I UE-0'.I 0.01 

I 4.5E-04 0.01 

I 3.9E-06 0.01 

I 6.2E-03 0.01 

[ sDPISCA I, 15 - llc•-~' 1 

INTAJa! ·o.RAL llAZARD DERMAL HAZAR.D TOTAL 
Dl!RMAI.. RID QUO'Til!NT IUD(2l QUOnENT HAZAllO 

,_11r-_ ..... ... \ ,_n.,._..a.. .. , lNG"~'"' 
,_,.. __ ..__, .:..·uDU.t. 

1.4E-OS 0.0003 2.6E-0l 0.000294 4.8E-02 3.IE-01 

3.3E-06 0.07 2.6E-04 0.0049 6.7E-04 9.3E-04 

8.0E-OS 0.14 3.2E-03 0.00'.16 1.4E-02 l.7E-02 

7.0E-07 0.02 2.0E-04 0.001 7.0E-04 8.9E-04 

1.lE-03 ND NO 

' 

SUMIIAll.YllAZ6RI>lNOEX 31?- 0l 6E~Ol 3E.C-01 

Rev.9/93 



TABLEK-34 
SEDIMENT INGESTION AND CONTACT - ADOLESCENT, AGES 6 TO 16 
PLOW SHOP POND - MAXIMUM EXPOSURE - CURRENT IJ\ND USE 
IANDFIIL-RELA"lED co:rc. 
REMEDIAL INVl!STIGATION ADDENDU.M REfORT 
FEASIBD.ITY S1UDY FOil GROUP lA SIIES 
FORT DEVENS, KA 

EXPOSURE PAllA.METEllS 

P ARAMHJ'ER SYMBOL 

CONCENTRATION SEDIMENT cs 
INGESTION RATE IR 

FRACTION INGESTED Fl 

ADHERENCE FACIDR AF 

AGE-SPECIFIC SURFACE AREA SA; 

ABSORPTION FRACTION ABS;/ABSd 

CONVERSIONFACIDR CF 

BODY WEIGIIT BW 

AGE-SPECIFIC BODY WEIGIIT BW; 

EXPOSURE FREQUENCY EF 

EXPOSURE DURATION ED 

AGE-SPECIFIC EXPOSURE DURATION ED; 

AGE-WEIGHTED SURFACE AREA (1) SAocd/adi 
AVERAGING TIME 

CANCER AT 

NONCANCP.R AT 

VJ'J.UE 

cbelDXJII spe.cific 

100 

100% 

0.5 

ase-specific 
default 

1.00E-06 

42 

•se-•pecific 
26 

10 

•se-opccific 
848.6 

70 

10 

• Uaib {m cxp011ire frequency arc iuc~utal)ar ia the calculation cltlr. derDBllyabs~d dose. 

UNlT$ SOURCE 

qll<i! 

qlday USEPA, 1991b 

unidcss Aaaumptioo. 

q/cm1~Dl USEPA, 1992d 

cm• USEPA, 1989b 

unitlcss USEPA, 1989c 

q/mg 

kg USEPA, 1989b 

kg USEPA, 1989b 

da~r• Assumption 

~ra Assumption 

~ra AppcndixV (USEPA, 1992d) 

cm2-~ar/llg Appcndi x V (USEP A, 1992d) 

~rs USEPA, 1989f 

W".BTS USEPA toao< 

(1) Th<calculatiom (or normali,,cd ,urface ar= (S~d/lclj ) •nd dcrmollyabsorbcd da.e pcr uait ara pcre...,al (D"e...,,rt)•re cbcnl>edia AppcndixV. 

USEPA. 1992d. De.rmol Expaoure Asac&&ment: Priaciple .. ad Applicotiaas. 

USEPA, 1991b. "Staadard Default Expaoure Factcrs'. 

USEPA. 1989b. Expaoui,, Factors Hand,ook. 

USEPA. 1989c. Region I Supplemenml Risk Asr.ssmeDI Guida ace. 

USEPA, 1989f. RnkAsac&&mont Guida= for S•-"uncl. 

ABB Environmenlal Services, Inc. 

lsoPLscM 15-Dec-93] 

EQUATIONS 

CANCER RISK:= INl'AICI! (mslJra-day) x ORJ'J.CSF (ms/Jra-day)--1 

HAZARD QUOTIENI' = INTAKE (ms/Ira-day)/ OR'"- RID (msJlrs-day) 

INl'AICl!-INGESTION = CS ,:IR.xA~ sFisCP x EF xED 

BW x ATx 365 daya/yr 

INl'AICl!-DERMAL = (D"e...,nt•EF /ATx365 daya/)<.ar)xSAaccl/acli 

wi..re: 

SA.ecl/adj = SUM (SA; x ED;/ BW;) 

DAe...,nt = CS x AF x ABSd x CF 

N-: 

Por 11.01IIC8.l'aJl08CniC cffcctc AT = ED 

Rev. 9/93 



TABLE K-34, CODlinual 
SEDIMENr INGESTION AND CONTACT - ADOLESCENT, AGES 6 TO 16 
PLOW SHOP POND - MAXIMUM EXPOSURE - CURRl!NTIAND USE 
LANDFILL-RELATED co:rc. 
REMEDIAL INVESTIGATION ADDENDUM REPOllT 
FEASIBILITY S'IUDY FOil GllOUP IA SITES 

FOllT DEVENS, MA 
CARCINOGENIC EFFECTS 

SBI>IMaff 

COMPOUND CONCRNTI\AUON ,_,.__, 
Anc.nic 3200 

(N<,£STION 

ABS[l) 

(I] Set equal to USEPA Re@ion I default absorption factors for soil (USEPA.1969c). 

(2) Calculated from Oral CSFs asdesaibed in Section 6.1.2.3 . 

ABB Environmental Services.. Inc. 

IlirrAll! DBRMAL 

INGllS'DON ABS(lJ ,_n..... _ ....... , 
I 7.8E-OS 0.01 

[ soPLSCM 15- Dco--ts ) 

INTAl(I! ORAi. CANCER R.lSlt D£ RMAI.. CAN"CER Rtsic TOTAi. 

DERMAL CSP INGl!STION CSP [ZJ D.BRMAL CANCER 
·- "-- -~-, ' -IL- ..... .. ... .... _ , L -/L.- _..l...,-.A _ 1 l't.lSIC 

1.4E-05 !.75E+OO l.4E-04 l.79E+OO 2.5E-05 l .6E-04 

SUMMARY CANCBJllllSK JE--04 m~os 21?-04 

Rev. 9/93 



TABLE K-34, canlinual 
SEDIMENT INGESTION AND CONTACI" - ADOLESCENT, AGES 6 TO 16 
PLOW SHOP POND - IIAXD(UM EXPOSURE - CURRENT LAND USE 
LANDFILL-ltELATIID core. 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
PEASIBU.ITY STIJDY FOR GROUP 1A Sril!S 
PORT DEVENS, MA 
NONCA:RCINOGENIC EPPECIS 

SEDIMENT 

COMPOUND CONCB!nllATION 
•-lb\ 

An~nic 3200 

Barium 344 

Mangasae 54800 

Nickel 79,3 

Iron 330000 

INGESTION 

ABS[l) 

(l] Set equal to USEPA Re!'ion I default absorption factors for soil (USEP A. 1989c). 
(21 Calculated from Oral RIDs asdesaibedin Section 6.1.2.3. 

ND= No data available 

ABB En'VU onmental Services. Inc. 

INTAKE DER.MAL 
INGESTION ABS(l] 

-
I 5AE-04 0.01 

I 5.SE-05 0.01 

I 9.JE-03 0.01 

1 l.3E-05 0.01 

1 5.6E-02 0.01 

[ sDfLSCM 15-Dcc-93 ] 

JNTAICI! ORAL IJ,,\URD DEJtMAL HAZARD TOT"'L 

DERMAL RID ()UOTIBNT Rm r~1 Ol10TIENT BAZAR.I> 
,_n, __ ... . , ,.-Jb - .&.., ,_,., __ ....... 

n 101>u .. , n,--"-

9.?E-05 0.0003 UE+OO 0.000294 3.3E-0l 2.lE+OO 

J.0E-05 0.07 3.3E-04 0.0049 2.lE-03 3.0E-03 

J.?E-03 0.14 6.6E-02 0.OOS6 3.0E-0J 3.6E-0l 

2.4E-06 0.02 6.?E-04 0.001 2.4E-03 3.IE-03 

J.0E-02 ND ND 

/ 

SUMMAllY·IIALlUtD INDEX 2E+QO' 6:E- 01 lE+ OO 

Rev. 9/93 



TABLEK-3S 
SEDIMENI" INGESTION AND CONTACT - ADOLESCENT, AGES 6 TO 16 
PLOW SHOP POND - AVEllAGE EXPOSU:RE - FU"IU:RI! LAND USE 

LANDPll.L-RELA"IED COl'Cs 
:REMEDIAL INVESTIGATION ADDENDIJII :Rl!POllT 
FEASIBILITY S"IUDY FOil GllOUP lA SII'ES 

FOllT DEVENS, 11A 

EXPOSU:RI! PAllAIIEIERS 

FARAMBnR SYMBOL 

CONCE!ITRATION SEDIMENT cs 
INGESTION RATE IR 

FRACTION INGESTED Fl 

ADHERENCE FACl"OR AF 

AGE-SPECIFIC SURFACE Alt.EA SA; 

ABSORYTIONFRACTION ABS;IABSd 

CONVERSIONFACl'OR CF 

BODYWEIGHT BW 

AGE-SPECIFIC BODY WEIGHT BW; 

EXPOSURE FREQUENCY EF 

EXPOSURE DURATION ED 

AGE-SPECIFIC EXPOSURE DURATION EDi 

AGE-WEIGHTED SURFACE AREA [I] SA,,.d/adj 
AVERAGING TIME 

CANCER AT 

~~NCAN<"RR AT 

VALUE 

ebemjca)apt'Cific 

100 

100% 

0.5 

•se-sP".cific 
deC.ult 

1.00E-06 

42 

•[lC-spcci6< 

100 

10 

•se--ape.cific 

848.6 

70 

JO 

• Unitsforexposurcfrcquem;yarcinc-.\.Cnts/ycariu the ralculation d.tbe &rn&llyabsabcd dose. 

Utifi'S SOUllCB 

q/lqi 

q/clay USEPA, 1991b 

w:itlcu AssumptiOD 

q/cm2 ~Yent USEPA. 1992d 

cm' USEPA, 1989b 

Uilitlcss USEPA, 1989< 

4'"11 
"'8 USEPA, 1989b 

"'8 USEPA, 1989b 

clt~r• Assumptioa 

)Uri Assumption 

lU" AppeadixV (USEPA, 1992d) 

cm2-)Cl.r/lle AppeadixV(USEPA, 1992d) 

iur• USEPA, 1989f 

·-·- US£PA 1939{ 

(l] The calculations for ncrmalizcd surface area (SA.scd)Q~) a Dd derDBllyabsorbed dcec per unit att.a per eYent (D~'-Cnt) arc clescrib~.d in Appcndi.xV. 

USEPA.1992d. Derm,I Expo,UR A,,cssm,nt: Principles and Applic:atiom. 

USEPA, 1991b. 'Standard »..C.ult EllJ>O"ureFad:ors". 

USEPA, 1989b. Expoau,e Fact<n tfond,ook. 

USEPA. 1989<. Region I Supplemeutal Risk Asr.aamcat Guida nee. 

USEPA. 1989f. RiskAa>eumcDI Guidance Coe Supcrfund 

ABB Environmental Services, Inc. 

~ I..Sl'A l.5-Dec-93 ] 

EQUATIONS 

CANCER RISK= llffAKB(msJ]ra-clty) xORALCSP (ms!Q-clty)~-1 

HAZARD QUOTilllff = INTAKE (IIJ8/]<g-clty) / ORAL RID (q/lr,,i-clty) 

llffAKll-lNGESTION = CSs:lllsA~ :ii:FIK<P rH1 s:ED 

BW x AT x 36S cltya/yr 

INTAKE-DERMAL= (DAe"'nt•EF / ATx 36S clt~r) xSAacd/adi 

Whr:1e-: 

SAa.,d/adj = SUM (SA;• ED;/ BW;) 

DAe...,nt = CS• AF x ABSd x Cl' 

Note: 

Poe nom:an::inogcnic effecb: AT= ED 

Rev. 9/93 



TABLE K-35, amlinuod 
SEDIMENT INGESTION AND CONTACT - ADOLESCHNI", AGES 6 TO 16 
FLOW SHOP POND - AVERAGE EXPOSURE - FUTIJR.E LAND USE 
UNDFILL-RELA1ED core. 
REMEDIAL INVESTIGATION ADDENDUM llEl'OJlT 
FEASIBll.lTY S'IUDY FOJl GJlOUP IA Snl!S 
FOJlT DEVENS, MA 
CAJlCINOGENIC EFFECIS 

s·EDrMl!NT 

COMPOUND CONCl!NTRATION ,_,._, 
Aneiiic 461 

fNGBSTION 

ABS(!] 

[l)Set equal to USEPA Regan I default absorption factors for soil (USEPA. 1989c). 
[2) Calculated from Oral CSFs as described in Section 6.1 .2.3. 

ABB EnvironmentRI ~•.-1 ;.,ices. Inc. 

INTAKE DERMA!. 

INGESTION ABS(l] 

1-11<· - ... · ' 

I 4.4E-05 0.01 

[soPLSFA 15-0.c-93 ) 

l!ffAIO! ORAL OANClH'- RJ SK DERMAL CAJ,!CER RISK TOTAL 

DERMAL Clil' INGESTION CSP flJ DEl!,MAL CANCER 
,,_n.- _ ...a.. .. t , _11., __ .i..~1. .... . , ,_,,_ __ ........ \ ... _, DO< I( 

7.8E-06 1.75E+OO 7.6E-05 l.79E+OO 1.4E-05 9.0E-05 

SUJOIAJlY CANCER. IUSK IIE'-OS lE-"05 91!-0S 

Rev.9/93 



TABLE K-3S, am1inum 
SEDIMENT INGESTION AND CONTACT - ADOLESCENT, AGES 6 TO 16 

PLOW SHOP POND - AVERAGE EXPOSURE - FUTURE LAND USE 
LANDFILL-RELATED COl'Ca 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY sro DY FOR. GROUP lA Slll!S 

FORT DEVENS, MA 
NONCAR.CINOGENIC EPFErn 

Sl?D IMBNT 

COMl'OUtlD CONC!BNT'RATlON 
I ~--. 

Arenic 461 

~rium 108 

t.faJJ811DC9C 2639 

Nickel 23 

Iron 36314 

INGBSTlOi,I 

ABS[!) 

(I J Set equal to USEPA Region I default absmption factors for soil (USEPA, 1959c). 
(2] Calculated from Oral RIDs asdesaibed in Section 6.1.2.3. 
ND= No data available 

ABB Environmental Services. Inc. 

ooAti! DRRMAL 

lNGllmON ABS[ll 
_.._tt. ... _..a... _ 

I 3.0E-04 0.01 

1 7.0E-05 0.01 

I !.7E-03 0.01 

1 l.5E-05 0.01 

1 24E-02 0.OJ 

[ sDPI.SPA 15 - Dr:e - 9S ) 

INTAKE ORAL ei\zA&J> D~ HJ,Z-ARD TOTAL 
DllRMAL ll!D OlJOTIRNr RID(%) QUOTIHNT ~AJ\O 

, __ n:,_·_ ..... ..... t-1t. ... _ .a.. ~, ING-nN 1-· .Jll.- - .&..~, hffD>,• 

5.4E-05 0.0003 1.0E+OO 0.000294 1.SE-01 l.2E+OO 

J.3E-05 0.07 !.0E-03 0.0049 26E-03 3.6E-03 

3.JE-04 0.14 l .2E-02 0.0056 5.5E-02 6.7E-02 

27E-06 0.02 7.5E-04 0.001 2.7E-03 3.4E-03 

4.2E-03 ND ND 

SUMM:AllYB'.AZAllDINDEX 1E+OO 2.E-01 tE• OO 

Rev. 9/9~ 



TABLEK-36 
SEDIMENT INGESTION AND CONTACT - ADOLESCENT, AGES 6 TO 16 
PLOW SHOP POND - MAXIMUM EXPOSUJlE - FtrIUJlE LAND USE 
LANDFILL-ImLA"IED COl'Ca 
JlE.IIED1AL INVESTIGATION ADDENDUM JlEl'OllT 
FHASIB1LITY SWDY FOil GROUP 1A SITES 
FORT DEVENS, .MA 

EXPOSUJlE PARA.IIE'IEllS 

PARAMED!R Snoi<>L 

CONCENTRATION SEDIMENT cs 
INGESTION RATE IR 

FRACTION INGESTED Fl 

ADHERENCE PACI'OR AF 

AGE-SPECIFIC SURFACE AREA SA; 

ABSORPTIONPRACTION ABS;/ABSd 

CONVERSJONPACI'OR CF 

BODYWEIGHJ" BW 

AGE-SPECIFIC BODY wmGHI" BW; 

EXPOSUREPREQUENCY EF 

EXPOSURE DURATION ED 

AGE-SPECIFIC EXPOSURE DURATION ED; 

AGE-WEIGHJ"ED SURFACE AlU!A (1) SA,.,vadj 

AVERAGING TIME 

CANCER AT 

NONCANCER AT 

VALUE 

chemical specific 

100 

100% 

o.s 
a,gc-spr.c:ifie 

default 
l.OOE-06 

42 

•BC - specific 
100 

10 

•BC- apccific 

545.6 

70 

10 

• Uaib far cxpasurc frequency a~ in e~:at~.arin the akulation of_thc ~mi.Dyabscxbcd dose. 

UNirs SOURCE 

q/li@ 

q/clay USEPA.199lb 

tmitJesa Assumption 

q/cm'~Di USEPA. 1992d 

cm' USEPA. 1989b 

umtk.u USEPA.198!lc 

ks/q 
ks USEP A. 1989b 

ks USEPA. 1989b 

cla~r• Assumption 

~n Auumption 

~n AppcndixV (USEPA.1992d) 

cml-yrar/lla AppcochV (USEPA.1992d) 

~ra USEP A. 198!1f 

·--. usrn. 1989( 

(1) Tbecalclllatiom !or narmalizcdaomc:earca (S~d/adj)aod dcrmiDyabs«bed cbse per umt•= pcre,eJ!I (DAe..,ot)•re dcacrib..dio AppcnchV. 

USEPA. 1992d. DerDlll E"P""ure Aaaepmcnt Priociplea and Applicatiom. 

USEPA.1991b. "Standard Dem ult Expce= Factan". 

USEPA.19891!. Expoa'"" Factcrs Handbook. 

USEP A. 198!lc. Regioo I SupplemeJ!lal Ride Auossmeot Guida oc:e. 

USEPA.19&!1f. RisltAPeasm,.ot Gwclaoc:e fer Su,,.,rfvod. 

ABB Environmental Services., Inc. 

[so_ruFM !5-Dec-93 ] 

EQUATIONS 

CANCER RISK= INJ'AKE (Jll8/k8-clay) xORAL CSP (mslkg-clay)--1 

HAZARD QUOTIENJ' = INTAKE (Jll8/k8-doy) / ORAL RID (Jll8/k8-clay) 

INJ'AKE-INGESTION = CS xlllxA~ zFixCF xFF zED 

BW x ATx 36.5 clayw/yr 

INI'AKE-DERMAL = (DAe..,,.1 xEP / ATx 36.5 cla~r) xS"-,dfadj 

When:: 

S"-,dfaclj = SUM (SA; x ED;/ BW;) 

DAe...,at = CS xAFxABSdxCP 

Nolle: 

Far DoDC11.rc:inoge.nic efrecbc AT= ED 

Rev. 9/93 



TABLE K-36, Cllllltinual 
SEDIMENT INGESTION AND CONTACI' - ADOLESCENT, AGES 6 TO 16 
PLOW SHOP POND - MAXlllUM: EXPOSU:RE - FUTIJ'llE LAND USE 
IANDFILL-RELATED COPC. 
:REMEDIAL INVESTIGATION ADDENDUM: llEPOitT 
~mn.rry SWDY POil GltOUP 1A Sill!S 

POltT DEVENS, MA 
CAitCINOGENIC EPPECIS 

SEDII.U!NT 

COMPOUND CONCl!NI"RATtON 

·- "'·' 
ArEniC 3200 

1NOBS110N 

ABS[l) 

(1 j Set equal to USEPA Re!'ion I default absorption factors fot soil (USEPA.19&9c). 
(2! Calculated from Oral CSFs as desaibed in Section 6.1 .2.3. 

ABB Environmental Services. Inc. 

lNTAIB DBllMAL 
INGl!ST10)\I ABS( ! ) 
1-n.._.i.~ 

I 3.0E-04 0.01 

[snPLSFM l~- Dcc-93) 

INTAXB ORAt.. CANCER RJSK D6RMAL CANCER Rl.SIC TOTAL 
DllRMAL CSP INGESTION CSP ('2) Dll.lU,ML CANCER 

'- ""--.A..-1. ,_ n-... :.:.. ...... ... , ... _1 ' - ""·- .A.. -'ti. .... _, ltl~I'. 

5.3E-O:I l.75E+OO 5.2E-04 l.79E+OO 9.5E-O:I 6.2E- 04 

SUJOlAJI.Y CANCEll.It.tS,11: SE-IM IE-04 6E.:.:04 

Rev. 9193 



TABLE K-36. C0111inual 
SEDIMENT INGESTION AND CONTAcr - Al>OLl!SCl!NT, AGl!S 6 TO 16 
l'LOW SHOP POND - KAXIMUM l!XPOSURB - PUTURB LAND USI! 
LANDFILL-Rl!LA'IED COPCs 

RBMl!DIAL INVl!STIGATION ADDENDUM RBPORT 
FEASIBILITY STIJDY FOR GROUP lA SIIl!S 

FORT Dl!Vl!NS, MA 
NONCAR.CINOGl!NIC l!FFl!Cl'S 

SEDl"MENT 
eoiaomm co~~n oN 

,_ ~--
Ar11:.nic 3200 

Barium 344 

ManpD':le 54300 

1'tickr.l 19.3 

froD 330000 

INGESTION 

A8 Sll) 

[!]Set equal to USEPA Refion I default abs01ption factors for soil(USEPA. 1989c). 
[2) Cal<>liated from Oral RIDs as desaibed in Section 6.1.2.3. 
ND= No data available 

ABB Environmental Services. Inc. 

lNTA!tl! DJ!llMAl. 
ll'IGl!STION 118S{ l l 
, ... Jb-A..A 

I 2.lE-03 0.01 

I 2.2E-04 0.01 

I 3.6E-02 0.01 

I 5.2E-0!5 0.01 

I 2.2E-0I 0.01 

[ sDPLSPM 15-Dcc-93 ] 

INTAll:E ciRAL RAZ~ ll ERMAL HAZ'.ARD TOTAL 
DBllMAL IUD QUOTJiiNT RID (2} OUOTIJl!ff HAZARD 

,_11o,,_ ... _, ·-~-- -"•• fNGD<'MnM ,,_n, __ .,_ _, 
n"DUH 

3.7E-04 0.0003 7.0E+OO 0.000294 1.3E+OO &.2E+OO 

4.0E-0!5 0.07 3.2E-03 0.0049 3.2E-03 l.lE-02 

6.4E-03 0.14 2.6E-0I 0.00!56 l.lE+OO J.4E+OO 

9.2E-06 0.02 2.6E-03 0.001 9.2E-03 J.2.E- 02 

3.8E-02 ND ND 

SUMMAR.YE[AZAIU)JNDBX 7£+00 21! +00 11!+.0l 

Rev.9/93 



TABLEK-37 
SEDIMENr INGESTION AND CONTACT - ADOLESCENI", AGES 6 TO 16 

n.ow SHOP POND - AVERAGE EXPOSURE - CUIUlENTLANDUSE 
TOTAL RISK; ALL COPCS 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASmlUTY STIJDY FOil GllOUP IA SITES 
FOltT DEVENS, MA 

EXPOSURE PAltAMETEilS 

, ARAME'l'1!ll. SYMBOL 

CONCENTRATION SEDIMENT cs 
INGESTION RATE IR 

FRACTION INGESTED Fl 

ADHERENCE PACI'OR AF 

AGE-SPECIFIC SURFACE AREA SA; 

ABSORPTION FRACTION AJIS;/ABSd 

CONVERSIONPACI'OR CF 

BODYWEIGKr BW 

AGE-SPECIFIC BODY WEIGKr BWi 
EXPOSURE FREQUENCY EF 

EXPOSURE DURATION ED 

AGB-SPECIPIC EXPOSURE DURATION ED; 

AGE-WEIGKrED SURFACE AREA (1) SA,,._dJadi 
AVERAGING TIME 

CANCER AT 

NONCANCF.R AT 

VALUE 

chemical ,pecifie 

100 

100% 

0.5 

""" - ,pecific 
cldawt 

1.00E-06 

42 

•sc-,p-.afie 
26 

10 

""" - ,pecific 
848.6 

70 

10 

• Unib fm exposure frcquen::y arc in c~ut~rio the calculation cl the dc.rm1Dyab1c:ri>cd doec. 

UNG'S SOURCE 
qi/Iii! 
qi/day USEPA, 1991b 

umtless Assumption 

ng/~m:l~"A:-nt USEPA, 1992d 

cm' USEPA, 1989b 

umtJe.a USEPA, 1989c 

ks/ms 
ks USEPA, 1989b 

ks USEPA, 1989b 

da~r• Assumption 

~" Assumption 

y,ua AppendixV (USEPA, 1992d) 

cm2-)Ur"8 AppendixV (USEPA, 1992d) 

~" USEP A, 1989! 

-- USFPA l9RO( 

(I) The ealculatiom fer: ncr:malizcd surface,..,. (S~d/aq) and ck.rmillyabscr:bcd dooc per wnt ""'" per cw,nt (DA,,,.,n1) are doaerib<d in AppendixV. 

USEPA, 1992d. Denml Exposure As.. ... ment Principlc.aaoo Applicationa. 

USEPA, 1991b. "Sbooard Default Expostn Factors". 

USEPA, 1989b. Expos= Faetcr:, Haoobodc. 

USEP A, 1989c. Regioa I Supplemental Risk As&,,.ment Guida~-

USEPA, 1989(. Risk Ao,c,am,Dt Guidao,c fer: Su,,orlund. 

ABB Environmental Service,. Inc. 

[ sDPLTRCA 15 -Dcc-J>J I 

EQUATIONS 

CANCER RISK = INTAKE (ms/ks-day) x ORAL CSF (ms/ks-day) A -1 

HAZARD QUOTIENT= INTAKE (ms/ks-day)/ ORAL RID (ms/ks - day) 

INTAKE-INGESTION= CS xlRxA~ zFiz CF :a:EF xED 

BW xATx365 day.lyr 

INTAKE-DERMAL= (DA,,w,nt•EP / ATx 365 da~r) z SA,,.d/adi 

When,: 

SAacd/adj = SUM (SA; x EDj / BW;) 

DA,,w,m = CS z AP z ABSd z CF 

Nole: 

Fm 11oncarc::iDOSCai.c cff'ccta: AT= ED 

Rev. 9/93 



TABLE K-37, C011tinaai 

SEDIMENT INGESTION AND CONTACI" - ADOLESCENI", AGES 6 TO 16 

PLOW SHOP POND - AVERAGE EXl'OSURE - CURRENT LJ\ND USE 
TOTAL lllSK; ALL COPCS 
REMEDIAL INVESTIGATION ADDENDUM REPOllT 
FEASIBILITY STIJDY FOil GllOUP IA SITES 

POllT DEVENS, MA 
CAllCINOGENIC EFFECTS 

SllDlr.mNT 

COMPOUND CONCEl'ITRATION ,_,._, 
Ara:nic 467 

Beryllium 0.53 

llcazo(• )oatliraa:DC 0.22 

Cmya,DC 0.32 

P,P-DDE 0.05 

P,P-DDD 0.07 

P,P-DDT 0.03 

l!IIG£STION 

ABS[l) 

(I] Set equal to USEPA Ref'i.on I default abso,ption factors for soil (USEPA. 1989c). 
(2] Calculated from Oral CSFs asdesaibed in Section 6.1.2.3. 

ABB Environmental Services.. Inc. 

INTAltE DBR!4AL 

l:NGESTIO)'I ABS(IJ ,_,,,_ ...... 
1 I.IE-OS 0.01 

1 1.3E-08 0.01 

I 5.3E-09 0.05 

1 7.8E-09 0.05 

0.3 3.6E-10 0.05 

0.3 5.IE-10 0.05 

0.3 2.2E-I0 0.05 

l soPL:RCA U -Dcc-9' ] 

n«Altl! O~L CANCBRRlSK DERMAL CAN~~ISlt TOTAL 

Dl!RMAL c:si INGESTION CSPt2J tiini.~ CANCER 
~-11.. ... _Ao. .. \. {_ ..... _ ..... ,- 1 ,_....__ ... _, __ , o, ... 

2.0E-06 l.75E+OO 2.0E-05 l.19E+OO 3.6E-OC5 2.3E-05 

2.JE-09 4.JOE+OO 5.SE-08 4.30E+02 9.8E-01 l.0E-06 

4.7E-09 7.JOE+OO 3.9E-08 fl.02E+OO 3.SE-03 7.7E-08 

6.9E-09 7.JOE+OO 5.7E-03 3.02E+OO 5.SE-08 1.IE-07 

l.lE-09 3.40E-0l 1.2E-I0 l.70E+OO UE-09 2.0E-09 

UE-09 2.40E-0l l .2E-I0 l.20E+OO UE-09 1.9E-09 

6.SE-10 3.40E-0J 7.4E-ll 1.70E+OO l.JE-09 J.2E -09 

SUlOlAllY CAl'(Ci?R lllSK m..:os SB- 06 2E-OS 

Rev.9/93 



TABLE K-37, CCDli.nuai 
SEDDO!NI' INGESTION AND CONTACT - ADOLESCENT, AGES 6 TO 16 
ft.OW SHOP POND - AVERAGE EXPOSURE - CUJlllENT LAND USE 
TOTAL RISK; ALL COPCS 
REMEDIAL INVESTIGATION ADDENDUM'. REPORT 
FEASIBILITY S1UDY FOil GROUP IA SITES 

FORT DEVENS, MA 
NONCAJlCINOGENIC EFFEcr.! 

SEDIMENT 

COMPOUND CONCBNTR.A'MON 
,_.,_ 

Arr.Die 467 

Barium 108 

Maap1Ea: 2639 

Nielid 23 

Iron 36314 

Bcr)'ilium 0.53 

Bcazo(a )anthncene 0.22 

Chcyzm, 0.32 

P,P-DDE o.os 
P,P-DDD 0.07 

P,P-DDT 0.03 

FlUODatbe~ 0.5 

Nophthaleae 0.32 

Pbcmnt~nc 0.38 

l'yrellO 0.97 

Aluminum 7938 

0.dmium 9.8 

~1cium 8074 

Cobalt 5.8 

Chromium Ill 1788.3 

Chromium VI 198.7 

Copper 39.7 

lead 12.'.I 

Magnc.lium 1629 

Mercury 18.2 

Potauium 435 

Selenium 1.95 

Sodium 1113 

Vamdium 24.6 

z;.., M.6 

INGESTIO'N 

ABS Ill 

(1 J Set equal to US EPA Re»on I default absorption factors for soil (USEP A, 1989c). 
(21 Calculated from Oral R!Ds as described in Section 6.1.2.3. 

ND= No data available 

ABB Environmenml Services.. Inc. 

INl'AXB DERMAL 
INO£mON ABS(l) 

•-ft.--•..&..u\ 

I 7.9E-o:i 0.01 

I 1.8E-o:i 0.01 

I UE-04 0.01 

I 3.9E-06 0.01 

I 6.2E-03 0.01 

I 9.0E-08 0.01 

I 3.?E-08 o.os 
1 5.4E-08 o.os 

0.3 2.SE-09 o.os 
0.3 3.6E-09 o.o:; 
0.3 I.SE-09 o.os 

I 8.SE-08 o.os 
I 5.4E-08 o.os 
I 6.4E-08 o.os 
I 1.6E-07 0.05 

I 1.3E-03 0.01 

I 1.?E-06 0.01 

I l.4E-03 0.01 

I 9.8E-07 0.01 

I 3.0E-04 0.01 

I 3.4E-05 0.01 

I 6.?E-06 0.01 

0.3 6.4E-06 0.01 

I 2.8E-04 0.01 

I 3.!E-06 0.01 

I 7.4E-o:i 0.01 

I 3.3E-07 0.01 

J 1.9E-04 0.01 

I 4.2E-06 0.01 

I I SE 05 0.01 

• 

[sDPLTRCA IS-Dce-93] 

INTAIC£ OP.AL &AZARD DERMAL llAZ.ARD TOTAL 
DERMAL RIO OllOTiifirr RfDf2J QUOTIENT HAZARD 

,, _.It..._....__\ '-"--dowl ING~""' 1-11t.- - ..1..~,. ~DD~•• nu,vrn,...,. 

1.4E-o:i 0.0003 2.6E-Ol 0.000294 4.8E-02 3.lE-01 

3.3E-06 0.07 2.6E-04 0.0049 6.?E-04 9.3E-04 

8.0E-05 0.14 3.2E-03 0.0056 l.4E-02 l.?E-02 

7.0E-07 0.02 2.0E-04 0.001 7.0E-04 8.9E-04 

1.IE-03 ND ND 

l.6E-08 0.005 I.SE-OS 0.00005 3.2E-04 3.4E-04 

3.3E-08 0.04 9.3E-07 0.04 8.3E-07 J.SE-06 

4.8E-08 0.04 l.4E-06 0.04 1.2E-06 2.6E-06 

7.6E-09 0.0005 5.lE-06 0.0001 7.6E-OS 8.IE-05 

I.IE-08 0.0005 7.!E-06 0.0001 1.!E-04 l.lE-04 

4..'.IE-09 0.0005 3.IE-06 0.0001 4.5E-OS 4.8E-OS 

7.6E-08 0.04 2.IE-06 0.0364 2.!E-06 4.2E-06 

4.8E-08 0.04 l.4E-06 0.04 1.2E-06 2.6E-06 

5.?E-08 0.04 l.6E-06 0.04 l.4E-06 3.0E-06 

1_,E-07 0.03 5.SE-06 0.0273 5.4E-06 I.IE-OS 

2.4E-04 ND ND 

3.0E-07 0.001 l.?E-03 0.00001 3.0E-02 3. IE-02 

2.4E-04 ND ND 

UE-07 ND ND 

5.4E-OS I 3.0E-04 0.1 5.4E-04 8.4E-04 

6.0E-06 o.oos 6.?E-03 0.00055 1.IE-02 l.8E-02 

l.2E-06 ND ND 

3.8E-06 ND ND 

4.9E-05 ND ND 

5.5E-07 0.0003 I.OE-02 0.00006 9.2E-03 l.9E-02 

1.3E-OS ND ND 

5.9E-08 o.oos 6.6E-05 0.003 2.0E-05 8.6E-OS 

3.4E-05 ND ND 

7.4E-07 0.007 6.0E-04 0.00021 3 . .'.IE-03 4.IE-03 

•=-06 cu <.OE -m lll02 2.6E -OS 7.6 .. -05 

SUlOIA.llY BAZA.RD INDEX lH""0l tE--'01 4H-0l 
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TABLEK-311 
SEDIME!rr INGESTION AND CONTACI' - ADOLESCENT, AGES 6 TO 16 

PLOW SHOP POND - MAXIMUK EXPOSURE - CURRENT lAND USE 
TOTAL RISK; ALL COPCS 
REKEDIAL INVESTIGATION ADDENDUK REPORT 
FEASIBILITY SnJDY FOil GROUP lA Srr!!S 
FORT DEVENS, KA 

EXPOSURE PAllAKKIEllS 

l'ARAMETBR SYMBOi. 

CONCENI'RATION SEDIMENT cs 
INGESTION RATE IR 

FRACTION INGESTED Fl 

ADJIERENCE PACI'OR AF 

AGE-SPECIFIC SURFACE AREA SA; 

ABSORPTION FRACTION ABS;/ABSd 

CONVERSIONFACI'OR CF 

BODY WEIGfIT BW 

AGE-SPECIFIC BODYWEIGHT BW; 
EXPOSURE FREQUENCY EF 

EXPOSURE DURATION ED 

AGE-SPECIFIC EXPOSURE DURATION EDj 

AGE-WEIGHTED SURFACE AREA (I) ~di 
AVERAGING TIME 

CANCER AT 
un.t.rl""AUC£R AT 

VALUE 

c:bellllcal specific 

100 

100% 

o.5 

age-specific 

default 

l.OOE-06 

42 

age- specifjc 

26 

10 

•ge-apecifjc 

84&.6 

70 

,n 
• Uuitll fez cxpc:.urcfrequencyan: ine~nts/ycarin tl,r, e111Jculation c:L.thr. ck-.nmllyabsc:rbcd dase. 

UNrT\S SOURC£ 

qlloB 
q/day USEP A, J 99 lb 

uuitlcas Assumption 

q/em2~-.eot USEPA, 1992d 

cm' USEP A, 1989b 

unitlcsa USEPA, 1989c 

ks/lq! 
I<,'! USEPA. 1989b 

I<,'! USEP A, 1989b 

da)'>~r• Assumption 

~.ars Assumption 

~rs Appcncli<V (USEPA, 1992d) 

cml-)nr/q: Appcncb V (USEPA, 1992d) 

~n USEP A, 1989f 

~TS USEPA 1989f 

[!) Tli<calc1Gtiomfor normawied ,urfacearea (SA,..iJ.4)•nd dcrnmllyabsorbed dooc per um! area perc,.,111 (DA,,,.,,rt)an: dw:ribediu AppcndixV. 

USEPA. 1992.d, Der:a:al Exposure Assc:asnr.nt Principles and Applic:atiom. 

USEPA, 199lb. "Stanct>rd Default E"P""urc Factors". 

USEPA, 1989b. 8""""= Factor, Jlaucl,ock. 

USEP A, 1989c. Region I Supplemental (\j,k Aar ... mcat Guida ucc. 

USEPA. !989f. Ri&lt.Asscs=at Guidance for Supcrfuud. 

ABB Environmental Services. Inc. 

[sor1.TRcM IS-0..c=U ] 

EQUATIONS 

CANCER RISK= INTAKE (meJl<a-day) xORALCSF ("'811r8-day)--1 

HAZARD QUOTIENT= INTAKE ("'811r8-day) / ORAi. RID ("'(lll<a-day) 

INTAKE-INGESTION= CSll:IR:a-A~ :zFlxCF :zPF JCED 

BW •AT• 365 day,/yr 

INTAKE-DERMAL= (DA,,,.,0 txEF /ATx36S daya/~r)•SA_.d/adj 

When:;: 

SA,,.d/adj = SUM (SA; x El>j / BW;) 
DA,,w,,rt = CS • AF • ABSd x CF 

Nolz,: 

For DODC11rcinogenic cffccb: AT= ED 

Rev. 9/93 



TABLEK-311,amuued 
SEDIMENT INGESTION AND CONTACT - ADOLESCENT, AGES 6 TO 16 

PLOW SHOP POND - MAXIMUM: EXPOSURE - CUR.RENT LAND USE 

TOTAL RISK; ALL COPCS 
.REKEDIAL INVESTIGATION ADDENDUM: .REPORT 
PEASIBILrl"Y S"IUDY FOR GROUP lA SITES 

FORT DEVENS, KA 
CARCINOGENIC EFFECTS 

S,EDIMl!NT 

COMPOUND CONCENmATION 
,_,,,_ 

Ar11:Dic 3200 

Beryllium 2.72 

Beno(• )onthnooue I.I 

ChryRm, 1.5 

P,P-DDE 1.3 

P,P-DDD 1.6 

P,P-DDT 0.13 

rNGEsnoN 
ABSjlJ 

[!) Set equal to USEPA Reijon I default absorption factors for soil (USEPA.1989c). 
[2) Calatlated from Oral CSFs as desaibed in Section 6.1 .2,3. 

ABB Environmental Services. Inc. 

JNfAKE DERMAL 

INGl!STlON ABS[l) 
_.,__ -~-· 

1 7.SE-05 0.01 

I 6.6E-08 0.01 

I 2.7E-08 0.05 

I 3.6E-08 0.05 

0.3 9.4E-09 0.05 

0.3 l.3E-08 0.05 

0.3 9.4E-10 0.05 

[ sol'LTRCM !S-Dcc-9! ] 

INTAKE ORAL CANCEB.B.JSt:: bERMAL CANCER RISK TOTAL 

DERMAL CSF INGl!STION CSP (:tJ Dl!RMAL CANCB.R 
. A ...... ' -~- .... 1~ ·I ,_,.,__ .... ,- _, ...... 

l.4E-05 1.75E+OO J.4E-04 l.79E+OO 2.5E-05 l.6E-04 

l.2E-08 4.30E+OO 2.SE-07 4.30E+02 5.IE-06 5.3E-06 

2.4E-08 7.30E+OO 1.9E-07 8.02E+OO 1.9E-07 3.9E-07 

3.2E-08 7.30E+OO 2.7E-07 8.02E+OO 2.6E-07 5.3E-07 

2.SE-08 3.40E-0l 3.2E-09 1.70E+OO 4.&E-08 5.IE-08 

3.9E-08 2.40E-0l 3.IE-09 1.20E+OO 4.7E-08 5.0E-08 

2.SE-09 3.40E-0I 3.2E-10 1.70E+OO 4.SE-09 5.IE-09 

SOMllAJlY.CAN'CEll. JUSK 'lE,-04· lE- OS ZE--04 

Rev. 9/93 



TABLEK-311, continual. 
SEDIMENT INGESTION AND CONTACT - ADOLl!SCENT, AGES 6 TO 16 
PLOW SHOP POND - MAXIMUM: EXPOSURE - CUR.RENT LAND USE 
TOTAL IUSIC; ALL COPCS 
REM:EDIAL INVESTIGATION ADDENDUM: REPOR.T 
FEASIBILITY SIDDY FOR. GR.OUP lA SD"l!S 
FORT DEVENS, KA 
NONCAR.CINOGENIC l!FFECIS 

SBl)IMl!NT 

COMPOUND CONCBNTRATION 
,_,,,_, 

Arae:aic 3200 

Barium 344 

Ma:apaeae 54800 

l'ickd 79.3 

I.roa 330000 

Beryllium 2.72 

Beaz.a(• )lnthniccnc I.I 

Cbry,one 1.5 

P,P-DDI! 1.3 

P,P-DDD u 
P,P-DDT 0.13 

Fluomathene 3.4 

Nlphtlalene 1.6 

Pbemn~DC 2.5 

~"" 4.35 

Aluminum 24000 

Cadm:i11m 60 

Calc:i.11m 20100 

Cobolt 58.7 

Chromium ID 9000 

Chromium VI 1000 

Copper 132 

kad 632 

Mag:JEaium 6900 

Mercury 130 

Patauium 2350 

Selenium 6.6 

Sodium 21170 

Vanaci11m 166 

z.;.,. ""' 

lNGllS'.IiON 

ASS(J.) 

[I] Set equal to USEPA Re!!/on I default absoq,tion factors for soil (USEPA, 1989c). 

[2] Calculated from Oral RfDs asdesaibedin Section 6.1.2.3. 

ND = No data available 

ABB Envir0nmental Services. Inc. 

INTAD Dim~ 

lNG!lmoN ABS(l) 
,_,., __ ... --!' 

I 5.4£-04 0.01 

I HE-05 0.01 

I 9.3E-03 0.01 

I l.3E-05 0.01 

I 5.6E-02 0.01 

I 4.6E-07 0.01 

I l.9E-07 0.05 

I 2.5E-07 0.05 

0.3 6.6E-OS 0.05 

0.3 9.2E-OS 0.05 

0.3 6.6E-09 0.05 

I 5.SE-07 0.05 

I 2.7E-07 0.05 

I 4.2E-07 0.05 

I 7.4E-07 0.05 

I 4.IE-03 0.01 

I I.0E-05 0.01 

I 3.4E-03 0.01 

I 1.0E-05 0.01 

I 1.5E-03 0.01 

1 1.7£-04 0.01 

I 2.2E-05 0.01 

0.3 3.2E-05 0.01 

I l.2E-03 0.01 

I 2.2E-05 0.01 

I 4.0E-04 0.01 

I I.IE-06 0.01 

I 4.9E-04 0.01 

I 2.&E-05 0.01 

I < -~ ·"" 0.01 

( SDPLTRCM J$-Doc-9l ] 

JNr)UIO:: ORAL SAZARD DEJU.IAL BAZARi> TOTAL 
DER.MAL RlD QUOTI.BNT M>i2J QUOTIENT HAZARD 

1-11..--••\ ,,..,,,,,_ . .,...-~ , _ .,i.- __ ..a.. .. , n~nu" r..t•-- -- --: 
9.7£-05 0.0003 UE-+-00 0.000294 3.3E-01 2.IE-+-00 

1.0E-05 0.07 8.3E-04 0.0049 2.IE-03 3.0E-03 

1.7£-03 0.14 6.6E-02 0.0056 3.0E-01 3.6E-01 

2.4E-06 0.02 6.7£-04 0.001 2.4E-03 3.IE-03 

I.0E-02 ND ND 

8.2E-08 0.005 9.2E-05 0.00005 l .6E-03 l.7E-03 

l.7E-07 0.04 4.7E-06 0.04 4.2E-06 UE-06 

2.3E-07 0.04 6.4E-06 0.04 5.7E-06 l.2E-05 

2.0E-07 0.0005 J.JE-04 0.0001 2.0E-03 2.lE-03 

2.7E-01 0.0005 UE-04 0.0001 2.7E-03 2.9E-03 

2.0E-OS 0.0005 1.3E-05 0.0001 2.0E-04 2.IE-04 

5.lE-07 0.04 J.4E-05 0.0364 l.4E-05 2.9E-05 

2.4E-07 0.04 6.SE-06 0.04 6.0E-06 1.3E-05 

3.SE-07 0.04 1. IE-05 0.04 9.4E-06 2.0E-05 

6.6£-07 0.03 2.5E-05 0.0273 2.4E-05 4.9E-05 

7.3£-04 ND ND 

I.SE-06 0.001 J.0E-02 0.00001 l.8E-0I 1.9£-01 

6.IE-04 ND ND 
1.8£-06 ND ND 
2.7E-04 1 1.5£-03 0,1 2.7£-03 4.2E-03 

3.0E-05 0.005 3.4£-02 0.00055 5.5£-02 8.9E-02 

4.0E-06 ND ND 
1.9£-05 ND ND 
2.IE-04 ND ND 
3.9£-06 0.0003 7.lE-02 0.00006 6.SE-02 l.4E-0l 

7.lE-05 ND ND 
2.0E-07 0.005 2.2E-04 0.003 6.6E-05 2.9E-04 
&.7E-05 ND ND 
5.0E-06 0.007 4.0E-03 0.00021 2.4E-02 2.SE-02 

''"-05 0.3 2.3E-04 11102 1.7F -04 '.5" .f\4 

SUM:M.AR.Y HAZAR.DINDEX 21HUO lE+OO 3E+llll 
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TABLBK-39 
SEDIMENT INGESTION AND CONTACT - ADOLESCENI", AGES 6 TO 16 
FLOW SHOP POND - AVERAGE EXPOSURE - FUTURE LAND USE 
TOTAL RISK; AIL COPCS 

IU!MIIDIAL INVESTIGATION ADDENDUM :RHPOR.T 
PHASIBILITY STIJDY FOJl GJlOUP 1A SITES 

FOR.T DHVHNS, MA 

EXPOSURE PAllAMHTHltS 

P ARAMel'ER s-hmoL 
CONCENl"RATION SEDIMENT cs 
INGESTION RATE IR 

FRACTION INGESTED Fl 

ADHERENCE F ACI'OR AF 

AGE-SPECIFIC SURFACE AREA SA; 
ABSORPTION FRACTION AllS;/ABSd 

CONVERSIONFACJ'OR CF 

BODYWEIGHT -AGE-SPECIFIC BODYWEIGHT FH; 
EXPOSURE FREQUENCY EF 

EXPOSURE DURATION ED 

AGE-SPECIFIC EXPOSURE DURATION EDj 

AGE-WEIGHTED SURFACE AREA[!] 5¾dladi 
AVERAGING TIME 

CANCER AT 
NONCAt.:rrnn AT 

VALUE 

chemical ,pccific 

100 

100% 

0.5 

•8'·-•pccific 
dc.6,ult 

1.00E-06 

42 

•se -specific 
100 

10 

age-specific 

&411.6 

70 

1n 

• Uuibf<rcxposurcfrcqtr.ncy areincw.llt~rin the calculation d.tbc dernllyabacd>cd do&e. 

ONO'S ' SOURci; 

q/lqj 

q/day USEPA, 1991b 

unitleu A.1sumptiou 

II{llcm2 --c-.ent USEPA, 1992d 

cm' USEP A, 1989b 

llllitlcss USEPA, 1989c 

Jcslq 
q USEP A, 1969b 

q USEPA, 1969b 

da~r• ~umption 

~rs Auumption 

~rs AppondixV (USEPA, 1992d) 

cm2-)Cllr/lqj AppondixV (USEPA, 1992d) 

~n USEPA, 1989£ 

·-- US.EPA t980f 

[I] Thecalculatiomfar narmalittd ,ur61cearoa (SA.cd;.4)and dcrmillyabsarbed daoc per unitatt• pcre'"'nt (DA,,,..,a1) • re dc.acribedin AppondixV. 

USEPA, 1992d. Den,_J ExpastseAsoessmont Principleund Appocatiom. 

USEPA, 1991b. "Standard De61ult Expoeure Factors'. 

USEPA, 1989b. Expoeun: Factors Handbook. 

USEPA.1989c. &g;on I Supplemental Rislr.Aoocssment Guida~ 

USEPA, 1989£. Rislr.Assess""'at Guidaoce for s-.nund. 

ABB Environmental Services., Inc. 

[ sDPLTIU'A l5-Dec-93] 

EQUATIONS 

CANCER RISKE INTAKE (nwiq-cloy) • ORAL CSF (1118/q-cloy)- -1 

HAZARD QUOTIENT= INTAKE (1118/ke-doy) / ORAL RfD (,.Jq-day) 

INrAKE'-INGESTION = CS z:IRxA~ zFlz CF z:EP zED 

BW •AT• 365 dayolyr 

INrAKE-DERMAL = (DA,,,..,nt • EF /AT• 365 daya~r) • SA.eel/ad; 

Where: 

S"-cd/adj = SUM (SA;• EDi / BWi) 

DA,,,..,nt = CS • AF • ABSd • CF 

Note: 

For noncarC2nogeaic c.ff'cetz:: AT= ED 

Rev. 9/93 



TABLE K-39, C0111i.nned 
SEDIMENT INGESTION AND CONTACT - ADOLESCENT, AG£S 6 TO 16 

PLOW SHOP POND - AVER.AGE EXPOSUKE - FUTUKE LAND USE 
TOTAL lllSK; ALL COPCS 
KEMEDIAL INVESTIGATION ADDENDUM ltEPOllT 
FEASIBILnY SWDY FOil GROUP 1A SITES 

FORT DEVENS, KA 
CARCINOGENIC EFFECTS 

SllDIMllNT 

COMPOUND CONCBNJ'I\ATION 
,_,.,_, 

Ar&~e 461 

Beryllium 0.53 

Benz:o(• )llnthni~ae 0.22 

c1,ry.,,,. 0.32 

P,P-DDE o.o:s 
P,P-DDD 0.07 

P,P-DDT 0.03 

INGllSTJON 

ABS[l] 

(I] Set equal to US EPA Reijon I default absOiplion factors for soil (USEP A. 1989c). 
[2] Calculated from Oral CSFs asdesaibed in Section 6.1.2.3. 

ABB E~\..ironmental Services, Inc. 

INTAICE DERMAL 

CNGESTION ABS[!) 
, _ n,. __ .a.. .. \ 

I 4.4E-0:S 0.01 

I 4.9E-08 0.01 

I 2.IE-08 0.0'.I 

I 3.0E-0& 0.05 

0.3 1.4£-09 0.0:S 

0.3 2.0E-09 0.0:S 

0.3 ll.4E-10 0.0:S 

; 

~ PLTRFA IS-lkc-93 ) 

INfAU! ORAL CANCllRRlSK DERMAL CANCERIU.Slt TOTAL 

DERMAL CSF INGESTION CSF(2] DERMAL CANCER 
,_n.. ... _.a.. ..;\ .,_n.,;.._.&.-"\ ~ . _, ,_ ,,,_ ..... ,A ·l DIU' 

7.SE-06 !.75E+OO 7.6E-O'.I l.79E+OO l.4E-Ol 9.0E - 0:S 

ll.8E- 09 4.30E+OO 2. IE-07 4.30E+02 3.8E - 06 4.0E - 06 

UE-08 7.30E+OO l.SE-07 &.02E+OO 1.SE- 07 3.0E-07 

2. 7£-08 7.30E+OO 2.2£-07 ll.02E+ OO 2.IE-07 4.3£- 07 

4.2£-09 3.40E-0l 4.8E- I0 l .70E+OO 7.IE-09 7..IE-09 

HE-09 2.40£-01 4.7£-10 l .20E+OO 7.0E-09 7.4£-09 

2.SE-09 3.40E-0I 2.9E- 10 ! .70E+OO 4.2£-09 4.5£-09 

SlJl(l(AllY CANCER IISX m-os ZB--DS 9E'-OS 
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TABLE K-39, 00D1inual 
SEDIMENT INGESTION AND CONTACI" - ADOLESCIDIT, AGES 6 "IO 16 

PLOW SHOP POND - AVERAGE EXPOSURE - FITIURE LAND USE 

TOTAL RISK; ALL COPCS 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
PEASIBn.ITY sroDY FOR GROUP 1A SilllS 

FORT DEVENS, 11A 
NONCARCINOGENICEFFECI'S 

Sl!DIMl!NT 

COMJ'OUND CONCB!'fnlAflON 

·-~-
Arir;:aiic: 467 

Barium 108 

Ma.agazac 2639 

1'6cb,J 23 

lroa 36314 

Beryllium 0.53 

Bcnzo(• ►:nlm~ne 0.22 

Cmys,ac 0.32 

P,P-DDB 0.05 

P,P-DDD 0,07 

P,P-DDT 0.03 

Fl uoia atbe s. o.~ 
Naphtholcae 0.32 

Plcm11~ne 0.33 

Pyn,ac 0.97 

Aluminum 7933 

O.dmium 9.3 

Calcium 8014 

Cobalt 5.3 

Chromium ID 1733.3 

Clrromi11mVI 198.7 

Copper 39.7 

uad 125 

Magucaium 1629 

Mercury 18.2 

Potauium 435 

Sc]caium 1.95 

Sodium 1113 

Vamdium 24.6 

7;,,. 36.6 

INGBSllciN 
ABS[l) 

[1] Set equal to USEPA Re@ion I default absoiption factors for soil (USEPA, 1989c). 
[2] Calailatcd from Oral R!Ds asdesa:ibcdin Section 6.1.2.3. 
ND= No data available 

ABB Environmental Services. Iw· .. 

nn-Allli DERMAL 
IJIGll;STION ABS Ill 
'~11..- - ..L. • .-\ 

1 3.0E-04 0.01 

1 7.0E-05 0.01 

1 1.?E-03 0.01 

1 1.5£-05 0.01 

1 2.4E-02 0.01 

1 3.5E-01 0.01 

1 1.4E-01 0.05 

1 2.lE-01 0.05 

0.3 9.3£.-09 0.05 

0.3 1.4£-08 0.05 

0.3 5.9E-09 0.05 

1 3.3£-01 0.05 

1 2.lE-01 0.05 

I 2.5£-01 0.05 

I 6.3£-01 0.05 

I 5.2E-03 0.01 

I 6.4£-06 0.01 

I 5.3£-03 0.01 

1 3.3£-06 0.01 

I 1.2E-03 0.01 

I 1.3£-04 0.01 

I 2.6£-05 0.01 

0.3 2.4£-05 0.01 

1 1.lE-03 0.01 

1 1.2£-05 0.01 

I 2.3£-04 0.01 

I 1.3£-06 0.01 

I 7.3£-04 0.01 

I 1.6£-05 0.01 

I 5.3~-m 0.01 

[sDPLTRFA JS-Doc-93 ] 

00-Altll ORAL ilAzARD DERMAL ttiizAlll>. TOTAL 

DERMAL RfD QUOTIE.NT RfD(2l OUonEm' UAZAlU> ,_,., __ ... _, ,.;..,.,_~ .... , ' -"---.a.. ~\ nPRU.AI A >•••-• -

5.4£-05 0.0003 1.0E+OO 0.000294 J.BE-01 l.2E+ OO 

1.3£-05 0.01 J.OE-03 0.0049 2.6£-03 :S.6£- 03 

3.lE-04 0.14 1.2£-02 O.OOS6 5.5£-02 6.'7£- 02 

2.?E-06 0.02 7.5£-04 0.001 2.?E-03 3.4E-03 

4.2£-03 ND ND 

6.2£-08 0.00:5 6.9£-05 0.0000:5 1.2£-03 1.3£-03 

1.3£-01 0.04 3.6£-06 0.04 3.2£-06 6.8E-06 

1.9£-07 0.04 5.2£-06 0.04 4.6£- 06 9.9£-06 

2.9£-08 0.0005 2.0E-05 0.0001 2.9£-04 3.IE-04 

4.IE-08 0.0005 2.?E-05 0.0001 4.IE-04 4.3E-04 

1.?E-08 0.0005 1.2£-05 0.0001 1.?E-04 1.9E-04 

2.9£-01 0.04 8.2£-06 0.0364 3.0E-06 1.6£-05 

1.9£- 01 0.04 5.2£-06 0.04 4.6£-06 9.9£-06 

2.2£-01 0.04 6.2£-06 0.04 5.5£-06 1.2£-05 

5.6£-01 0.03 2.IE-05 0.0273 2.JE-05 4.2£-05 

9.2E-04 ND ND 

1.lE-06 0.001 6.4E-03 0.00001 l.lE-01 1.2£-01 

9.4E-04 ND ND 

6.?E-07 ND ND 

2.lE-04 I 1.2£-03 0. 1 2.lE-03 3.2E-03 

2.3£-05 0.00:5 2.6£- 02 0.00055 4.2£-02 6.8£-02 

4.6£-06 ND ND 

UE-05 ND ND 

1.9£-04 ND ND 

2.lE-06 0.0003 4.0E-02 0.00006 3.5£-02 7.5E-02 

5.lE-05 ND ND 

2.3£-01 0.00:5 2.5E-04 0.003 7.6E-05 3.3E-04 

1.3£-04 NO ND 

2.9£-06 0.007 2.3£-03 0.00021 1.4£-02 1.6£-02 

I.OE -II< n, •.9£- l>t " '~ 1.0E-ll-l .. tU~'.'-{)4 

SUlOl:ARYBAZAJU>ll'IDEX 1EHIO SE- ,01 2.E+OO 
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TABLEK-40 
SEDIMENT INGESTION AND CONTACT - ADOLESCENT, AGES 6 TO 16 
PLOW SHOP POND - MAXIMUM EXPOSURE - FUTIJitE LAND USE 
TOTAL RJSK; ALL COPC; 
REMEDIAL ~TIGATION ADDENDUM'. REPORT 
PEASIBD.ITY STIJDY FOR. GROUP IA SITES 
PORT DEVENS, MA 

EXPOSUltE PAllAM'.E1ER.S 

PARAMETER SYMBOL 

CONCElfi"llATION SEDIMENT cs 
INGESTION RATE IR 

FRACTION INGl!n'l!D Fl 

ADHERENCE FACl'OR AF 

AGE-SPECIFIC SURFACE AREA SA; 

ABSORPTION FRACTION ABS;fABSd 

CONVERSIONFACl'OR CF 

BODY WEIGIIT BW 

AGE-SPECIFIC BODY WEIGHT BWj 

EXPOSURE FREQUENCY EF 

EXPOSURE DURATION ED 

AGE-SPECIFIC EXPOSURE DURATION EDj 

AGE-WEIGHTED SURFACE AREA (1) 5Aaccll>di 
AVERAGING TIME 

CANCER AT 

NONCANCRR AT 

VALUB 

chemical specific 

JOO 

100% 

0.5 

•s<· -specific 

default 

1.00E-06 

42 

•!l"-•pccific 
100 

10 

•ec-sp,cific 

848.6 

70 

JO 

• Units for r.JlposurC', frequency are inc\leatll/),:arin the ailculat:ion d. tk &nIBllyabMXbcd dose. 

Ul'ln'S SOURCE 

q/lqj 

q/day USEPA, J99Jb 

unitlcss Assumption 

q/c:m2~~ut USEP A, I 992d 

c:m1 USEPA, J989b 

unities& USEPA, J9811c 

Jrai,q; 
kB USEPA. 1989b 

kB USEPA, 1989b 

days~,- A,sumptiO'D 

ye,,n AssumptiOD 

years AppeudixV (USEPA, 1992d) 

cm2-~.ar/l@ Appeudi,V (USEPA, 1992d) 

years USEPA, 1989! 

-n fT~C'DA 19R.C>f' 

(1) Tbecalcubtiomfoc normalized ,ur&ooarea (~d/lldj)aod denmllyabsorbcd dooe per unita=i pcrc~DI (D~,eut)•rc deacribcdin Appendi,V. 

USEPA 1992d. DcrDBI Expo&~ Aasesanr.nt: Principlr.:s aod Applications. 

USEPA, 199Jb. "Standard Dc&111t E"P""urc Factora~ 

USEPA, 1989b. ~= Fact~ Handbook. 

USEPA. 19811c. Region I S"PPicmcml R;sk Al,cumcat Guida noo. 

USEPA. 19891. R;sl<Asscss=at Guidanoo foc Suocrfimd. 

ABB Environ.mental Se.rviccs. Inc. 

! sDPLTRFM J5-Dcc-93 ] 

EQUATIONS 

CANCER RlSlt = INTAJtE(me/lrs-day) •ORAL CSP (msJks-day)h-1 

HAZARD QUOTIENT= lNTAJtE (ms"'8-day) / ORAL IUD (11111"'8-day) 

lNTAXE-INGESTION = CSs:IR.:rA~ llPlx<P xBP z:ED 

BW•AT•365day,/yr 

INTAJtE-DERMAL = (D.Ae,ent•EF / AT• 365 days/yur) • SAa,d/1,dj 

WhcR: 

SAa.,d/1,dj = SUM (SAp EDi /BWi) 

D~vcnt = a;• AF • ABSd • CF 

N-: 

For D011aircinogcnic cffccta: AT = ED 

Rev.9/93 



TABLE K-40. C0111inual 
SEDIMENT INGESTION AND CONTAcr - ADOLESCENT, AGES 6 TO 16 
PLOW SHOP POND - MAXIMUM EXPOSURE - FUTURE LAND USE 
TOTAL RISK; ALL core; 
REMEDIAL INVESTIGATION ADDENDUM REPOltT 
FEASIBlLITY sro DY FOlt GltOUP IA snm 
FOltT DEVENS, MA 
CAltCINOGENIC EFFECJS 

SEDIMl!NT 

COMP~UND CONCENTRATION ,.,. .... , 
Ancnic 3200 

Beryllium 2.72 

Br:nzo(• )111thniaeuc 1.1 

Chrya,m, 1.5 

P,P-DDE 1.3 

P,P-DDD 1.8 

P,P-DDT 0.13 

lNGESTION 

ABS[iJ 

(I) Set equal to USEPA Re!li.on I default absorption factors for soil (USEPA. 1989c). 
(2) Calculated from Oral CSFs asdesaibed in Section 6.1.2.3. 

ABB Environmental Services. \_n•-

INJ'AK:J! DJraMAL 
rNGESTION ABS[l) 
1-n.• - ... v> 

1 3.0E-04 0.01 

1 2.5E-07 0.01 

I l.0E-07 0.05 

1 l.4E-07 0.05 

0.3 3.6E-08 0.05 

0.3 5.0E-08 0.05 

0.3 3.6E-09 0.05 

[soPLTRFM 15-D<c-93 ] 

!NrADl ORAL CANCERRIS:S: DERMAL CAN'ci!R RJSIC TOTAL, 
DERMAL CSF INGl!STION CSF(2J 01111,MAL CANCER ,_,., _ _._"" 1 -11. .. . ...... , .... _ _t ,,..11o,_,,.._, ~-1 RJ~r 

5.3E-0'.5 l.75E+OO 5.ZE-04 l.79E+ OO 9.5E-0'.5 6.ZE-04 

4.SE-08 4.30E+OO l.lE-06 4.30E+02 l.9E-0'.5 2.lE-05 

9. lE-08 7.30E+OO 7.SE-07 8.02E+OO 7.3E-07 l.SE-06 

l.2E-07 7.30E+OO l.0E-06 8.02E+ OO l .0E-06 2.0E-06 

l.lE-07 3.40E-0l l.2E-08 1.70E+OO UE-07 2.0E-07 

I.SE-07 2.40£-01 l .2E-08 1.20E+ OO UE-07 l.9E-07 

l.lE-06 3.40E-01 l .2E-09 l .70E+OO l.BE-08 2.0E-08 

SUMMA.kV CANCElt IUSX SE,'-04 lR-114 m:.:.oc 
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TABLE K-40, 0C11linaed 

SEDIMENT INGESTION AND CONTACT - ADOLESCENT, AGES 6 TO 16 
PLOW SHOP POND - MAXIMUM: EXPOSUllE - FlTIUllE LAND USE 
TOTAL RISK; ALL COPCS 
llEM:EDIAL INVl!S11GA11ON ADDENDUM: llEPORT 
FEASIBILITY S'I1JDY FOR GROUP lA SITES 

PORT DEVENS, M:A 

NONCARCINOGENIC EPPECTS 

ArlEJliC 

Barium 
Manpacae 

l'acki:I 

Icon 

Beryllium 

COMPOUND 

Bonzo(• )oDlhnccnc 

Cluya,JE 

1',1'-DDE 

1',1'-DDD 

1',1'-DDT 

Fluoantbeme 

Naphtha le-, 
Phc.m nt.b.Jenc 

J'y1"DC 

Aluminum 

Cadmium 

fAlcium 
Col,o(t 

Chromium ID 

Chromium VI 

Copper 

uad 

MasDC■um 

Mercury 

Potauium 

Sclc.aium 

Sodium 

Vamdium 
17, 

SEDIMENT 

CONCENT'RATION 
_t-rul 

3200 

l44 

S4800 
79.3 

330000 

2.72 

I.I 

l.5 

1.3 

l.6 

0.13 

3.4 

l.6 

2.5 

4.35 

24000 

60 

20100 

,s.1 
9000 

1000 

132 

632 

6900 

130 

2350 

6.6 

2870 

166 

40l 

INGESTION 

ABS(!) 

[l] Set equal to USE PA Re@ion I default absorption factors for soil (USEP A, 1989c). 
[2] Calculated from Oral RIDs as desaibed in Section 6.1.2.3. 

ND= No data available 

ABB Environmental Services. Inc. 

I 

I 

I 

I 

I 

I 

I 

1 

0.3 

0.3 

0.3 

I 
·) 

I 

1 

I 

I 

1 

1 

1 

I 

I 

0.3 

I 

I 

I 

I 

I 

I 

I 

JNTAJre 

INGEsn.ON 
/,-/b-dovl 

2.lE-03 

2.2E-04 

3.6E-02 

5.2E-0:S 

2.2E-Ol 

1.SE-06 

7.2E-07 

9.8E-07 

2.5E-07 

3.5E-07 

2.5E-06 

2.2E-06 

1.0E-06 

1.6E-06 

2.SE-06 

J.6E-02 

3.9E-O:S 

1.3E-02 

3.SE-0:S 

5.9E-03 

6.5E-04 

ME-0:S 

t.2E-04 

4.5E-03 

8.5E-O:S 

J.5E-03 

4.3E-06 

1.9E-03 

l.lE-04 

'""-M 

DERMAL l'.!O"Altl! 

ABS (1) DERMAL 
,-lk'--tli..•\ 

0.01 3.7E-04 

0.01 4.0E-0:S 

0.01 6.4E-03 

0.01 9.2E-06 

0.01 3.8E-02 

0.01 3.2E-07 

0.0:S 6.4E-07 

0.0:S 6.7E-07 

0.0:S 7.6E-07 

0.0:S I.OE-06 

0.0:S 7.6E-06 

0.0:S 2.0E-06 

0.0:S 9.3E-07 

0.0:S 1.5E-06 

0.0:S 2.5E-06 

Cl.OJ 2.8E-03 

Cl.OJ 7.0E-06 

Cl.OJ 2.3E-03 

0.01 6.8E-06 

0.01 1.0E-03 

0.01 1.2E-04 

0.01 t.SE-0:S 

Cl.OJ 7.3E-O:S 

0.01 6.0E-0-0 

0.01 

0.01 

0.01 

0.01 

0.01 

l.5E-O:S 

2.7E-O-O 

7.7E-07 

3.3E-04 

l.9E-O:S 

OR/IL 

JUD 
l .~ltr.•--dav\ 

0.0003 

0.07 

0.14 

0.02 

ND 

0.00:S 

0.04 

0.04 

0.000:S 

0.000:S 

0.000:S 

0.04 

0.04 

0.04 

0.03 

ND 

0.001 

ND 

ND 

1 

0.00:S 

ND 

ND 

ND 

0.0003 

ND 

o.oo:s 
ND 

0.007 

Ml I <.2£-ll.'I I 0.3 

SUlOI.AR Y IIAZAltDDIDEX 

HAZAJUi 
Qtf(!llBNT' 

7.0E+OO 

3.2E-03 

2.6E-Ol 

2.6E-03 

3.5E-04 

UE-0:S 

2.4E-0:S 

5.IE-04 

7.0E-04 

5.IE-0:S 

5.5E-0:S 

2.6E-0:S 

4.lE-0:S 

9.5E-O:S 

3.9E-02 

S.9E-03 

1.3E-Ol 

2.SE-01 

6.6E-04 

t.5E-02 

UE-04 

BE+liO 

!soPLTRFM 

DB.RMAL 

P.ID{2J 
1-Ju-___dt_rl 

0.000294 

0.0049 

O.OO:S6 

0.001 

ND 
0.0000:S 

0.04 

0.04 

0.0001 

0.0001 

0.0001 

0.0364 

0.04 

0.04 

0.0273 

ND 
0.00001 

ND 

ND 

0.1 

O.OOo:55 

ND 

ND 

ND 

0.00006 

ND 

0.003 

ND 
0.00021 

n ,m 

UAZARI) 

QUO'IT.Etrr 
DP..RMA'.1 . 

1.3E+OO 

8.2E-03 

1. IE+OO 

9.2E-03 

6.3E-03 

l .6E-O:S 

2.2E-0:S 

7.6E-03 

I.OE-02 

7.6E-04 

5.4E-0:S 

2.3E-0:S 

3.6E-0:S 

9.3E-0:S 

7.0E-01 

I.OE-02 

2.IE-01 

2.5E-OI 

2.6E-04 

9.2E-02 

4.6E-O-O 

-o?.+00 

IS-Dcc-93] 

TOT"-L 
BAZAilD 

OUQTWN[ 

6.2E+OO 

I.IE-02 

1.4E+OO 

l.2E-02 

6.7E-03 

3.4E-O:S 

4.6E-O:S 

8.IE-03 

I.IE-02 

8.tE-04 

1. IE-04 

4.9E-O:S 

7.7E-O:S 

t.9E-04 

7.4E-OI 

1.6E-02 

3.4E-Ot 

S.3E-Ol 

1. IE-03 

I.IE-OJ 

..Ll];'._-03 

Ur+Ol 

Rev. 9/93 



W0069310.M80 

MODELING OF voe CONCENTRATIONS 
IN SHOWER AIR FROM GROUNDWATER 

SHEPLEY'S HILL LANDFILL 

ABB Environmental Services, Inc~ 
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CALCULATION OF SHOWER-GENERATED AIR CONTAMINANTS FROM 
GROUNDWATER 

ABB Environmental Services, Inc. (ABB-ES) calculated concentrations of volatile 
organic compounds (VOCs) in groundwater that could volatilize during a shower. After 
reviewing the literature, the model selected by ABB-ES to predict indoor (bathroom) 
concentrations is that presented by Foster and Chrostowski (1987). This theoretical 
approach is based on the experimental work of Andelman ( 1985). Andelman measured 
air concentrations of trichloroethylene and chloroform in a bench scale shower assembly. 
Foster and Chrostowski (1987) developed a model from these experimental data. ABB­
ES modified the input parameters from the bench scale design to be representative of a 
typical bathroom. 

The equation used to calculate air concentrations in the bathroom is shown below: 

where: 

C(voc) = S x (eRo. - 1) x e-Rt 
R 

e(voc) = concentration of voe in bathroom (ug/nr) 
s = voe generation rate (ug/nr -min) 
R = air exchange rate (miii1

) 

q = duration of shower (min) 
t = time at which concentration is being calculated (min) 

(Eqn. 1) 

R, the air exchange rate, is calculated as the volumetric flowrate through the bathroom 
(nr /min) divided by the volume of the bathroom (nr). 

S, the VOC source generation rate, is calculated based on the concentration of the 
contaminant in the water, emission of compound from a droplet, flowrate of water, and 
volume of room for dilution. S is calculated from the following series of equations: 

ABB ENVIRONMENTAL SERVICES, INC. 

7121 L-1 3/93 



where: 

S =-~-x_F_R 
sv 

½vd = concentration in water droplet (ug/l) 
FR = flow rate in shower (l/min) 
SV = shower volume (rrr) 

Cwd is calculated as follows: 

where: 

(-K., " t . ) 

~d = ~o X [1 - e W'ica ] 

Cw0 = concentration in groundwater (ug/1) 
K..i = temperature correction of the mass transfer coefficient, 

Kl ((cm/hr) 

t, = shower water droplet free-fall time (sec) 
d = droplet diameter (mm) 

K..i is Galculated according to: 

where: 

7121 

T, X (1s ]-0.5 
~I = ~ X [7: 

s X U, 

ABB ENVIRONMENTAL SERVICES, INC. 

L-2 

(Eqn. 2) 

(Eqn. 3) 

(Eqn. 4) 

3/93 



Kr_ = mass-transfer coefficient ( cm/hr) 
T1 = reference temperature (K) 
u,. = viscosity of water at reference temperature ( cp) 
T. = temperature of shower water (K) 
u1 = viscosity of water at shower temperature ( cp) 

~ is calculated according to: 

where: 

1 ~(voe)= __ 1 ____ R_T __ 

--♦----
~(voe) H x \(voe) 

1G (voe) = chemical-specific liquid mass-transfer coefficient (cm/hr) 
kg(voc) = chemical-specific gas mass-transfer coefficient (cm/hr) 
RT = molecular gas constant (R) x temperature (T) (atm-rrr /mole) 
H = Henry's Law Constant (atm-rrr /mole) 

(Eqn. 5) 

The input values of ~ and kg are based on the mass transfer coefficients of Celi and 
water. They are calculated for the particular compound of interest according to the 
following equations: 

(Eqn. 6) 

(Eqn. 7) 

where: 

ABB ENVIRONMENTAL SERVICES, INC. 
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kj(COi) = liquid mass-transfer coefficient for carbon dioxide (cm/hr) 
k.: (Hi O) = gas mass-transfer coefficient for water (cm/hr) 
MW(voc) = molecular weight of VOC 

Several assumptions were made to complete this modeling effort. The more important 
ones involve the volume of the bathroom and the air exchange rate (see Equations 1 and 
2). A bathroom volume of 12nt was assumed. For the purposes of this model, it was 
also assumed that the air between the shower area and the rest of the bathroom was well 
mixed. The volumetric flowrate through the bathroom was assumed to be 0.4 nt /min, 
which gives an effective air exchange rate of 1.8 air changes/hour. Few measurements 
have been done on ventilation rate in bathrooms. ABB-ES considers this value to be a 
conservative estimate given that most homes have air exchange rates of 0.5 - 2.0 
changes/hour. Bathrooms may have higher ventilation rates than the entire house due 
to the effect of local exhaust fans, if present, or the opening of windows. 

Another assumption is implicit in the use of Equation 1. This equation calculates VOC 
concentrations at time (t), which is assumed to equal the duration of shower use (Ds). 
Thus, the resulting concentrations represent maximum concentrations at the end of the 
shower. In reality, an individual would experience an integrated exposure that would 
gradually increase during shower usage and decrease again after the water was turned 
off. ABB-ES made the simplifying assumption that the peak concentrations would 
persist for the duration of exposure. This is a conservative assumption that is protective 
of public health. 

ABB ENVIRONMENTAL SERVICES, INC. 
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ABB ENVIRONMENTAL SERVICES, INC. 
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TABLEL-1 
CONCENTRATION OF VOLATILE COMPOUNDS RESULTING FROM SHOWERING 
SHEPLEY'S Hill. LANDFD..L - WELL GROUP 1 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBR..llY STUDY FOR GROUP 1A SITES 
FORT DEVENS, MA 
EMPIRICAL CONSTANTS 

1qu1d-1llm mass transfer tor 1.,;u~ kl \l.,;U2) 
Gas-film mass transfer for H2O kg (H20) 
Molar gas constant x Temperature RT 
Reference temperature T1 
Temperature of shower water Ts 
Viscosiy of water at shower temperature µs 
Viscosiy of water at reference temperature . µ1 
Shower droplet free-fall time ts 
Droplet diameter d 
Flow rate in shower FR 
Volume of shower area sv 
Air exchange rate R 
Time in shower Ds 
Time at which concenti-ation is beino calculated t 

20 
3000 

0.024 
293 
318 

0.6178 
0.65 

1.5 
1 

20 
12 

0.03 
12 
12 

oster, :;.A. ana 1.,;nrastowsK1 t'.I.;., 1911/. Inna1aoon exposures to vo1atI1e urgamc 1.,;ontammants m tne :;nower 
USEPA, 19891. RiskAssessme1 

SHOWER CONCENTRATIONS 

D 
m 

MAXIMUM CONCENTRATIONS 
Benzene 0.0017 78 5.60E-03 1.5E+01 
Chloroethane 0.0055 65 1.11E-02 1.7E+01 
1, 1 -Dichloroethane 0.0044 99 4.31E-03 1.3E+01 
1,2-Dichloroethane 0.0099 99 9.78E-04 1.3E+01 
1,2-Dichloropropane 0.00052 113 2.10E-03 1.2E+01 
1,2-Dichloroethene 0.007 97 7.07E-03 1.3E+01 

AVERAGE CONCENTRATIONS 
Benzene 0.00051 78 5.60E-03 1.5E+01 
Chloroethane 0.0013 65 1.11 E-02 1.7E+01 
1, 1 -Dichloroethane 0.00086 99 4.31E-03 1.3E+01 
1,2-Dichloroethane 0.00097 99 9.78E-04 1.3E+01 
1,2-Dichloropropane 0.00027 113 2.10E-03 1.2E+01 
1,2-Dichloroethene 0.0014 97 7.07E-03 1.3E+01 

[SHOWER 13-Dec-93 ! 

cm/In Calculate 
cm/hr Calculated 

alm-m3/mole Constant 
OK Constant 
'K Assumption 
cp Calculated 
cp Calculated 
sec Assumption 
mm Foster and Chrostowsk~ 1987 
I/min Assumption 

m3 Assumption 
min- 1 Calculated 

min USEPA, 19891 
min USEPA. 1989f 

1.4E+03 1.4E+01 1.5E+01 5.4E-04 9.0E-04 9.1E-03 
1.6E+03 1.6E+01 1.7E+01 1.9E-03 3.2E-03 3.2E-02 
1.3E+03 1.3E+01 1.3E+01 1.3E-03 2.1E-03 2.1E-02 
1.3E+03 1.1 E+01 1.1E+01 2.4E-03 4.1E-03 4.1E-02 
1.2E+03 1.1 E+01 1.2E+01 1.3E-04 2.2E-04 2.3E-03 
1.3E+03 1.3E+01 1.4E+01 2.1E-03 3.4E-03 3.5E-02 

1.4E+03 1.4E+01 1.5E+01 1.6E-04 2.7E-04 2.7E-03 
1.6E+03 1.6E+01 1.7E+01 4.6E-04 7.6E-04 7.7E'-03 
1.3E+03 1.3E+01 1.3E+01 2.5E-04 4.1E-04 4.1E-03 
1.3E+03 1.1 E+01 1.1E+01 2.4E-04 4.0E-04 4.0E-03 
1.2E+03 1.1 E+01 1.2E+01 7.0E-05 1.2E-04 1.2E-03 
1.3E+03 1.3E+01 1.4E+01 4.1E-04 6.9E-04 6.9E-03 



TABLEL-2 
CONCENTRATION OF VOLATILE COMPOUNDS RESULTING FROM SHOWERING 
SHEPLEY'S HILL LANDFIU. - WELL GROUP 4 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILllY STUDY FOR GROUP 1 A SITES 
FORT DEVENS, MA 
EMPIRICAL CONSTANTS 

1qu1a- nn, mass 1ran&ter tor i.;uz Kl \l;UZ) 
Gas-film mass transfer for H2O kg (H2O) 
Molar gas constant x Temperature RT 
Reference temperature T1 
Temperature of shower water Ts 
Viscosity of water at shower temperature µs 
Viscosity of water at reference temperature µ1 
Shower droplet free-fall time ts 
Droplet diameter d 
Flow rate in shower FR 
Volume of shower area sv 
Air exchange rate R 
Time in shower Ds 
Time at which concentration is belna calculated t 

20 
3000 

0.024 
293 
318 

0.6178 
0.65 

1.5 
1 

20 
12 

0.03 
12 
12 

Foster, SA and Chrostowski P.C., 1987. fnhalation Exposures to Volatile Organic Contaminants m the Shower 
USEPA, 1989. Risk Asses 

SHOWER CONCENTRATIONS 

COMPOUND CWo Mw A Id 
'cm/hr 

Trichlorofluoromethane I 0.0021 I 137 I 1.26E-01 I 1.1 E+01 

I SHOWR-S4 13-Dec-93 ! 

cm/hr Ca.!cula 
cm/hr Calculated 

atm-m3/mole Constant 
'K Constant 
'K Ass1n1ption 
cp Calculated 
cp Calculated 
sec Ass1n1ption 
mm Foster and Chrostowski, 1987 
I/min Ass1n1ption 
m• Ass1n1ption 

min- 1 Calculated 
min USEPA, 19891 
min USEPA 19891 

kg Ki Kai Cwd s 
cmJh" cm,/h" cin/lr m mglm2-min) (rrig/1 ' 

1.1E+03 1.1E+01 1.2E+01 5.5E-04 9.1E-04 9.2E-03 
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TABLB:U:-1 
GllOUNDWATEll - INGESTION AND CONTACT DUlllNG SHOWElllNG 
ADULT EXl'OSUllE - UNPIL1EllED, llAXDIU:U: CONCENTRATION 
COLD SPIUNG BROOK LANDPD.L 
llEKEDIAL INVl!STIGATION ADDENDUM llEPORT 
COLD SPIUNG BROOK LANDPD.L 
FORT D£VENS. MA 
EXPOSUllE PAllAKIITERS 

PARAMETER SYMBOL 

CONCfNJRATION WATER cw 
INGESTION RATE IR 

EVENTPREQUENCY EV 

BODYWEIGHT BW 

DOSE ABSORBED PER EVENT DA,.,..01 
SHOWER EXPOSURE TIME ET 

EXPOSURE FREQUENCY EF 

EXPOSURE DURATION ED 

SURFACE AREA EXPOSED SA 

AVERAGING TIME 

CANCER AT 

NONCANCEll AT 

CONVERSllW D ·= CF 

(I] PCCV<.ol cokulatrdin Appendix W 

{2] Surfa<>e Atta ~p-uenl3 entire body. 

USEPA. J989b. Exp,,un, FoctonHaodbook. 

USEPA J989f. Risk Asr.ssar,ot Guidance for S'UpCrfund. 

USEPA, 1991b. Smndard Dda,~t E,po,un, Pacton. 

USEPA, 1992d. Dermal E,qx,,ur. A,r . .,ment Priocipleuod Applications. 

AJ:11 Environmental Services, Inc. 

VAUIB 
cbemial 1pccific 

2 

I 

70 

cbf.mical Sl)"cific 

0.2 

3'0 

30 

19400.0 

70 

30 

0.001 

[GCIGUMA 15- Dec- ii] 

EQUATIONS 

UNITS SOURCB 

mg/1i~r CANCER RISK= INTAKE (msJ!ra-day) • CANCER SLOPE FACTOR (mg/kg-day)A -I 

lilr.n/doy USEPA, J99Jb 

rvcuts/day HAZARD QUOTIENT= INTAKE (mg/kg-day) /REFERENCE DOSE (msflr&-day) 

ks USEPA, 199Jb 

me}cv}-,v,nt Cakulalr<i (1] (USEPA, 1992d) 

hours/day USEPA, 19891 

do~r USEPA, 1991b INTAKE-INGESTION= CWxlR xABS; xETxEPxED 

yran USEPA. 19891 BW • AT• 365 dayuyr 
• .;i USEPA, 1989b (2] 

yeors USEPA, 19891 INTAKE-DERMAL= D~ucat x EVx EFx ED X CF x SA 

~us USEPA, 1989! BW •AT• 365 day,/yr 
1;..,.1103,m3 

When:: 

D~ •• = l'Ccvcnt. cw 

Nok>: 
Fornonc:an::in.o~niceflecta: AT= ED 

Abcrptioo Fartors ( ABSj) for ingestion are r.t equal t.o one (US£PA Region I default value). 

Rev. 7/91 



TABLEM-1, conlinaed 
GROUNDWATER. - INGl!STION AND CONTACT DURING SHOWER.ING 
ADULT EXPOSURE - UNm.TER.ED, MAXJMUM CONCENl"R.ATION 
COLD SPRING BROOK LANDFILL 
REMEDIAL INVESTIGATION ADDENDUM R.EPOJlT 
COLD SPRING BROOK LANDFILL 
.. _ .. .., _ ........ ·- .. 
CARCINOGENIC EFFECT'S 

WATE!. 

COMPOUND CONCENTRAnON 
fmeA\ 

Bio('Z-c lhylhe.,t)pl,tbab"' 0.014 

Anenic 0.04 

(I) Caladated from Oral CSF as described in Section 6.1.2.3. 

ABB Environmental Services. Inc. 

INGEST!~ 

ABS; 
INTAX.I! 

JNGllSTION PCEV'ENT 
tm ·"- •-d••' ,_L.--n 

I 3.3E--OS 0.187 

1 9.4E--OS 0.0002 

[GC1GUMA 15-Dec-93 ] 

INTAKE ORAL DERM.AL C/\l'lCl:11. CANCl!R TOTAL 

DERMAL CSF CSF (lj R-tSlt RISK CANCER 

/m ·"---d•~\ (m .. ~•--'av\ ,..- J ,,. _,._ --d•-' .... - 1 INGES11nN [)'''""!AI RISIC 
3.0E--04 0.014 0.014 4.6E-07 4.2E-06 4.6E-06 

9.IE--07 1.7S 1.79 1.6E--04 l.6E--06 1.7E-04 

SUMMARY CANCER. JllSK 2E- IM 68-06 2.B- IM 

Rev. 7/91 



TABLEM-1, continued 
GROUNDWATER - INGESTION AND CONTACT DURING SHOWEllING 
ADULT EXl'OSURE - UNHLTEllED, MAXIMUM: CON~TION 
COLD SPllING BROOK LANDFIIL 
REMEDIAL INVES'11GATION ADDENDUM: REPORT 
COLD SPllING BROOK LANDFIIL 
PORT OOVl!NS, M.A 
NONCARCINOGENIC l!PFECJ'S 

WATER 

COM.POtJNI) CONCEN'lllATION ,,,, ... 
Bi,(2-etbylhcoyl)Ji,thabb: 0.014 

Aluminum 20.5 

Arr.Die 0.04 

Barium 0.IJ2 

C.ak:ium 164 

Chromium VI 0.0305 

Copper 0-031 

Iron 25.4 

PobWwn 5..54 

Magnesium 28.9 

Maop~.sc 5.7 

Sodium 42.9 

Nick,.I 0.049 

I.,.ad 0.0134 

Vanadium 0.0263 

Zinc 0.0601 

ND= No data available 
[1) Calculated from Oral RID as desaibed in Section 6.1.2.3. 

ABB Environmental Sen-ices. Inc. 

INGElITION 

ABS; 
INTAKE 

INGES110N l'CEVJ!NT 
lm•"'•--d••' /.-l,.~At\ 

I 7.7E-05 0.137 

I J.IE--01 0.0002 

I 2.2E-04 0.0002 

I 6.lE--04 0.0002 

I 9.0E-OJ 0.0002 

1 1.7E--04 0.0002 

1 !.7E--04 0.0002 

I J.4E-01 0.0002 

I 4.7E-02 0.0002 

I 1.6E-OJ 0.0002 

I 3.IE--02 0.0002 

I 2.4E-0J 0.0002 

I 2.7E-04 0.0002 

I 7.lE-05 0.0002 

I l.4E--04 0.0002 

I 3.3E--04 0.0002 

[ GCIGUMA !5-Dec-93 ] 

INTAKE ORAL D~AJ. A.AZAAD flAZARO TOTAL 
Ol:llMAL RID IUD(l) QUC7TIBNT OtJOTIENT HAZAllO 

fm•"'•-'-"' '-"'•--<lav\ /,a•ll,•--dHIA-1 INGE:STION DEJIMAL Otf-OTTllNT 
7.0E-04 0.02 0.02 3.5E-03 3.5E--02 3.9E-02 

1.IE--03 ND ND ND 
2.lE-06 0.0003 0.000294 7.3E-0J 7.2E-03 7.41!-0l 

6.0E--06 0.o7 0.0049 5.5E-03 l.2E-03 I.OE-02 

5.7E-03 ND ND 
l.6E--06 0.005 0.00055 3.4E--02 3.0E--03 3.71!--02 

1.6E--06 ND ND 
l.4E-03 ND ND 
4.5E-04 ND ND 
UE--03 ND ND 
3.0E--04 0.005 0.0002 6.2E-+-00 I.SE-+-00 7.5E+OO 
2.3E-03 ND ND ND 
2.6E-06 0.02 0.001 1.3E--02 2.6E-03 1.6E--02 

7. lE-07 ND ND 
1.4E--06 0.007 0.00021 2.IE-02 6.7E-03 2.71!--02 

3.2E-06 0.3 0.102 I.IE--03 3.IE--05 I.IE-03 

SUMM.All.Y DAZARD INDEX 7E+OO 21!+00 9E+OO 

Rev. 7/91 



TABLEM-2 
GROUNDWA'IER - INGESTION AND CONTACT DURING BATHING 
CHILD EXPOSURE - (SUBCHRONIC) UNFIL'IERHD, MAXIMUM CONCENTRATION 
COLD SPRING BROOK LANDFILL 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBlllTY STUDY FOR GROUP IA SUES 
PORT DEVENS, MA 
EXPOSURE PARAMHmRS 

PARAMETER S\'MBOL 

CONCFN'IRATION WATl!R cw 
INGl!STION RAT!! IR 

AGl!-SPl!CIFIC SURFACI! ARl!A SA; 
l!VFl'ITFREQUFNCY EV 

BODYWEIGHT BW 

AGl!-SPECIFICBODY WEIGHT BWj 

DOSE ABSORB ED PER l!VFl'IT D~ut 
BA1H EXPOSURl!TIMI! ET 

EXPOSURE FRl!QUl!NCY EF 
EXPOSURE DURATION ED 

AGl!-SPECIFIC EXPSOURI! DURATION Ellj 
AGE-WEIGHTED SURFACI! AREA (1) SAac!i 
AVERAGING TIME 

CANCER AT 

NONCANCER AT 
l r<wv=••rw o .. rrn11 CF 

VALUI! UNIT'S 

c:bemical sp:"c:ifJC mg/litr.r 

o.s liters/day 

•sc-spcc:ific cm3 

I ~ .ob/day 

16 ks 
•sc-spr-.cific ks 

ebcmieal spr.cific fDfj/cuf'-evcul 

0.2 bourslday 

350 da~r 

s )"'.&TII 

asc-spe.cific ~" 
2247.5 cuf'-yr/lrs 

70 )"'.an 

s ~n 
0.001 liti-.r/103cm3 

SOURCB 

USEPA. 1989b 

USEPA. 1989b 

USEPA, 1989b 

USEPA, 1989b 

Calculaicd [2] (USEPA, 1992d) 

USEPA. 1989! 

USEPA. 1991b 

A$&umpb0D 

USEPA. 1989b 

App,.,,di,:V[3](USEPA. 1992d) 

USEPA. 1989! 

USEPA.1989! 

[I] Tbccak:ul:atious for normalized s1fflccarc-.a (SAadj)•od dcrmallyabsorbcddosc per tmita~ pr.r~at (D~at)•rc dcscnbr.d in Appc-.ndix V. 

(2] fCevcut colculalled in Appeodiir W. 

(3J Surface.uea rc~seuta tbccntin: body. 
USEPA.1989b. Expo,,... Facll>nHandbook. 

USEPA. 1989!. Rj,k Aseoament Guxlance for Sup,<fuud. 

USEPA.199lb. Standard DcC.ult Ezpoll~ Fllctoro. 

USEPA. 1992d. I>ernal C-...mc As2ss~nt: Princinle.und Am::diations. 

ABB Environmcoc,J Ser.ices. Inc. 

[ octGUM.C !5-Dec-93] 

EQUATIONS 

CANCER RISK= INTAKE (JD8/k8-clay) • CANCER SLOP!! FACTOR (ms/ks-clay)~ -1 

HAZARD QUOTIFNT = INTAKI! (ms/Ira-day) /Rl!FERFNCI! DOSl!(m&'q-<lay) 

INTAKl!-INGl!STION = CWxlR s:ABS; s:ETxEP :11:ED 

BW • AT• 565 daya/yr 

INTAltl!-DetMAL = DJ\.,rat x EV JI: EP x CF z SA,ctj 
AT• 365 claya/yr 

Where: 

D~..,al = l'C,,..,at • CW 

Note: 
Pornon.caratl09=-uiceflects: AT= ED 

Abo,rption C.ctors (ABS;) forins<,stioo arc s,.t•.qml to one (USEPARcgion IdcC.ultvah,:). 

Rev. 7191 



TABLEK-2, malinued 
GROUNDWATl!ll -INGESTION AND CONTACT DURING BATHING 
CHILD EXPOSURE - (SUBCBllONIC) UNFILTERED, KAXDlUK CONCENTRATION 
COLD SPRING BROOK LANDFIU. 
Jtl!KEDIAL INVESTIGATION ADDENDUM .REPORT 
FEASIBIUI"Y STUDY POil GROUP 1A SI'IES 
FORT DEVENS, KA 
CARCINOGENIC EPFECI'S 

WATl:'JI 

COMPOUND CONCEN"nlATION , __ .. 
a;a(2-cdiylhezyl )pl>thala 1o 0.014 

Ancnic 0.04 

(I] Calculated from Oral CSF as desaibed in Section 6.1.2.3. 

ABB Environmental Sernces.. Inc. 

INGESTION INTAKE 

ABS; INGESTIOfl 

·---"'--cl••' 
I 6.0E---06 

I t .7E---05 

PCl!VE(IT 
tc-'----n 

0.187 

0.0002 

[GCIGUMC 15-Dec-93 ) 

INTAKE ~AL DERMAL CANCER CANcm TOTAL 

DEJi>.M'AL CSF CSF(I) lltSK RISE CIINCl!R 
l,m .IL--d,a.,\ tm-"---dav\ ... - 1 (a, .lt.--d••' """'-' ll'IGESTIOl'I nER.MAL Rl"1<'. 

8.lE--05 0.014 0.014 S.4E---OS I.IE--06 t.2E-06 

2.5E-07 J.75 !.79 3.0E---05 4.4E-07 3.0E--m 

SmoLAJl Y CANCER RJSK 31!-D.5 2E-06 38- 0.5 

Rev. 7191 



TABLEll-2, CDlllinaed 
GROUNDWATER - INGESTION AND CONTACT DURING BATIIING 
CHILD EXPOSURE - (SUBCBRONIC) UNFILTERED, IIAXD,IUM CONCENTllATION 
COLDSPRING BROOKIANDPIIL 
REMEDIAL INVl!STIGATION ADDENDUM REPORT 
FEASIBIIn"Y STUDY FOR GROUP IA SITES 
FORT DEVENS, MA 
NONCARCINOGENIC EPPECI'S 

WATUt 
COMPOUND CONCENTIUTION 

, ... ~, 
s;,(2 -ethylhexyl)p, ti,,,btr 0.014 

Aluminum 20., 
Arr.Die 0.04 

Barium 0.112 

Calcium 164 

Chromium VI 0.030! 

Coppr, 0.031 

[n,g 2.l.4 

Potauium S.54 

M>gacalum 28.9 

MaDJP,DCJC !S.7 

Sodium 42.9 

Nidid 0.049 

wd 0.0134 

Vamdium 0.0263 

Zioe 0.0601 

ND= No data available 
(I] Calculated from Oral RID as desaibed in Section 6.1.2.3. 

ABB Environmental Sernces, lnc. 

INGESTION INTAKE 

ABS; INGESTION 

I S.4E--05 

I l.2E--Ol 

I 2.4E-04 

I 6.7E--04 

I 9.8E--01 

I I.SE--04 

1 l.9E--04 

I UE--01 

I 5.IE--02 

I 1.7E--01 

I 3.4E--02 

I 2.6E-0l 

I 2.9E-04 

I S.0E--05 

I l.6E--04 

1 3.6E--04 

PCJ!VFNT 
1-""-Yll ■ O 

0.187 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

[G~IGUMC 15-Dec-93) 

INTAKE ORAL DER.MAL HAZARD HA2.ARD TOTAL 

DERMAL RID RID (1) QUOTIENT OUOTll!NT HAZAI\D 
, .. -.. --.i.., Im-"'--'••\ ·--"'--d--• ~ - 1 INGl!STION DERMAL OUOTI'ENT 

l.lE--03 0.02 0.02 4.2E-03 5.6E--02 6.IE-02 

l.8E--03 ND ND 

3.4E--06 0.0003 0.00021>4 8.0E--01 l.2E--02 S.JE-01 

9.7E--06 O.D7 0.00493 9.6E--03 2.0E-03 1.2E-02 

l.4E--02 ND ND 

2.7E-06 0.02 0.0022 9.2E--03 l .2E--03 J.OE-02 

2.7E-06 ND ND 

2.2E-03 Nl) ND 

7.4E-04 l'ID ND 

2.5E-03 ND l<D 
4.9E-04 0.005 0.0002 6.8E-+-OO 2.5E+OO 9.3E+OO 

3.7E--03 ND ND 

UE-06 0.02 0.001 1.5E--02 4.2E-03 J.9E--02 

1.2£--06 ND ND 
2.3E-06 0.007 0.00021 2.3E-02 l.lE--02 3.31!-02 

5.2E--06 0.3 0.102 l.2E--03 5.lE--05 J.31!-03 

SU:U::U:AJI. Y RAZAJl.O INDEX IIE+OO 3E+OO lE+Ol 

Rev. 7/91 



TABLEM-3 
GROUNDWATER - INGESTION AND CONTACT DURING SHOWERING 
ADULT EXl'OSURE - UNFIL'JERED, AVERAGE CONCENnlATION 
COLD SPllING BROOK LANDFILL 
REMEDIAL INVESTIGATION ADDENDUM REl'ORT 
COLD SPllING BROOK LANDFILL 
FORT DEVENS, MA 
EXl'OSURE PARAMETERS 

PAR AM ET'ER SYMBOL 

CONCPNlRATION WATl!R cw 
INGESTION RATI! IR 

EVENTFREQUENCY EV 

BODYWEIGHT BW 

DOSE ABSORBED PER EVENT DAc,...nt 

SlfOWER EXPOSURE TIME ET 

EXPOSURE FREQUPNCY EF 

EXPOSURE DURATION ED 

SURFACE AREA EXPOSED SA 

AVERAGING TIME 

CANCER AT 

NONCANCER AT 

r~vF.RSION FArT'"" CF 

{I] PCCYCDt caleulatrd in Appendix W 

(2] Surface Area ~preaenb entire body. 

USEPA, 1989b. Exp:,•= Factoraffauclbook. 

USEPA, 1989{. Rj,k Au,.umcnt Guidoo« for Superfund. 

USEPA. 1991b. Sbiudard Dd,ult Expos= Facton. 

USEPA. 1992d. Dermal E,qx,c,= AsSOS&mcnt Principlcund Applications. 

ABBEnvironmental Sernces.lnc. 

VALUI! 

cbcmiral apc-.cific 

2 

I 

70 

chemical a~cific 

0.2 

350 

30 

l!l400.0 

70 

30 

n=• 

[ GCJGUAA !5-Dec-93 ] 

EQUATIONS 

UNITS SOURCB 

ms,'litcr CANCER RISK= INTAKE (maJk8-day) • CANCER SLOPE FACTOR (11181lr8-day) ~ -1 

titr.ra/day USEPA, 1991b 

~ -nb/day HAZARD QUOTIPNT = INTAKE (1118il<8-day) /REFERPNCE DOSE (maJka-day) 

kB USEPA, 1991b 

mg/em2-~at C.leubtrd (IJ (USEPA. 1992d) 

houn/day USEPA, 1989f 

dayslycor USEPA, 1991b INTAKE-INGESTION= CW xIR zABS; xETxEF zBD 

~an USEPA, 1989{ BW •AT• 365 daya/yr 

cm2 USEPA, 1989b (2) 

~ars USEPA, 1989{ INTAKE-DERMAL= D~ucatX EVs:BP xED x CF s:: SA 
years USEPA, 1989{ BW • AT x 365 daya/yr 

littrlJ03em3 

Where: 

DAc..,,,t = PC,,w,nt • CW 

Note: 
Fornoaaucino~aiceffccts: AT= ED 

Absorption Fadon (ABSi) forlD.SC'.stion are ,et equal to one (USEPARt-.8,k)n ldefaultval~). 

Rev. 7/91 



TABLE 11-3, C1JDlmaed 

GllOUNIJWA'IEll - INGESTION AND CONTACT DUlllNG SHOWEllING 
ADULT EXl'OSUllE - UNFILTEllED, AVEllAGE CONcmrrllATION 
COLD SPllING BllOOK LANDFll.L 
REMEDIAL INVESTIGATION ADDENDUM REPOllT 
COLDSPllING BllOOKLANDPJLL 
FOllT DINENS, IIA 
CARCINOGENIC EFFECTS 

WATJ!R 

COMPOUND CONce-rmATION 
,,,,.,n 

e;,(2-,,U.i!~")'l.)p1>11,a1,,., 0.004 

Ara:1Uc 0.014 

[1] Calculated from Oral CSF as described in Section 6.1.2.3. 

ABB !:..TJ.vironmental SeNces. Inc. 

INGESTION 

AB5; 

I 

I 

INTAKE INTAkl! ORAL 
INGESTION l'CBVfNT DERMAL CSP 

lmollut--dsvl - ,_.__,, '-"'•-<I.vi (m ... llP..-d••l""' - I 

9.4E---06 0.187 8 . .lE---0.l 0.014 

3.3E---O.l 0.0002 3.2E---07 1.75 

S1.Jlf1lAllY CANCER JUS!t 

[ GCIGUAA 15-Dec-93 ] 

0£1\KAL CANCl!I\ CANCER TOTAL 

CSP(IJ 11.TSl: RISI: CJ\NCl'R 

,,..n--.-c1 .. 1~ - 1 INGESTION n""'MAL RISK 

0.014 1.3E---07 1.2E---06 1.3E-06 

1.79 .l.SE---0.l 5.7E---07 5.SE---05 

61!-05 2£- 06 crn-os 

Rev. 7191 



TABLEM-3, conlinued 
GROUNDWATER - INGESTION AND CONTACT DURING SHOWERING 
ADULT EXPOSURE - UNFILTERED, AVERAGE CONCENTRATION 
COLD SPRING BROOK LANDFll.L 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
COLD SPRING BROOK LANDFll.L 

NONCAllCINOGE'NIC EFFECI'S 

WATER 

COMPOUND CONCENTitAnON 

/ moll\ 

Bis(2-cthylh,.xyl)Ji>thalat. 0.004 

AlnllDDum 3.9 

Arr.oic 0.014 

Barium 0.041 

Calcium 69.3 

Chromium VI 0.008 

Copper 0.011 

lroa 9.6 

Potassium 5.6 

Magn~.sium 12.3 

MansaoelC'. 2.5 

Sodh1m 18.1 

Nickel 0.021 

I.rad 0.0041 

Vanadium 0.0081 

Ziuc 0.02 

ND= No data available 
(I] Calculated from Oral RID a, desaibed in Section 6.1.2.3. 

ABB Environmental Sen-ices. Inc. 

INGESTION 

ABSj 
INTAKE 

INGESTION PCEVENT 
1-'--at\ 

I 2.2E-05 0.187 

I 2. lE-02 0.0002 

I 7.7E-05 0.0002 

I 2.2E - 04 0.0002 

I 3.8E--01 0.0002 

I ◄.4E-05 0.0002 

I 6.0E--05 0.0002 

I 5.3E--02 0.0002 

I 3.JE--02 0.0002 

I 6.7E--02 0.0002 

I l.4E--02 0.0002 

I 9.9E--02 0.0002 

I l .2E--04 0.0002 

I 2.2E-05 0.0002 

I ◄.4E-05 0.0002 

I J.JE--04 0.0002 

[ GCIGUAA 15-Dec-93) 

INTAKE ORAL DERMAL RAZARD HAZARD TOTAL 
OllllMAL RID RID(l) QUOTIENT QUO'ITEl'.IT e ·AZARl> , __ ,. ___ , 

'--"---,lay\ lm ... llr•-da•\ ""-1 INGESTlnN n""MAL nv~• 
2.0E-04 0-02 0.02 l.lE--03 9.9E--03 1.IE--02 

2.lE-04 ND NO 

7.4E-07 0.0003 0.000294 2.6E-01 2.5E-03 2.6E-Ol 

2.2E-06 0.07 0.0049 3.2E--03 4.4E-04 3.7E-03 

3.7E--03 ND NO 
◄ .3E-07 0.005 0.00055 8.BE--03 7.7E-04 9.SE--03 

5.SE--07 ND NO 
5.JE--04 NO NO 
3.0E--04 ND NO 
6.5E--04 NO NO 
1.3E--04 0.005 0.0002 2.7E+OO 6.6E--Ol 3.4E+OO 

9.6E--04 ND ND 
I.IE--06 0.02 0.001 5.8E--03 1.IE--03 6.9E--03 
2.2E-07 ND NO 
4.3E-07 0.007 0.00021 6.3E --03 2.IE-03 8.4E--03 

l.lE--06 0.3 0.102 3.7E--04 l.OE--05 3.8E-04 

SUMMARY HAZARD INDEX 3E+OO m~o1 41.!+ 00 

Rev. 7/91 



TABLEM-4 
GllOUNDWA'IER - INGESTION AND OONTACT DUIUNG BATHING 
CHil.D EX?OSUIIE - (SUBCHRONIC) UNFIL'IEIIED, AVERAGE CONCl!NlltAlION 
COLD SPRING BROOK LANDPIIL 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
PEASIBIUI"Y STIJDY FOil GROUP 1A SnES 
_.._.._ .. _ ..... .. ........ -.. . 
EXPOSURE PARAMHIERS 

PARAMETER SYMBOL 

CONCENTRATION WATER cw 
JNGBSTION RATB m. 
AGB-SPECIPIC SURFACE ARBA SA; 

BVBNTFRBQUFNCY EV 

BODYWBJGHT BW 

AGB-SPBCIPICBODY WBIGHT BWj 

DOSH ABSORBED Pl!R BVBNT DA,,,,..nt 
BATH BXPOSUlll! TIMB ET 

BXPOSURB FRBQUBNCY EF 

BXPOSURB DURATION ED 

AGB-SPBCIPIC BXPSOURI! DURATION ED; 

AGB-WBJGHTBD SURFACE ARBA (1] SA,,dj 

AVERAGING TIMB 
CANCl!R AT 

NONCANCl!R AT 

C""'"""SION FACTOR CF 

VALUI! UNm 
cbemnlsp,cific n,g/liber 

0.5 libers/day 
age-spt-.cific cm3 

I cventa/day 

16 ks 
agc-ape.cific ks 

(:bemial spr.cific: msJcm'Z-event 
0.2 boun/day 

350 da~r 

' y<aA 

as:e-spcc:ific y<aA 

2247.5 cm'Z-yrllqJ 

70 y<ar■ 

' )"'UI 

nMt i;~ .. 1103cm3 

SOUkCB 

USEPA, 1989b 

USEPA, 1989b 

USEPA, 1989b 

USEPA, 1989b 

Calculabed [2] (USEPA, 1992d) 

USEPA, 1989! 

USEPA, 1991b 

Assumptioo 

USEPA, 1989b 

Appendix V [3](USEPA, 1992,I) 

USEPA, 1989! 

USEP A, I 989f 

[l)lbe c:tlculat:ions for normalized 1ur&.ccatta (SAadj) and derimllyab110rbeddote ~r unit area per event (D~at)aredcaenoed in Appeodix V. 

[2] PC,,,,.nt aolcubbe.d ia Appoarux W. 

[3J SurfaOC".area rcprer.nb the entire body. 
USEPA, 1989b. Exix>•= Factordhndbook. 

USEPA. 1989f'. Risk. Asr.umcnt G\lidan<r. for Supcrfund. 

USEPA. 1991b. Sbndard Default E,poa= Factora. 

USEPA. 1992d. Dcrmtl F.nn!lurc M2.sament: Prim:inlt-.:sand Annlic:ations. 

r~BB Environmental Ser\'ices. Inc. 

[GClGUAC is-Dec-93 I 

EQUATIONS 

CANCER RISK:= INTAK:I! (m,ylr,,i-day) • CANCER SWPB FACTOR (msiJra-day)A -1 

HAZARD QUOTIENT= INTAK:1! (ms/Ira-day) /REFERBNCB DOSH (msfkg-day) 

JNTAK:B-INGESTION = CW:11:IR sABS; :a:ET:11:EP :r:ED 

BW•AT•365daya/yr 

INTAIU!-Dl!RMAL = DA...,cot z EV :a: EF s CF s SA.,cij 
AT•365da,-Jyr 

When:: 

DAcvcnt 2 ~nt :a: CW 

Note: 
Foraoaauriaoeeniccffccb: AT= ED 

Abs,rptiou factors (ABS;) fociagestioa ire seteqial to one (USEPARcsi<>a Idcf:aultvaluo). 

Rev. 7/91 



TABLEll-4, 00Dtinued 
GROUNDWATER - INGESTION AND CONTACT DURING BATHING 
CBil.D EXPOSURE - (SUIICIIRONIC) UNFILTERED, AVERAGE CONcmrrRATION 
COLD SPRING BROOK LANDFIU. 
REMEDIAL INVESTIGATION ADDENDUM REl'ORT 
FEASIBllflY STUDY FOR GROUP lA SITES 

PORT DINENS, 11A 
CARCINOGENIC EFFECTS 

WATER 

COMPOlJND CONCl!NTilATION 
, .... ,n 

B;■(2--elhylhnyl)pl,11uolak 0.004 

Araenie 0.014 

(I) Calc:ulatw from Oral CSF as described in section 6.1.2.3. 

ABB Environmental s-,r.foes, Inc. 

INGESTION INTAll 

AB5; INGES1'10N 

'--"'--du\ 

I 1.7E--06 

I 6.0E--06 

l'CEVE'IT 
'-'---ti 

0.187 

0.0002 

[_gTGUAC 1s-0ec-93 l 

INTAKE ORAL DERMAL CANCl!ll. CANc;ER TOTAL 
l>l!llMAt. CSF CSF(IJ RlSlt RISI: CANCER 

fm•"'---davl tm-"--'liw\"-1 '-·"'•-.r .. 1~-1 IN'Gl1:STION DERMAL RISII: 

2.3E-05 0.014 0.014 2.4E-08 3.2E--07 3.5E-07 

8.6E--08 1.75 1.79 I.OE--OS 1.5E--07 I.IE-OS 

SUIOlAllY CANCEll JUSX: 1.E-0S SE-07 lH-OS 

Rev. 7/91 



TABLEM-4, continued 
GROUNDWATER - INGESTION AND CONTACT DURING BA1UING 
C111LD EXPOSURE - (SUBCllllONIC) UNFILTERED, AVEltAGI! CONCIDITRATION 
COLD SPllING BROOK LANDFILL 
JU!MIIDIAL INVES"IIGATION ADDENDUM REPORT 
FEASIBIUTY STUDY FOR GROUP 1A SITES 
PORTDEVENS •. M.A 
NON CARCINOGEN IC l!PFECIB 

WATER 

COMPOUND CONCENTRATION , __ ., 
Bis(2-ethylhe")'l)Ji, tbola1i, 0.004 

Aluminum 3.9 

Arr.Die 0.014 

Barium 0.041 

Calcium 69.3 

Chromium VI 0.008 

Copper 0.011 

!ton 9.6 

Pot:asaium 5.6 

Magnesium 12.3 

ManpDCse 2.5 

Sodium 18.1 

Nidt<l 0.021 

Lead 0.0041 

Vanadium 0.0081 

Zinc 0.02 

ND= No dala available 
(I) Calo.dated from Oral RID as described in section 6.1.2.3. 

ABB Environmenial Serncc,s, Inc. 

ll'IGESTION INTAKB 

ABS; ll'IGESTION , __ ,. ___ , 
I 2.4E-05 

I 2.3E-02 

l 8.4E--05 

I 2.5E-04 

I 4.2E-Ol 

I 4.SE-05 

I 6.6E--05 

1 5.SE--02 

I 3.4E--02 

I 7.4E-02 

I 1.5E--02 

1 1.IE--01 

I 1.3E--04 

I 2.5E-05 

I 4.9E-05 

I J.2E--04 

,cEVENT 
'-'--•ti 

0.187 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

@gGUAC 15-Dec-93 ] 

INTAKE ORAL DERMAL RAZAl).D HAZAAO TOTA.I. 

Dl:JlMAL RID ll.!t> (1) o OOTlENT OUOTIEl'IT HAZARD 
lm•"'• - dawl lm•"'•-d..,'I , .... n.. .. --d11 • \ """ - I ~GESTION n=MAL nt10TIENf 

3.2E--04 0.02 0.02 l.2E--03 l.6E--02 l.7E-02 

3.4E--04 ND !'ID 

1.2E--06 0.0003 0.000294 2.8E-Ol 4. lE-03 2.SE-01 

3.5E--06 0.o7 0.00493 3.SE--03 7.2E-04 4.lE--03 

6.0E--03 ND NO 
6.9E--07 0.02 0.0022 2.4E- 03 3.lE--04 2.7E--03 

9.5E--07 ND NO 

S.3E--04 ND 1'1D 
4.SE-04 ND ND 
l . lE--03 ND ND 
2.2E-04 0.005 0.0002 3.0E-+00 1. IE-+00 4. lE+oo 

1.6E--03 ND ND 
UE--06 -0.02 0.001 6.3E--03 l .8E--03 8.ll!-03 

3.5E--07 ND ND 
7.0E-07 0.007 0.00021 6.9E--03 3.3E--03 l.OE-02 

1.7E--06 0.3 0.102 4.0E-04 l .7E--05 4.lE-04 

StJMMJIJlY HAZARD INDEX: 3E+OO m+oo -0!+00 

Rev. 7/91 



TABLEM-S 
GllOUNDWATEll - INGESTION AND CONTAcr DUIUNG SBOWEllING 
ADULT EXPOSURE - FILTElUID,MAXJMUM CONCENTRATION 
COLD SPRING BllOOK LANDFILL 
REMEDIAL INVESTIGATION ADDENDUM REPOllT 
COLD SPRING BllOOK LANDFILL 
POllT DEVENS, MA 
EXPOSURE PAllAMHI1!llS 

PAIV.METER SYMBOL 

CONCFN'IRATION WATI!R cw 
INGl!STION RATE JR 

l!VllNTFR!!QUFNCY EV 

BODYWEIGHT BW 

DOSE ABSORB ED PER l!VllNT D~., 
SHOWER EXPOSURE TIME ET 

EXPOSURE FREQUENCY EF 

EXPOSURE DURATION ED 

SURFACE AREA EXPOSED SA 

AVERAGING TIME 

CANCER AT 

NONCANCER AT 

CONVERSION D•== r,, 

(1) PC=ot calculatrd m Appc,xla W 

[2) Surface Arca ff'.prcaenb entire body. 

USEPA.1989b. Exp,•= Pactorslbodbook. 

USEPA. 1989£. Rislr.Asrs,meatGuidauc,, for Supcrfuod. 

USEPA, 1991b. Standard Default Expo•= Factors. 

USEPA.1992d. Dermal E,qns- Auouar"t Principlcsaod Applx,,tioos. 

ABB Environmental Sernces, Inc. 

VALUE 

cbcmiail apr-cific 

2 

I 

70 

chemical apr-.cif,c 

0.2 

350 

30 

19400.0 

70 

30 

•.~ • 

[G<:19FMA 15-Dec-93 ] 

EQUATIONS 

UNITS SOURCB 

mg,lib,r CANCER RISK= INTAKE (mg/kg-clay)• CANCER SLOPE FACTOR (mg/kg-clay)~ -1 

litr.rs/clay USEPA. 1991b 

evt.nb/day HAZARD QUOTIFNT = INTAltll (mg/kg-day) /Rl!FERENC!l DOSI! (ms/ka-.lay) 

Q USEPA, 1991b 

Dl!!lcm2-=ot Calculal<d [I) (USEPA. 1992d) 

hours/day USEPA, 1989£ 

days/year USEPA, 1991b INTAite-lNGESTION = CWxlR xABS; zETxEFzED 
years USEPA.1989£ BW•AT•365clayo/yr 

crzl- USEPA, 1989b (2) 

years USEPA, 1989£ INTAU-DERMAL = D~urcat x EV• EF z ED x CF s: SA 
years USEPA, 1989£ BW •AT• 365 clayoiyr 

ti~rltn3c.n13 

WIM:n:: 

D~.t =~~.,•cw 

Note: 
Fornoncarcinoacaiceffcct&: AT= HD 

Ah,rptiou Factors (ABS;)fo<iDgcstioo arc dequal loooe (USEPARegjo,, I default value). 

Rev. 7/91 



TABLEM-S, conlinned 
GROUNDWATER - INGESTION AND CONTACT DURING SHOWERING 
ADULT EXPOSURE - FIL"IERED,MAXIMUM CONCl!NTRATION 
COLD SPRING BROOK LANDFILL 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
COLD SPRING BROOK LANDFILL 
PORT DEVENS. MA 
CARCINOGENIC EFFECTS 

WATER 

COMPOUND CONca,1l11.A110N ,_ .. 
Anenic 0.02 

{I) Calculated from Oral CSF asdesaibedin Section 6.1.2.3. 

ABB Enllironmen !al Sorn cos., Ille. 

INGl!lrnON 

All5; 

INTAltl! 

ING1!:STION l'CEVENT 
fm-~-......1-u\ 

,_,. ___ ., 
I 4.7E-05 0.0002 

[GCIGFMA 15-Dec-93 ] 

INTAKE QRAL D0U,4A L CI\Neat. CANC0l TOTAL 

DERMAL CSF CSP[!( e1s-g RISI: CANCER 
I m .n. , --1-u\ f a,-"'- -d11,1t\ .... - • i m-"-~a • \ "'- t ING.,.,,......, DERMAL RISR 

4.6E-07 1.75 1.79 8.2E--05 8.2E--07 8.3E-0S 

SUIOlAKY CANCER RJSK 81!- 05 SE- 07 se- os 

Rev. 7/91 



TABLEM-S, continued 
GROUNDWATER - INGESTION AND CONTACT DUllING SBOWEllING 
ADULT EXl'OSUllE - FILTEJlED,MAXDIUM: CONCENTllADON 
COLD SPJlING BROOK LANDFIIL 
JlEllEDIAL INVES1IGAnON ADDENDUM REl'ORT 
COLD SPJlING BROOK LANDFIIL 
FORT DEVENS, KA 
NONCARCIN 0G EN IC EFFECT'S 

WATl!JI 
COMPOUND CONCl!N11lA1TON 

,_n, 
Ar~lllC o.oz 
Calc:ium 146 

hon 14.6 

Ma(lDCsiWD 2' 

Manpneec 6.12 

Potasaium 17 

Sodium IS.6 

Vanadium 0.012 

ND= No dan, aVllilable 
(1] Calculated from Oriu RID as desaibed in Seciion 6.1.2.3 . 

A BB Envh ,,nmental Services. Inc. 

INGESTlotl 

ABS; 
INTAE.E 

l!l'Gi!STION PCEVENT 
fm•,.•-'·"' , _ __.,_~at\ 

I 1. IE--04 0.0002 

I S.IE--01 0.0002 

I S.0E---02 0.0002 

I 1.4E--01 0.0002 

I 3.4E---02 0.0002 

I 9.3E--02 0.0002 

I 1.0E--01 0.0002 

I 6.6E--05 0.0002 

[GC!GfMA 15-Dec-93 ] 

INTAXB ()g_Al. DERMAL RJ\ZARD HAZAAO TOTAL 
DERMAL RJD RID (11 OOOTISNT QUOTlllNT HAZARD 

, __ ,._-do•> . - fm .. ll.--daw\ ,...-1 ING l'Sl"ION n""'MAL -··· 
l . lE---06 0.0003 0.000294 3.7E---Ol 3.6E---03 3.7E-Ol 

7,9E- 03 ND ND 
7.SE-04 ND ND 
1.3E--03 ND NO 
3.3E--04 0.005 0.0002 6.7E-+-00 1.6E-+-OO S.3E+OO 

9.0E--04 NO ND 
9.9E--04 NO ND 
6.4E--07 0.007 0.00021 9.4E--03 3.0E--03 128-02 

SUMMARY JMZ.ARDINDl!X 7E+ IIO le+ DO 91!+ 00 

-

R e v. 7/91 



TABLEM-6 
GllOUNDWATEll - INGESTION AND CONTACT DUllING BATHING 
CBil.D EXPOSUlll! - (SUBCHllONIC) FILTElll!D, MAXIMUM CONCE!nllATION 
COLD SPllING BROOK LANDFilL 

lll!MEDIAL INVESTIGATION ADDENDUM lll!POllT 
FEASIBILITY STIJDY POil GllOUP 1A SITES 
l'OllT DBVBNS, MA 
EXPOSUllE PAllAMHIEllS 

PARAMl!TER SYMBOL 

CONCENTllATION WATI!R cw 
INGESTION RATE IR 

AGE-SPECIFIC SURFACE AREA SA; 
EVENT FREQUENCY EV 

BODYWEIGH:r BW 

AGl!-SPECIFICBODY WEIGHT BWi 

DOSE ABSORB ED PER EVENT D~t 
BATH EXPOSURl!TIME ET 

I!XPOSURI! FREQUENCY EF 

I!XPOSURI! DURATION ED 

AGE-SPECIFIC I!XPSOURI! DURATION ED; 

AGE-WEIGHTED SURFACE AREA (l] SA.di 
AVl!RAGING TIME 

CANCER AT 

NONCANCER AT 

r~..-stON FACl'OR = 

VALUI! UNO'S 

che .,.,.J apocific mg/liter 

0.5 lib,rs/day 

age- ,pocific cm3 

I events/day 

16 ks 
•ee-~.cif,c ks 

che.,.,.J apocific mgicm2-evcot 

0.2 bo>nlday 

350 day,/)<,>r 

5 1""" 
age-specific 1""" 

2247.5 cm2-yr"'1! 

70 1""" 
5 1""" 

0.001 lib,rllo'cm3 

SOURCB 

USEPA. 1989b 

USEPA. 1989b 

USEPA.1989b 

USEPA.1989b 

Cakubb,.d (2) (USEPA. 1992d) 

USEPA. 1989f 

USEPA.1991b 

Assumption 

USEPA. 1989b 

Appendix V (3l(USEPA. 1992d) 

USEPA. 1989f 

USEP A. I 989f 

(I] The cakulatioo, foroormaliz,.d Otml%arca (SAac1j)•od d<.rmallyablO?beddooo per umhtta pcrc-,,ot (D ....... 01 )arcclcscrihe.d in Appendix V. 

(2) PC.,..,01cakulab,.d in Appendix W. 

(3) SID"Doe •~ ~prc:,enb the coti~ body. 

USEPA. J939b. Exp:,,..., Facton Handbook. 

USEPA. 19891. Risk AuoumootGumoa, for Supo.rf...d. 

USEPA. 1991b. Stiadard De&ult uposu,., Picton. 

USEPA.1992d. Dermal l'~urc Auoumoat Prmcinl..iaod A,.,.,i;,,.tiooa. 

ABB Environmental Sernoes. Inc. 

! GCIGFMC is-Dec-93 I 

EQUATIONS 

CANCER RISK:= INTAKE (mgllrs-doy) z CANCER SLOPE FACTOR (mgllrs-doy)~ -1 

HAZARD QUOTIENT= INTAK:E ("'81ka-day) /REFERENCE DOSE (msfks-doy) 

INTAICE-INGESTION = cw :r IR. z ABS; KET:rEP X ED 

BWzATz365dayolyr 

INTAKE-DERMAL= DA...,-nt s EV :a: EF s CF :r SA,,dj 

AT• 365 dayolyr 

Whcff:: 

DAcvcat = l'C,,w,at•CW 

Note: 
Porao:acal'tlllOF•iceffec:ts: AT= ED 

Abs,rptiou &cton (ABS;) loringenon arc ... tequ,I to one (USEPAReg;oo Iclc&ultval~)-

Rev. 7/91 



TABLE K-6, mnlinaed 
GROUNDWA'IER - INGESTION AND CONTACT DURING BATHING 
CHILD EXPOSUllE - (SUJICRR.ONIC) FIL'IERED, llAXIKUK CONCENTllATION 
COLD SPRING BROOK LANDPILL 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBIUIY STUDY FOR GRO~ 1A SITES 
PORT DEVENS, llA 
CARCINOGENIC l!PPECl'S 

WATER 

COMPOUND CO!,fCENTit.-TION 
,_ ·" 

ArlED.ic 0.02 

[I} Cal<>llated from Oral CSF as described in Sedion 6.1 .2.3. 

ABB Environmental Senioes, Inc. 

INGESTION INT~B 

ABS; ING£STION 
lm ... n. --ch,w\ 

I S.6E--06 

INTAKE ORAL 

PCEVFJ,IT DllllMAL CSP 
1 --.&....-ot\ I m-"-- ....i...~ ... 

, _ _ 11,,_ -daw\ "' -1 

0.0002 1.2E--0'7 1.1, 

SmotARY CANCEll lUS&:: 

(GCtGfMC 15-Dec-93 ] 

D1:RM.A L CANCEa CANCI:11 TOTAL 
CSP (I) RlSIC RISI: CANCER 

' - ·ft.--d • .,, ... _, rur.:'C'C"T"l()N ,-..,..MAL RISR: 

1.79 UE--05 2.2E-07 ! .5E-05 

18- 0S 2!!- 07 2E- OS 

Rev. 7/91 



TABLEK- 6, coalinued 
GROUNDWATER - INGESTION AND CONTACT DUIUNG BATIDNG 
CHILD EXPOSUIU! - (SUBCHllONIC) FILTEIU!D, llAXIl(UI( CONCl!N"lllATION 
COLD SPltlNG BROOK LANDPlLL 
IU!KEDIAL INVESTIGATION ADDENDUM'. IU!POllT 
PEASIBIUTY S'IUDY POil GROUP 1A SITES 
.. ._. ..... __ --~ ...... ~-
NONCARCINOOENIC EFPECI'S 

WATl!R 

COMPOUND CONCPNTRAttoN , ____ 

Ar:r;IDC 0.02 

Calav:m 148 

Iron 14.6 

Mapesium 2.~ 

Maupuesc 6.12 

Potauium 17 

S<xfium 18.6 

Vamdium 0.012 

ND = No daca available 
[I] Calculated from Oral RID as described in Section 6.1 .2.3. 

ABB Environmencal Sen.ices, Inc. 

INGESTION INTAICJ! 
ABS; ING1!ST10N 

I 1.2E--04 

I 8.9E--OI 

l 8.8E--02 

I 1.3E--OI 

I 3.7E--02 

I I.OE--01 

I 1. IE--01 

I 7.2E-03 

fCl!'ilPNT ,_ ... __ ,, 
0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

[ GCIGFMC !5-Dec-93 ] 

INTAEJ! ORAL DERMAL .BJ\ZARD llAZMI> TOTAL 

Dl!RMAL RID RID (11 OUO'TlFNT QUOTIENT 8.AZARD ,..,_,.. ___ , 
•--"---d,,v\ tmeJl.a-da•\.,,. -~t INGES110N .,..,.. .. ,. .. n,.........,.,.,. 

l .7E--06 0.0003 0.000294 4.0E-01 3.9E--03 4.IE-01 

1.3E--02 ND ND 
l.3E--03 ND ND 
2.2E-03 ND ND 

5.3E--04 0.005 0.0002 7.3E+OO 2.6E+OO l.OE+0I 

UE--03 ND ND 

1.6E--03 ND r,/D 

l.0E--06 0.007 0.00021 I.0E--02 4.9E-03 !.3E-02 

SUVK/\llY &AZ/\llD INDEX IIB+OO 31!+00 I.E+OI 

Rev. 7/91 



TABLEM-7 
GROUNDWATER - INGESTION AND CONTACT DURING SHOWERING 
ADULT EXPOSURE - FILTERED, AVERAGE CONCENI"RATION 
COLDSPRING BROOKL'UO>FIIL 
REMEDIAL INVESTIGATION ADDENDUll REPORT 
COLD SPRING BROOK LANDFIIL 

FORT DEVIJNS, MA 
EXPOSURE PAllAMEI'ERS 

P ARAMl1:l'ER SYMBOL 

CONCENIRATION WATER cw 
lNGES"nON RATE II\ 

EVENT FREQUENCY EV 

BODYWEIGHT BW 

DOSI! ABSORB llD PER !!VENT DAcvent 
SHOWl!R l!XPOSURE TIMB ET 

l!XPOSURI! FRl!OUENCY EF 

l!XPOSURE DURATION ED 

SURFACl!AREAEXPOSED SA 

AVl!RAGING TIMI! 

CANCER AT 

NONCANCER AT 
F,.,.,.,_R CF 

[I] PCevcnt colcubll'd m Appendix W 

[2] Surfa~ Ara ,.pr,,.nta entire body. 

USEPA. 1989b. E,qDIU.. Faclonl lhndbook. 

USEPA. 1989{, Risk Asrument G,adanoe for Superfund. 

USEPA. 1991b. Stavcbrd De&ult Expo,me FactorL 

USEPA. 1992d. Deraal E"P'"""' Asr.ument Principleund AppoootiouL 

ABBEn\.ironmental SeNces. Inc. 

VALUE ' 

chemical 'P".cific 
2 

I 

70 

cbt-mnll ■pe,ciftc 

0.2 

'l.'IO 

30 

19400.0 

70 

30 
n nn1 

IGCIGFAA !5-Dec-93 ] 

EQUATIONS 

UNl'B SOURCE 

msJlitr:r CANCER RISK= INTAKE (Jl18/k8-day) • CANCER SLOPE FACTOR (msJl<8-day)~ -1 

lit,,n/day USEPA. 199lb 

C'YCob/day HAZARD QUOTIENT= INTAKE (ma/1<8-day) I REFERl!NCE DOSE (msfks-<lay) 

lie, USEPA. l99lb 

~cul-event Calcublrd [I) (USEPA. 1992d) 

boun/day USEPA.1989f 

da~ar USEPA. 199lb INTAKE-INGESTION= CW:a:IR :a:ABS, xETxEFxED 

~•rs USEPA. 1989f BW •AT• 365 dayo/yr 

cm2 USEPA. 1989b (2] 

yean USEPA. 1989{ INTAKE-Dl'JlMAL = D~ucat z- EV s: BP x ED x CF x SA 
USEPA. 1989{ 

. 
BW •AT• 365 dayo/yr year■ 

lik_.f1n3cm3 

Where: 

DAcvcat = Pecvent :a: CW 

Note: 
Pornonaan:inoJFniccO'ccb:: AT= ED 

Abmrpt:ion Factars.(ABS;) foringestioo are aetcqual to one (USEPARcgiou Idc!aultvalir.). 

Rev. 7/91 



TABLBM-7, conlinued 
GROUNDWATER - INGESTION AND CONTACT DUllING SHOWERING 
ADULT EXPOSURE - Fll.TERED, AVHRAG£ CONcmITRATION 
COLD SPRING BROOK LANDl'ILL 
REMEDIAL INVHSTIGATION ADDENDUM JIEPORT 
COLD SPRING BROOK LANDl'ILL 
F ORT DEVENS, MA 
CARCINOGENIC EFFl!Cl'S 

WATER 

COMPOUND CONCl1NTRArtON 
,-.. , 

Anenic 0.0049 

(1 J Calwlated from Oral CSF as described in Section 6.1 .2.3. 

ABB Environmental Services. Inc. 

INGl!STION 

ABS; 
INTAKE 

INGl!STION l'CEVENT 
l m•"'•-cb,•• ,.-,.....,;o 

I 1.2E-05 0.0002 

[GCIGFAA is-Dec-93 I 

INT.All ORAL Dl:RMAL CAl'IC'Ea CANCER TOTAL 

Dl!llMAL CSP CSFfl ) ll!Slt lliSK CANCl!R 

lm•"'•-cb,•' l m•"'- -'••' A -I l m•"'- -du\A-J INGESTION DERMAL 1n~r 
J.JE--07 1.75 1.79 2.0E-05 2.0E-07 2.0E-05 

SUMMAltY CANCER IUSK lE-OS 2E- 07 2E--OS 

Rev. 7/91 



TABLE M-7. a,nliln1ecl 
GROUNDWATI!.ll - INGESTION AND CONTACT DURING SHOWERING 
ADULT ElCPOSUllE - PIL'IERED, AVERAGE CONCIDITRATION 
COLD SPRING BROOK LANDPILL 
REMEDIAL INVES"llGATION ADDENDUM REPORT 
COLD SPRING BROOK LANDPILL 
PORT DEVENS, MA 
NOl'ICAR ClN 00 ENIC EFFECTI; 

WATER 

COMPOUND CONCENntATION 
Im•"' 

Anew< 0.0049 

Calcium 64.5 

Iron 3.2 

Mapelium 11.S 

Manganese 3 

Potassium 5.9 

Sodium 13.2 

Vam.dium 0.0076 

ND= No data available 
[I] Ca!01la1ed from Oral RID as desaibed in Section 6.1.2.3. 

ABB Environmental Sel'Yices, Inc. 

INGUllON 

ABSj 

INTAltl! 
INGESTION PCEVFJ,IT 
lm•"'•......aa,v\ 1--..t..-•t' 

I 2.7E-05 0.0002 

I 3.SE---01 0.0002 

I l ,8E--02 0.0002 

I 6.3E--02 0.0002 

I l.6E--02 0.0002 

I 3.2E--02 0.0002 

I 7.2E-02 0.0002 

i 4.2E-05 0.0002 

[GctQEAA 15-Dec-93 ) 

INTAKE ORAL DERMAL BAZAI\D HAZARD TOTAL 

DllllMAL RfD RID (ll QUOTIENT QUOTIENT HAZARD 
Im -~--dovl (m•"'•--<io•I (m-n.. ·,!av\ ""- t INGESTION DERMAL ~"~T 

2.6E-07 0.0003 0.0002114 3.9E--02 3.9E--04 9.0E--OZ 

3.4E---03 ND ND 
J.7E--04 ND NO 
6.JE--04 ND NO 
l .6E--04 0.005 0.0002 3.3E-+-OO 8.0E---01 4.IE+-00 
3.JE--04 ND NO 
7,0E-04 NO ND 
4.0E-07 ND 0.00021 S.9E---03 l.9E---03 7.9E-03 

SUlOlJ\ltY HAZARD INDEX 3E♦ DO m-01 4H+DO 

Rev. 7/91 



TABLEM-S 
GROUNDWATER - INGESTION AND CONTACT DURING BATHING 
CBJLD EXPOSUltH - (SUBCBRONIC) FILTERED, AVERAGE CONCENTRATION 
COLD SPRING BROOK LANDFILL 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
PEASIBILDY STUDY FOR GROUP lA SrIES 
FORT DevENS, MA 
EXPOSURE PAR.AME'IERS 

p AllAM.IIT'EJ\ SYMBOL 

CONCPNlllATION WATllll cw 
INGESTION RATE Ill 

AGE-SPl!CIPIC SURFACI! ARl!A SA; 
l!VPNTFREQUPNCY EV 

BODYWl!IGHT BW 

AGl!-SPl!CIPICBODY Wl!IGHT BWj 

DOSE ABSORBl!D PER l!VENT D~nt 
BATH EXPOSURE TIME ET 

EXPOSURE FRl!QUENCY EF 

EXPOSURE DURATION ED 

AGE-SPECIFIC EXPSOURE DURATION ED; 

AGE-Wl!IGHTED SURFACE AREA [I) SA,.di 

AVERAGING TIME 

CANCER AT 

NONCANCER AT 

"""'V""~'""'""rrnR CF 

VALUI! UNITS 

cM.mical spr:cific meJ!it.r 

0.5 lit.n./day 

•sc-spumc em3 

I -nb/day 

16 k,g 

a,g,e.-1pr:cific ~ 
chemical specific me/e.,2-ovcnt 

0.2 hours/day 

3,0 daysiyeu 

5 ~.ars 

aF-spt.eifx: yean 

2247.5 e.,2-yr/lqi 

70 yean 

5 ~.lUII 

OM• i: , .. ,.,,),m3 

SOURCE 

USEPA.1989b 

USEPA.1989b 

USEPA.1989b 

USEPA. 1989b 

Cakulat.d [2] (USEPA. 1992d) 

USEPA. 1989! 

USEPA. 1991b 

As,umption 

USEPA. 1989b 

Appc.ndix V [3KUSEPA. 1992d) 

USEPA. 1989! 

USEPA.1989! 

[I] Tbr ,_kubtioo1 fo,- oornaJiu.d "'"""' ar..a (SA,.dj) and de.rmally ab,oroed cloae. pe.r unit area pe.r event (D~nt) arc described in Appendix V. 

[2] PCevcnt eakulat,d in Appendix W. 

(3] Sa-face aK.a n-.p-e,enD the entire body. 

USEPA. 1989b. Expm.., Factor,Handbook. 

USEPA. 1989!. Risk AsoeH.,..ntGuidan~ for Superfund 

USEPA. 1991b. Stindard DeC.ult Exposu,e Factors. 

USEPA. 1992d. Oe.rrml l=:Y1TMun: A&Eumeat Prrn.tm&.11ad A~tiooa. 

ABB Environmen ta! se..,,;c-ss. Inc. 

[ G_ClGFAC 15-Dec-93 ] 

EQUATIONS 

CANCER RISK= INTAKE (miiJk8-clay) s CANCER SLOPE FACTOR (miiJk8-d.y) A -1 

HAZARD QUOTIENT= INTAKI! (ms/kg-clay) /Rl!FERENCE DOSI! (msJlrg--clay) 

INTAKE-INGESTION = CW •IR x.ABS; z:lrrxEP s:.ED 

BW s AT• 365 days/yr 

INTAKE-DJ;RMAL = DA..-nt x EV 1: BF s CF x SA,dj 

AT s 365 d.ya/yr 

Wbe~: 

DAev.:nt = ~nt • CW 

Note: 
Pornonc:a:n::iDOFDiceffccb: AT= ED 

Ab,xption factors(~) forinsestion are sct~.qual to ooc (USEPARce;ion ldcf:aultvalue). 

Rev. 7/91 



TABLEM-11, CDD1in11ed 
GROUNDWA'IER - INGESTION AND CONTACT DURING BATIIING 
CHll.D EXPOSURE - (SUBCHRONIC) FIL'IERED, AVERAGE CONCENTRATION 
COLD SPlllNG BROOK LANDFIIL 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
PEASIBDn"Y STUDY FOR GROUP lA SnES 

----- - - -
CARCINOGENIC EFFECTS 

WATER 

COMPOUND CONCIN'l1lA.nON , _ _ n 

hRDic 0.0049 

(I) CalaJlated from Oral CSF as dsecribed in Section 6.1.2.J. 

ABB En.vironmental SeNces., Inc. 

INGESTION IN TAKE 

ABS; ING£STION 
, ...... -...i.., 

I 2. IE-06 

l'CEVPJilT 
,-1.~-" 

0.0002 

@gGFAC !5- Dec-93 ] 

INTAKE ORAL DERMAL CANCEi\ CANCER TOTAL 

D ERMAL CSP CSf' f l ] lltSIC RISK CANCER 

lm-"'•-dav\ , ....... -.1 .. , ~ -1 tm-1\.--~a"\ #Ii. -I INGESTION """UAL Il l.Sf( 

3.0E--08 1.75 1.19 3.7E--06 5.4E--08 3.7E-06 

SUMMARY CANCER llISK 4E-116 5E"'08 4E-'116 

Rev. 7/91 



TABLEM-11, CODlmlled 

GROUNDWA"IER - INGESTION AND CONTACT DUltlNG BA1HING 
CHILD EXPOSURE - (SUBCHRONIC) FIL"IERED, AVERAGE CONCl!NTRAllON 
COLD SPRING BROOK LANDFILL 
REMEDIAL INVESTIGATION ADDENDUM RElORT 
FEASIBIIITY snmv FOR GROUP lA SITES 
PORI_DHVl!NS, IU\ 
NONCARCINOGENIC EFFECI'S 

WATER 

COMPOUND CONCFNTRAttON 

(m.n\ 

Anr.nic 0.0049 

CakiWII 64.:1 

Iron 3.2 

Map-.s.ium 11.5 

MaDS3DC'-SC'. 3 

Potassium 5.9 

Sodium 13.2 

Vanadium 0.0076 

ND= No data available 

(I] Calculated from Oral RID as dseaibed in Sectioll 6.1.2.3. 

ABB Environmental Services. Inc. 

INGESTION INTAfO! 

ABS; INGESTION 

Im ,n..-c1 .. 1 

I 2.9E-05 

I 3.9E--OI 

I l.9E--02 

I 6.9E--02 

I l.8E--02 

I 3.5E--02 

I 7.9E-02 

I 4.6E-05 

PCEVENT ,, 
0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

0.0002 

[GCIGFAC 15-Dcc-93] 

INTAKE OJ\Al. DERMA L R~ HAZAIU) ·roTAL 
DERM AL RID RID (1) OUCTTIENT QUOTIENT H AZAR D 

CIJ!l .. n,.•~ v'\ t m• O.•-cbvl l ,a•O.• -dul ~ - ·I INGESTION D''"""AL Oll<>TrENT 

4.2E-07 0.(,003 0.000294 9.8E--02 l.4E--03 9.9E-02 

5.6E--03 ND ND . 
2.8E-04 NO ND 
9.9E--04 ND ND 
2.6E-04 0.005 0.0002 3.6E+-OO l.3E+-OO 4 .9E+OO 

5.IE--04 ND NO 
I. IE--03 ND ND 
6.6E--07 0.007 0.00021 6.SE--03 3.IE--03 9.6E-03 

SUMMARY IIAZAllD INDEX 4B+ OO ll!+OO m+oo 

Rev. 7/91 



TABLEM-9 

FISH INGESTION - COLD SPRING BROOK POND - WHOLE FISH (PUMPKINSEEDS) 
ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
CURRENT AND FUTIJRB LAND USB 
REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STIJDY FOR GROUP lA SITES 
FT. DEVENS, MA 

EXPOSURE PARAMETERS 

PA.RAMBIBR SYMBOL 

CONCENTRATION IN FISH CF 

FISH INGESI"ION RATB IR 

RELATIVI! ABSORFl"ION FACOOR RAF 

FRACTION INGESI"ED FROM SOURCE Fl 

BODYWBIGHr BW 

CONVBRSIONFACOOR C 

EXPOSURE FREQUENCY EF 

EXPOSURE DURATION ED 

AVERAGINGTIME 

CANCER AT 

NONCANCBR AT 

USEPA. 1991b ' STANDARDDEFAULTEXPOSUREFACTORS' 

USEPA. 1989f'RISKASSESSMENTGUIDANCE FOR SUPERFUND'. 

ABB Environmental Services, Inc. 

V.ALUB UNITS 

mgilcg 

54 l¢ay 

1 

0.05 

70 kg 

0.001 kg/g 

350 days/year 

30 years 

70 years 

30 vears 

[ FCSWfA-C ts-Dec-93 ] 

EQUATIONS 

SOURCB 

SITE-SPECIFIC CANCER RISK= INTAKE (mg/ks-day) :,:CANCER SLOPE FACTOR (mg/ks-day)~-1 

USEPA, 1991b 

ASSUMl'TION 

ASSUMl'TION HAZAR.D QUOTIENT= INTAKE (mg/ks-day)/ REFERENCE DOSE (mg/ks-day) 

USEPA. 1991b 

INfAICB = CFxIRxRAFxFlxCxEFxED 

USEPA, 1991b BW x ATx 365 days/yr 

USEPA. 1991b 

Note: 

USEPA, !989f For BOllcareiaogc:aic effects: AT = ED 

USEPA. 1989f 

Rev. 4/93 



TABLE M-9, continued 

FISH INGESTION - COLD SPRING BROOK POND - WHOLE FISH (PUMPKINSEEDS) 

ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
CURRENT AND FUTURE LAND USE 
REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP IA SITES 

FT. DEVENS, MA 

CARCINOGENIC EFFECTS 

AVl!RAGB 

CONCENTRATION' 
COMPOUND INFJSH , ........ , 

Arsenic 0.15 

P.P-DDE 0.083 

P,P-DDD 0.12 

ABB Environmental Services, Inc. 

MAXIMUM INTAICB 
CONCBNTRATION AVG. CONC. 

INPISH (•~-dar) , ....... '\ 
0.27 2.4E-06 

0.17 1.3E-06 

0.23 l.9E-06 

[FcswrA-C 1S-Dcc-93] 

INTAKE TOTAL TOTAL 
MAX.CONC. · CANcER. SLOPI! CANCHR CANCJ:!.R 

(•~- ~ ) PACOOR RISlt RISK 
{m•"'•-d""'\~ -1 AVG. CONC. MAX.OONC. 

4.3E-06 1.75 4.2E-06 7.SE-06 

2.7E-06 0.34 4.SE-07 9.2E-07 

3.6E-06 0.24 4.6E-07 8.7E-07 

, 

SUMMARY CANCER RISK. SE-06 9E"'06 

Rev. 4/93 



TABLE M-9, continued 
FISH INGESTION - COLD SPRING BROOK POND - WHOLE. PISH (PUMPKINSEEDS) 

ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

CURRENT AND FUTURE LAND USE. 

RE.ME.DIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP lA SITES 

FT. DE.VE.NS, MA 

NONCARCINOGENIC EFFECTS 

AVERAGB 
CONCENTRATION 

a>MPOUND INFISH 

<-•~·' 
A=ni: 0.15 

P,P-DDE 0.083 

P,P-DDD 0.12 

Manganese 10 

Zinc 21 

Barium 0.47 

Calcium 13137 

Chromium III 0.3 

Cobalt 0.12 

Copper 0.39 

Iron 32.9 

Mcrcu,y 0.16 

Selenium 0.25 

Sodium 1173 

Magncoium 417 

ND = No data available 

ABB Environmental Services, Inc. 

MAXIMUM INTAKE 
WNCENTllATION AVG.a>NC. 

INFISR (•~-clay) , .. ~ .. , 
0.27 5.5E-06 

0.17 3.lE-06 

0.23 4.4E-06 

12 3.?E-04 

24.1 7.BE-04 

0.64 1.?E-05 

15500 4.9E-01 

0.33 1.lE-05 

0.2 4.4E-06 

0.41 1.4E-05 

41.5 1.2E-03 

0.24 5.9E-06 

0.45 9.2E-06 

1280 4.3E-02 

464 1.5E-02 

[FCSWfA-C !5-lk.c- 93 j 

INTAKE TOTAL TOTAL 
MAX.WNC. IU!PBRHNCB HAZARD HAZARD 
(•~-clay) oose QUOTIENT QUOTll!NT 

<••ll-•--<fao,) AVG. CONC. MAX.CDNC. 
l.OE-05 0.0003 l.BE-02 3.3E-02 
6.3E-06 0.0005 6.lE-03 1.3E-02 

8.5E-06 0.0005 8.9E-03 l.7E-02 

4.4E-04 0.14 2.6E-03 3.2£-03 
8.9E-04 0.3 2.6E-03 3.0E-03 

2.4E-05 0.07 2.5E-04 3.4E-04 

5.?E-01 ND 
1.2E-05 1 1.lE-05 1.2E-05 

7.4E-06 ND 

l.5E-05 ND 

1.5E-03 ND 
8.9E-06 0.0003 2.0E-02 3.0E-02 

l.?E-05 0.005 1.BE-03 3.3E-03 

4.7E-02 ND 
1.7E-02 ND 

SUMMARY HAZARD INDEX 6£ - 02 1E - 01 

Rev. 4/93 



TABLE M-10 

FISH INGESTION - COLD SPRING BROOK POND - WHOLE FISH (PUMPKINSEEDS) 

CHILD EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
CURRENT AND FUTURE LAND USE 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP 1A SITES 

PT. DEVENS, MA 

EXPOSURE PARAMETERS 

PARAMHl"BR SYMBOL 

CONCENTRATION IN FISH CF 

FISH INGEffION RAll! IR 

REIATIVB ABSORFrION RAF 

FRACTION INGESI'ED FROM SOURCE Fl 

BODYWEIGHr BW 

CONVERSION FACl'OR C 

BXPOSURE FREQUENCY EF 

BXPOSURE DURATION ED 

A VBRAGING TIME 

CANCER AT 

NONCANCER AT 

USEPA, 199lb'STANDARD DEFAULT EXPOSURE FACTORS' 

USEPA, 1989b 'EXPOSURE FACIORS HANDBOOK" 

USEPA, 1969f'RISKASSESSMENTGUIDANCE FOR SUPERFUND' 

ABB Environmental Services , Inc. 

VALUB UNITS 

mgilc:g 

16.5 ,Jday 

1 

0.05 

16 kg 

0.001 k,Jg 

350 days/year 

5 yean 

70 yean 

5 vea,s 

!Fcswrc-c tS-Dcc-93 ] 

EQUATIONS 

SOURCB 

SITE-SPECIFIC CANCER RISK= INTAKE (mg/krcby) ~ CANCER SLOPE FACTOR (mg/kg-day) - -1 

USEPA.198~ 

ASSUMmoN 

ASSUMmON HAZARD QUOTIENT= INTAKE (mg/kg- day)/ REFERENCE DOSE (mg/kg-day) 

USEPA.198~ 

INTAKE= CFxIRxRAFxFix CxEFxED 
USEPA. 1991b BW x AT x 36S daJs/Jr 

ASSUMmON 

Note: 

USEPA. 1989f For a011carciaogc:aic effects: AT = ED 

USEPA_ l989f 

Rev. 4/93 



TABLE M-10,continued 

FISH INGESTION - COLD SPRING BROOK. POND - WHOLE FISH (PUMPK.INSEEDS) 
CHILD EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
CURRENT AND FUTURE LAND USE 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP IA SITES 
FT. DEVENS, MA 

CARCINOGENIC EFFECTS 

AVERAGB 

CX>NCENTRATION 

COMPOUND INFISH 
(m•il•\ 

Aneni: 0.1s 

P,P-DDE 0.083 

P,P-DDD 0.12 

ABB Environmental Services, Inc. 

MAXIMUM INTAIIB 

CONCENTRATION AVG.CONC. 

INFISH (•g/tg-day) 
, •• 11r., 

0.27 5.3E-07 

0.17 2.9E-07 

0.23 UE-07 

[Fcswrc- c lS-Dcc-93 ] 

INTAlrn TOTAL l'OTAL 

MAX. CONC. CANCERSLOPB CANCER CANCER 
(•g/tg- day) FACTOR RISK RISK 

(m --1 AVG.CON~. MAX.CONC. 

9.SE-07 1.75 9.3E-07 1.7E-06 

6.0E-07 0.34 t.OE-07 2.0E-07 

8.tE-07 0.24 1.0E-07 1.9E-07 

SUMMARY CANCER RISK tE:--06 2E,--06 

Rev. 4/93 



TABLE M-10, continued 

FISH INGESTION - COLD SPRING BROOK POND - WHOLE FISH (PUMPKINSEEDS) 

CHILD EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

CURRENT AND FUTURE LAND USE 
REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP IA SITES 
PT. DEVENS, MA 

NONCARCINOGENIC EFFECTS 

AVERAGE 

CONCBNTRAnoN 

COMl'OUND INFJSH 
,.vtJ!\ 

Anenic 0.15 

P.P-DDE 0.083 

P.P-DDD 0.12 

Manganese 10 

Zinc 21 

Barium 0.47 

Cakium 13137 

Chromium ill 0.3 

Cobalt 0.12 

Copper 0.39 

Iron 32.9 

Mercuty 0.16 

Selenium 0.25 

Sodium 1173 

Magnesium 417 

ND = No data available 

ABB Environmental Services, Inc. 

MAXIMUM 00-AU 
OONCl!NTRATION AVG _CQNC. 

INPISR ( mgltg--day) 
,.v1:,., 

0.27 7.4E-06 

0.17 4.lE-06 

0.23 5.9E-06 

12 4.9E-04 

24.1 l.OE-03 

0.64 2.3E-05 

15500 6.5E-01 

0.33 l .5E-05 

0.2 5.9E-06 

0.41 l.9E-05 

41.5 l.6E-03 

0.24 7.9E-06 

0.45 1.2E-05 

1280 5.8E-02 

464 2.lE-02 

[Fcswrc-c IS- .Dcc- 93 l 

INl'AKE TOTAL TOTAL 

MAX_CONC. RBFBlll!JilCB HAZARD RAZARD 
(•g/tg-cby) DOSE QUOTIEITT QUOTIBNT 

'•·"'•-dll't) AVG.CONC. MAX.OONC. 

l.3E-05 0.0003 2.5E-02 4.4E-02 

8.4E-06 0.0005 8.2E-03 1.7E-02 

l.lE-05 0.0005 1.2E-02 2.3E-02 

5.9E-04 0.14 3.SE-03 4.2E-03 

l .2E-03 0.3 3.5E-03 4.0E-03 

3.2E-05 0.07 3.3E-04 4.5E-04 

7.7E-Ol ND 
l.6E-05 1 1.SE-05 1.6E-05 

9.9E-06 ND 
2.0E-05 ND 

2.lE-03 ND 
1.2E-05 0.0003 2.6E-02 4.0E-02 

2.2E-05 0.005 2.5E-03 4.4E-03 

6.3E-02 ND 

2.3E-02 ND 

SUMMARY HAZARD INDEX 8E'-c02 lE-01 

Rev. 4/93 



TABLE M-11 

FISH INGESTION - COLD SPRING BROOK. POND - FILLETS (BULLHEADS, PICKERELS) 

ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

CURRENT AND FUTURE LAND USE 

REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP 1A SITES 

FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAMETER SYMBOL 

CONCENrRATION IN FISH CF 

FISH INGESI"ION RATE IR 

RELATIVE ABSORPTION FACTOR RAF 

FRACTION INGESl"ED FROM SOURCE FI 

BODYWEIGHf BW 

CONVERSION FACTOR C 

EXPOSURE FREQUENCY EF 

EXPOSURE DURATION ED 

AVERAGING TIME 

CANCER AT 

NONCANCBR AT 

USEPA. 1991b"STANDARD DEFAULT EXPOSURE FACTORS" 

USEPA. 1989f'RISK ASSESSMENT GUIDANCE FOR SUPERFUND" 

ABB Environmental Services, Inc. 

VALUE mars 
mg/kg 

54 glday 

1 

0.05 

70 kg 

0.001 kgtg 

350 da)l>/ycar 

30 years 

70 years 

30 vears 

[ FCSFI'A- C 15-Dcx:-93 ] 

EQUATIONS 

SOURCE 

SITE-SPECIFIC 

USEPA. 1991b CANCER RISK= INTAKE (ma/kg-day) x CANCER SLOPE FACTOR (mg/kg-day)~ -1 

ASSUMPTION 

ASSUMPTION HAZARD QUOTIENT= INTAKE (mg/kg-day)/ REFERENCE DOSE (mg/kg-day) 

USEPA. 1991b 

IlffAICB = CF:1t IR:1t RAF:1tFlx CxEFxBD 

USEPA. 1991b BW :1t AT x 365 days/yr 
USEPA, 1991b 

Note: 

USEPA, i989f For •--can:illogmic cflcx:ts: AT = ED 
USEPA. 19&9f 

Rev. 4/93 



TABLE M-11,oontinued 

FISH INGESTION - COLD SPRING BROOK POND - FILLETS (BULLHEADS, PICKERELS) 

ADULT EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

CURRENT AND FUTURE LAND USE 

REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP 1A SITES 

FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

AVERAGE 

CONCENrllATION 

COMPOUNl> INPISH , .. ,..., 
Arsmic 0.2 

P.P-DDE 0.012 

P,P-DDD 0.019 

ABB Environmental Services, Inc. 

MAXIMUM JNTAXE 

CONCl!NTRATION AVG. CONC. 

INPISlt (•glkg-cb:,) , .. ,..., 
0.32 3.2E.-06 

0.021 1.9E-07 

0.05 3.(JE-07 

. 

[FCSI'TA- C 15-Da:-93] 

lNl'A.KE TafAL TOTAL 
MAX. CONC. CANa!RSLOffl CANCBR CANCER 

(•g/tg-da:,) FACTOR RISK. RISK. 

(iiii•~•-daw\"' 1 AVG. CONC. MAX. CONC. 

5.lE-06 1.75 5.SE-06 8.9E-06 

3.3E-07 0.34 6.SE-08 1.lE-07 

7.9E-07 0.24 7.2E.-08 1.9E-07 

SUMMARY CANCER RISK 6E~06 9E:.,..,06 

Rev. 4/93 



TABLE M-11,oontinued 

FISH INGESTION - COLD SPRING BROOK POND - FILLETS (BULLHEADS, PICKERELS) 
ADULT EXPOSURE - A VERA GE AND MAXIMUM CONCENTRATIONS 

CURRENT AND FUTURE LAND USE 

REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP 1A SITES 

FORT DEVENS, MA 

NONCARCINOGENIC EFFECTS 

AVERAGI! 

CONCBNI"RATION 

COMPOUND INFISH , ... ,..., 
Arsenic 0.2 

P,P-DDE 0.012 

P.P-DDD 0.019 

Manganese 0.37 

Zinc 5.45 

Calcium 217 

Copper 0.3 

Iron 6.11 

Mercury 0.31 

Selenium 0.18 

Sodium 385 

Magnesium 269 

ND = No data available 

ABB Environmental Services, Inc. 

MAXIMUM INTAKB 
CONCl!NfRATION AVG.CONC. 

IN FISH (•gl'g-day) , .. ,.. .. , 
0.32 7.4E-06 

0.021 4.4E-07 

0.05 7.<E-07 

1 1.4E-05 

6.5 2.!IE-04 

sos 8.<E-03 

0.35 1.1E-0S 

9.1 2.3E-04 

0.46 1.IB-05 

0.24 6.7E-06 

455 1.4E-02 

329 9.!IE-03 

[PCSPTA- C lS-Dc:c-93 ] 

INTAKE TOTAL TOTAL 

MAX. CONC. IU!FBRENCH HAZARD HAZARD 
(•;/tg-d:ay) DOSB QUOTIBNI' QUOflBNT 

(a•"'•-<IH) AVG.CONC. MAX. CONC. 

1.2E-05 0.0003 2.SE-02 3.9E-02 

7.8E-07 0.0005 8.9E-04 1.6E-03 

l.8E-06 0.0005 1.4E-03 3.7E-03 

3.7E-05 0.14 9.8E-05 2.6E-04 

2.4E-04 0.3 6.7E-04 8.IJE-04 

l.9E-02 ND 

1.3E-05 ND 
3.4E-04 ND 
l .7E-05 0.0003 3.8E-02 5.7E-02 

8.9E-06 0.005 1.3E-03 1.8E-03 

1.7E-02 ND 
1.2E-02 ND 

SUM.MARY HAZARD INDEX 7E- 02 lE-01 

Rev. 4/93 



TABLE M-12 

FISH INGESTION - COLD SPRING BROOK POND - FILLETS (BULLHEADS, PICKERELS) 

CHILD EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 

CURRENT AND PUTIJRE LAND USE 

REMEDIAL INVESTIGATION ADDENDUM RBPOR T 

FEASIBILITY STUDY FOR GROUP 1A SITES 

PORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAMETER SYMBOL 

CONCENTRATION INPISH CF 

PISH INGESTION RATE IR 

RRLATIVH ABSROPrION FACTOR RAF 

FRACTION INGESTED PROM SOURCE FI 

BODYWEIGHT BW 

CONVERSION FACTOR C 

BXPOSURRPRRQUENCY EF 

EXPOSURE DURATION ED 

AVERAGING TIME 

CANCER AT 

NONCANCER AT 

USl'.PA. 1991b"STANDARD DEFAllLTEXPOSURE FACTORS' 

USl'.PA. 1989b'EXPOSURE FACTORS HANDBOOK' 

usep A. 1989f'RISK ASSESSMENr GUIDANCE FOR SUPERFUND' 

ABB Environmental Services, Inc. 

VALUE UNITS 

mtJkg 

16.5 ,Jday 

1 

0.05 

16 kg 

0.001 k,Jg 

350 da~/yc•r 

5 years 

70 years 

5 """" 

[ PCSPTC-C lS-Dcc-931 

EQUATIONS 

SOURCE 

SITE-SPECIFIC 

USEPA. 1989b CANCER RISK= INTAKE (msJk8-d1y) r CANCER. SLOPE FACTOR (m&Jq-d■y)A -1 

ASSUMPTION 

ASSUMPTION HAZARD QUOTIENT = INTAKE (mg/kg-day) I REFERENCE DOSE (msfks-d■y) 

USEPA. 1989b 

INTAKE= Cl'x IRxRAPxPlx CxEPxED 

USEPA. 1991b BW x AT I 36S days/yr 

ASSUMPTION 

Note: 

USEPA. 1989£ Por acac:uciaogcaic effects: AT = ED 

USEPA 1989( 

Rev. 4/93 



TABLE M -12, continued 
FISH INGESTION - COLD SPRING BROOK POND - FILLETS (BULLHEADS, PICKERELS) 
CHILD EXPOSURE - AVERAGE AND MAXIMUM CONCENTRATIONS 
CURRENT AND FUTURE LAND USE 

REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP lA SITES 

FORT DEVENS, MA 

CARCINOGENIC EFFECTS 

AVERAGE 

CON03Nl'RATION 

COMPOUND lNFISH , __ ,.._\ 
Arsenic 0.2 

P,P-DDE 0.012 

P.P-DDD 0.019 

ABB Environmental Services, Inc. 

MAXIMUM: INTAIIB 
CONCl!NTRATION AVG.CONC. 

INPISH (mg/tg-day) , __ ,..,;,.\ 
0.32 7.lE-07 

0.021 4.2E-08 

0.05 6.7E-08 

[FCSFrC-C tS-Dc,c-93 1 

INTAIIB TOTAL TOfAL 

M.AX. CONC. CANCER SLOPB CANCER CANCER 

(mg/tg-day) FACTOR RJSIC RISK 

f••-· cbv\ - - 1 AVG. CONC. MAX. CONC. 

1.lE-06 1.75 1.2E-06 2.0E-06 

7.4E-08 0.34 1.4E-08 2.5E-08 

1.BE-07 0.24 1.6E-08 4.2E-08 

' 
SUMMARY CANCER RISK lE- 06 2E- 06 

Rev. 4/93 



TABLE M-12, oontinued 
FISH INGESTION - COLD SPRING BROOK POND - FILLETS (BULLHEADS, PICKERELS) 

CHILD EXPOSURE - A VERA GE AND MAXIMUM CONCENTRATIONS 

CURRENT AND FUTURE LAND USE 

REMEDIAL INVESTIGATION ADDENDUM REPORT 

FEASIBILITY STUDY FOR GROUP 1A SITES 
FORT DEVENS , MA 

NONCARCINOGENIC EFFECTS 

AVERAGE 

CONCBNI'RATION 

COMPOtJNI> INFISH 
{al!/b) 

Arsenic 0.2 

P,P-DDE 0.012 

P,P-DDD 0.019 

Manganese 0.37 

Zinc 5.45 

Cakium 217 

Copper 0.3 

Irm 6.11 

Mercury 0.31 

Selenium 0.18 

Sodi.im 385 

Magnesi.im 269 

ND = No data available 

ABB Environmental Services, Inc. 

MAXIMUM INTAXB 
CONCl!NTRATION AVG. CONC. 

INFlSH (•g/tg-<h1) 
, •• lie.\ 

0.32 9.9E-06 

0.021 5,9E-07 

0.05 9.4E-07 

1 l .8E-05 

6.5 2.7E-04 

505 1.lE-02 

0.35 l .5E-05 

9.1 3.fJE-04 

0.46 1.5E-05 

0.24 8.9E-06 

455 t.9E-02 

329 1.3E-02 

[FCSFl'C-C 15-Dec:-93 I 

INTAIIB TO'l"AL TC1fAL 

MAX.CONC. lU!l'J!IIBNCI!. HAZARD RAZA.RO 
(mg/tg--day) DOSB QUOJ'l£NT Quarmm-

, •• 11c.--c1 ... , AVG. CONC. M.AX. CONC. 

l.6E-05 0.0003 3.3E-02 5.3E-02 

1.(JE- 06 0.0005 l.2E-03 2.lE-03 

2.5E-06 0.0005 l.9E-03 4.9E:...03 

4.9E-05 0.14 1.3E-04 3.5E- 04 

3.2E- 04 0.3 9.CJE-04 l.lE-03 

2.5E-02 ND 
1.7E-05 ND 
4.5E-04 ND 

2.3E-05 0.0003 5.lE-02 7.6E-02 

l.2E-05 0.005 l.8E-03 2.4E-03 

2.2E-02 1'-'D 
1.6E-02 ND 

SUMMARY HAZARD INDEX 9E-02 lE"- 0.1 

Rev. 4/93 



TABLEll-13 
SEDIIIENT INGESTION AND CONTACT - ADOLESCENT. AGES 6 TO 16 
COLD SPRING BROOK POND - AVERAGE EXPOSURE 
CURRENT LAND USE 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY S"IUDY FOil GROUP tA SITES 

FORT DEVENS. MA 

EXPOSURE PARAMETERS 

PARAMf:l'ER SYMBOL 

CONCEl'ITRATION SEDIMENT cs 
INGESTION RATE IR 

PRACTION INGESTED Fl 

ADHERENCE PACl'OR AF 

AGE-SPECIPIC SURPACE AREA SA; 

ABSORPTIONPRACTION AIIS;IABSd 

CONVERSIONPACl'OR CF 

BODY WEIGIIT BW 

AGE-SPECIPIC BODYWEIGIIT BW; 
EXPOSUREPREQUENCY EF 

EXPOSURE DURATION ED 

AGE-SPECIPIC EXPOSURE DURATION EDi 

AGE-WEIGHTED SURPACE AREA (I) SA._dl,,dj 

AVl!RAGINGTIME 

CANCER AT 

NONCANCER AT 

VALUE 

eb,mical specific 

100 

100% 

0.5 

O[IC-Spccifie 

de&ult 

l.OOE-06 

42 

ag,c.-apccific 

5 

JO 

agc-specific: 

1148.6 

70 

10 

• Unib!occxpoaurc frequency a~ ine1oeut:slycariu the. a,Jculation cl.tJR; dcnmllyabscd>cd dme. 

UNITS SOURCE 

q/"8 

q/day USEPA.199lb 

uo:itlcu As.sumptioa 

msfcm2-c~nt USEPA.1992d 

em' USEPA, 1989b 

UD:itlcsa USEPA,1989< 

4/q 
k.'! USEPA, 1989b 

k.'! USEPA, 1989b 

da~r• Aaaumptiou 

~n Assumption 

~.ara AppendixV(USEPA. 1992d) 

cm2-)C8r/lle, AppendixV(USEPA, 1992d) 

~r■ USEPA, 1989! 

-•r■ I IC'E:'U A ) 9&9f' 

[IJ Tb,aleulotiomfor normalized 11Dioeea~• (SAa.dtadj)anddermiDyabsarbed dm_e penmita= pere"'DI (DAe,.,ntl•~ de,mbcdinAppendixV, 

USEPA.1992d. Dermo! Expoaure Aueum:DI: Prineipleund Applications. 

USEPA. 1991b. "Standard De&ult ExpoeureFacton". 

USEPA, 1989b. Expoeure Factors Handbook. 

USEP A, J 989<. 11,.!00D I Supplcmc,.Dtal Risk Au:.umont Guida nee. 

USEPA, 1989!. RiskAueaamoDI Guidanoc for S•-..rUDcJ. 

ABB Environmen ,al Services, Inc. 

!SOCSTR.CA U-Dcc-93 ) 

EQUATIONS 

CANCER RISK= JNl"AKI! (qlkg-day) x ORAL CSP (mg/kg-day)~ -1 

HAZARD QUOTIENI" = INI"AKE (me/kg-day) I ORAL RfD (q/kg-day) 

INI"AKE-INGESTION = CS zlR11:A~ :ii:FI:11: CJ2' :s EF z ED 

BW x AT x 365 day,/yr 

INI"AKE-DERMAL = (D"e,.,nt x EP I ATx 365 da~r) x SAae<lladi 

Whe~ 

SAae<l/adj = SUM (SA; x ED; I BW;) 

DAe.., .. = cs X AP X ABSd X CP 

Nate: 

Pm •onmrciuogc.nic cffccta:: AT = ED 

Rev. 9193 



TABLE K-13, canlinacxl 
SEDDolE!IT INGESTION AND CONTACT - ADOLESCENT, AGES 6 TO 16 

COLD SPllING BROOK POND - AVERAGE EXPOSURE 
CURRENT LAND USE 
REMEDIAL INVESTIGATION ADDENDUM: REPORT 
FEASIBILITY STIJDY FOR GROUP lA SITES 

FORT DEVENS, KA 
CAllCINOGENJC EFFECI'S 

SEDIMENT 

COMPOUND CONCENnlATION 
,_n.,,, 

P,P-DDE 0.09 

B: mo(• )a ntmcne 0.51 

Cmyaen, 0.63 

Anenic 78 

B:r,llium 0.19 

P,P-DDD 0.5 

lli-(2-cthylk.yl)phtmlato J.4 

B:nzo(• )pyffae I. I 

B:nzo(h)0ucnntlE.,. 0.64 

B:nzo(lt)0ucnatllen, 0.9 

IDdeao(l,2,3-cd)PY"'■e 0.56 

P.P-DDT A-, 

JNGl!mON 

ABS[l) 

(I) Set equal to USEPA Reijon I default absorption factors for soil (USEPA, 1989c). 
(2) Calailated from Oral CSFs as described in Section 6.1.2.3. 

ABB Environmental Services. Inc. 

lln'A!a! DERMAL 

INGESTION ABS[l) ,_,._ ....... 
0.3 l.3E-10 0.05 

1 2.4E-09 0.05 

1 2.9E-09 0.0.'< 

I 3.6E-07 0.01 

I 8.9E-10 0.01 

0.3 7.0E-10 0.05 

I 6.5E-09 0.5 

I 5.JE-09 0.05 

I 3.0E-09 0.05 

I 4.2E-09 0.05 

I 2.6E-09 0.05 

0.3 A. 9<' -ltl Q.O< 

[sDCSTRCA U-Dcc-93 ] 

INTAltE ORAL CANCERlUSJ:: DERMAL CANCER RISK TOTAL 
DERMAL CSP INGESTION CSP (Z} DJ!RMAL CANCl!il ,_,. __ "'·' ,_,.__ ..... ,._, {-nt. - -A.w\"-1 Rt<~ 

3.7E-10 3.40E-Ol 4.3E-ll 1.7E+OO 6.4E-10 6.8E- 10 

2.IE-09 7.30E+OO 1.7E-08 8.0E+OO 1.7E-08 3.4E-08 

2.6E-09 7.30E+OO 2.IE-08 8.0E+OO 2.IE-08 4.2E - 08 

6.5E-08 J.75E+OO 6.4E-07 J.SE+OO J.2E-07 7SE - 07 

J.6E-IO 4.30E+OO 3.SE-09 4.3E+02 6.8E-08 7.2E- 08 

2.lE-09 2.40E-OI J.7E-10 1.2E+OO 2.5E-09 2.7E- 09 

5.SE-08 J.40E-02 9.lE-11 l.4E-02 8.JE - 10 9.lE-10 

4.6E-09 7.30E+OO 3.?E-08 8.0E+OO 3.7E-08 7.4E- 08 

2.7E-09 7.30E+OO 2.2E-08 8.0E+OO 2.IE-08 4.3E-08 

3.7E-09 7.30E+OO 3.lE-08 8.0E+OO 3.0E-08 6. JE - 08 

2.3E-09 7.30E+OO J.9E-08 8.0E+OO l .9E-08 3.8E -08 
.,-,:r_og 1 401'-ftl 3."" JO 

..,,_,,. .. , ...... 4.SE 00 

SUlOfARY CANCER IUSK l!E-o7 :SR,-07 tE'-'-06 

Rev. 9/93 



TABLE 11-13, canlinacd 
SEDIMENT INGESTION AND CONTACI" - ADOLESCENT, AGES 6 TO 16 

COLD SPRING BROOK POND - AVERAGE EXPOSURE 
CURRENT LAND USE 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILrrY STIJDY FOR GROUP IA SITES 

PORT DEVENS, 11A 
NONCARCINOGENIC EPPEC'r.; 

SEDIMENT 
COMPOUND COf,ICEN'lllATION 

,_,.,_ 

P,P-DDI! 0.09 

Beazo(• )I nthniocnc 0.51 

Cbry,cDC 0.63 

Ara:.aic 78 

FluomDthcnc 1.6 

PhemnthR.nc 0.77 

~IIC 2.2 

Barium 36.5 

Mllnpneae 634 

Niclracl JU 

BceyHium 0.19 

Aluminum 6108 

Chromium VI 1.51 

Chromiua ID 13.59 

Copper 8.5 

V■ mcium 12.1 

Zinc 82.3 

Mercury 0.077 

Lud 69.5 

P,P-DDD 0.5 

llir.(2-ctbylluyl)pbU.la~ 1.4 

Bcua(a )Pyrene I .I 

Bcua(b )ft uonntlE11C 0.64 

Bcnzo(k)ft uon ntbcDC 0.9 

ln&nall 2' cd•--- n.S6 

Jf,IGESTION 

ABS(l] 

(l] Set equal to USEPA Re(!jon I default absorplion factors for soil (USEPA, 1989c). 
(2] Calwlated from Oral RfDs as described in Section 6.1.2.3. 
ND= No data available 

ltBB Environmental Services. Inc. 

INTAKE DERMAL 

INGESTION ABS (1) 
, _ IL. _ .a.. ..A 

0.3 UE-10 0.05 

I 1.7E-OI! 0.05 

I 2.IE-OI! 0.05 

I 2.51!-06 0.01 

I 5.21!-0I! 0.05 

I 2.51!-0I! 0.05 

I 7.21!-0I! 0.05 

I 1.21!-06 0.01 

I 2.IE-05 0.01 

I 3.51!-07 0.01 

I 6.21!-09 0.01 

I 2.0E-04 0.01 

1 4.91!-0I! 0.01 

1 4.41!-07 0.01 

I 2.SE-07 0.01 

1 3.91!-07 0.01 

I 2. 7E-06 0.01 

I 2.51!-09 0.01 

0.3 6.81!-07 0.01 

0.3 4.91!-09 0.05 

I 4.61!-0I! D.5 

1 3.61!-0I! 0.05 

I 2.IE-OI! 0.05 

I 2.91!-08 0.05 

1 ].81'-0II """ 

(sDCSTRCA 15-Dcc-93 ] 

INTAKE ORA L HAZARD Dl!RMAL ffAZARJ) TOTA!., 

DEIOtAL RfD OUOTIBNI' RfDf2J QUOTIENT UAZARD ,_,., __ .... , 1-n.• . .&. v \ 
_,., __ ... '"' n.,.,,..., ,.., ._._...... . ._~ 

2.61!-09 0.0005 UE-06 0.0001 2.61!-05 2.SE-05 

UE-OI! 0.04 4.21! - 07 0.04 3.7E-07 7.91!-07 

1.81!-0I! 0.04 5.I E -07 0.04 4.61!-07 9.7E- 07 

4.51!-07 0.0003 8.5E - 03 0.000294 l.51! - 03 I.0E-02 

4.61!-0I! 0.04 1.3E - 06 0.0364 1.31! - 06 2.61!-06 

2.21!-0I! 0.04 6.31!-07 0.04 5.61!-07 1.21!-06 

6.41!-0I! 0.03 2.41!- 06 0.0273 2.31! - 06 4.7E-06 

2.IE-07 0.07 l .7E-05 0.0049 4.41! - 05 6.IE-05 

3.7E-06 0.14 1.51!-04 O.l)():';6 6.61!-04 8.IE -04 

6.31!-0I! 0.02 UE-05 0.001 6.31! - 05 8.0E-05 

I.IE-09 o. oo.-; 1.2E-06 o.oooo.-; 2.21! - 05 2.31!-05 

3.61!-05 ND ND 
8.81!-09 o.oo.-; 9.81! - 06 0.00055 1.61!-05 2.61! - 05 

7.91!-0I! I 4.41!-07 0.1 7.91!-07 1.21!- 06 

4.91!-0I! ND ND 
7.0E-OI! 0.007 5.6E-05 0.00021 3.31!-04 3.91!-04 

4.81!-07 0.3 8.9E-06 0.102 4.7E-06 1.41!-05 

4.51!-10 0.0003 8.41! -06 0.00006 7.51!-06 1.61!-05 

4.0E-07 ND ND 

1.51!-0I! 0.0005 9.SE-06 0.0001 1.51!-04 1.61!- 04 

4.IE-07 0.02 2.31! -06 0.02 2.0E-05 2.31! - 05 

3.21!-0S 0.04 9.0E-07 0.04 8.0E-07 l .7E-06 

1.91!-08 0.04 5.21!-07 0.04 4.61!-07 9.91!-07 

2.61!-08 0.04 7.31! - 07 0.04 6.51!-07 1.41!-06 

•.•E-M n~, 4.61! 07 0.()4 4.IE-07 8.61!·· 07 

Rev.9/93 



TABLE M-13, <Xllllinoed 
SEDIMHNr INGESTION AND CONTACT - ADOLESCEl'IT, AGES 6 TO 16 
COLD SPRING BROOK POND - AVER.AGE EXPOSURE 
CURR.ENT IAND USE 
'REMEDIAL INVESTIGATION ADDENDUM R.El'OltT 
FEASIBll.lTY SnJDY FOR GROUP lA SITES 
POltT DEVENS, MA 
NONCAR.CINOGENIC EPFEClS 

S.EDIMl!NT 

COMl'OUNJ> CONClfNTIV,TION 
"-11....t\ 

A<emphthylenc 0.26 

Anthncr.ac 0.27 

BcDZo(s,h,i)p:cylcnc 0.43 

O.Jc::ium 3532 

Iron 15232 

Potauium 7.53 

Maeneliam 2246 

Sodi- 452 

P,P-DDT 0.64 

AO!mphtbcae 0.13 

Dibenzo(ura 11 0.15 

PIIIOft:IIC 0.16 

NopldlalellC Ul4 

Cobol! 3.33 

Sclelllium 1.96 

Sil'-'!r U6$ 

(NGESTION 

ABS(JJ 

[!) Set equal to USEPA Ref!i.on I default absorplion factors for soil (USEPA, 1989c). 
[2] Calculated from Oral RIDs as described in Section 6.1.2.3. 
ND = No data aVllilable 

ABB Environmental Ser.,,jces. Inc. 

INTAltll DERMAL 
rNGESTION ABS(II ,_,.. __ ..,_, 

I 3.5E-09 0.05 

I 3.3E-09 0.05 

I l .6E-03 0.05 

I 2.BE-04 0.01 

I 5.0E-04 0.01 

I 2.5E-05 0.01 

I 7.3E-05 0.01 

I l .5E-05 0.01 

0.3 6.3E-09 0.05 

I 5.9E-09 0.05 

I 4.9E-09 0.05 

I 5.2E-09 0.05 

I 4.6E-09 U05 

I l .lE-07 0.01 

I 6.4E-lll! 0.01 

I 2.IE-08 U0I 

! sDCSTRCA 15-0.c-93 ] 

INTAJ:I! OML HAZARD DERMAL llAZAllD TOTAL 
Dl!RMAL RID OUOTtBNT RfD 121 QUOTil!NT HAZAJ:U> ,_,.. __ .... , ,_,.~_ ... _, INGl!STION 

,_,. __ ... _, 
<">DU_,.I - --

7.6E·09 0.04 2.IE-07 0.04 1.9E-07 4.0E-07 

7.SE-09 0.3 2.9E-lll! 0.273 2.9E-lll! 5.SE-03 

UE-03 0.04 3.9E·07 0.04 3.5E-07 7.4E-07 

5.0E-05 ND ND 

UE-05 ND ND 

4.4E-06 ND ND 
1.3E-05 ND ND 

2.6E-06 ND r;o 
J.9E-lll! 0.0005 J.3E-05 0.0001 1.9E-04 2.0E-04 
$.2E-09 0.06 9.SE-03 0.0546 9.6E-lll! I.PE-07 

4.4E-09 ND ND 
4.6E-09 0.04 J.3E-07 0.04 l .2E-07 2.5E-07 

4.IE-09 0.04 1.IE-07 U04 J.OE-07 2.2E-07 

2.0E-08 ND ND 

I.IE-Ill! 0.005 l.3E-05 0.003 3.3E-06 J.7E-05 

HE-09 0.005 4.2E-06 0.00105 3.6E-06 7.SE-06 

S'I.TMMARY BAZAltD INDEX IJE-0, 3E-03 lE.:..:OZ 

Rev.9/93 



TABLE 11-14 
SEDIMENT INGESTION AND CONTACT - ADOLESCENf, AGES 6 TO 16 
COLD SPRING BllOOK POND - KAXDIU:U: EXPOSURE 
CUllllENT LAND USE 
REIIEDIAL INVESTIGATION ADDENDU:U: REPOllT 
FEASIBILITY STIJDY FOil GllOUP IA SITES 

FOllT DHVENS, MA 

EXPOSURE PAllAIIETEllS 

P A.R,\MIITl!R Sl'MBOL 

CONCENTRATION SEDIMENT cs 
INGESTION RATE IR 

FRACTION INGESTED Fl 

ADHERENCE FACTOR AF 

AGE-SPECIFIC SURFACE AREA SA; 
ABSORPTION FRACTION ABS;/ABSd 

CONVERSION FACTOR CF 

BODY WEIGIIT BW 

AGE-SPECIFIC BODYWEIGIIT BWj 

EXPOSURE FREQUENCY EF 

EXPOSURE DURATION ED 

AGE-SPECIFIC EXPOSURE DURATION EDj 

AGE-WEIGIITED SURFACE AREA(!] SAs.d/adi 
AVERAGING TIME 

CANCER AT 
wnurANCRR AT 

YALU!; 

chemical specific 

100 

100% 

o..l 

age-specilic 

default 

I.OOE-06 

42 

age -specilic 

5 

10 

age-specific 

846.6 

70 

10 

• Unitsfmc-.xpmurc &cqu:ncya~ine~nt*.arin the ~Jculation CS.the denmllyabacrbcd dose. 

UNITS SOURCE 

qlllt< 
q/day USEPA, 1991b 

unitleu Auumption 

q/cml""""'·w.ot USEPA, 1992d 

cm' USEPA, 1989b 

unitlcss USEPA, 1969c 

ksJq 
ks USEP A, J 989b 

ks USEPA, 1989b 

daY3~.ar • Aaaumptiou 

)"-IIR Assumption 

)"-IIR AppcndixV (USEPA, 1992d) 

cm2-,ur/ks AppcndixV (USEPA, 1992d) 

)"-IIR USEP A, l 989f 

..,. .. USEPA1989f 

(I] The calculatiom for normalized ,urmco a...a (SA,.dJ>dj) a ud dcnmllyab■arbed dale p:.r umt area p:r e'"'DI (DAc,.,n1) are dc■cribed in AppcndixV. 

USEPA, 1992d. Derm1l Expoaure Aaoesonr.nt: Prilriplc■ aud Appicatiom. 

USEPA. 1991b, "Standard Default Expamre Factors". 

USEPA, 1969b. Expoaune Factora Handbook. 

USEPA, 1989c. Region I Supplcmcnbll Ride Asaossment Guicloucc. 

USEPA 1969!. RiakAsse11m:DI Guicloncc fer Suoerfuud 

ABB Environmental Services, Inc. 

\ sDCSTRCM 15-D,,c-n I 

EQUATIONS 

CANCER RISK= INTAICE(mg/lrg-doy) xORALCSF (11111/lrg-cloy)~-1 

HAZARD QUOTIENT= INTAKE (ms/ks-cloy)/ ORAL RID (me/ks-cloy) 

INTAKE-INGESTION= CS s:IR:1:A~ s::Fl:1:CF x EF z:ED 

BW x AT x 365 cloyw/yr 

INTAKE-DERMAL= (DAc,ent xEF / ATx 365 clo)"/)a,r) x SAa.,clfaclj 

Where: 

SAacd/odj = SUM (SA; x ED;/ BW;) 

DAc\!Cnt = CS z: AP x ABSd s: CF 

N*: 

FOi' nonc:arcinoscnic effects: AT= ED 

Rev.9/93 



TABLE ll-14, mnlinaed 
Sl!DIME!IT INGESTION AND CONTACT - ADOLESCENT, AGES 6 TO 16 
COLD SPRING BROOK POND - IIAXIMUM EXPOSURE 
CURRENT LAND USE 
REMEDIAL INVl!STIGATION ADDENDUM REPORT 
FEASIBILITY sro DY FOR GROUP IA SITES 
POKT DEVENS, MA 
CARCINOGENIC l!PFl!cnl 

reDIMl!NT 

COMPOUND CONCJ!Nl'RATION 
, .. 11ta1 

P,P-DDE 0.72 

Bcnzo(■ ~atln-a~nc 4 

Cliry,,,-= g 

Anelllic 390 

Becyltium 0.41 

P,P-DDD 6.2 

Ji;1(2-cthylhczyl)phtlal■ tc 2 

Benzo(■ )pylcne 6 

Beazo(b)duonathcae 5 
Benzo(k)d•onlllhcm: JO 

ladono( 1,2,3-cd)~m: 2 

• r orrr 15 

INGBmON 

ABS (I] 

(1) Set equal to USEPA Rel!ion I default absotption factors for soil (USEPA. 1989c). 

(2) Calculated &-om Oral CSF• asdesa:ibed in Section 6.1.2.3. 

ABB Environmei:;tal Services. Inc. 

IIO'All! DBRMAL 

INGESTION ABS[!) 
1-"'•-dnl 

0.3 I.OE-09 0.05 

I 1.9£-08 0.05 

I 3.7E-08 O.Ol 

I 1.SE-06 0.01 

I 1.9£-09 0.01 

0.3 &.7E-09 0.05 

I 9.3E-09 0.5 

I 2&E-08 O.Ol 

I 23E-08 O.Ol 

I 4.7E-08 0.05 

I 9.3E-09 0.05 

'" ">.l l".-M MK 

{sDCSTRCM ts-Dcc-93 ) 

llrrAJCI! ORAL CANC£RRISE DERMAL CANCER RISI( TOTAL 
DERMAL CSF INGESTION CSF{Z] DBRMAL CANCER ,_,., __ ... _, ,_,.__ ... _, --• {,..n.. - doo\ - - I ,u~r 

3.0E-09 3.40£-01 3.4E-IO l.7E+OO 5.IE-09 5.4E-09 

1.7E-08 7.30E+OO 1.4E-07 8.0E+OO 1.3E-07 27£-07 

3.3E-08 7.30E+OO 27£-07 S.OE+OO 2 7E-07 5.4E-07 

3.2£-07 l.75E+OO 3.2E-06 l .&E+OO 5.&E-07 3.&E-06 

3.4E-10 4.30E+OO &.2E-09 4.3E+02 J.SE-07 1.5E-07 

26£-08 240£-01 21E-09 l .2E+OO 3.IE-08 3.3E-08 

&.3E-08 1.40£-02 J.3E-IO J.4E-02 1.2£-09 l.3E-09 

25E-08 7.30E+OO 20E-07 8.0E+OO 20E-07 4.0E-07 

21E-08 7.30E+OO J.7E-07 &.OE+OO 1.7E- 07 3.4E-07 

4.2E-08 7.30E+OO 3.4E-07 &.OE+OO 3.3E-07 6.7E-07 

8.3E-09 7.30E+OO 6.&E-08 &.OE+OO 6.7E-08 1.3E-07 

6.2E - M ~AOE-01 7 IE-00 l.?E+OO UE-"7 "'-07 

SUIOlAJI.Y CANC2R JUS& 41!-06 2H'-,06 61!-06 

Rev.9/93 



TABLE K-14, 00Dlinued 
SEDIMENT INGESTION AND CONTAC£ - ADOLESCENT, AGES 6 TO 16 

COLD SPitlNG BJI.OOK POND - KAXIKUK EXPOSU.RE 

CU1l.RENT LAND USE 
.REMEDIAL INVESTIGATION ADDENDUM .REPORT 
FEASIBILITY S1U DY POR. GJI.OUP 1A SDl!S 

POJI.T DEVENS, KA 
NONCAR.CINOGENIC EPPECIS 

SEDIMENT 

COMPOUND CONCBNlllATION 

fmo/bl 

P,P-DDE 0.72 

Bc=o(• )lnthnu,cDC 4 

Chry&IIC 8 

ArEJliC 390 

Pluom athcnc 10 

Phcmatbeac 6 

l'yrcDC 20 

Buium 11, 
Mli1J8alEIC 3000 

Niclool 54.3 

Beryllium 0.41 

Ahnniaum 17000 

Chromium VI 6.48 

Cllromium.1D 58.32 

Copper 42.9 

V■mdium 48.6 

z;,.. 690 

Mercury 0.72 

uod 570 

P,P-DDD 6.2 

Bia(l--etli)!hezyl)phthololo 2 

Bcuo(• ~.., 6 

Bcazo(h)ftuonnthe ... ' Bcazo(lr.)ft uan nthcnc 10 

]nclenolJ.2.3 .• A,-nc , 

INGESTION 

ABS(l] 

(I] Set equal to USEPA Re~oa I default absotptioa factors for soil (USEPA. 1989c). 
(2) Calwlated from Oral RfDs as described in Section 6.1.2.3 . 

ND z No data available 

ABB Environmental Services. Inc. 

lNJ'AlltB D:SRMAL 

INGESTION ABS(ll ,_,.,__..__, 
0.3 7.0E-09 0.o:5 

I 1.3E-07 O.o:5 

I 2.6E-07 0.o:5 

I 1.3E-o:5 0.01 

I 3.3E-07 O.o:5 

I 2.0E-07 O.o:5 

I 6.5E-07 O.o:5 

I _., 3.SE-06 0.01 

1 9.SE-o:5 0.01 

I l.8E-06 0.01 

I l.3E-08 0.01 

I 5.5E-04 0.01 

I 2.IE-07 0.01 

I 1.9£-06 0.01 

I 1.4E-06 0.01 

I J.6E-06 0.01 

I 2.3E-o:5 0.01 

I 2.3E-08 0.01 

0.3 5.6E-06 0.01 

(l3 6.IE-08 0.05 

I 6.5E-08 0.5 

l 2.0E-07 (lo:5 

I 1.6E-07 (lo:5 

I 3.3E-07 (lo:5 

I 6.~.--oa OM 

[sncsTRcM 15-Deo-93 ] 

TNTAltE ORAL IJ.AZARt> DERMAL RAZAIW TOTAL 

DERMAL IUD QUOTIBNI' IUD[2] QUOTfENT .RAZ>.RD ,_,.__ .... , ,_,., __ ... _, 
INGP<-nn,.. ,_,., __ ... _, n.,;,u., 

2.lE-08 0.OOo:5 l.4E-o:5 0.0001 2.IE-04 2.2E-04 

l.2E-07 0.04 3.3E-06 0.04 2.9E-06 6.2E-06 

2.3E-07 0.04 6.5E-06 0.04 HE-06 l.2E-o:5 

2.3E-06 0.0003 4.2E-02 0.000294 7.7E-03 5.0E-02 

2.9E-07 0.04 8.2E-06 0.0364 S.0E-06 1.6E-o:5 

l.7E-07 0.04 4.9E-06 0.04 4.4E-06 9.3E-06 

S.SE-07 0.03 2.2E-o:5 0.0273 2.IE-o:5 4.3E-o:I 

6.7E-07 0.07 5.4E-o:5 0.0049 1.4E-04 l.9E-04 

1.7E-05 0.14 7.0E-04 0.Oo:56 3.IE-03 3.8E-03 

3.2E-07 0.02 8.9E-o:5 0.001 3.2E-04 4.0E-04 

2.4E-09 0.005 2.7E-06 0.00005 4.aE-05 5.0E-o:5 

9.9E-o:5 ND ND 

3.SE-08 0.Oo:5 4.2E-05 O.OOo:55 6.SE-o:5 I.IE-04 

3.4E-07 I 1.9£-06 0.1 3.4E-06 5.3E-06 

2.5E-07 ND ND 
2.SE-07 0.007 2.3E-04 0.00021 l.3E-03 l.6E-03 

4.0E-06 0.3 7.5E-o:5 0.102 3.9E-05 I.IE-04 

4.2E-09 0.0003 7.8E-o:5 0.00006 7.0E-05 l.5E-04 

3.3E-06 ND ND 

UE-07 0.OOo:5 J.2E-04 (l0001 I.SE-03 1.9E-03 

5.SE-07 0.02 3.3E-06 (l02 2.9E-05 3.2E-05 

1.7E-07 6.04 4.9E-06 0.04 4.4E-06 9.3E-06 

UE-07 0.04 4.!E-06 0.04 3.6E-06 7.7E-06 

2.9E-07 0.04 8.2E-06 0.04 7.3E-06 l.5E-05 

5.SE-08 n"' J.61'-06 nn ,_, .. _,.. 3., ...... 

Rev.9/93 



TABLE K-14, mnlinued 
SEDIMENT INGESTION AND CONTAcr - ADOLESCENT, AGES 6 TO 16 
COLD SPRING BROOK POND - llAXIKUK EXPOSURE 
CURRENT LAND USE 
REKEDIAL INVESTIGATION ADDENDUK REPORT 
PEASfflILITY S1UDY FOR GROUP IA SDES 
FORT DEVENS, KA 
NONCARCINOGENIC EFFEC£S 

SEDIMENT 

COMPOUND CONCE!nllATION 
,_n.., 

Accmphthylenc 3 

Anthracene 3 

Jlem:o(s, U )p,ryleDC 1 

0.lcium 41600 

Iroa 45000 

Pot.NituD. 3580 

Mll9m::aium 1160 

Socli11111 1860 

P,P-DDT 15 

Accmpbtbcae 0.61 

Dibcuo(un.n 0.61 

Pl"°"'"" 0.2 

l\loplltl,oJeDC 0.25 

C<,bolt 19.6 

Sclclli•• 5.11 

SiJ~r 6.35 

INGESTION 

ABS[l) 

(1] Set equal to USEPA Re~on I default absorption factors for soil (USEPA. 1989c). 

(2] Calculated from Oral RIDs asdesaibed in Section 6.12.3. 

ND = Noda ta available 

ABB Environmental Services, Inc. 

JlffAKI! DERMAL 

INGESTION ABS(lJ ,_,., __ ... -, 
I 9.SE-08 0.05 

I 9.SE-06 0.05 

I 3.3E-08 0.05 

I l.4E-03 0.01 

I l .5E-03 0.01 

I l .2E-04 0.01 

I 2.3E-04 0.01 

I 6. IE-05 0.01 
(U l.5E-01 0.05 

I 2.SE-08 0.05 

I 2.0E-06 0.05 

I 6.5E-09 0.05 

I 8.2E-09 0.!15 

I 6.◄E-01 0.01 

I l.9E-01 0.01 

I 2.IE-01 0.01 

.Iii 

[~DCSTRCM 1,-0cc-93 I 

INl'AICI! ORAL HAZAJlD DERMAL HAZARD TOTAL 

DERMAL IUD OUOTIENr RfD[2) QUOTIENT HAZARD 
, __ .,_ ..... , ,.,.,,,._ ... _, , __ ,., __ ... .. , 

nvvuu ,_,.~~.-
8.7E-06 0.04 2.4E-06 0.04 2.2E -06 4.6E-06 

8.7E-08 0.3 3.3E-01 0.273 3.2E- 01 6.SE-07 

2.9E-06 0.04 8.2E-01 0.04 1.3£-01 l.SE - 06 

2.4E-04 ND ND 

2.6E-04 ND ND 

2.lE-05 ND ND 

4.2E-05 ND 1,m 

l . lE-05 ND ND 

4.4E-07 0.0005 2.9E-04 0.0001 4.4E-03 4.7E-03 

2.SE-06 0.06 4.7E-01 0.0546 4.6E-01 9.4E-07 

l.8E-06 ND ND 

5.8E-09 0.04 1.6E-01 0.04 1..'5E-01 3.lE-01 

1.3E-09 0.04 2.0E-07 0.04 1.8E-01 3.9E-01 

I. IE-01 ND ND 

3.4E-08 0.OCl5 3.8E-05 0.003 I.IE-05 4.9E-Cl5 

3.7E-08 0.OCl5 4.lE-05 0.00105 3.5E-Cl5 1.1£-05 

SUlOlAJlYBAZAltD INDEX 4E-02 m:..02 62- 02 

Rev.9/93 



TABLEK-15 
SEDIKENI" INGESTION AND CONTACT - ADOLJ!SCENr, AGES 6 TO 16 
COLD SPRING BllOOK POND - A VEllAGE EXPOSUllE 
FUTUllE !AND USE 
llEKEDIAL INVESTIGATION ADDENDUM llEPOllT 
FEASIBILITY STIJDY FOil GllOUP 1A Srn?S 
FOllT DEVENS, KA 

EXPOSUllE PAllAKETEllS 

r i\llAMEl"l!R SYMllOL 

CONCENTIV.TION SEDIMENT cs 
INGESTION RATE IR 

FRACTION INGESTED Fl 

ADHERENCE FACl'OR AF 

AGE-SPECIFIC SURFACE AREA SA; 

ABSORPTION FRACTION ABS;IABSd 

CONVERSIONFACl'OR CF 

BODYWEIGHT BW 

AGE-SPECIFIC BODY WEIGHT BWi 
EXl'OSUREFREOUENCY EF 

EXl'OSURE DURATION ED 

AGE-SPECIFIC EXPOSURE DURATION ED1 

AGE-WEIGHTED SURFACE AREA (I] Si\,.,<Ll,dj 

AVERAGING TIME 

CANCER AT 

••-.. CANCER 4T 

Vi\LUI:! 

chemical specific 

100 

100% 

o., 
•l!"-•peci6c 

de.mull 

J.OOE-06 

42 

agc- apecilic 

100 

10 

•8"-•pr.cific 
MM 

70 

•o 
• Units Coe r-.xpca1n. !n:qir.nc:y arc io c~nt~.ar in thr. c:21Jculation cl~- de.rlDlllyabscd>e.d ~4 

UNJn SOU'RCI! 

q/lig 

q/day USEP A. 199 lb 

uo:itk-.ss Assumption 

D{l/cm' --ew..!Jl USEPA. 1992d 

cm' USEPA.19891> 

uuitle.ss USEP A. 1989c 

ksfq 
ks USEP A. 19891> 

ks USEPA.19891> 

da~r• Assumption 

~rs Assumption 

~ra Appeudi,V(USEPA.1992.d) 

cm2-)C'.ar/lie; AppeudixV (USEPA.1992.d) 

~ ... USEPA.1989f 

-n l m~UA .J989f 

(1 J The calcubtiom fer ncrmalizcd ,urfacurea (S"-,d,.dj) • nd dcrmill yab,crbed dcoe per uait area per e"'DI (D~..,,rt ) are described ;D Appr.ndix V. 

USEPA. 1992d. Dermal &pa,un: As,e,.sm,nt: Priocipleund Applntiom. 

USEPA.1991b. "Standard De.mull Expos= Factors•. 

USEPA. 19891>. E"P"'= Factor, lbocl>ook. 

USEPA.1989c. Rcsion I Supplemental Jlj,k AsoeaameDI Gtndauce. 

USEPA.1989f. Jlj,kA,s,,ssmont Gtndauce fer Suoerfund. 

ABB Environmental Service~ Inc. 

l sDCSJllFA IS-Dec -93 ) 

EQUATIONS 

CANCER RISI[= llffAKI! (qfka-day) xORI\LCSP (mgfka - day) A -1 

HAZARD QUOTIE!ff = llffAKE (mgfka-day) / ORAL RfD (qfka-day) 

llffAKl!-INGESTION = CS xlR:1:A~ zFlz CF :a: EF z ED 

BW x AT x 36, day,/yr 

Jiff AKE-DERMAL= (D~..,nt x EF / ATx 365 dayol},ear) x SA,,.cl/adj 

When:.: 

SA,,.cl/adj = SUM (SA; x ED; / BW;) 

D~..,,rt = CSxAF xABSdx CF 

N-: 

For noD01rdaoscnic effects:: AT= ED 

Rev. 9/93 



TABLE M-ts. Cllllllin11cd 

SEDIMENI" INGESTION AND CONTACT - ADOLESCENT, AGES 6 TO 16 
COLD SPRING BROOK POND - AVERAGE EXPOSURE 
FUTIJRE LAND USE 
REMEDIAL INVESTIGATION ADDENDUM llEPOllT 
PEASmILITY SnJDY POil G.ROUP 1A Sin!S 
PO.RT DEVENS, MA 
CAllCINOGENtC EFFECTS 

SEDIMENT 

COMPOUND CON'CBNl'llATION 
1..,./b 

P,P-DDE 0.09 

&mo(a)oalbna:IIO O..li 

Clzrya:IE 0.63 

Ane.aic 78 

Beryllium 0.19 

P,P-DDD O..l 

llia(2-eth~bo.,t)phtbola11c 1.4 

&mo(•mrc- I. I 

Beazo(b)Ou..aatbo"" 0.64 

&azo(k)Ouonatbo110 0.9 

Iadoao( 1,2,3-cd)pynenc O . .l6 
p p-n.wvr 064 

INGBfflON 

ABS(l) 

[I] Set equal to USEPA Re~on I default absoiption factors for soil (USEPA. 1989c). 
(2] Calculated from Oral CSFs asdesaibed in Section 6.1.2.3. 

ABB Environmental Services. Inc. 

INTAKE DBI\MAL 

INGESTION ABS[l) ,_,., __ ... _, 

0.3 2.lE-09 0.0'.5 

I 4.SE-08 0.0.l 

I .l.9E-08 0.0'.5 

I 7.3E-06 0.01 

I 1.SE-08 0.01 

0.3 1.4E-08 0.0'.5 

I l.3E-07 O..l 

I I.OE-07 0.0'.5 

I 6.0E-08 0.0'.5 

I 8.4E-08 0.0.l 

I .l.2E-08 0.0.l 
o., l.8S'-M Oil'.\ 

l soCSTRFA IS-Dec-93 ) 

l)'n'AICE ORAL CANCl!RRISX DERMAL CANCER RlSJC TOTAL 
DERMAL CSP INGl!STI() N CSP [21 151!'.RMAL CANC!lll 

1-11.-._..a...,11, ,_,.,_ ..... , . . , ~_,._,_ _ .... _,~ . 1 un 
7 . .lE-09 MOE-OJ 8.6E-10 1.7E+OO 1.3E-08 1.4E-08 

4.2E-08 7.30E+OO 3 . .lE-07 8.0E+OO 3.4E-07 6.9E-07 

.l.2E-08 7.30E+OO 4.3E-07 8.0E+OO 4.ZE-07 8..lE-07 

l.3E-06 1.7.lE+OO 1.3E-0'.5 l.8E+OO 23E-06 1 . .lE-0'.5 

3.2E-09 4.30E+OO 7.6E-08 4.3E+02 l.4E-06 !.4E-06 

4.2E-08 240E-01 3.4E-09 1.2E+OO .l.OE-08 .l.3E-08 

1.2E-06 1.40E-02 I.SE-09 l.4E-02 1.6E-08 i.SE-08 

9.IE-08 7.30E+OO 7..lE-07 8.0E+OO 7.3E-07 1 . .lE-06 

.l.3E-08 7.30E+OO 4.4E-07 8.0E+OO 4.3E-07 8.6E-07 

7 . .lE-08 7.30E+OO 6.JE-07 8.0E+OO 6.0E-07 1.2E-06 

4.6E-08 7.30E+OO 3.SE-07 8.0E+OO 3.7E-07 7 • .lE-07 

.l.3E-OA '-IOE-01 z ,r-_no l.7E+M 9.0E-08 9.6E-08 

SUMMAllY CANCl!ll RISK m--0s 7H-"ll6 :m-os 

Rev. 9/93 



TABLE M-1S, OODtinaed 
SEDIMENT INGESTION AND CONTACT - ADOLESCENT, AGES 6 TO 16 

COLD SPRING BROOK POND - AVERAGE EXPOSURE 
FU"IURE LAND USE 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBD..ITY nu DY FOR GROUP 1A SITES 

PORT DEVENS, MA 
NONCARCINOGENIC l!PPECTS 

SEJ)lMJ!NT 

COMPOUND CON~"llON 
1 .. 11ot\ 

P,P-DDE 0.09 

Benzo(• )tnt.hnc:r.ne 0.51 

c1,rym, .. 0.63 

Ara:.uic 16 

PJuonatlacnc 1.6 

Pbcmat~ne 0.11 

l'yreDO 2.2 

&irivm 36.8 

Manplll!IIC 634 

l'ucel J0.8 

Beryllium 0.19 

Aluminum. 6108 

Cbromiu.m VI 1.51 

Cllromi•m lU 13.59 

Copper 8.5 

Va•lium 12.1 

Zioc: 82.3 

).krcury 0.077 

kad 69.5 

P,P-DDD o.5 

lli-(2--.:t•yl-=.,t)phtllllak 1.4 

Bcazo(• }P)=DO I .I 

Bcnzo(h)BuannthcDO 0.64 

Bcnzo(k)duon nthc .. 0.9 

I oi1c • oJ I. 2.3 -ed\ ....,,,.ne O..S6 

l!IGES'TIOl'i 

ASS(JJ 

[!] Set equal to USEPA Re~on I default absorption factors for soil (USEPA.1989c). 
[2] Calailated from Oral RIDs as described in Section 6.1.2.3 . 

ND = No data available 

ABB Environi:iental Services. Inc. 

ltn'Alm DERMAL 
INGESTION AIIS[l l 
•- ~ - - ~ •A 

0.3 I.SE-08 0.05 

I 3.3E-07 0.05 

I 4. IE-07 0.05 

I 5.IE-05 0.01 

I I.OE-06 0.05 

I 5.0E-07 0.05 

I l.4E-06 0.05 

I 2.4E-05 0.01 

I 4.IE-04 0.01 

I 1.0E-06 0.01 

I l.2E-07 0.01 

I 4.0E-03 0.01 

I 9.8E-07 0.01 

I 8.9E-06 0.01 

I 5.5E-06 0.01 

1 1.9E-06 0.01 

I 5.4E-05 0.01 

I 5.0E-08 0.01 

0.3 1.4E-05 0.01 

0.3 9.SE-08 0.05 

I 9.IE-07 o.5 

1 1.ZE-07 0.05 

I 4.2E-07 0.05 

1 HE-07 0.05 

I :l:?'.l'--0'1 0.05 

[sDCSTRFA 1!5-Dec-93 } 

INT.u'.1! ORAL BAZARD DllRW\L RAZ.ARD TOTAL 

DERMA!. RJ1) OUOT!El'IT RID rz) O UOTIENT HAZARD 
1--"'-· _ ...... _,. ,-"'•-do •\ ING"- ""''kt ~ A. - - Ao..v\ n l'RU'AI ~· ·---·-

5.2E-08 0.0005 3.5E-05 0.0001 5.2E-04 5.6E-04 

3.0E-07 0.04 8.3E-06 0.04 1.4E-06 l.6E-05 

3.7E-07 0.04 1.0E-05 0.04 9.2E-06 l.9E- 05 

9. IE-06 0.0003 J.1E - Ol 0.000294 3.IE-02 2.0E-01 

9.3E-07 0.04 2.6E - 05 0.0364 2.6E-05 5.2E-05 

4.5E-07 0.04 J.3E - 05 0.04 I.IE-05 2.4E - 05 

l .3E-06 0.03 4.8E- 05 0.0213 4.7E-05 9.5E- 05 

4.3E-06 0.07 3.4E-04 0.0049 8.7E- 04 I.le- OJ 
1.4E-05 0. 14 3.0E - 03 0.0056 l .3E-02 l .6E-02 

l.3E-06 0.02 3.5E - 04 0.001 l.3E-03 l.6E- OJ 

2.ZE-08 0.005 2.5E - 05 0.00005 4.4E-04 4.7E-04 

7.IE-04 ND ND ND 

I.SE-07 0.005 2.0E-04 0.00055 3.2E-04 5.2E-04 

l.6E-06 I 8.9E- 06 0.1 1.6E-05 2.5E-05 

9.9E-07 ND ND 

1.4E-06 0.001 I .IE-03 0.00021 6.7E-03 1.SE- 03 

9.6E-06 0.3 UE-04 0.102 9.4E-05 2.7E- 04 

9.0E-09 0.0003 l.7E-04 0.00006 J.5E-04 3.2E -04 

3.IE-06 ND ND 

2.9E-07 0.0005 2.0E-04 0.0001 2.9E-03 3.IE-03 

8.IE-06 0.02 4.6E-05 0.02 4.IE- 04 4.5E-04 

6.4E-07 0.04 UE-05 0.04 J.6E- 05 3.4E-05 

3.7E-07 0.04 J.OE-05 0.04 9.3E-06 2.0E-05 

5.2E-07 0.04 1.5E-05 0.04 l.3E-05 2.3E-05 

S.lE- 0? ""' 9. LE 06 n n, •·I" · OIi l .?'.1'-05 
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TABLE M-lS, 011111inaed 
Sl!DIMENJ' INGl!S110N AND CONTACT - ADOLl!SCl!NT, AGl!S II TO 111 

COLD SPRING BllOOK POND - AVEllAGI! IDaOSUlll! 
PUTIJlll! !AND USI! 
lll!Ml!DIAL INVl!S11GA110N ADDENDUM lll!POllT 
PEASIBILITY S'IUDY POil GltOUP 1A SITl!S 

POllT DEVENS, MA 
NONCAllCINOGl!NIC l!PPl!CI'S 

SEDIMENT 

COMPOUND cofqCRNTRATION ,_,._, 
ADe.mphthylcne 0.26 

Anthn.ocs 0.27 

llr:ozo(B, h,;)P"eylc'"' 0.48 

Ca]c:ium 6562 

Iron 15232 

Pabri11ium 756 

Masneaium 2246 

Sodium 452 

P,P-DDT 0.64 

Accmpbthcne 0.16 

Dibe:nzofun D 0.15 

FJ...., .. 0-16 

Nophthalc,., 0.14 

Ccllolt 3.36 

Selenium 1.96 

Sil~, 0.65 

INGBSTION 

ABS(!) 

[1 J Set equal to USEPA Re!'ion I default absorption factors for soil (USEP A. 1989c). 
[2] Calculated from Oral RfDs as described in Section 6.1.2.3. 
ND= No data available 

ABB Environmectal Services. Inc. 

fNTAltB DERMAL 

ING£5TIOJII ABS(!) ,_,. __ ... .., 
1 1.?E-07 O.<kl 

I 1.SE-07 O.<kl 

I l.lE-07 0.0:S 

1 5.6E-03 0.01 

1 9.9£-03 0.01 

I 4.9£-04 0.01 

1 l .SE-03 0.01 

1 2.9E-04 0.01 

0.3 1.3£-07 0.0:S 

1 1.2£-07 0.0:S 

1 9.SE-06 0.05 

1 1.0E-07 0.0:S 

1 9.lE-06 0.0:S 

1 2.2£-06 0.01 

I 1.3£-06 0.01 

1 4.2E-07 0.01 

[ SDOSTRFA 15-Dcc-93] 

1NrAIC£ ORAL HAZARD DERMAL HAZARD TOTAL 

D£1UfAL RID OUOTmNT RrD(2J OUO'lll!lrr HAZARD ,_,., __ .... , , __ ,., __ ... _, l'NG ,,.,.,.,n,., ,_,.,__ ... _, l'IRDU.&I OUO"fiENT' 

1.SE-07 0.04 4.2£ -06 0.04 3.6£-06 6.0E-06 

1.6£-07 0.3 5.9£-07 0.273 5.?E-07 1.2£-06 

2.SE-07 0.04 7.6£-06 0.04 7.0E-06 1.SE-0:S 

J.OE-03 .ND ND 

UE-03 ND ND 

UE-<kl ND ND 

2.6£-04 Nll !'ID 

5.3E-O:S ND 1'10 

3.?E-07 0.000:S 2.5E-04 0.0001 3.?E-03 4.0E-03 

1.0E-07 0.06 2.0E-06 0.0!!46 1.9£-06 3.9£-06 

6.?E-06 ND ND 

9.3£-06 0.04 2.6£-06 0.04 2.lE-06 4.9£-06 

6.IE-06 0.04 2.lE-06 0.04 2.0E-06 4.3£-06 

3.9£-07 ND ND 
2.3£-07 O.Oll.'I 2.6£-04 0.003 7.6£-(kl 3.3£-04 

7.6£-06 0.0ll.'I 11.5£-0:S 0.0010!! 7.2£-05 1.6£-04 

SUlOUJlYBAZAltI>n«>EX 21!,,.01 68- 02 2E,...01 

Rev.9/93 



TABLBM-16 
SEDIMENT INGESTION AND CONTAcr - ADOLESCENT, AGES 6 TO 16 
COLD Sl'RING BROOK POND - MAXIMUM EXPOSURE 
FUTI.IRE LAND USE 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
PEASIBD..ITY STIJDY FOR GROUP IA SDllS 

PORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAM.£TllR SYMBOL 

CONCElffRATION SEDIMENT cs 
INGESTION RATE IR 

FRACTION INGESTED Fl 

ADHERENCE FACl'OR AF 

AGE-SPECIFIC SURFACE AREA SA; 

ABSORPTION FRACTION AIIS;/ABSd 

CONVERSION F ACl'OR CF 

BODYWEIGHT BW . 
AGE-SPECIFIC BODY WEIGHT BW; 

EXPOSURE FREQUENCY EF 

EXPOSURE DURATION ED 

AGE-SPECIFIC EXPOSURE DURATION EDj 

AGE-WEIGHTED SURPACEAREA [1) SA,,dhuli 
AVERAGING TIME 

CANCER AT 

NONr•NCRR AT 

VALUE 

ebetmall apoci6c 

JOO 

100% 
o., 

• sc-s~cif'JC 
dot.ult 

l.OOE-06 

42 

•8"-q,ccif,c 

JOO 

JO 

• 8" -specific 

848.6 

10 

IO 

• Uait, (orcxposurcfrcqir.ncyare jnc\ent~.ar in the cak:ulation ~tlr. denmllyabsorbt.d dmc. 

UNITS SOURCE 

~!is 
IJll/day USEPA, 1991b 

uri:itlcss Assumption 

~c:ml~\ent USEPA. 1992d 

cm' USEPA, 19891> 

unitleu USEPA, 1989c 

ka/"I! 
<8 USEPA. 19891> 

ks USEPA, 19891> 

dtya~r• AJnmptiou 

~u• Auumption 

)"'.US Appcudix V (USEPA, 1992d) 

c:ml-)CU~ Appendix V ( USEP A, 1992d) 

)Ur• USEPA1989! 

--- ... .,.. 19&9f 

(1] Tlr calculatlomfor normalized uafacc att.a (S~d/aq)•nd derm1llyab1orbcd dose per unit area perc\ent (D~\ent)•re descnb~.diu AppendixV. 

USEPA.1992.d. De.rilll1 Exposure.Asscss~nt Priociple■ aod Applications. 

USEPA, 1991b. "S1nmrd O.&ult &Fan,n: Factora". 

USEPA. 19891>. &pea= Fact<n lhIKl>ook. 

USEPA.1989c. 11,sion I Supplcmefl1>1 Risk AsEssn,cDI G\Ddt~ 

USEPA. J939f. Jlj,kAucosant GuidtDCC fer Supcrfund. 

ABB Environmental Services. Inc. 

[ sDCSTRFM 1'-Dcc- 93 I 

EQUATIONS 

CANCER RISK= INTAKE ("'8118-doy) • ORAL CSF (me/ks-cloy)" -I 

HAZARD QUOTIENT= INTAKE (ms/Jra - doy) / ORAL RID (me/Jra-doy) 

INTAKE- INGESTION = CS:w::IRzA~ it Pia: CF z EF JC ED 

BW •AT• 365 daya/yr 

INTAKE-DERMAL= (DA,,,enl • EP /AT• 365 daya/)car) • SA.eel/adj 

WIEn:: 

SA..d/adj = SUM(SA; • ED; /BW;) 
DAc~nt = CS ll AF :a: ABSd :s: CP 

N-: 

Fcx aoncarc:inose.aic c.ffccb: AT= ED 

Rev.9/93 



TABLE .111-16, am tinned 
SEDI.IIIENI' INGPSTION AND CONTACT - ADOLEScmrI", AGPS 6 TO 16 
COLD SPRING BROOK POND - .IIIAXI.IIIU.111 EXPOSURE 
FUTIJR.E LAND USE 
R.EIIHDIAL INVESTIGATION ADDENDV .111 R.EPOR.T 
FEASIBILITY STIJDY FOR. GR.OUP IA SITES 

FOR.T DEVENS, KA 
CAR.CINOGENIC EFFE.Cnl 

SEDIMENT 

COMPOUND CONCl!Nn\A110N 
,-~ 

P,P-DDE 0.12 

Beazo(• )Ill atlnc,ooe 4 

Cbry,,en, a 
Anl;aic 390 

B:ryltium 0.41 

P,P-DDD 6.2 

&11(2-ethylbczyl)phtlalale 2 

Beazo(•~oe 6 

Beazo(h )0 uor .. tbcae ' Beazo(k)0uoraatheae 10 

lad.no( 1,2,3-ed)~'"' 2 

p P nrrr '' 

INGESTION 

ABS[!) 

(I) Set equal to USEPA Regon I defaull absorption factors for soil (USEPA, 1989c). 
(2) Calculated from Oral CSFsasdesaibed in Section 6.1.2.3. 

ABB ~vironmental Services. In~ 

INTAXB DERMAL 

INGESTION ABS(l) 
,_n, __ ...... ..,. 

0.3 2.0E-08 Q.()'.! 

I 3.7E-07 0.0'.! 

I 7.'.!E-07 0.0'.! 

I 3.6E-O'.! 0.01 

I 3.3E-OS 0.01 

0.3 1.7E-07 0.0'.! 

I 1.9E-07 o., 
I '.!.6E-07 0.05 

I 4.7E-07 0.05 

I 9.3E-07 0.0'.! 

I 1.9E-07 0.05 

tn 4.2E-07 0.0'.! 

[sDCSTRPM u-n.e-93 ] 

INfAICE OR.AL CANCEIU tlSK DERMAL CANCER lUSI- TOTAL 

DERMAL CSP INGESTlON CSP [2] DRRMAJ. CA NCER 

(...,lb clul ,_,..,_ clu\ft -i - ft_ , RISIC 

6.0E-08 3.40E - 0l ME-09 1.7E+OO I.0E-07 1.lE-07 

3.3E-07 7.30E+OO 2.7E-06 S.0E+OO 2.7E-06 5.4E-06 

ME-07 7.30E+OO 5.4E-06 S.0E+OO 5.3E-06 1. lE-0'.! 

6.SE-06 1.7'.!E+OO 6.4E-O'.! UE+OO 1.2E-O'.! 7.'.!E-0'.! 

6.3E-09 4.30E+OO 1.6E-07 4.3E+02 2.9E-06 3.lE-06 

S.lE-07 2.40E - 0l 4.2E- OS l.2E+OO 6.2E-07 6.6E-07 

1.7E-06 t.40E-02 2.6E-09 1.4E-02 2.3E-OS 2.6E-OS 

5.0E-07 7.30E+OO 4.JE-06 S.0E+OO 4.0E - 06 5. IE-06 

4.2E-07 7.30E+OO 3.4E-06 5.0E+OO 3.3E - 06 6.7E- 06 

8.3E-07 7.30E+ OO 6.8E-06 S.0E+OO 6.7E- 06 l.3E-O'.! 

1.7E-07 7.30E+OO 1.4E - 06 S.0E+OO 1.3E-06 2.7E-06 

l.2E-06 ,_ .... _., I 4E- 01 l.7E+OO 2.tE-011 ? . .. ·OIi 

SUII.IIIA.ltY CANcmt lUSK 9E-OS 4H-OS IE-04 

Rev. 9/93 



TABLE M-16. caalUlued 
SEDIMENT INGESTION AND CONTAcr - ADOLESCENT, AGES 6 TO 16 

COLD SPRING BROOK POND - MAXDIUM EXPOSURE 
FUTIJRE LAND USE 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBn.rrY STIJDY POK GROUP lA SITES 
PORT DEVENS, MA 
NONCARCINOGENIC EPPECl'S 

SE.DIMElIT 

COMPOUND CONCENI'RATION 
I- L 

P,P-DDE 0.72 

Benzo(• )t, .11tb:nriocnc 4 

Cbrya,ae 8 

Ancaic 390 

Fl uon nthc m:. 10 

PhemDf:lue.ne 6 

l'yn,ae 20 

Bui11m 115 

t.fangall!'!IC 3000 

N;cel 54.3 

Beryllium 0.41 

Alumi11um 17000 

Chromium VI 6.48 

Clu-omium ID 58.32 

Copper 42.9 

Vamiiam 48.6 

Zinc 690 

Mercury 0.72 

l.e■ d 570 

P,P-DDD 6.2 

Bio(2-ethylhcsyl)pbtlal■~ 2 

llco,:o(o )Pyn, .. 6 

llcm:o(b)D,....nthcne 5 

llcmo(k)Duonnthcne 10 

Jnde:n.nl 1.2 .,_ -cd\-~-~ ? 

INGESTION 

ABS [l] 

(1) Set equal ro USEPA Reijoa I default absorption factors for soil (USEPA, 1989c). 
(2) Calailated from Oral RIDs as desaibed in Section 6.1.2.3. 
ND= No data available 

ABB Environmental Services, J:,c. 

lNTAK:B DERMAL 

INGESTION ABS(ll 
• __ 11.. __ _.._ __ ,. 

0.3 l.4E-07 o.m 
I 2.6E-06 o.m 
I 5.2E-06 0.05 

I 2.SE-04 0.01 

I 6.5E-06 0.05 

I 3.9E-06 0.05 

I l .3E-05 0.05 

I 7.SE-05 0.01 

I 2.0E-03 0.01 

I 3.5E-05 0.01 

I 2.?E-07 0.01 

1 I.IE-02 0.01 

I 4.2E-06 0.01 

I 3.SE-05 0.01 

1 2.BE-05 0.01 

I 3.2E-05 0.01 

1 4.5E-04 0.01 

1 4.?E-07 0.01 

0.3 l.lE-04 0.01 

0.3 l.2E-06 o.m 
1 l.3E-06 .0.5 

I 3.9E-06 o.m 
1 3.3E-06 o.m 
I 6.5E-06 0.05 

I ' ·'" 06 
A O< 

[s~CSTRFM 15-Dcc-93 ] 

INTAKE OIi.AL llAZAIU> DERMAL RAZARD TO'l'AL 
DERMAL RID QUOTIENT RID (2] QUO~li'r llAZ.ARD ,_n,,,_ .... , ,-~--~-- ,_JL... _ ..1.. •• 1, nrbu .. 

4.2E-07 0.0005 2.BE-04 0.0001 4.2E-03 4.SE-03 

2.3E-06 0.04 6.5E-lll 0.04 5.BE-lll l.2E-04 

4.6E-06 0.04 1.3E-04 0.04 l.2E-04 2.5E-04 

4.SE-lll 0.0003 8.5E-Ol 0.000294 l.5E-Ol l.OE+OO 

5.SE-06 0.04 l .6E-04 0.0364 l.6E-04 3.2E-04 

3.5E-06 0.04 9.BE-05 0.04 8.?E-05 l.9E-04 
l.2E-05 0.03 4.3E-04 0.0273 • .3E-04 8.6E-04 

l .3E-05 0.07 1.IE-03 0.0049 2.?E-03 3.SE-03 

3.5E-04 0.14 J.4E-02 0.0056 6.2E-02 7.6E-02 

6.3E-06 0.02 UE-03 0.001 6.3E-03 8.IE-03 

4.8E-08 0.005 5.3E-lll 0.00005 9.SE-04 l.OE-03 

2.0E-03 ND ND 

7.5E-07 0.005 8.5E-04 0.00055 l.4E-03 2.2E-03 

6.8E-06 1 3.SE-05 0.1 UE-lll l.IE-04 

5.0E-06 ND ND 

5.6E-06 0.007 4.5E-03 0.00021 2.?E-02 3.lE-02 

8.0E-05 0.3 l.5E-03 0.102 7.9E-04 2.3E-03 

8.4E-08 0.0003 l.6E-03 0.00006 1.4E-03 3.0E-03 

6.6E-05 ND ND 

3.6E-06 0.0005 2.4E-03 0.0001 3.6E-02 3.SE-02 

l.2E-lll 0.02 6.5E-05 0.02 5.SE-04 6.5E-04 

3.5E-06 0.04 9.BE-05 0.04 8.7E-lll 1.9E-04 

2.9E-06 0.04 8.2E-05 0.04 7.3E-lll UE-04 

5.SE-06 0.04 l.6E-04 0.04 l.SE-04 3.lE-04 

•.l" -IY. 0.04 3.3"-"" 0.04 2.9E- n< , ,r -ns 

Rev.9/93 



TABLE K-16, a111tinaed 
SEDDIENT INGESTION AND CONTACT - ADOU!SCENT, AGES 6 TO 16 
COLD SPRING BROOK POND - KAXDIUK EX1'0SURE 
PUTIJRELANDUSE 
REMEDIAL INVPS11GA110N ADDENDUM REPORT 
FEASIBILITY STIJDY FOR GROUP IA SnES 
FORT DHVl!NS, KA 
NONCARCINOGENIC EFFECTS 

S.BDIM£NT 

COMPOUND CONCENn\ATION 

1-11<o1 

Aoe•pbtbylcae 3 

Antln«ae 3 

lle11Zo(s0 ',i)p,ryle .. 1 

Calcium 41600 

hoa 45000 

Potauium 3580 

Milsnc■um 7160 

S<xtium 1860 

P,P-DDT 15 

Accmphthcae Q.87 

Dibcnzofuna 0.61 

FIU01Cae 0.2 

Ill, plrthale.., 0.2., 

Ccbolt 19.6 

SeJcaium 5.77 

Silw,r 6.35 

INGESTION 

ABSllJ 

(!)Set equal to USEPA Re~on I default absorplion factors for soil (USEPA, 1989c). 
(2) Calculated from Oral RIDs as desaibed in Section 6.1 .2.3. 
ND= No data available 

ABB Environmental Services, Inc. 

INTA.lll! DERMAL 

INGESTION ABS[l) ,_ .. __ ... .., 
I 2.0E-06 0.0'.I 

I 2.0E-06 0.0'.I 

I 6..'.IE-07 0.0'.I 

I 2.7E-02 0.01 

1 2.9E-02 0.01 

1 2.3E-03 0.01 

1 4.7E-03 0.01 

1 I.ZE-03 0.01 

0.3 2.9E-06 0.0'.I 

1 5.7E-07 0.0'.I 

I 4.0E-07 0.0'.I 

I l.3E-07 0.0'.I 

I l.6E-07 O.Cl'.5 

1 l .3E-O'.I 0.01 

I 3.8E-06 0.01 

1 4. lE-06 0.01 

[sDCSTRFM IS-Dcc-93] 

l:NTAl:l! ORAi, 8AUIU> DERMAL R,,\ZARD TOTAi, 

DERMAL ltlD OUOTU!r-rl' RID[2J QUOTtEtrr BAZARD ,_., __ ... ~, ,_,. __ ... _, ,_ .. __ ..__, n~i.~. nun.,,,,.,., 
1.7E-06 0.04 4.9E-O'.I 0.04 4.4E-O'.I 9.3E-O'.I 

J.7E-06 0.3 6.5E-06 0.273 6.4E-06 l .3E-O'.I 

5.SE-07 0.04 l .6E-O'.I 0.04 l..'.IE-0'.I 3. lE-0'.I 

4.SE-03 ND ND 

5.ZE-03 ND ND 

4.ZE-04 ND ND 

8.3E-04 ND ND 

2.2E-04 ND ND 

8.7E-06 0.000'.I 5.9E-03 0.0001 8.7E-02 9.3E-02 
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1.0 INTRODUCTION 

As detailed in Sections 7.1.2 and 7.2.2 of the Group lA supplemental risk 
assessments, the fish tissue whole body contaminant burdens at Plow Shop Pond 
and Cold Spring Brook Pond were evaluated through empirical and statistical 
comparisons of fish tissue data with data from regional and national studies of fish 
tissue contaminant burden. Average fish tissue contaminant burdens were 
compared to regional background fish tissue contaminant data, as described in 
Subsections 2.1 and 3.1 of this appendix, and maximum fish tissue contaminant 
burdens were compared to national fish tissue contaminant data, as described in 
Subsections 2.2 and 3.2 of this appendix. 

2.0 SHEPLEY'S HILL LANDFILL 

2.1 REGIONAL COMPARISON 

Fish tissue contaminant data from 11 different ponds, lakes, reservoirs, and rivers 
within Massachusetts were obtained from the MADWPC (1988a; 1988b; 1989; 
1990; 1991). Because Plow Shop Pond is a shallow, eutrophic pond, ponds with 
mesotrophic or oligotrophic status were excluded from the subset used as the 
"background" standard of comparison; information on the limnological status of 
water bodies in the MADWPC database was obtained through consultation with 
the MADWPC Biomonitoring Program office (Maietta, 1993). Additionally, 
aquatic resources with known or suspected sources of contamination were also 
eliminated from the subset used as the Group lA standard of comparison. The 
subset of fish tissue contaminant burden data in the remaining ponds was 
considered representative of background conditions in a warmwater eutrophic 
fishery in Massa,chusetts (Table N-1). 

Summary statistics were calculated from the selected subset of the MADWPC fish 
tissue database for inorganics, PCBs (Aroclors 1254 and 1260), and a pesticide 
(DDE) (Tables N-2 and N-3). Sample sizes of the MADWPC data ranged from 
nine for lead to 34 for the analytes iron, mercury, manganese, and Aroclor 1260. 
When an inorganic or organic analyte was undetected in all fish from a given 
water body, these data were excluded from the calculation of summary statistics 
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for that analyte. The average, maximum, and 95th percent confidence intervals 
for the MADWPC fish data are presented in Table N-4. 

In order to determine whether the fish tissue contaminant burden in Plow Shop 
Pond fish was greater or less than fish tissue concentrations from non­
contaminated water bodies in the region, the average tissue contaminant burdens 
from Plow Shop Pond fish were compared with the average concentrations 
calculated from the selected subset of MADWPC regional fish tissue data. 
Because of the limited data sets available from the MADWPC, a decision was 
made to not attempt to partition the entire reference database into trophic level 
data subsets for statistical analyses. However, a qualitative trophic level 
partitioning of the inorganics MADWPC database is presented in Table N-5. The 
fish collected from the selected subset of the MADWPC fish tissue database were 
segregated into the trophic levels represented by the bluegill (primary consumer), 
bullhead (bottom feeder), and the largemouth bass (secondary/tertiary consumer) 
(Table N-5). Averages, ranges, and standard errors on the averages were then 
derived for each inorganic to characterize the exposure to these trophic levels. 
Each trophic level was assumed to be represented in Table N-5 by the following 
species: 

Primary Consumer Bottom Feeder Secondary /Tertiary 
Consumer 

(Bluegill) (Bullhead) (Largemouth Bass) 

White Perch White sucker Largemouth bass 

Yellow Perch Carp Smallmouth bass 

Pumpkinseed Yellow bullhead Chain pickerel 

Bluegill 

No statistical analyses of potential trophic level differences in average fish tissue 
contaminant burdens between Plow Shop Pond and the regional data set were 
conducted because of the limited data available from the MADWPC. 
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2.1.1 Bluegills 

Average whole body contaminant burdens of aluminum, chromium, iron, 
manganese, and zinc in bluegills from Plow Shop Pond exceeded regional average 
contaminant burdens for all fish representing all trophic levels (Table N-6). The 
average Plow Shop Pond bluegill chromium contaminant burden was 0.656 
micrograms per gram wet weight (p,g/g ww) only 1.3 times greater than the 
regional background concentration. Average aluminum and zinc contaminant 
burdens in Plow Shop Pond bluegills were approximately 2.9 and 3.6 times greater 
than their respective concentrations in the MADWPC database. The average iron 
contaminant burden in bluegills was approximately 11 times greater than 
background, and the average manganese contaminant burden in bluegills (63.2 
p,g/g ww) was greater than 130 times the average of the MADWPC data subset. 
A comparison of average whole body contaminant burdens in bluegills from Plow 
Shop Pond with the primary consumer trophic level reference data (Table N-5) 
resulted in the identical inorganic analyte exceedances. 

2.1.2 Bullheads 

Average contaminant burdens of aluminum, iron, manganese, and zinc in 
bullheads from Plow Shop Pond exceeded regional average contaminant burdens 
in all fish representing all trophic levels (Table N-7). The average Plow Shop 
Pond bullhead aluminum and zinc contaminant burdens were 1.8 and 2.3 times 
greater than their respective regional background concentrations. The average 
iron contaminant burden in bullheads was approximately 5 times greater than 
background, and the average manganese contaminant burden (9.46 p,g/g ww) was 
approximately 20 times the selected MADWPC background concentration. 
Average contaminant burdens of aluminum, chromium, mercury, manganese, and 
zinc in bullheads from Plow Shop Pond exceeded the corresponding bottom­
feeder trophic level reference data (Table N-5). Exceedances ranged from 
approximately 2 times (aluminum) to 20 times (manganese) the MADWPC 
reference data. Mercury was detected in Plow Shop Pond bullheads at 
contaminant burdens approximately 6 times the MADWPC bottom feeder 
average. 
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2.1.3 Largemouth Bass 

Average contaminant burdens of a pesticide (ODE), a PCB (Aroclor 1260), 
aluminum, iron, manganese, mercury, and zinc in largemouth bass from Plow 
Shop Pond exceeded regional average concentrations in all fish representing all 
trophic levels (Table N-8). The average Plow Shop Pond largemouth bass 
aluminum and zinc contaminant burdens were 1.5 and 2.3 times greater than their 
respective regional background concentrations. The average iron contaminant 
burden in bass was approximately 2.2 times greater than background, and the 
average manganese contaminant burden was approximately 13.2 times greater 
than the selected MADWPC background concentration. Mercury was found in all 
five largemouth bass from Plow Shop Pond at an average contaminant burden of 
1.38 µg/g ww, approximately 2.3 times the MADWPC background concentration 
of mercury. The pesticide ODE was found at an average contaminant burden of 
0.174 µg/g ww. This average contaminant burden is approximately 7.5 times the 
MADWPC background concentration. Average whole body contaminant burdens 
for aluminum, chromium, iron, mercury, manganese, and zinc in largemouth bass 
from Plow Shop Pond exceeded corresponding higher trophic level reference data 
(Table N-5) by 1.3 times (mercury) to 14 times (manganese). Chromium was 
detected in Plow Shop Pond largemouth bass at contaminant burdens 
approximately 1.4 times the MADWPC higher trophic level average. 

2.1.4 All Whole Fish 

Results of comparisons between the MADWPC regional database and all whole 
fish from Plow Shop Pond (i.e., the 15 individual fish representing three species) 
are presented in Table N-9. The average fish tissue contaminant burden from 
Plow Shop Pond exceeded the MADWPC regional averages for the following 
analytes: ODE, aluminum, iron, manganese, mercury, and zinc. The average Plow 
Shop Pond fish mercury contaminant burden (0.68 µg/g ww) was only slightly 
higher than 0.6 µg/g ww, the average mercury concentration in the MADWPC 
regional database (Table N-2). Aluminum, zinc, and DOE contaminant burdens 
were 2 to 3 times greater than their respective regional background 
concentrations. The average iron contaminant burden in all fish was 
approximately 6 times greater than background, and the average manganese 
contaminant burden was approximately 55 times greater than the MADWPC 
background concentration. 
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2.1.4.1 Statistical Analyses. When the average tissue contaminant burdens for all 
15 individual fish from Plow Shop exceeded regional average concentrations 
(Table N-9), a statistical analysis was conducted through Student's t-test 
comparisons of the averages (ex= 0.05) using the T-TEST procedure of SYSTATR 
statistical software (SYSTAT, Inc., Evanston, IL). Multiple comparisons of 
averages were one-tailed and designed to identify Plow Shop Pond average COPC 
concentrations that were statistically greater (P < 0.05) than concentrations for 
analytes from the regional MADWPC database. 

Results of the statistical comparisons between all fish from Plow Shop Pond and 
the MADWPC regional database are summarized in Figure N-1. The average 
contaminant burdens of aluminum, iron, manganese, and zinc in Plow Shop Pond 
were significantly greater (P < 0.05) than average concentrations for whole fish 
from the regional database. 

2.2 NATIONAL COMPARISON 

The National Contaminant Biomonitoring Program (NCBMP) is maintained by 
the U.S. Fish and Wildlife Service to document spatial and temporal trends in 
levels of persistent environmental contaminates in fish and wildlife (Jacknow et 
al., 1986). Composite fish samples analyzed through the NCBMP each comprise 3 
to 5 adult specimens of a given fish species. Freshwater fish organochlorine (i.e., 
pesticides/PCBs) and inorganics tissue data collected by USFWS from more than 
100 stations located nationwide have been summarized by the NCBMP (Schmitt 
et al., 1990; Schmitt and Brumbaugh, 1990). 

In order to determine whether the fish tissue inorganic contaminant burden in 
Plow Shop Pond fish was greater or less than fish tissue inorganic contaminant 
burdens from water bodies elsewhere in the nation, the maximum inorganic tissue 
contaminant burdens from Plow Shop Pond fish were compared with the NCBMP 
85th percentile concentration of Schmitt and Brumbaugh (1990). Because Schmitt 
et al. (1990) do not present the 85th percentile concentration for pesticides/PCBs, 
the maximum concentrations in the NCBMP for pesticides/PCBs were compared 
with the maximum tissue contaminant burden of fish from Plow Shop Pond. The 
maximum (organics) and 85th percentile (inorganics) concentrations for the 
NCBMP fish data are presented in Table N-4. 
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2.2.1 Bluegills 

Maximum contaminant burdens of arsenic and mercury in bluegills from Plow 
Shop Pond exceeded national 85th percentile concentrations (Table N-6). Arsenic 
was detected in one of five bluegill from Plow Shop Pond, at a contaminant 
burden of 1.3 µg/g ww, approximately 4.8 times the NCBMP 85th percentile 
concentration. Mercury was found in all five bluegills analyzed, at a maximum 
contaminant burden of 0.54 µg/ g ww. This contaminant burden is approximately 
3 times the NCBMP 85th percentile concentration. 

2.2.2 Bullheads 

Maximum contaminant burdens of arsenic, copper, and mercury in bullheads from 
Plow Shop Pond exceeded national 85th percentile concentrations (Table N-7). 
Arsenic was detected in one of five bullheads from Plow Shop Pond, at a 
contaminant burden of 0.3 µg/g ww, slightly higher than the NCBMP 85th 
percentile concentration (0.27 µg/g ww). Copper was also detected at a maximum 
contaminant burden (1.3 µg/g ww) only slightly in excess of its NCBMP 85th 
percentile concentration (1 µg/g ww). Mercury was found in all five bullheads 
analyzed, at a maximum contaminant burden of 0.4 µg/ g ww. This contaminant 
burden is approximately 2 times the NCBMP 85th percentile concentration for 
mercury. 

2.2.3 Largemouth Bass 

Maximum contaminant burdens of cadmium and mercury in largemouth bass from 
Plow Shop Pond exceeded the national 85th percentile concentration (Table N-8). 
Mercury was found in all five largemouth bass analyzed, at a maximum 
contaminant burden of 2.7 µg/g ww. This contaminant burden is almost 16 times 
the NCBMP 85th percentile concentration for mercury. Cadmium was found in 
only one of the five largemouth bass, at a contaminant burden of 0.09 µg/g ww, 
approximately twice the NCBMP 85th percentile concentration for cadmium. 
Contaminant burdens of pesticides and PCBs in Plow Shop Pond largemouth bass 
did not exceed the maximum concentrations of these analytes in the NCBMP. 
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2.2.4 All Whole Fish 

Results of comparisons between the NCBMP data and all whole fish from Plow 
Shop Pond (i.e., the 15 individual fish representing three species) are presented in 
Table N-9. As discussed previously, the maximum Plow Shop Pond whole fish 
tissue contaminant burdens of arsenic, cadmium, copper, and mercury exceeded 
their respective NCBMP 85th percentile concentrations. 

2.3 BODY WEIGHT AND LIPID ANALYSIS 

Mercury and several organochlorines were detected in Plow Shop Pond fish. 
These analytes are known to bioaccumulate in biotic tissues; therefore, tissue 
contaminant burdens of mercury and DOE were evaluated further relative to 
body weight and lipid content. Although no information is available regarding the 
ionic state of mercury in fish tissue at Plow Shop Pond, available evidence 
indicates that at least 80-90% of the mercury found in fish tissue is present as 
methylmercury, the more toxic form of this compound (Eisler, 1987; Moore, 
1991). Methylation of inorganic mercury occurs as a result of bacterial processes 
in the sediment, as well as through biochemical interactions with fish mucus and 
enzymatic processes (Eisler, 1987). 

Table N-10 presents whole body tissue residue contaminant burdens for DOE and 
mercury detected in the 15 fish samples analyzed. Both DOE and mercury 
contaminant burdens are correlated with fish body weight (r2 = 0.73 and 0.92, 
respectively) and percent lipid (r2 = 0.72 and 0.64, respectively). The highest 
contaminant burdens of both analytes were detected in the largemouth bass 
samples. Average weights of largemouth bass samples (1,972 grams) were greater 
than 10 times the average body weights of the bluegill sunfish (104 grams) and 
bullheads (186.6 grams). In addition, largemouth bass contained a greater 
percentage of body fat; average percent lipid in largemouth bass, bluegill, 
bullhead were 2.25%, 0.46%, and 0.87%, respectively. These results suggest that 
the tissue residue data may be correlated with the size and/or the lipid 
contaminant burden in the fish species analyzed, as well as with trophic status. 

To determine whether the amount of body lipid could account for differences in 
tissue burdens of Plow Shop Pond fish samples, the whole body tissue residue 
contaminant burden data were lipid-normalized by dividing measured analyte 
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contaminant burdens by the percent lipid measured in each fish sample (Table N-
10). These results were then regressed on sample body weight (a correlate of 
trophic status in the Plow Shop Pond samples). 

Lipid-normalized DDE tissue contaminant burdens ranged over less than an order 
of magnitude (0.17 to 1.27 µg/kg lipid). In general, largemouth bass contained 
slightly higher lipid-normalized contaminant burdens than the other two species. 
A regression of lipid-normalized DDE fish tissue contaminant burdens on fish 
body weight indicated a positive, but weak correlation, between these two 
variables (r2 = 0.58). Body weight and trophic status are correlated variables in 
the data set analyzed, as are a number of other factors that may be important in 
determining the degree of uptake of this analyte ( e.g., age, reproductive 
phenology). This analysis suggests that larger fish, regardless of trophic status, 
contain slightly higher amounts of DDE; however, much of this variation can be 
accounted for by the amount of lipids contained by a particular individual. 

Lipid-normalized tissue contaminant burdens of mercury ranged over two orders 
of magnitude (1.79 to 29.4 µg/kg lipid). The lowest adjusted contaminant burdens 
were found in the bullhead (Table N-10). Highest lipid-normalized mercury tissue 
contaminant burdens were detected in bluegill. A regression of lipid-normalized 
mercury fish tissue contaminant burdens on fish body weight indicated that these 
two variables are not correlated (r2 = 0.0009). After taking account of differences 
in lipid content, there is no indication that larger ( and higher trophic status) fish 
species have accumulated higher contaminant bur~ens of this analyte. 

Fish body weight (and concomitantly trophic status) appears to be a good 
predictor of mercury contaminant burden in Plow Shop Pond, with higher trophic 
level fish species having accumulated higher contaminant burdens of this analyte. 

3.0 COLD SPRING BROOK POND 

3.1 REGIONAL COMPARISON 

Summary statistics were calculated from the MADWPC fish tissue database for 
inorganics, PCBs (aroclors 1254 and 1260), and a pesticide (4,4-'DDE) 
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(Tables N-2 and N-3). The average, maximum, and upper and lower 95th percent 
confidence intervals for the MADWPC fish data are presented in Table N-4. 

In order to determine whether the fish tissue contaminant burden in Cold Spring 
Brook Pond fish was greater or less than fish tissue concentrations from non­
contaminated water bodies in the region, the average tissue contaminant burdens 
from Cold Spring Brook Pond fish were compared with the average contaminant 
burdens calculated from the selected subset of the MADWPC regional data. 

3.1.1 Pumpkinseeds 

Average whole body contaminant burdens of DDE, iron, manganese, and zinc in 
pumpkinseeds from Cold Spring Brook Pond exceeded regional average 
contaminant burdens (Table N-11). The average Cold Spring Brook Pond 
pumpkinseed DDE contaminant burden was 0.083 µ,g/g ww, 3.6 times greater than 
the regional background concentration. Average iron and zinc contaminant 
burdens in Cold Spring Brook Pond pumpkinseeds were approximately 4.5 and 3 
times greater than their respective concentrations in the MADWPC database. 
The average manganese contaminant burden (10 µ,g/g ww) in pumpkinseeds was 
approximately 21 times greater than the MADWPC background concentration. 

3.1.2 Bullhead 

Average contaminant burdens of DDE, iron, manganese, and zinc in bullheads 
from Cold Spring Brook Pond exceeded regional average concentrations 
(Table N-12). The average Cold Spring Brook Pond bullhead iron and zinc 
contaminant burdens were 4.0 and 2.2 times greater than their respective regional 
background concentrations. The average DDE contaminant burden in bullheads 
was approximately 4 times greater than the selected background value, and the 
average manganese contaminant burden (7.1 µ,g/g ww) was approximately 15 
times the MADWPC background concentration. 

3.1.3 Chain Pickerel 

Average contaminant burdens of one pesticide (DDE), iron, manganese, and zinc 
in chain pickerel from Cold Spring Brook Pond exceeded regional average 
concentrations (Table N-13). The average Cold Spring Brook Pond chain pickerel 
iron and zinc contaminant burdens were 1.8 and 6.2 times greater than their 
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. respective regional background concentrations. The average DDE contaminant 
burden in pickerel was approximately 3.5 times greater than background, and the 
average manganese contaminant burden was approximately 20 times greater than 
the MADWPC background concentration. 

3.1.4 All Whole Fish 

Results of comparisons between the MADWPC regional database and all whole 
fish from Cold Spring Brook Pond (i.e., the nine individual fish representing three 
species) are presented in Table N-14. The average fish tissue contaminant burden 
from Cold Spring Brook Pond exceeded the MADWPC regional averages for the 
following analytes: DDE, iron, manganese, and zinc. DDE, iron, and zinc 
contaminant burdens were 3 to 4 times greater than their respective regional 
background concentrations. The average manganese contaminant burden was 
approximately 18.5 times greater than the MADWPC background concentration. 

When the average tissue contaminant burdens for all nine individual fish from 
Cold Spring Brook Pond exceeded regional average concentrations, a statistical 
analysis was conducted through Student's T-test comparisons of the averages 
( ex =0.05) using the T-TEST procedure of SYSTATR statistical software 
(SYSTAT, Inc., Evanston, IL). Multiple comparisons of averages were one-tailed 
and designed to identify Cold Spring Brook Pond averages which were statistically 
greater (P < 0.05) than averages for respective analytes from the regional 
MADWPC database. 

Results of the statistical comparisons between all fish from Cold Spring Brook 
Pond and the MADWPC regional database are summarized in Figure N-2. The 
average contaminant burdens of DDE, iron, manganese, and zinc in Cold Spring 
Brook Pond were significantly greater (P < 0.05) than average concentrations for 
whole fish from the regional database. 

3.2 NATIONAL COMPARISON 

In order to determine whether- the fish tissue inorganic contaminant burden in 
Cold Spring Brook Pond fish was greater or less than fish tissues from water 
bodies elsewhere in the nation, the maximum inorganic tissue contaminant 
burdens from Cold Spring Brook Pond fish were compared with the NCBMP 85th 
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percentile concentration (i.e, the concentration ranked 85th highest on an analyte­
specific basis) of Schmitt and Brumbaugh (1990). Because Schmitt et al. (1990) 
do not present the 85th percentile concentration for pesticides/PCBs, the 
maximum concentrations in the NCBMP for pesticides/PCBs were compared with 
the maximum tissue contaminant burden of fish from Cold Spring Brook Pond. 
The maximum (organics) and 85th percentile (inorganics) concentrations for the · 
NCBMP fish data are presented in Table N-4. 

3.2.1 Bullhe.ads and Pumpkinseeds 

None of the maximum contaminant burdens of the inorganics, pesticides, or PCBs 
detected in bullheads or pumpkinseeds from Cold Spring Brook Pond exceeded 
national 85th percentile concentrations (Tables N-11 and N-12). 

3.2.2 Chain Pickerel 

Maximum contaminant burdens of mercury and zinc in chain pickerel from Cold 
Spring Brook Pond exceeded the national 85th percentile concentration 
(Table N-13). Mercury was found in all three chain pickerel analyzed, at a 
maximum contaminant burden of 0.47 µg/g ww. This contaminant burden is 
approximately 2.8 times the NCBMP 85th percentile concentration for mercury. 
Zinc was found in all three of the pickerel analyzed, at a maximum contaminant 
burden of 51.3 µg/g ww, 1.5 times greater than the NCBMP 85th percentile 
concentration for zinc. Contaminant burdens of pesticides in Cold Spring Brook 
Pond pickerel did not exceed the maximum concentrations of the USFWS 
NCBMP. 

3.2.3 All Whole Fish 

Results of comparisons between the NCBMP data and all whole fish from Cold 
Spring Brook Pond (i.e., the nine individual fish representing three species) are 
presented in Table N-14. As discussed previously, the maximum Cold Spring 
Brook Pond whole fish tissue contaminant burdens of mercury and zinc exceeded 
their respective NCBMP 85th percentile concentrations. 
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3.3 BODY WEIGHT AND LIPID ANALYSIS 

Mercury and several organochlorines were detected in Cold Spring Brook Pond 
fish. These analytes are known to bioaccumulate in biotic tissues; therefore, 
tissue contaminant burdens of mercury and 4,4-'DDE were evaluated further 
relative to body weight and lipid content. 

Table N-15 presents the whole body tissue residue contaminant burdens for DDE 
and mercury detected in the 9 fish samples analyzed. DDE tissue contaminant 
burdens are not correlated with fish body weight (r2 = 0.005); however, a strong 
correlation exist between mercury tissue contaminant burdens and fish body 
weight (r2 = 0.85). Average weights of pickerel (222.7 grams) were over five 
times greater than the average body weights of the pumpkinseed sunfish ( 43 
grams) and bullheads (34 grams). However, bullheads contained a greater 
percentage of body lipids; average percent lipids in bullhead, pumpkinseed, and 
pickerel were 2.71 %, 1.19%, and 1.09%, respectively. · 

To determine whether the amount of body lipid could account for differences in 
tissue contaminant burdens in Cold Spring Brook Pond fish samples, the whole 
body tissue residue contaminant burden data were lipid-normalized by dividing 
measured analyte contaminant burdens by the percent lipid measured in each fish 
sample (Table N-15). These results were then regressed on sample body weight 
(a possible correlate of trophic status in the Cold Spring Brook Pond samples). 

Lipid-normalized DDE tissue contaminant burdens ranged over less than an order 
of magnitude (0.23 to 1.07 µg/kg lipid). A regression of lipid-normalized DDE 
fish tissue contaminant burdens on fish body weight suggests that these two 
variables are not correlated (r2 = 0.02). Lipid-normalized tissue contaminant 
burdens of mercury, ranged from 0.22 µg/kg lipid to 6.1 µg/kg lipid. As suggested 
by the lack of correlation between body weight and fish percentage lipid, the 
regression of lipid-normalized mercury fish tissue contaminant burdens on fish 
body weight indicated that these two variables are not correlated (r2 = 0.17). 

Fish body weight (and concomitantly trophic status) appears to be a good 
predictor of mercury contaminant burden in Cold Spring Brook Pond, with higher 
trophic level fish species having accumulated higher contaminant burdens of this 
analyte. 
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4.0 FISH SIZE DISTRIBUTION 

Length and weight data from fish species collected in Plow Shop Pond are 
provided in Table N-16. Table N-16 also provides the analytical collection 
number for all individual fish collected for tissue analysis. Weights of bluegill, the 
dominant species in Plow Shop Pond, ranged from 9 to 137 grams, with" an 
average weight of 50.6 grams. Bluegill lengths ranged from 79 to 203 mm, with 
an average length of 143.5 mm. In addition to bluegill, individual brown and 
yellow bullheads and largemouth bass were also collected for tissue analysis. 
Brown bullhead and largemouth bass weights ranged from 95 to 419 grams and 38 
to 3480 grams, respectively. Lengths ranged from 211 to 324 mm and 71 to 545 
mm for bullhead and largemouth bass, respectively. 

Length and weight data from fish species collected in Cold Spring Brook Pond are 
provided in Table N-17. Table N-17 also provides the analytical collection 
number for all individual fish collected for tissue analysis. Weights of golden 
shiner, the dominant lower trophic level species in Cold Spring Brook Pond, 
ranged from 6 to 36 grams, with an average weight of 16.9 grams. Lengths ranged 
from 52 to 158 mm, with an average length of 123 mm. Individual fish collected 
for tissue analysis included chain pickerel, pumpkinseed, and yellow bullhead. 
Chain pickerel lengths and weights ranged from 210 to 398 mm and 44 to 418 
grams, with averages of 324 mm and 215 grams, respectively. Pumpkinseed 
lengths and weights ranged from 70 to 143 mm and 17 to 56 grams, with averages 
of 113 mm and 34 grams, respectively. Yellow bullhead lengths and weights 
ranged from 38 to 167 mm and 31 to 73 grams, with averages of 133 mm and 50 
grams, respectively. 

Fish species collected in both Plow Shop Pond and Cold Spring Brook Pond 
included the black crappie, chain pickerel, golden shiner, pumpkinseed, and 
yellow bullhead. Comparison of average length and weight measurements 
between these fish species indicates that, in general, Plow Shop Pond fish are 
larger than Cold Spring Brook Pond fish. This is likely due to the larger, more 
diverse aquatic environment provided in Plow Shop Pond, which is approximately 
ten times larger in surface area than Cold Spring Brook Pond. 
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Figure N-1 
Statistical Comparison of Means 

Plow Shop Pond and MADWPC Data 

Remedial Investigation Addendum Report 
Feasibility Study For Group 1A Sites 

Fort Devens, MA 

LOG AVERAGE CONC. (mg/kg)- WHOLE FISH 
100 ~----- --- ---- ------------, 

10 t;::-------:----------

0 . 1 ~ 

0.01 

ODE ALUMINUM IRON MANGANESE MERCURY 

~ PLOW SHOP POND CJ MADWPC 

* SIGNIFICANTLY GREATER THAN MADWPC AVERAGE (P<0.05). 

ZINC 



Figure N-2 
Statistical Comparison of Means 

Cold Spring Brook Pond and MADWPC Data 
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Table N-1 

Sources of Regional Information Regarding Contaminants in Fish Tissues 

Remedial Investigation Addendum Report 

Feasibility Study for Group IA Sites 

Fort Devens, MA 

SOURCBS [a} WATERBODY GEOGRAPHIC TROPHIC POTBNTIAL 

LOCATION STA'IBS (b) IMPAC'.I'S'l 

USFWS VARIOUS- U.S. VARIO US- U.S. VARIOUS YES 

MADWPC ECHO LAKE S. CENTRAL MA OLIG01ROPHIC NO 

WALDEN POND N.EASTMA OLIG01ROPHIC NO 

SANDY POND N. EASTMA OLIG01ROPHIC NO 

COPICUTRIVER RES. S.EASTMA OLIG01ROPHIC NO 

LAKEWABAN MID-EASTERN MA EU1ROPHIC YES 

SUDBURY RIVER MID-EASTERN MA EU1ROPHIC YES 

LAKE DENISON N. CEN1RAL MA EU1ROPHIC YES 

N. WATUPPAPOND S.EASTMA MESO1ROPHIC NO 

S. WATIJPPAPOND S.EASTMA EU1ROPHIC NO 

DOROTHY POND S. CEN1RAL MA EU1ROPHIC YES 

INDIAN LAKE MID-CEN1RALMA EU1ROPHIC NO 

[a] Sources of Information: 

United States Fish and Wildlife Service (USFWS) National Contaminant Biomonitoring Program (USFWS, 1990a; 199Cb). 

Massachusetts Department of Environmental Protection, Division of Water Pollution Control ([MADWPq, 1988a; 1988b; 1989a; 1989b; 1990; 1991). 

[b J Trophic states determined by conversation with MADWPC Biomonitoring Program, North Grafton, MA (Maietta, 1993) 

[c] Data for inorganic chemicals used. 

[d) Data for DDE used. 

[e] Data for PCBs used. 

N-1.WK1 

INFORMATION 

UTILIZED 

YES (c,d,e) 

YES (d) 

YES (d,e) 

NO 

YES(e) 

NO 

NO 

NO 

YES (c,e) 

YES (c,e) 

YES (c,e) 

YES_~ 
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WATERBODY FISH SAMPLE TYPBOF 

CODE(2) POPULATION SAMPLE (3) Al 

N. WA1UPPAPOND CP 1 IND. 2 

n = 12 CP 1 IND. 1.2 

WP 1 IND. 1.2 

WP 1 IND. 1.3 

WP 1 IND. 1.3 

YP 1 IND. 1.1 

YP 1 IND. 1.3 

YP 3 COMP. ND"(l.O) 

LMB 1 IND. ND"(l.O) 

SMB 1 IND. ND 0 (1 .0) 

SMB 1 IND. ND 0 (1.0) 

SMB 3 COMP. ND 0 (1.0) 

AVERAGE 1 

RANGE O.S-2 

S. WA1UPPA POND SMB 1 IND. ND"(l.O) 

n=9 SMB 1 IND. ND 0 (1.0) 

SMB 1 IND. ND"(l.O) 

SMB 1 IND. ND 0 (1.0) 

B 2 COMP. ND"(l.0) 

ws 2 COMP. ND"(l.O) 

p 1 IND. 1.2 

yp 5 COMP. 1 

WP 5 COMP. 1.2 

AVERAGE 0.7 

RANGE 0.5-1.2 

N-2.wkl 

TahleN-2 

lnorg:anics in Whole Hsh nssoes from Lacastrine Systmis 

In Massachusetts (1) 

Rmiedial Investigation Addendum Report 

Feasibility Study For Groop 1A Sites 

Fort Devens, MA 

lNORGANJC ANAL YrnS (a,Jg wet weight tissu.e) • (4.5) 

Cd Cr Cll Fe Hg Mil 

ND(.2) ND"(.3) 0.5 3.9 2.4 ND 0 (.2) 

ND(.2) ND"(.3) 1.1 8.8 1.5 0.5 

ND(.2) ND"(.3) 0.8 7.9 0.61 ND"(.2) 

ND(.2) 0.8 2.1 11 0.74 ND"(.2) 

ND(.2) ND"(.3) 1 5.5 0.65 ND"(.2) 

ND(.2) 0.6 0.4 7.1 1.3 0.3 

ND(.2) 0.7 0.5 7.9 1.4 ND"(.2) 

ND(.2) 0.6 ND"(.2) 5 1.2 ND 0 (.2) 

ND(.2) 0.7 ND"(.2) 4.8 1 ND"(.2) 

ND(.2) 0.4 0.2 3.4 2.4 ND"(.2) 

ND(.2) 0.5 ND"(.2) 5 2.1 ND 0 (.2) 

ND(.2) 1.1 0.3 8.2 1.8 ND"(.2) 

ND o.s 0.6 6.5 1.4 O.lS 

NC 0.15-1.1 0.1-2.1 3.4-11 0.61-2.4 0.1.-0.S 

ND(.2) ND(.3) 0 "86 8.6 0.5 ND"(.2) 

ND(.2) ND(.3) 0.7 2.2 0.48 ND"(.2) 

ND(.2) ND(.3) 4.5 2.8 0.34 ND"(.2) 

ND(.2) ND(.3) 18 3.2 0.5 ND 0 (.2) 

ND(.2) ND(3) 3.9 3.3 0.12 0.7 

ND(.2) ND(.3) 2.4 3.9 0.02 0.9 

ND(.2) ND(.3 ) 3.2 4.2 0.07 0.6 

ND(.2) ND(.3) 1 2.3 0.21 2.7 

ND(.2) ND(.3) 2.3 5.2 0.23 0.5 

ND ND 4.5 4 0.3 0.6 

NC NC 0.7-18 2.2- 8.6 0.62-0.S 0.1- 2.7 

Ni Pb Zn 

0.4 ND(.5) 10 

0.8 ND(.5) 10 

0.4 ND(.5) 7 

1 ND(.5) 7.1 

ND"(.3) ND(.5) 4.3 

0.4 ND(.5) 6 

ND"(.3) ND(.5) 5 

ND"(.3) ND(.5) 5.2 

ND"(3) ND(.5) 4.4 

0.6 ND(-;5) 4.6 

0.4 ND(.5) 3.6 

0.5 ND(S) 4.4 

0.4 ND 6 
0.2-1 NC 3.6-10 

""89 6 ••5s 

1.7 0.5 3.1 

5.4 2.9 6.4 

24 3 16 

7.5 2.5 8.1 

3.6 0.8 6.8 

4.5 2.6 7 

1.9 0.6 53 

23 ND*(.5) 6.5 

6.4 2.1 7.4 

L7- 24 !l~-6 3.1- 16 

14-Dcc-93 



Table N-2 

Inorgm.ic:s in Whole Fish Tissnes from Lacustrine Systems 

In Mass:acb.usetts (1) 

Remedial Investigati.ou Addmdum Report 

Feasibility Sludy For Group 1A Siles 

Fort Deveus, MA 

WATER.BODY FISH SAMPLE 'JYPEOF INORGANIC ANAL YTES (uj/g ~ weight tissa~) • (4_.5) 

CODE(2) .POPULATION SAMPLE (3 Al Cd Ct cu Fe Hg Mn Ni Pb 

DOROTIIY POND C 1 IND. 2.1 ND(.2) ND(.3) 13 16 0.06 0.4 0.8 ND(.5) 

n=8 WP 5 COMP. ND"(l) ND(.2) ND (.3) 1.6 11 0.24 0.4 0.6 ND(.5) 
yp 5 COMP. 1.6 ND(.2) ND (.3) 4.8 4-~ 0.12 0.8 1.3 ND(.5) 

WS 3 COMP. ND"(l) ND(.2) ND(.3) 1.3 10 0.08 0.8 3.6 ND(.5) 

YB 2 COMP. 1.3 ND(.2) ND (.3) 0.4 4.5 0.08 0.4 ND"(.3) ND(.5) 

CP 1 IND. ND"(.3) ND(.2) ND(.3 ) 1.2 23 0.16 0.8 1.3 ND(.5) 

LMB 1 IND. 1.3 ND(.2) ND (.3) 1.2 33 0.12 0.8 ND"(.3) ND(.5) 

LMB 3 COMP. ND"(l) ND(.2) ND(.3) 0.2 1.S 0.16 2.7 2.7 ND(.5) 

AVERAGE 1.1 ND ND 1.5 6.7 0.13 0.9 1.3 ND 

RANOE 0.5- 2.1 NC NC 0.2- 4.8 1.8-16 0.06-0.24 Q.4 - 2.7 O.tS-3.6 NC 
INDIANLAKE C 1 IND. ND(l) ND(.2) ND(.3) 3.1 11 0.06 0.4 ND 0 (.3) ND(.5) 

n =S C 1 IND. ND(l) ND(.2) ND(.3) 1.2 31 0.05 ND"(.2) ND"(.3) ND(.5) 

C 1 IND. ND(l) ND(.2) ND(.3) 6.1 29 0.05 0.4 0.9 ND(.5) 

C 1 IND. ND(l) ND(.2) ND(.3) 1.8 4.1 0.04 0.5 0.4 ND(.5) 

C 1 IND. ND(l) ND(.2) ~D(.3) 9.2 4.5 O.o3 0.3 1.7 ND(.5) 

AVERAGE ND ND ND 4.3 15.9 o.os 0.3 0.7 ~ 
RANGE NC NC NC 12-9.2 4.1-31 0.03c-.06 0.1.-0.5 0.15-1.7 NC 

NOTES: 
(1) Data obtained from Massachusetts Division of Water Pollution Control ([MADWPC), 1988b; 1989a; 1990). 
(2) CODE: B = bluegill (Lepomis macrochirus) P = pumkinseed (Lepomis gibbosus) 

C = carp (Cyprinus caipio) SMB = smallmouth bass (Micropterus dolomieui) 
YB= yellow bullhead (Ictalurus nebulosus) 
YP = yellow perch (Perea flavescens) 

CP = chain pickerel (Esox niger) WS = white sucker (Catostomus commersoni) 
LMB = largemouth bass (Micropterus salmoides) WP = white perch (Morone americana) 

(3) IND.= Individual COMP.= Composite 
(4) NC= Not Calculated 

ND = Nol Detecl.ed (detection limit is presented in the parentheses). 
ND" = Non-detect was treated as a value one-half its detection limit (listed in parentheses) for calculation of the average and is represented in the lower limit of the range. 
• • = Outlier value was not used in calculating the average orin dete1D1ining the range. 

(5) When an analyte was undetected in all fish from a given waterbody, these data were not included in the summary table statistics calculation. 

N-2,wkl 

Zn 

10 

5.3 

8.4 

11 

15 

3.4 

43 

4.6 

7.8 

3.4-15 

9 

9 

7.6 

6.4 

7 

7.8 
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WATBRBODY FISH SAMPLB 

CODB(2) POPULATIO.N 

BCHOIAKB yp 1 

n = 13 WP 1 

CP 1 

CP 1 

CP 1 

yp 1 

yp 1 

yp 1 

yp 1 

WP 1 

WP 1 

WP 1 

CP 1 

AVBRAGB 

RANGB 

WALDEN POND SMB 1 

n=4 SMB 1 

SMB 1 

I.MB 1 

AVBRAGB 

RANGE 
COPICUf RIV.RBS. SMB 1 

(Riw:r Mile 26) SMB 1 

n=7 SMB 1 

CP 1 

CP 1 

yp 1 

yp 3 

AVllRAGB 

RANGE 

N.WATUPPA CP 1 

n = 12 CP 1 

WP 1 

N-3WK.1 

TABLBN-3 

Pesticides/ PCBs In Fub Tissue from 

Lacustrine Systems In Musacbusctts (1) 

Remedial Investigation Addendum Report 

Feuihility Study For Group 1A Sites 

Fort Dew:ns, MA 

Pc:sticid...tPCBI (ug/g ...,t weight) (4) 

SAMPLB DDB AROCLORl25"4 AROCLOlt 1260 

TY¥6(3) 

IND. O.OL~ NA NA 

IND. 0.033 NA NA 

IND. 0.02 NA NA 

IND. 0.013 NA NA 

IND. 0.014 NA NA 

IND. 0.016 NA NA 

IND. 0.011 NA NA 

IND. 0.029 NA NA 

IND. 0.023 NA NA 

IND. 0.018 NA NA 

IND. 0.035 NA NA 

IND. 0.017 NA NA 

IND. 0.01 NA NA 

O.D2 NC NC 

0.01-0.035 NC NC 

IND. 0.02 0.048 ND(0.036) 

IND. 0.046 0.053 N0(0.036) 

INti. 0.052 0.056 ND(0.036) 

IND. 0.021 0.056 N0(0.036) 

iOIDS O.OS3. ND 

0.D21-'0.0S2 O.D48-0;0S6 NC 

IND. NA ND"(0.040) NA 

IND. NA 0.15 NA 

IND. NA 0.07 NA 

IND. NA ND"(0.040) NA 

IND. NA ND•(0.040) NA 

IND. NA ND"(0.040) NA 

COMP. NA ND•(0.040) NA 

NC 0.046 NC 

NC 0.02-0.lS NC 

IND. NA ND 0 (0.040) ND 0 (0.Cl%) 

IND. NA ND"(0.040) 0.051 

IND. NA 0.14 ND•(0.036) 

1◄ -Dec-93 



'WATBltBODY PISH SAMPLE 

COD8 1'2\ POPULATION 

N.WATUPPA WP l 

(cont.') WP l 

yp l 

YP l 

yp 3 

I.MB l 

SMB l 

SMB 1 

SMB 3 - ...... 
AVBRAO.B 

RANGE 

S.WATUPPA SMB l 

n=9 SMB l 

SMB 1 

SMB l 

B 2 

ws 2 

p l 

yp 5 

WP 5 

AVBRAOB 

RANGB 

DOROTHY POND C 1 

n - 8 WP 5 

yp 5 

ws 3 

YB 2 

CP 1 

LMB 1 

I.MB 3 

AVERAGB 

RANGE 

N-3.WKl 

TABLBN-3 

Pesticides/ l'CBs In Fuh Tissue from 

Lacustrine Systems In Massachusetts (1) 

Remedial Investigation Addendum Report 

Feasibility Study For Group 1A Sites 

Fort Devens,. MA 

Pcsticidc,JP.CBI {ur)t, .,..,t -iglll) (4) 

SAMPLE DOB AROCLOR 1254 AR.OCLOR 1260 

TYPB _(3) 

IND . NA 0.15 ND•(0.036) 

IND. NA 0.26 ND•(0.036) 

IND. NA 0.12 ND•(0.036) 

IND. NA ND•(0.040) ND*(0.Cl36) 

COMP. NA ND•(0.040) ND•(0.Cl36) 

IND. NA ND•(0.040) ND"(0.Cl36) 

IND. NA ND•(0.040) ND*(0.Cl36) 

IND. NA 0.055 ND•(0.Cl36) 

COMP. NA 0.056 ND•(0.006) 

NC 0.075 0.024 
. 

NC 0.02-0.26 0.0111-0.051 

IND. NA 0.12 ND 0 (0.Cl36) 

IND. NA ND•(0.040) ND 0 (0.Cl36) 

IND. NA ND•(0.040) ND*(0.036) 

IND. NA ND•(0.040) ND 0 (0.Cl36) 

COMP. NA ND•(0.040) ND 0 (0.Cl36) 

COMP. NA ND 0 (0.040) ND"(0.Cl36) 

IND. NA ND 0 (0.040) ND"(0.Cl36) 

COMP. NA ND• (0.040) ND•(0.Cl36) 

COMP. NA ND•(0.040) 0.064 

NC 0.001 0.023 

NC 0.02-0.12 0.111-0.064 

IND. NA ND(0.040) 0.73 

COMP. NA ND(0.040) 0.Dl5 

COMP. NA ND(0.040) ND•(0.036) 

COMP. NA ND(0.040) 0.21 

COMP. NA ND(0.040) ND•(0.Cl36) 

IND. NA ND(0.040) ND•(0.Cl36) 

IND. NA ND(0.040) ND 0 (0.Cl36) 

COMP. NA ND(0.040) ND 0 (0.Cl36) 

NC ND 0.131 

N'C NC 0.018-0.73 

l◄ -0..,-93 



WATBRIIODY FlSII SAMPLB 

CODB 2 POPULATION 

INDIANLAKB C 

n=S C 

C 

C 

C 

AVBRAGB 

RANGE 

TABLBN-3 

Pesticides / PCBs In Fwi Tissue from 

ucustrioe Systems In Mu11&Cbusetts (1) 

Remedial Invenlgation Addendum Report 

Feuibility Study For Group 1A Siles 

Fort De....us, MA 

Pesticides/PC& ug/g WCI -igbt • 4. 

SAMPUl DDB AR.OCLOR .1254 AR.-OCWR 1260 

TYPB 3 . 

IND. NA NA 0.47 

IND. NA NA 0.92 

IND. NA NA 0.13 

IND. NA NA ND•(0.036) 

IND. NA NA ND• 0.036 

NC NC 0.311 

•NC 0.018-0.92 

(1) Source: MassachusettsDEPDivision ofWaterPollution Control (MADWPC), 1988a; 1989a; 1989b; 1990; 1991. 

(2) FISH CODE: 

B = bluegill (Lepomus macrochirus) 

C = carp (Cyprinus carpio) 

CP = chain pickerel (Esox niger) 

LMB = largemouth bass (Micropterus salmoides) 

P = pumpkinseed (Lepomus gibbosus) 

(3) IND. = Individual 

COMP. = Composite 

(4) NA = Not Analyzed; NC = Not Calculated. 

ND = Not Detected (detection limit presented in parentheses). 

ND•= Non-detect was treated as a value one-half its detection limit (listed in the parentheses) for 

calculation of the average and is represented in the lower limit of the range. 

N-3 WK.I 

SMB = smallmouth bass (Micropterus dolomieui) 

WP = white perch (Marone americana) 

WS = white sucker (Catastomus cornmersoni) 

YP = yellow perch (Perea flavescens) 

14-0..:-93 



ANALYTE 

( mg/lg wet weight) 

ORGANICS 

AROCLOR 1254 

AROCLOR 1260 

DDD 

DDE 

DDT 

INORGANICS 

ALUMINUM 

ARSENIC 

BARIUM 

CADMIUM 

CHROMIUM 

COPPER 

IRON 

LEAD 

MANGANESE 

MERCURY 

NICKEL 

SELENIUM 

ZINC 

NA= Not Available. 

TableN-4 

Fish Tissue Concentrations: Regional and National Databases 

AVERAGE 

0.054 

0.091 

NA 

0.023 

NA 

0.9 

NA 

NA 

NA 

0.5 

2.3 

7.3 

2.1 

0.48 

0.6 

2.1 

NA 

7 

Remedial Investigation Addendum Report 

Feasibility Study For Group 1A Sites 

Fort Devens, MA 

MADWPC[a] 

95% Cl [b] MAXIMUM AVERAGE (d) 

0.031-0.077 0.26 0.21 

0.022-0.160 0.92 0.15 

NA NA 0.06 

0.017-0.029 0.052 0.19 

NA NA 0.03 

0.71-1.09 2.1 NA 

NA NA 0.14 

NA NA NA 

NA NA 0.03 

0.30-0.70 1.1 NA 

1.12-3.48 18 0.65 

5.08-9.52 31 NA 

0.71-3.49 6 0.11 

0.27-0.69 2.7 NA 

0.36-0.84 2.4 0.1 

0.64-3.56 24 NA 

NA NA 0.42 

5.97-8.03 16 21.7 

[a) Data obtained from Massachusetts Division of Water Pollution Control (MADWPC, 1988a; 1988b; 1989a; 1989b; 1990; 1991). 

[b) 95% Cl = Ninety-fifth percent ccnfidence interval ( alpha = 0.05) on the estimated average. 

[c) United States Fish and Wildlife Service (USFWS, 1990a; 1990b ). 

[d) Geometric average calculaticn of USFWS. 

[e) 851h % = Eigl:ity-fifth percentile of the geometric station averages of USFWS (1990a; 1990b). 

N-4.W<1 

USFWS [c) 

85th % (e) MAXIMUM 

NA 4.0 

NA 2.3 

NA 2.55 

NA 4.74 

NA 1.79 

NA NA 

027 1.5 

NA NA 

0.05 0.22 

NA NA 

1 23.1 

NA NA 

0.22 4.88 

NA NA 

0.17 0.37 

NA NA 

0.73 2.3 

34.2 118.4 
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Table N-5 

lnorganics in Whole Fish Tissues from Lacustrine Systems in Massachusetts Partitioned by Fish Trophic Level (1) 

WATERBODY F ISH SAMPLE SAMPI..E 

CODE (2) POPULATION TYPE (H 

PRIMARY CONSUMERS (n=12) 

North Watuppa Pond WP 1 IND. 

WP 1 IND. 

WP 1 IND. 
yp 1 IND. 
yp 1 IND. 
yp 3 COMP. 

South Watuppa Pond p 1 IND. 

B 2 COMP. 

yp 5 COMP. 

WP 5 COMP. 

Dorothy Pond WP 5 COMP. 
yp 5 COMP. 

AVERAGE 

RANGE 

STANDARD ERROR 
BOTIOM FEEDERS (n=9) 

South Watuppa Pond ws 2 COMP. 

Dorothy Pond C 1 IND. 

WS 3 COMP. 

YB 2 COMP. 

Indian Lale C 1 IND. 

C 1 IND. 

C 1 IND. 

C 1 IND. 

C 1 IND. 

AVERAGE 

RANGE 

STANDARD ERROR 

N-5.wkl 

Remedial Investigation Addendum Report 

Feasibility Study For Group IA Sites 

Fort Devens, MA 

lNORGA~C ANAL~ (mg/kg wet weight tissue)• (~) 

Al Cd Cr Cu Fe Hg Mn 

1.2 ND(.2) ND•(.3) 0.8 7.9 0.61 ND*(.2) 

1.3 ND(.2) 0.8 2.1 11 0.74 ND*(.2) 

1.3 ND(.2) ND•(.3) 1 ~-S 0.65 ND•(.2) 

1.1 ND(.2) 0.6 0.4 7.1 1.3 0.3 

1.3 ND(.2) 0.7 0.5 7.9 1.4 ND*(.2) 

ND*(t.0) ND(.2) 0.6 ND*(.2) s 1.2 ND*(.2) 

1.2 ND(.2) ND*(.3) 3.2 4.2 0.07 0.6 

ND*(l .0) ND(.2) ND(.3) 3.9 3.3 0.12 0.7 

1 ND(.2) ND•(.3) 1 2.3 0.21 2.7 

1.2 ND(.2) ND*(.3) 2.3 5.2 0.23 0.5 

ND*(l) ND(.2) ND*(.3) 1.6 11 0.24 0.4 

1.6 ND(.2) ND•(.3) 4.8 4.5 0.12 0.8 

1.06 ND 033 1.81 6.24 0.57 0.54 

0.S-1.6 ND 0.15 - 0.8 0.1-4.8 2.3.c,.U 0.07- 1.4 0.1.,...2.1 

0.35 NC 0..2S 1.43 2.68 0.47 0.70 

ND*(t.0) ND(.2) ND(.3) 2.4 3.9 0.02 0.9 

2.1 ND(.2) ND (.3) 1.3 16 0.06 0.4 

ND*(l) ND(.2) ND (.3) 1.3 10 0.08 0.8 

1.3 ND(.2) ND (.3) 0.4 4.5 0.08 0.4 

ND*(l) ND(.2) ND(.3) 3.1 11 0.06 0.4 

ND•(t) ND(.2) ND(.3) 1.2 31 0.05 ND*(.2) 

ND*(l ) ND(.2) ND(.3) 6.1 29 0.05 0.4 

ND*(l) ND(.2) ND(.3) 1.8 4.1 0.04 0.5 

ND*(l) ND(.2) ND(.3) 9.2 4.5 0.03 0.3 

0.77 ND ND 2.98 12.67 0.05 0.47 

0.5-2.1 ND ND 0.4-9.2 3.9-,.31 0.02 - 0.08 0.1-,-, .0.9 

0.53 NC NC 2 .. 70 10.04 0.02 0..23 

Ni 

0.4 

1 

ND•(.3) 

0.4 

ND*(.3) 

ND*(.3) 

4.5 

7.5 

1.9 

2.3 

0.6 

1.3 

1.70 

0.15-7.5 

2 .13" · 

3.6 

0.8 

3.6 

ND*(.3) 

ND*(.3) 

ND*(.3) 

0.9 

0.4 

1.7 

1.2J 

0.1S- 3.~ 

1.33 

PJ) Zn 

ND*(.5) 7 

ND*(.5) 7.1 

ND•(5) 4.3 

ND*(.5) 6 

ND*(.5) 5 

ND*(.5) 5.2 

2.6 7 

2.5 8.1 

0.6 5.3 

ND*(.5) 6.5 

ND*(.5) 5.3 

ND*(.5) 8.4 

0.66 6.27 

0.2S- 2 .6 4.3 - 8.4 

0.85 J.23 

0.8 6.8 

ND*(.5) 10 

ND*(.5) 11 

ND*(.5) 15 

ND*(.5) 9 

ND*(.5) 9 

ND*(.5) 7.6 

ND*(.5) 6.4 

ND*(.5) 7 

0.31 9 .09 

0.2S- 0.8 6.4- 1S 
0.17 2.55 
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Table N-5 

Inorganics in Whole Fish Tissues from La.custrine Systems in Massachusetts Partitioned by Fish Trophic Level (1) 

WATERBODY FISH SAMPLE SAMPLE 

CODE (2) POPULATION TYPE (3) 

SECONDARYffERTIARY FEEDERS (n=13 .. ) 

North Watuppa Pond LMB 1 IND. 

SMB 1 IND. 

SMB 1 IND. 

SMB 3 COMP. 

CP 1 IND. 

CP 1 IND. 

South Watuppa Pond SMB 1 IND. 

SMB 1 IND. 

SMB 1 IND. 

SMB 1 IND. 

Dorothy Pond CP 1 IND. 

LMB 1 IND. 

LMB 3 COMP. 

AVERAGE 

RANGE 
STANDARD ERROR 

NOTES: 

Remedial Investigation Addendum Report 

Feasibility Study For Group IA Sites 

Fort Devens, MA 

INORGANIC ANALYTES (mg/tg wet weight tissue)• (4) 

AJ Cd Cr Cu Fe Hg Mn 

ND*(l.0) ND(.2) 0.7 ND*(.2) 4.8 1 ND*(.2) 

ND*(l.0) ND(.2) 0.4 0.2 3.4 2.4 ND*(.2) 

ND*(l.0) ND(.2) 0.5 ND*(.2) 5 2.1 ND*(.2) 

ND*(l.0) ND(.2) 1.1 0.3 8.2 1.8 ND*(.2) 

2 ND(.2) ND*(.3) 0.5 3.9 2.4 ND*(.2) 

1.2 ND(.2) ND•(.3) 1.1 8.8 1.5 0.5 

ND*(l.0) ND(.2) ND*(.3) 0 86 8.6 0.5 ND*(.2) 

ND*(l.O) ND(.2) ND*(.3) 0.7 2.2 0.48 ND*(.2) 

ND*(l.0) ND(.2) ND*(.3) 4.5 2.8 0.34 ND*(.2) 

ND*(l.0) . ND(.2) ND*(.3) 18 3.2 0.5 ND*(.2) 

ND*(.3) ND(.2) ND*(.3) 1.2 2.3 0.16 0.8 

1.3 ND(.2) ND*(.3) 1.2 3.3 0.12 0.8 

ND*(l) ND(.2) ND*(.3) 0.2 1.8 0.16 2.7 

0.70 ND 0.31 2.34 4.48 1.04 0.44 

0.1S-2 ND 0.1s-u 0.1-18 1.8-8.8 0.12 - 2.4 0.1-2.7 

0.48 NC 0.28 4.93 2.39 0.85 0.70 

(1) Data obtained from Massachusetts Division of Water Pollution Control ([MADWPci 1988b; 1989a; 1990). 

Ni 

ND*(.3) 

0.6 

0.4 

0.5 

0.4 

0.8 

**89 

1.7 

5.4 

24 

1.3 

ND*(.3) 

2.7 

3.18 

0.15-24. 

6:.44. 

Pb ~n 

ND*(.5) 4.4 

ND*(.5) 4.6 

ND*(.5) 3.6 

ND*(.5) 4.4 

ND*(.5) 10 

ND*(.5) 10 

6 **58 

0.5 3.1 

2.9 6.4 

3 16 

ND*(.5) 3.4 

ND*(.5) 4.3 

ND*(.5) 4.6 

1.13 6.23 

0.25-;-6 3.1 - 16 

1.70 3.70 

(2) CODE: B = bluegill (Lepomis macrochirus) P = pumkinseed (Lepomis gibbosus) 

C = carp (Cyprinus carpio) SMB = smallmouth bass (Micropterus dolomieui) 

.WS = white sucker (Catostomus commersoni) 

WP = white perch (Morone americana) 

YB = yellow bullhead (Ictalurus nebulosus) 

YP = yellow perch (Perea fla.ve!l:ens) 

CP = chain pickerel (Esox niger) 

LMB = largemouth bass (Micropterus salmoides) 

(3) IND. = Individual analyzed 

COMP. = Composite analyzed 

(4) When an analyte was undetected in-all fish from a given waterbody. these data were not included in the summary statisti:s calculations. 

NC = Not Calculated 

ND = Not Detected (detection limit is presented in the parentheses). 

ND* = Non-detect was treated as a value one-half its detection limit (listed in parentheses) for calculation of the average and is represented in the lower limH of the range. 

.. = Outlier value was not used in calculating the average. 
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ANALYTB PSP 

(ag/g wee weight tissue) AVBRAGBrb] 

l'CBs/PBSTICIDBS 

DDE 0.013 

INORGANICS 

ALUMINUM 2.6 

ARSENIC 0.33 

BARIUM 2.8 

CHROMIUM 0.66 

COBALT 0.11 

COPPER 0.51 

IRON 80.0 

LEAD 0,078 

MANGANESE 63 

MERCURY 0.37 

SELENIUM o.ss 
TIIALLIUM 0.06 

ZINC 25 

NOTES: 

NA= NotAw,ilable. 

TableN-6 

Comparison of Plow Shop Pond (PSP) 

Bluegill Whole Body T"ISSUe Concentrations to Regional and National Databases [a] 

Remedial ln11CStigati011 AddendlDD Report 

Feasibility Study for Group 1A Sites 

Fort Devcm, MA 

l'SPAVG. 

MADWPC BXCEBOS PSP 

AVBRAGB MADWPC MAXIMUMrb] 

0.023 N 0.029 

0.9 y 4.5 

NA NA 1.3 

NA NA 4.4 

0.5 y 0.93 

NA NA 0.16 

2.3 N 0.6 

7.3 y 130 

2.1 N 0.16 

0.48 y 94.7 

0.6 N 0.54 

NA NA 0.67 

NA NA 0.1 

7 y 29.6 

[a) See Table N -4 for data of Massachusetts Division of Water Pollution Control (MADWPC) and United States Fish and Wildlife Service (USFWS). 

[b] Analytical data presented in Table 7-4. 

[c]Use of maximum or 85th % is described in AppendixN, Section 2.2 

N-6.WK1 

UsFWs PSPMAX. 

MAXIM.tJMOR HXCBBDS 

3Slh9' rel USPWS 

4.74 N 

NA NA 

0.27 y 

NA NA 

NA NA 

NA NA 
1 N 

NA NA 

0.22 N 

NA NA 

0.17 y 

0.73 N 

NA NA 

34.2 N 
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ANALYfB PSP 

(~ wet weight tissue) AVBRAGB(bl 

PC&IPBS'IlCIDBS 

DDD 0.006 

DDE 0.017 

INORGANICS 

ALUMINUM 1.66 

ARSENIC 0.127 

BARIUM 0.792 

CHROMIUM 0.416 

COBALT 0.074 

COPPER 0.758 

IRON 39.02 

LEAD 0.076 

MANGANESE 9.46 

MERCURY 0.282 

SELENIUM 0.274 

ZINC 16.28 

NOTES: 

NA= Not Available. 

TablcN-7 

Comparison of Plow Shop Pond (PSP) 

Brown Bullhead Whole Body TISSUC Concentration to RegicoaJ and NalicnaJ Databases (a) 

RcmcdiaJ lnvestigaticn Addendwn Rq,ort 

Fcuilffity Study for Group 1A Sites 

Fort Dcwcns. MA 

PSPAVG. 

MADWPC BXCIJJIDS PSP 

AVBRAGB MADWPC MAXIMUMfbl 

NA NA 0.012 

0.023 N 0.033 

0.9 y 2.9 

NA NA 0.3 

NA NA 1.3 

0.5 N 0.99 

NA NA 0.17 

23 N 1.3 

7.3 y 71.2 

2.1 N 0.18 

0.48 y 16 

0.6 N 0.4 

NA NA 0.31 

7 y 22.3 

(a) Sec Table N-4 for data of Massachusetts Division of Water Pollution Control (MADWPC) and the United States Fish and Wildlife Service (USFWS). 

[b] Analytical data pl'Olided in Table 7-4. 

(c) Use of maximum or 85th % described in AppendixN, Section 22 

N-7.WK1 

USPWS PSPMAX.. 

MAXIMUMOR BXCEEDS 

&Slh !15 lcl USFWS 

2.55 N 

4.74 N 

NA NA 

0.27 y 

NA NA 

NA NA 

NA NA 

1 1'. 
NA NA 

0.22 N 

NA NA 

0.17 y 

0.73 N 

34.2 N 
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TablcN-8 

Coaparisml of Plow lllaop P-d (PSP) 

urgcaod, Bass Wl,ole Body Tinac C..Cmtntim. lo Rcgjoaal ad Natioaal Datal,ascs ( a) 

ANALYm PSP 

Remedial la-igalica Addendum Report 

Feasibility Stady for Gr-p 1A Siles 

Fort Dc:vms., MA 

PSPAVO. 

MADWl'C EXCP.F.DS Psi' 
(•g/g- 'weipl tis .. c) AVBRAGB(I,) AVBRAGB MADWPC MAX1MUM[bl 

l'CIII/PESfICIDBS 

AROCLOR 1260 0.137 0.091 y 

DDD 0.046 NA NA 

DDE 0.174 0.023 y 

DDT 0.006 NA NA 

INORGANICS 

ALUMINUM 1.39 0.9 y 

BARIUM 0.58 NA NA 

CADMIUM 0.044 NA NA 

CHROMIUM 0.432 0.5 N 
COPPER 0.576 2.3 N 

IRON 16.3 7.3 y 

MANGANESE 6.34 0.48 y 

MERCURY 1.38 0.6 y 

SELENIUM 0.378 NA NA 

ZINC 16.36 7 y 

NOTES: 

NA= Not Awilablc. 

(a) See Table N-4 for data of Massachusetts Divisioo. of Water Pollutioo. Control (MADWPC) and United States Fish and Wildlife Servi:e (USFWS). 

[b]Analyti:aldata provided in Table 7-4. 

[c] Use of maximum or 85th % described in Appendix N, Section 2.2. 

N-8.WK1 

0.33 

0.11 

0.416 

0.012 

2.9 

0.99 

0.09 

0.65 

0.9 

24.6 

8.8 

2.7 

0.54 

18.9 

U SPWS PSPMAX. 

MAXIMUMOR BXamJ>S 

SS6i% [cl USFWS 

2.3 N 

2.55 N 

4.74 N 

1.79 N 

NA NA 

NA NA 
0.05 y 

NA NA 
1 N 

NA NA 

NA NA 
0.17 y 

0.73 N 

34.2 N 
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TableN-9 

C...parisoa of Pl.,. Skop Poad (PSP) 

All Whole FisI, Body Tisne Coaccatratioa Data to Regional aad Natioul Databases [ a] 

ANALYTB PSP 

I (ag/g wc:t wciglit tus-.ie) AVRRAGB[bl 

PCBs/PESTICIDBS 

AROO.OR 1260 0.062 

DDD 0.019 

DDE 0.068 

DDT 0.006 

INORGANICS 

ALUMINUM 1.88 

ARSENIC 0.19 

BARIUM 1.34 

CADMIUM 0.04 

CHROMIUM 0.5 

COBALT 0.08 

COPPER 0.61 

IRON 4.5.01 

LEAD 0.07 

MANGANESE 26.33 

MERCURY 0.68 

SELENIUM 0.4 

THALLIUM 0.0.5 

ZINC 19.22 

NOTES: 

NA = Not Available. 

Remcdi21 lavcstigatio■ Addeadmn Repolt 

Feasibility Stady for Groap tA Siles 

Fort Dcvcas, MA 

PSPAVG. 

MADWPC EJCCBBI)S 

AVHRAGlJ MADWPC 

0.091 N 

NA NA 

0.023 y 

NA NA 

0.9 y 

NA NA 

NA NA 

NA NA 

0.5 N 

NA NA 

2.3 N 

7.3 y 

2.1 N 

0.48 y 

0.6 y 

NA NA 

NA NA 

7 y 

PSI' 

MAXlMUM [bJ 

0.33 

0.11 

0.416 

0.012 

4.5 

1.3 

4.4 

0.09 

0.99 

0.17 

1.3 

130 

0.18 

94.7 

2.7 

0.67 

0.1 

29.6 

[a) See Table N -4 for Data of Massachusetts Division of Water Pollution Control (MADWPC) and the United States Fish and Wildlife Service (USFWS). 

[b) Anal}tical data provided in Table 7 -4. 

[c] Use of maximum or 85th % described in AppendixN. Section 2.2. 

N-9.WK1 

USFWS PSP MAX. 

MAXIMUMOR BXCBIIDS 

&St1,.,,rc:1 USFWS 

2.3 N 

2.55 N 

4.74 N 

1.79 N 

NA NA 

0.27 y 

NA NA 

0.05 y 

NA NA 

NA NA 

1 y 

NA NA 

0.22 N 

NA NA 

0.17 y 

0.73 N 

NA NA 

34.2 N 
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Table N-10 

Fish Sampling Results for Selected Analytical Parameters 

Plow Shop Pond 

Remedial Investigation Addendum Report 

Feasibility Study for Group 1A Sites 

Fort Devens, MA 

WHOLE BODY FISH TISSUE CONCENTRATIONS fa] 

SPECIES SAMPLE ID DOE MERCURY % LIPIDS WEIGIIT 

(n&'tg) (u!iftg) (g) 

BLUEGILL PSP02W 4.8 400 0.28 90 

BLUEGILL PSP03W 29 190 1.03 137 

BLUEGILL PSP04W 21 540 0.46 92 

BLUEGILL PSPlOW 4.8 470 0.16 100 

BLUEGILL PSPllW 5 240 0.37 99 

BULLHEAD PSP05W 15 360 0.62 166 

BULLHEAD PSP06W 4.85 280 0.72 95 

BULLHEAD PSP12W 17 400 0.98 142 

BULLHEAD PSP22W 33 280 1.56 111 

BULLHEAD PSP23W 14 90 0.48 419 

BASS PSP07WRE 150 2200 2.49 3480 

BASS PSP17WRE 416 2700 3.27 3440 

BASS PSP18WRE 82 650 2.45 1280 

BASS PSP19WRE 84 650 1.25 972 

BASS PSP20WRE 140 720 1.79 687 

Notes: 

[a] Non-detected values converted to half the detection level. 

[b) Whole body concentrations lipid- normalized by dividing by the % lipids (kg lipids/kg). 

N-10.wkl 

%SOLIDS 

24 

25 

27.5 

28.3 

26.6 

20.4 

23.6 

22 

23.2 

18.8 

27.3 

34 

26.1 

25.5 

24.4 

LIPID - NORMALIZED CONCENTRATIONS [bJ 

DOE 

(u&'kg lipid) 

0.17 

0.28 

0.46 

0.30 

0.14 

0.24 

O.D7 

0.17 

0.21 

0.29 

0.60 

1.27 

0.33 

0.67 

0.78 

MECURY 
(u&'kg lipid) 

14.29 

1.84 

11.74 

29.38 

6.49 

5.81 

3.89 

4.08 

1.79 

1.88 

8.84 

8.26 

2.65 

5.20 

4.02 

/ 
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ANALYl'B CSBP 

(i,g/g wet weight limle) AVllRAGB[b] 

PC&IPBSDCIDBS 

DDD 0.12 

DDE 0.083 

INORGANICS 

ARSENIC 0.15 

BARRJM 0.47 

CHROMIUM 0.30 

COBALT 0.12 

COPPER 0.39 

IRON 32.9 

MANGANESE 10.0 

MERCURY 0.16 

SELENIUM 0.25 

ZINC 21.0 

NOTES: 

NA= Not Available. 

TableN-11 

Comparison of Cold Spring Brod: Pond (CSBP) 

Pumpl:inseed Whole Body T"isme Coneentntions to Regional and National Databases[•) 

Remedial Inw,stigation Addend1DD Report 

FeuibililJ Study for Group 1A Sites 

Fort Devens, MA 

CSBPAVG. 

MADWPC l!XCBEDS 

AVBRAGB MADWPC 

NA NA 

0.023 y 

NA NA 

NA NA 

o.s N 

NA NA 

2.3 N 

7.3 y 

0.48 y 

0.6 N 

NA NA 

7 y 

CSBP 
MAXIMUMfbl 

0.23 

0.17 

0.27 

0.64 

0.33 

0.2 

0.41 

41.S 

12 

0.24 

0.45 

24.1 

[a] See Table N -4 for data of Massachusetts Division of Water Pollution Control (MADWPC) and the United States Fish and Wildlife Service (USFWS). 

[b] Analytical data provided in Table 7-23. 

[c]Use of maximum or8Sth % described in AppendixN, Section 2.2. 

N-11.WK1 

tJSPWS CSBPMAX. 

MAXIMUMOR .EXCBBDS 

8Sth.,. [el USFWS 

2.55 N 

4.74 N 

0.27 N 

NA NA 

NA NA 

NA NA 

1 N 

NA NA 

NA NA 

0.17 y 

0.73 N 

34.2 N 
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TableN-12 

Comparison of Cold Spring Brook Pond (CSBP) 

Bullhead Whole Body Tissue Concentrations to Regional and National Databases [a] 

ANALYTE 
CSBP 

(ug/g wet weight tissue) AVERAGE[b] 

PCBs/PES11CIDES 

AROCLOR 1254 0.034 

DOD 0.17 

ODE 0.085 

INORGANICS 

BARIUM 0.26 

CHROMIUM 0.25 

COBALT 0.11 

COPPER 0.55 

IRON 28.9 

MANGANESE 7.1 

MERCURY 0.12 

SELENIUM 0.28 

ZINC 15.5 

N01ES: 

NA= Not Available. 

Remedial Investigation Addendum Report 

Feasibility Study for Group 1A Sites 

Fort Devens, MA 

GSBPAVG. 

MADWPC EXCEEDS CSBP 

AVBRAGB MAQ~ MAXIMUM [bl 

0.54 N 0.052 

NA NA 0.34 

0.023 y 0.15 

NA NA 0.41 

0.5 N 0.43 

NA NA 0.16 

2.3 N 0.68 

7.3 y 35.9 

0.48 y 10.4 

0.6 N 0.14 

NA NA 0.41 

7 y 21.4 

[a) See Table N-4 for data of Massachusetts Division of Water Pollution Control (MADWPC) and the United States Fish and Wildlife Service (USFWS). 

[b] Analytical data provided in Tobie 7-23. 

· [c] Use of maximum or 85th % described in Appendix N, Section 2.2. 

N-12.WK1 

USPWS 

MAXIMUM OR 

85th% (c) 

4 

2.55 

4.74 

NA 

NA 

NA 

1 

NA 

NA 

0.17 

0.73 

34.2 

CSBP MAX. 

EXCEEDS 

USFWS 

N 

N 

N 

NA 

NA 

NA 

N 

NA 

NA 

N 

N 

N 
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Table N-13 

Comparison of Cold Spring Ikoot Pond (CSBP) 

Cllain Picmel Whole Body TISSDe Conamtrations to Regional and National Data hues [a] 

ANALYIE CSBt> 

(ilg/g we.11111,itht tissue) AVERAGE[b] 

l'CBll/l'Ei>TTCIDES 

DOD 0.088 

ODE 0.079 

INORGANICS 

BARIUM 0.34 

CHROMITJM 0.20 

COPPER 0.58 

IRON 13.4 

MANGANESE 9.6 

MERCURY 0.36 

SELENITJM 0.16 

ZINC 43.4 

NOlES: 

NA= N(!IAvailable. 

Remedial InvestigationAddendnm Report 

Feasibility Stndy far Group 1A Sites 

Fart Devens, MA 

CSBPAVG. 

MADWPC EXCEED CSBP 
AVE.RAGE MADWPC ~(b] 

NA ' NA 0.16 

0.023 y 0.15 

NA NA 0.52 

0.5 N 0.27 

23 N 0.67 

7.3 y 15.3 

0.48 y 14.1 

0.6 N 0.47 

NA NA 0.25 

7 y 51.3 

[a] See Table N-4 for data of Massachusetts Division of Water Pollution Control (MADWPC) and the United States Fish and Wildlife Service (USFWS). 

[b] Analytical data prooded in Table 7-23. 

[c] Use of maximum a- 85th % described in Appendix N. Section22 

N-13.WK1 

USPWS CSB.l!MAX. 

MAXIMUMOR EXOIBDS 

85{b,r, fc] USFWS 

255 N 

4.74 N 

NA NA 

NA NA 

1 N 

NA NA 

NA NA 

0.17 y 

0.73 N 

34.2 ~ 
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ANALYIB CSBP 
1'1i2/g 111e1: llOight lissuc) AVBRAGBfbl 

PCBs/PBSTICIDBS 

AROCLOR 1254 O.D28 

DDD 0.12 

DDE 0.082 

INORGANICS 

ARSENIC 0.10 

BARRJM 0.36 

CHROMIUM 0.25 

COBALT 0.093 

COPPER 0.51 

IRON 25.1 

MANGANESE 8.9 

MERCURY 0.21 

SELENIUM 0.23 

ZINC 26 .6 

NOTES: 

NA= Not Available. 

TableN-14 

Comparison of Cold Spring Brook Pend (CSBP) 

All Whole Body Fisb 'fluue Ccncentraticn Data to Regional and National Databases [ a] 

Rfmedial Inwstigation Addcndmn Report 

FcuibililJ Study for Group 1A Sites 

Fort Devens, MA 

CSBPAVG. 

MADWPC BXCBHDS 

AVBRAGB MADWPC 

0.054 N 

NA NA 

0.023 y 

NA NA 

NA NA 

0.5 N 

NA NA 

2.3 N 

7.3 y 

0.48 y 

0.6 N 

NA NA 

7 y 

CSBP 

MAXlMUMfbl 

0.052 

0.34 

0.17 

0.27 

0.64 

0.43 

0.2 

0.68 

41.5 

14.1 

0.47 

0.45 

51.3 

( a J See Table N -4 for Data of Massachusetts Division of Water Pollution Control (MADWPC) and the United States Fish and Wildlife Service (USFWS). 

(b] Analytical data provided in Table 7-23. 

(c)Use of maximum or 85th % described in AppendixN, Section 2.2. 

N-14.WK1 

USPWS CSBPMAX. 

MAXIMUM.OR llXCBEDS 

SSth'l' fcl USFWS 

4.0 N 

2.55 N 

4.74 N 

0.27 N 

NA NA 

NA NA 

NA NA 

1 N 

NA NA 

NA NA 

0.17 y 

0.73 N 

34.2 y 
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TableN-15 

Fish Sampling Results for Selected Analytical Parameters 

Cold Spring Brook Pond 

Remedial Investigation Addendum Report 

Feasibility Study for Group lA Sites 

Fort Devens, MA 

WHOLE BODY FISH TISSUE CONCENTRATIONS (a I 
SPECIES SAMPLE ID: DDE MERCURY % LIPIDS WEIGlIT 

(u2/b:) (u1tlb) (2) 

PUMPKIN SEED CSB13W 58 150 0.89 

PUMPKIN SEED CSB14W 22 240 0.58 

PUMPKIN SEED CSB15W 170 80 2.1 

BULUIEAD CSB07W 150 90 4.16 

BULUIEAD CSB08W 73 140 3.17 

BULUIEAD CSB09W 31 130 0.79 

PICKEREL CSB01W 26 230 0.38 

PICKEREL CSB02W 61 470 1.5 

PICKEREL CSB03W 150 390 1.4 

Notes: 

[a] Non-detected values converted to half the SQL 

(b] Whole body concen !rations lipid-normalized by dividing by the % lipids (kg lipids/kg). 

N-15.wk1 

LIPID-NORMALIZED CONCENTRATIONS [b 

%SOLIDS DDE MBRCURY 
(uR/k11. Uoid) (u1tlb.1ioid) 

39 26.3 0.65 1.69 

52 25.9 0.38 4.14 

38 26.7 0.81 0.38 

31 28.6 0.36 0.22 

31 22.4 0.23 0.44 

41 22.2 0.39 1.65 

123 25.4 0.68 6.05 

367 23.4 0.41 3.13 

178 29.7 1.07 2.79 
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TableN-15 

Fish Sampling Results for Selected Analytical Parameters 

Cold Spring Brook Pond 

Remedial Investigation Addendum Report 

Feasibility Study for Group 1A Sites 

Fort Devens, MA 

WHOLE BODY FISH TISSUE CONCENTRATIONS laJ 
SPECIES SAMPLE ID: DDE MBRCURY %LIPIDS WEIGHT 

tu1/hl (u1ukti1) (2) 

PUMPKIN SEED CSB13W 58 150 0.89 

PUMPKIN SEED CSB14W 22 240 0.58 

PUMPKIN SEED CSBlSW 170 80 2.1 

BULLHEAD CSB07W 150 90 4.16 

BULLHEAD CSB08W 73 140 3.17 

BULLHEAD CSB09W 31 130 0.79 

PICKEREL CSB0lW 26 230 0.38 

PICKEREL CSB02W 61 470 1.5 

PICKEREL CSB03W 150 390 1.4 

Notes: 

(a) Non-detected values converted to half the SQL 

(b] Whole body concentrations lipid-normalized by dividing by the % lipids (kg lipids/kg). 

N-15.wk1 

UPID- NORMALIZE.D CONC~RATIONS Lb 
% SOLIDS DOE M:EilCURY 

tu2/b lipid) (ul?/h liPid) 
39 26.3 0.65 1.69 

52 25.9 0.38 4.14 

38 26.7 0.8 1 0.38 

31 28.6 0.36 0.22 

31 22.4 0.23 0.44 

41 22.2 0.39 1.65 

123 25.4 0.68 6.05 

367 23.4 0.41 3.13 

178 29.7 1.07 2.79 
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... 
:: . SPE CI~ · 

AMERICAN EEL 
Maximum 
Minimum 
Average 
N= 

BLACK BUl.illEAD lb 1 
Maximum 
Minimum 
Average 
N= 

BLACK CRAPPIE 
BLACK CRAPPIE 

Maximum 
Minimum 
Average 
N= 

BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 

N-16.WKl 

TABLEN-16 
Fish Length and Weight Summary 

Plow Shop Pond 

Remedial Investigation Addendum Report 
Feasibility Study For Group lA Sites 

Fort Devens, MA 

l\:NA LY.TJCAL 
LENGTH W EJGHT[a) COL LBCTJON 

'(mm·) (2) 1NUMB ER 

550 NA 
550 NA 
550 NA 
550 NA 

1 0 

281 290 
281 290 
281 290 
281 290 

1 1 

72 NA 
192 94 
192 94 
72 94 

152 94 
2 1 

79 NA 
83 13 
88 11 
89 NA 
92 15 
93 12 
94 NA 
98 13 
99 21 PSP - 11 

100 18 
100 18 
103 15 
104 14 
105 25 
106 21 
106 25 
107 23 
107 9.0 
107 21 
107 21 
107 24 
108 26 
108 NA 
108 16 
110 25 
110 22 
110 21 
111 26 
112 27 
112 19 
112 24 
113 33 
113 22 
113 NA 
114 18 
114 29 
114 33 
116 26 
116 37 
117 30 
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-SPECIES 
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BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 

N-16.WKl 

TABLE N-16 
Fish Length aod Weight Summary 

Plow Shop Pond 

Remedial Investigation Addendum Report 
Feasibility Study For Group 1A Sites 

Fort Devens, MA 

" ANALYTICAL 
LENGTH WEJGH'.J' fa] COLLECTION 

(mm'\ (11.) NUMilER 
118 25 
ll8 28 
119 29 
~19 37 
120 21 
123 NA 
123 43 
128 NA 
128 NA 
130 40 
131 NA 
132 43 
133 46 
134 43 
135 54 
136 NA 
140 43 
142 50 
142 47 
143 54 
143 60 
147 51 
148 65 
153 NA 
153 54 
153 60 
154 NA 
156 NA 
157 73 
158 78 
158 73 
158 71 
158 NA 
160 NA 
160 75 
162 78 
162 72 
163 79 
163 NA 
164 77 
164 NA 
164 NA 
164 NA 
165 NA 
166 94 
166 81 
167 85 
169 91 
169 93 
170 NA 
170 NA 
171 103 
171 NA 
171 NA 
172 92 
174 NA 
174 NA 
174 NA 
174 93 
175 NA 

2 15-Dcc-9.1 



SPE CIES '~ 

BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 
BLUEGILL 

Maximum 
Minimum 
Average 
N= 

BROWN BUUREAD 
BROWN BUUREAD 
BROWN BUUREAD 
BROWN BUUREAD 

Maximum 
Minimum 
Average 
N= 

CHAIN PICKEREL 
CHAIN PICKEREL 
CHAIN PICKEREL 
CHAIN PICKEREL 
CHAIN PICKEREL 
CHAIN PICKEREL 
CHAIN PICKEREL 
CHAIN PICKEREL 
CHAIN PICKEREL 
CHAIN PICKEREL 
CHAIN PICKEREL 
CHAIN PICKEREL 
CHAIN PICKEREL 
CHAIN PICKEREL 
CHAIN PICKEREL 

N-16.WKl 

TABLEN-16 
Fish Length and Weight Summary 

Plow Shop Pond 

Remedial Investigation Addendum Report 
Feasibility Study For Group lA Siles 

Fort Devens, MA 

, JmNoni_ 
,.(mm·) · , 

175 
176 
176 
176 
177 
177 
178 
179 
179 
180 
180 
181 
185 
185 
186 
186 
187 
188 
189 
L90 
192 
196 
198 
198 
203 
203 
79 

143.5 
125 

211 
232 
324 
224 
324 
211 

247.8 
4 

111 
298 
327 
328 
329 
335 
349 
353 
362 
372 
373 
384 
389 
389 
393 

., 
WEIGHT(a] 

. .• ~(c)· 

86 
NA 
106 
98 

106 
99 

NA 
NA 
108 
NA 
92 

NA 
NA 
NA 
NA 
90 

NA 
122 
NA 
NA 
100 
137 
NA 
NA 
NA 
137 

9 
50.6 

83 

95 
166 
419 
142 
419 

95 
205.5 

4 

NA 
151 
NA 
193 
NA 
206 
NA 
NA 
143 
276 
283 
293 
349 
344 
329 

3 

i;\NALYTI CAL 
COLLECTI ON 

NUMBE R 

PSP - 04 

PSP - 02 

PSP - 10 
PSP - 03 

PSP - 06 
PSP - 05 
PSP:... 23 
PSP - 12 

PSP - 13 [c] 
PSP - 14 [c] 
PSP - 09 [c] 
PSP - 01 !cl 

15-Dcc -lJ:l 
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1'.,(.,-SPB.CIES 
{ . ~ 

CHAIN PICKEREL 
CHAIN PICKEREL 
CHAIN PICKEREL 

Maximum 
Minimum 
Average 
N= 

GOIDEN SHINER 
GOIDEN SHINER 
GOIDEN SHINER 
GOIDEN SHINER 
GOIDEN SHINER 
GOIDEN SHINER 
GOIDEN SHINER 
GOIDEN SHINER 
GOIDEN SHINER 
GOIDEN SHINER 
GOIDEN SHINER 
GOIDEN SHINER 
GOIDEN SHINER 

Maximum 
Minimum 
Average 
N= 

LARGEMOUIB BASS 
LARGEMOUIB BASS 
LARGEMOUIB BASS 
LARGEMOUIB BASS 
LARGEMOUIB BASS 
LARGEMOUIB BASS 
LARGEMOUIB BASS 
LARGEMOUIB BASS 

Maximum 
Minimum 
Average 
N= 

PUMPKIN SEED 
PUMPKINSEED 
PUMPKINSEED 
PUMPKIN SEED 
PUMPKINSEED 
PUMPKINSEED 
PUMPKIN SEED 
PUMPKINSEED 
PUMPKINSEED 
PUMPKINSEED 
PUMPKIN SEED 
PUMPKINSEED 
PUMPKINSEED 
PUMPKIN SEED 
PUMPKINSEED 
PUMPKIN SEED 
PUMPKINSEED 

Maximum 
Minimum 
Average 
N= 

N-16.WKl 

TABLEN-16 
Fish Length and Weight Summary 

Plow Shop Pond 

Remedial Investigation Addendum Report 
Feasibility Study For Group 1A Siles 

Fort Devens, MA 

,, 
ANA LYTICA L 

·'LENGTII' W~IGRT (af' COLLECTION 
'(m m·) ' (I!.) NUMU 'CR 

395 355 PSP - 16 [c] 
400 387 PSP - 15 [c] 
418 384 PSP - 08 [c] 
418 387 
111 143 

350.3 284.1 
18 13 

75 NA 
83 NA 

. 161 NA 
196 92 
198 NA 
208 92 
226 NA 
228 143 
231 NA 
234 NA 
243 176 
248 NA 
251 NA 
251 176 

75 92 
198.6 125.8 

13 4 

71 NA 
156 38 
262 231 
367 687 PSP - 20 
405 972 PSP - 19 
436 1280 PSP - 18 
532 3480 PSP - 07 
545 3440 PSP - 17 
545 3480 
71 38 

346.8 1446.9 
8 7 

106 25 
108 19 
114 28 
124 NA 
137 34 
143 NA 
144 59 
148 56 
158 90 
163 86 
167 107 
169 104 
170 107 
174 110 
174 115 
176 115 
178 105 
178 115 
106 19 

150.2 77.3 
17 15 

4 15-Dcc-93 
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. -.)'sPECIES ' ,, : 

' ..... ' 

WHilEPERCH 
Maximum 
Minimum 
Average 
N== 

YEILOW BUILHEAD 
YEILOW BUILHEAD 

Maximum 
Minimum 
Average 
N== 

YEILOW PERCH 
YEILOW PERCH 
YEILOW PERCH 
YEILOW PERCH 
YEILOW PERCH 
YEILOW PERCH 
YEILOW PERCH 
YEILOW PERCH 

Maximum 
Minimum 
Average 
N== 

Notes: 

TABLEN-16 
Fish Length and Weight Summary 

Plow Shop Pond 

Remedial Investigation Addendum Report 
Feasibility Study For Group lA Sites 

Fort Devens, MA 

.. 
ANALYTICAL 

t.ENGTII WEIGHT [a] COLLECTJON 
('mm) . (g) NVMil8R 

244 228 
244 228 
244 228 

244.0 228.0 
I I 

211 111 PSP - 22 
226 129 PSP - 21 [c] 
226 129 
211 111 

218.5 120.0 
2 2 

211 107 
214 NA 
230 140 
239 NA 
240 166 
245 NA 
252 NA 
260 NA 
260 166 
211 107 

236.4 137.7 
8 3 

[a] Fish were collected October 20 - 22, 1992. Weight data were not collected for all individuals. 
[b] Although the black bullhead was identified in the field, this species is unusual in 
Massachusetts; the possibility of misidentification exists. 
[c] These fish were collected but not analyzed for contaminant tissue burden. 
NA == Not Available 

N-16.WKl 5 15-Dcc-l)J 



TABLEN-17 
Fish Length and Weight Summary 

Cold Spring Brook Pond 

Remedial Investigation Addendum Report 
Feasibility Study For Group lA Sites 

Fort Devens, MA 

SPECIES LENGTH WEIGHT[aJ 
(mm) (2) 

AMERICAN EEL 650 NA 
Maximum 650 NA 
Minimum 650 NA 
Average 650 NA 
N= I 0 

BIACK CRAPPIE 54 NA 
BIACK CRAPPIE 58 NA 
BIACK CRAPPIE 68 NA 
BIACK CRAPPIE 181 78 
BIACK CRAPPIE 181 72 
BIACK CRAPPIE 186 88 

Maximum 186 88 
Minimum 54 72 
Average 121.3 79.3 
N= 6 3 

CHAIN PICKEREL 210 44 
CHAIN PICKEREL 243 75 
CHAIN PICKEREL 290 123 
CHAIN PICKEREL 330 178 
CHAIN PICKEREL 342 228 
CHAIN PICKEREL 382 291 
CHAIN PICKEREL 398 367 
CHAIN PICKEREL 398 418 

Maximum 398 418 
Minimum 210 44 
Average 324.1 215.5 
N= 8 8 

GOWEN SHINER NA NA 
GOWEN SHINER NA NA 
GOWEN SHINER 52 NA 
GOWEN SHINER 52 NA 
GOWEN SHINER 56 NA 
GOWEN SHINER 56 NA 
GOWEN SHINER 61 NA 
GOWEN SHINER 102 8.0 
GOWEN SHINER 105 7.0 
GOWEN SHINER 107 7.0 
GOWEN SHINER 110 8.0 
GOWEN SHINER 115 12 
GOWEN SHINER 116 10 
GOWEN SHINER 116 12 
GOWEN SHINER 119 12 
GOWEN SHINER 119 16 
GOWEN SHINER 120 11 
GOWEN SHINER 120 9.0 
GOWEN SHINER 122 12 
GOWEN SHINER 123 15 
GOWEN SHINER 123 18 
GOWEN SHINER 123 12 
GOWEN SHINER 124 13 
GOWEN SHINER 124 12 
GOWEN SHINER 125 6.0 
GOWEN SHINER 126 13 
GOWEN SHINER 126 19 
GOWEN SHINER 126 16 
GOWEN SHINER 128 16 

N-17.WKl 1 

ANALYTICi\L 
COLLBcnON 

NVMBER . 

CSBP - 01 
CSBP- 03 
CSBP- 04 
CSBP- 05 
CSBP - 02 
CSBP- 06 

CSBP - 17 [b] 
CSBP - 16 [b] 

14-Dec-93 



TABLEN-17 
Fish Length and Weight Summary 

Cold Spring Brook Pond 

Remedial Investigation Addendum Report 
Feasibility Study For Group IA Sites 

Fort Devens, MA 

SPECIES LENGTH WEIGHT[a) 
(mm) (2) 

GOLDEN SHINER 128 18 
GOLDEN SHINER 128 18 
GOLDEN SHINER 129 8.0 
GOLDEN SHINER 131 24 
GOLDEN SHINER 132 15 
GOLDEN SHINER 132 11 
GOLDEN SHINER 133 22 
GOLDEN SHINER 133 19 
GOLDEN SHINER 133 18 
GOLDEN SHINER 133 18 
GOLDEN SHINER 133 16 
GOLDEN SHINER 133 22 
GOLDEN SHINER 135 11 
GOLDEN SHINER 135 19 
GOLDEN SHINER 136 18 
GOLDEN SHINER 136 18 
GOLDEN SHINER 136 13 
GOLDEN SHINER 138 27 
GOLDEN SHINER 140 9.0 
GOLDEN SHINER 141 24 
GOLDEN SHINER 143 27 
GOLDEN SHINER 143 29 
GOLDEN SHINER- 146 23 
GOLDEN SHINER 147 27 
GOLDEN SHINER 148 22 
GOLDEN SHINER 150 34 
GOLDEN SHINER 157 34 
GOLDEN SHINER 158 36 

Maximum 158 36 
Minimum 52 6 
Average 123.0 16.9 
N= 55 50 

PUMPKINSEED 70 NA 
PUMPKINSEED 72 NA 
PUMPKINSEED 73 NA 
PUMPKINSEED 78 NA 
PUMPKINSEED 106 17 
PUMPKINSEED 108 24 
PUMPKINSEED 116 23 
PUMPKINSEED 118 27 
PUMPKINSEED 118 25 
PUMPKINSEED 119 29 
PUMPKINSEED 121 25 
PUMPKINSEED 131 39 
PUMPKIN SEED 133 48 
PUMPKINSEED 133 45 
PUMPKINSEED 135 38 
PUMPKINSEED 143 56 
PUMPKlNSEEO 143 52 

Maximum 143 56 
Minimum 70 17 
Average 112.8 34.5 
N= 17 13 

N-17.WKl 2 

ANALYTICAL 
COLLl3CTI.ON 

NUMBER 

CSBP- 13 

CSBP- 15 

CSBP- 14 

14-Dec-93 



SPECIBS 

YELLOW BULLHEAD 
YELLOW BULLHEAD 
YELLOW BULLHEAD 
YELLOW BULLHEAD 
YELLOW BULLHEAD 
YELLOW BULLHEAD 
YELLOW BULLHEAD 

TABLEN-17 
Fish Length and Weight Summary 

Cold Spring Brook Pond 

Remedial Investigation Addendum Report 
Feasibility Study For Group lA Sites 

Fort Devens, MA 

LENGTH WEJGHT(a] 
(mm) (2.\ 

38 NA 
132 41 
144 31 
133 31 
155 58 
163 68 
167 73 

Maximum 167 73 
Minimum 38 31 
Average 133.1 50.3 
N= 7.0 6.0 

Notes: 

ANALYTICAL 
COLLEC'l'ION 

NUMBER 

CSBP- 09 
CSBP- 07 
CSBP- 08 
CSBP-10 
CSBP- 11 
CSBP- 12 

[a] Fish were collected October 20 - 22, 1992. Weight data were not collected for all individuals, as 
detailed in the text. 

[b] These fish were collected but not analyzed for contaminant tissue burden. 
NA= Not Available 

N-17.WKl 3 14-Dec-93 
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NEW ENGLAND ENV~AONMENTAL, INC. 

I. WET 2.0 EVALUATIONS 

Introduction to WET 

Wetland Evaluation Technique (WET) assessments were conducted on the existing 
and post-impact conditions in Cold Spring Pond and Plow Shop Pond, which are 
located on and adjacent to the Fort Devens Military Installation in Ayer, 
Massachusetts. WET is a standardized evaluation technique for wetlands which 
yields a rapid assessment of many of the recognized values and functions of a 
wetland. Functions and values were evaluated in a Level 2 WET assessment, 
which is generally considered to be a reasonable balance between time, available 
information, and level of confidence for most situations. WET uses a standardized 
manual and answer sheet to provide input data for the WET computer program 
(See Appendix 1). After data are entered into the WET program, a "Low", 
"Medium", or "High" value is assigned to each function based upon this input. 

A combination of eleven functions (i.e., physical, chemical, and biological 
characteristics) and values (characteristics beneficial to society) are evaluated by 
the WET program. Each of these functions and values is defined below. These 
definitions are found in Wetland Evaluation Technique Literature Review and 
Evaluation Rationale (Adam.us et al, 1991). 

* Ground Water Recharge "is the movement of surface water or precipitation 
into the ground water flow system". 

* Ground Water Discharge "is the movement (usually laterally or upward) of 
ground water into surface water". 

* Floodflow Alteration "is the process by which peak flows from run-off, surface 
flow, ground water interflow and discharge, and precipitation enter a wetland and 
are stored or delayed in their downslope journey". 

* Sediment Stabilization "consists of both shoreline anchoring and dissipation 
of erosive forces". 

* Sedimenttroxicant Retention "is the process by which suspended solids and 
chemical contaminants such as pesticides and heavy metals adsorbed to them are 
retained and deposited within a wetland". 

* Nutrient Removalfrransformation "includes the storage of nutrients within 
the sediment or plant substrate; the transformation of inorganic nutrients to their 
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organic forms; and the transformation and subsequent removal of one nutrient 
(nitrogen) as a gas". 

* Production Export "refers to the flushing of relatively large amowits of 
organic material (specifically, carbon from net annual primary and secondary 
productivity) from the wetland to downstream or adjacent deeper waters". 

* Wildlife Diversity/Abundance "is the support of a notably great on-site 
diversity and/or abwidance of wetland-dependant birds". 

* Aquatic Diversity/Abundance "is the support of a notably great on-site 
diversity and/or abwidance of fish or invertebrates that are mainly confined to the 
water and saturated soils". 

* Uniqueness/Heritage "includes the use of wetlands for aesthetic enjoyment, 
nature study, education, scientific research, open space, preservation of rare or 
endemic species, protection of archaeologically or geologically unique features, 
maintenance of historic sites, and an infinite number of other mostly intangible 
uses". 

* Recreation "includes both consumptive (e.g.; sport fishing, food gathering, 
hwiting) and nonconsumptive (e.g., swimming, canoeing, kayaking, birding) forms 
of recreation that are water dependant and occur in either an incidental or 
obligatory manner in wetlands". 

The above listed functions and values were evaluated by WET in the following 
contexts: Social Significance (the value of the wetland to society); 
Effectiveness (the capability of the wetland to provide the function); and 
Opportunity (the opportunity of the wetland to provide the function). 

,, ,. Using the criteria described in the WET manual, the Assessment Area (AA) for 
each pond was determined to include not only the ponds, but the surrowiding 
fringe of woody wetland vegetation as well. A WET assessment was conducted 
based upon the entire AA. A WET evaluation of the probable impacts resulting 
from removing one foot of sediment from the bottom of each pond was conducted 
at a point in time three years subsequent to the completion of the work. No 
detailed plans have yet been formulated for the precise extent of the remediation 
work. In order to provide a meaningful comparison between the wetlands before 
and after this work, the boundaries of each Impact Area (IA) were assumed to be 

2 
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identical to the AA boundary for each pond, al though not all of the AA may be 
altered by the remediation work. 

Data for the WET analysis were collected from a number of sources, including the 
following: site visits by NEE personnel; site reports and documentation provided 
by ABB, Inc.; previous ecological investigations data by Ecology & Environment, 
Inc. (June, 1992); the Soil Survey of Middlesex County; FEMA floodplain maps; 
the USGS Ayer quadrangle; and telephone conversations with the Soil 
Conservation Service, Natural Heritage and Endangered Species Program, and the 
National Climactic Data Center. Our evaluation of the WET results is based in 
part upon the Wetland Evaluation Technique Literature Review and Evaluation 
Rationale (Adamus et al, 1991) and the Method for Wetland Functional Assessment 
(1983). 

Cold Spring Brook Pond (AAl) 

The first Assessment Area (AAl), Cold Spring Brook Pond, is located to the west 
of Marne Street (see Figure 1). The boundaries of this AA include the fringe of 
shrub swamp and wooded swamp which lies to the north of the pond. The 
western boundary of AAl is the inlet stream from the upgradient wetland, while 
the eastern boundary is the culverted outlet beneath Patton Road. The southern 
limit of this AA is primarily a landfill slope. 

Social Significance of AAl 

Social Significance is the value of a wetland to society. As shown in Table 1, WET 
rates the value of Cold Spring Brook Pond to society as "High" for Wildlife 
Diversity and Abundance as well as Uniqueness and Heritage. There are a 
number of factors which make the Social Significance of this wetland high for the 
Wildlife Diversity and Abundance function. Most important, WET bases this 
function on the ability of the wetland classes within the AA to provide for 
diversity and abundance of wetland dependant birds, rather than other types of 
wildlife. Many of the features of this wetland, such as the interspersion of the 
vegetation and water within the wetland, the moderately irregular edge of the AA, 
and the proximity of this area to a major river, all make the area important for 
wetland dependant waterfowl. Moreover, the wetland is located in a region where 
migratory waterfowl are of major concern. The Social Significance of the 
Uniqueness and Heritage value is rated as "High" due, in part, to the presence of 
a long-term monitoring program on the adjacent landfill. 

4 
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Table 1: Summary of Wet Results for Cold Spring Brook Pond 

/ Social 
Significance Effectiveness Opportunity 

Ground Water Recharge 
Ground Water Discharge 
Floodflow Alteration 
Sediment Stabilization 
Sediment/Toxicant Retention 
Nutrient Removal/Transformation 
Production Export 
Wildlife Diversity/Abundance 
Wildlife D/A Breeding 
Wildlife D/A Migration 
Wildlife D/A Wintering 
Aquatic Diversity/Abundance 
Uniqueness/Heritage 
Recreation 

M 
M 
L 
L 
L 
L 

* 
H 
* 
* 
* 
L 
H 
L 

L 
M 
M 
H 
H 
H 
M 

* 
H 
H 
L 
L 

* 
* 

M 

* 
H 
H 

* 
* 
* 
* 
* 
* 
* 
* 

Note: "H 11 = High, "M" = Moderate, "L" = Low, "U" = Uncertain, and 
"*"'s identify conditions where functions and values are not evaluated 

The Social Significance of the ground water functions are rated by WET as 
"Moderate" for this wetland, which is due to the downgradient wellfields. The 
remainder of the evaluated functions c1re "Low" in Social Significance. The low 
value of many of these functions is due in part to the small size and watershed of 
this AA. 

Effectiveness of AAl 

Effectiveness is the capability of a wetland to perform a given function. Using this 
parameter, WET rates Cold Spring Brook Pond as "High" for Sediment/roxicant 
Retention, Nutrient Removal/rransformation, and Wildlife Breeding and 
Migration. The Effectiveness of the wetland in performing the Sedimenttroxicant 
Retention and Nutrient Removal/Transformation functions is enhanced by a 
number of factors including the low water velocity, constricted outlet, and the 
shallow water depth within this area. The Effectiveness of the wetland to provide 
the wildlife functions is based upon a number of factors, including the 

5 
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interspersion of openwater and vegetation in the wetland, the diversity of the 
different vegetation types, the shape of the upland/wetland edge, and the sapric 
substrates within the wetland. Since this function is relative to waterfowl, the 
fact that Cold Spring Brook Pond has several aquatic bed species which are 
important food sources for waterfowl increases the Effectiveness of this wetland 
for Wildlife Diversity/Abundance Migration. 

The Effectiveness of this Assessment Area is rated as "Moderate" for Ground 
Water Discharge, Flooclflow Alteration, and Production Export. The wetland is 
determined to be moderately effective for Ground Water Discharge due to a 
number of factors, including the landscape position of the AA. Flooclflow 
Alteration Effectiveness is enhanced by the constricted outlet to the wetland. The 
Effectiveness of Production Export is a function of factors such as the vegetation 
classes found in the AA and the relatively large portion of its watershed the 
wetland occupies. 

The Effectiveness of this wetland to provide several functions/values is rated as 
"Low" by WET. For example, the area will have a low value for wintering 
waterfowl (Wildlife Diversity/Abundance Wintering) due to the fact that it is a 
shallow wetland and becomes completely frozen during the winter months. 

Opportunity of AAl 

Most of the functions and values are not evaluated for Opportunity in a Level 2 
WET Assessment. Of the three functions/values evaluated, the opportunity for 
Cold Spring Pond to perform the Sediment/Toxicant Retention and Nutrient 
Removal/Transformation functions is rated as "High" by WET. Cold Spring Pond 
has the opportunity to provide these functions due to the proximity of the adjacent 
landfill. Floodflow Alteration is rated as "Moderate" by WET based upon the high 
percentage of the watershed this wetland occupies. While the watershed is small, 

t· which reduces the opportunity for this function, there are relatively few wetlands 
upgradient of this area, which increases the opportunity for this function. 

6 
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Plow Shop Pond (AA2) 

Plow Shop Pond (AA.2) is located downgradient of AAl, and is situated close to the 
center of Ayer (see Figure 1). The upper limit of this Assessment Area is the 

I culverted inlet from Grove Pond, while the lower limit is the dammed outlet. The 
AA includes the narrow fringe of scrub-shrub and forested wetland which 
surrounds the Pond. ,t,. 

Table 2: Summary of Wet Results for Plow Shop Pond 

Social 
Significance Effectiveness Opportunity 

Ground Water Recharge H u * 
Ground Water Discharge H L * 
Floodflow Alteration L M M 
Sediment Stabilization L M * 
Sediment/Toxicant Retention M H H 
Nutrient Removal/Transformation M L H 
Production Export * M * 
Wildlife Diversity/Abundance H * * 
Wildlife D/A Breeding * H * 
Wildlife D/A Migration * L * 
Wildlife D/A Wintering * L * 
Aquatic Diversity/Abundance L L * 
Uniqueness/Heritage H * * 
Recreation L * * 
Note: "H" = High, "M" = Moderate, "L" = Low, "U" = Uncertain, and 
"*"'s identify conditions where functions and values are not evaluated 

Social Significance of AA2 

Functions which WET determines to be "High" for the Social Significance of Plow 
Shop Pond are Ground Water Recharge, Ground Water Discharge, Wildlife 
Diversity and Abundance, and Uniqueness and Heritage. The significance of Plow 
Shop Pond for the groundwater functions is due to its proximity to downgradient 
water supply wellfields and the permeable sediments within the area. Like Cold 
Spring Brook Pond, The Social Significance of Plow Shop Pond for Wildlife 

7 



NEW ENGLAND ENVIRONMENTAL, INC. 

Abundance is rated by WET as "High" based upon the potential attractiveness of 
the area for migratory waterfowl. 

The Social Significance of the Sedimentlroxicant Retention and Nutrient 
Removal/rransformation functions in this wetland are rated as "Moderate" by 
WET. 

,:,. WET rates the Social Significance and Effectiveness of Plow Shop Pond as "Low" 
for several functions, perhaps the most interesting of which is Aquatic 
Diversity/Abundance. This low rating is a result of such input data as the water 
quality problems Plow Shop Pond has experienced as well as the low interspersion 
of vegetation within the pond. As defined previously, this function is "the support 
of a notably great on-site diversity and/or abundance of fish or invertebrates that 
are mainly confined to the water and saturated soil". However, although the WET 
program predicts that this function is "Low" for Plow Shop Pond, our qualitative 
evaluation is that the Pond is very valuable for this function based upon the 
abundance of breeding fish. 

I 
·i Effectiveness of AA2 
' 

The Effectiveness, or the capability of AA2 to preform a given function, is rated as 
"High" for Sediment/roxicant retention and Wildlife Diversity/Abundance 
Breeding. As with AAl, the Effectiveness of this wetland for Sedimentlroxicant 
retention is a function of the physical parameters of the Pond including the 
constricted outlet, low water velocity, and shallow depth. The breeding function 
for wildlife is enhanced for Effectiveness by the low gradient, permanent outlet, 
large watershed, and other factors. 

The remainder of the functions and values evaluated by WET are rated as either 
"Moderate" or "Low" for Effectiveness. As with Social Significance, it is 
interesting to note that WET determines that the Effectiveness of this wetland for 
the Aquatic Diversity/Abundance function is "Low". Based upon our on-site visit, 
we believe that this wetland is very effective at supporting an abundance of warm­
water fish species. 

Opportunity of AA2 

The results for Opportunity for Plow Shop Pond are identical to those for Cold 
Spring Pond (AAl). As with AAl, most of the functions and values were not 

8 



NEW ENGLAND ENVIRONMENTAL, INC. 

evaluated by WET for Opportunity in this Level 2 WET Assessment. The 
opportunity for Plow Shop Pond to perform the Seclimentlroxicant Retention and 
Nutrient Removal/rransformation functions is rated as "High" by WET due to the 
proximity of the adjacent landfill. The opportunity for AA2 to provide for 
Floodflow Alteration was rated as "Moderate" by WET. 

Impact Area Evaluations 

Both Assessment Areas were evaluated based upon the probable impacts resulting 
from the removal of one foot of sediment from the bottom of each pond. Each 
Impact Area was evaluated at a point in time three years subsequent to the 
completion of this work. This time period is arbitrary, and was chosen by NEE to 
represent a sufficient length of time for aquatic bed vegetation to become re­
established. If a shorter time period had been chosen, the WET assessment would 
have yielded more pronounced impacts. Conversely, since many of the impacts 
from the proposed work will become less important with time, a WET assessment 
of the area 5 or 10 years further into the future would have yielded fewer 
differences between the pre- and post- development functions and values. 

WET predicts that the Effectiveness of both !As will be reduced for the 
Sedimenttroxicant Retention and Wildlife Diversity/ Abundance-Breeding 
functions, while the Nutrient Removal/Transformation function will be reduced 
within Cold Spring Brook Pond. The reduction in the Effectiveness of the 
Sedimenttroxicant Removal function and the Nutrient Removal/Transformation 
function is due to the alteration of the wetlands. Alterations which destroy 
vegetation that slows water movement reduces the ability of the wetland to retain 
sedime!'ts. Wetlands which have been excavated are less likely to remove and/or 
transform nutrients in the water column. In addition, the removal of one foot of 
sediment will increase the depth of these waterbodies, and deeper wetlands may 
be less likely to retain sediments and toxicants than shallower wetlands. Finally, 
the conversion of the substrates within portions of Plow Shop Pond from muck to 
sand and gravel will reduce the ability of the wetland to trap sediments. 

Wildlife Diversity/Abundance-Breeding was determined to be reduced subsequent 
to the alteration of the area. This is due to the disruption of wetland functions 
that are important to wildlife following alterations. However, if we had modeled 
this for longer than 3 years following the alteration, then this would not have had 
an impact on WET. 
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Table 3: Summary of Wet Results for Cold Spring Pond, Post-Impact 

Social 

I Significance Effectiveness Opportunity 

Ground Water Recharge 
Ground Water Discharge 
Floodflow Alteration 
Sediment Stabilization 
Sediment/Toxicant Retention 
Nutrient Removal/Transformation 
Production Export 
Wildlife Diversity/Abundance 
Wildlife D/A Breeding 
Wildlife D/A Migration 
Wildlife D/A Wintering 
Aquatic Diversity/Abundance 
Uniqueness/Heritage 
Recreation 

M 
M 
L 
L 
L 
L 

* 
H 

* 
* 
* 
L 
H 
L 

L 
M 
M 
H 
L 
L 
M 
* 
L 
H 
L 
L 

* 
* 

* 
>ii< 

M 

* 
H 
H 

* 
* 
* 
* 
* 
* 
* 
* 

Note: "H" = High, "M" = Moderate, "L" = Low, "U" = Uncertain, and 
"*"'s identify conditions where functions and values are not evaluated 

Table 4: Summary of Wet Results for Plow Shop Pond, Post-Impact 

Social 
Significance Effectiveness Opportunity 

Ground Water Recharge H u * 
Ground Water Discharge H L * 
Floodflow Alteration L M M 
Sediment Stabilization L M * 
Sediment/Toxicant Retention M L H 
Nutrient Removal/Transformation M L H 
Production Export * M * 
Wildlife Diversity/Abundance H * * 
Wildlife D/A Breeding * L * 
Wildlife D/A· Migration: * L * 
Wildlife D/A Wintering * L * 
Aquatic Diversity/Abundance L L * 
Uniqueness/Heritage H * * 
Recreation L * * 
Note: "H" = High, "M" = Moderate, "L" = Low, "U" = Uncertain, and 
''*"'s identify conditions where functions and values are not evaluated 
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WET Summary 

A standardized evaluation technique, WET (Wetland Evaluation Technique), was 
used to conduct assessments on the existing and post-impact conditions in Cold 
Spring Brook Pond and Plow Shop Pond on the Fort Devens site. The WET 
analysis determined that the value of both of these wetlands to society is "High" 
for Wildlife Diversity and Abundance as well as Uniqueness and Heritage. The 
value of Plow Shop Pond to society is also "High" for Ground Water Recharge and 
GrounJ Water Discharge. 

WET predicts that the proposed removal of one foot of sediment from the bottom 
of these ponds will reduce the effectiveness of both wetlands to preform the 
Sediment'Toxicant Retention and Wildlife Diversity/ Abundance-Breeding 
functions. The Nutrient Removaltrransformation function will be reduced within 
Cold Spring Brook Pond by the work as predicted by WET. 
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II. OTHER WETLAND FUNCTIONAL ASSESS:MENT METHODS 

Hollands and McGee 

A Hollands & McGee (H&M) Wetland Functional Assessment (1985) was 
conducted on Plow Shop Pond and Cold Spring Pond by Ecology and Environment, 
Inc. as part of their assessment of these wetlands. The Hollands and McGee 
method was developed by private consulting firms (IEP and Normandeau), and the 
details of conducting or evaluating this method are generally not available to the 
public, nor has the complete method been published. The ecological elements in 
H&M are based largely on the work of Golet & Larson (1974). However, since this 
method was developed and tested in Massachusetts in 1975, it has the potential 
for broad applications in the functional assessments of wetlands in this region. 
The H&M method evaluates 10 wetland functions which incorporate biological, 
hydrological and socio-cultural interests. 

The primary uses of the Hollands and Mcgee method are to compare different 
wetlands in a region (i.e. a town, county, etc.) so that the relative importance of 
fwictional values can be made. This method has been successfully used to 
evaluate and compare hundreds of wetlands in municipalities in Massachusetts, 
New Hampshire, and Wisconsin. Although Hollands and McGee (1985) believe 
that their method compares favorably with more complex methods such as 
Adamus (1983), which was the precursor to WET 2.0, the two methods have a very 
different approach. The H&M method relies on expert field personnel which 
include, at a minimum, a geologist, hydrologist, botanist, and an ecologist to 
collect site specific detailed data on the wetland(s) being investigated. WET, on 
the other hand, is designed to be conducted primarily from the office, with 
minimal field work and non-technical staff. In this respect, the H&M method is 
similar to the newer Hydrogeomorphic approach which is discussed below. 

The H&M wetland evaluation conducted for Cold Spring Brook Pond and Plow 
Shop Pond provides no regional basis from which to make a decision on the level 
of the functions found in these wetlands. For instance, the biological model for 
Plow Shop Pond received a H&M score of 110, while Cold Spring Pond rated 102 
for this function. Both were identified as "Moderate" due to a range of scores of 
this model between 29-158, with a mean of 93. However, practical use of this 
model indicates that a score of 110 is generally considered "Low" on a regional 
basis for this part of Massachusetts. Although the H&M system rates these 
wetlands as "Moderate" in reference to other functional models which require the 
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output of the biological model, without a comparison of other reference wetlands in 
the regions, the rating of individual wetland functional values is not appropriate 
using the H&M method. · 

Hydrogeomorphic Properties 

A recent development in the functional assessment of wetlands is to classify 
wetlands based on hydrogeomorphic (HGM) properties as is discussed by Brinson 
et. al (1993, in press). This method is based on a scientific team approach, as in 
the H&M method, and uses the four following guidelines, or logic train to qualify a 
function for this method: 1) the function must be clearly defined; 2) it must have 
recognizable sustaining forces; 3) the function must have hydrologic, geomorphic, 
or ecologic significance either on the site or off the site; and 4) it must have 
indicators that can be documented and combined into a functional index that is 
scaled to reference wetlands. 

The HGM method classifies wetlands based on their major properties, such as the 
geomorphic setting, the sources of water supplying the wetland, and the 
hydrodynamics of water within the wetland. By first grouping the different 
wetlands into the HGM classes with similar properties, the functional assessment 
is defined to address the functions which are linked. This step represents the 
scientific basis for the presence of the function. The next step is to develop 
functional profiles for each wetland class. Finally, a scale for expressing functions 
by using reference wetlands is developed. These reference wetlands are developed 
for each wetland class in order to serve as the benchmarks for the HGM classes. 
The reference wetlands are also critical to the setting of goals for compensatory 
mitigation, and become a standard from which success or failure may be 
measured. For example, in the H&M wetland functional assessment of both Plow 
Shop Pond and Cold Spring Brook Pond, no reference was made to the 
surrounding wetlands, even though there are similar ponds with aquatic beds 
located in close proximity. A modeled value is of little use if it cannot be 
compared with either a standard, or a point of reference. 

As discussed by the Conservation Foundation (1988), Brinson et al. and Larson 
and Mazzarese (in press), the general approach which is used to assess the 
functions of wetlands is to use a generic list of possible wetland functions, and 
then look for evidence that the wetland being assessed actually performs the 
functions. As an example, if a given wetland has permanent standing water, is 
connected to a larger body of water, and has interspersion of both emergent and 
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submerged vegetation, as in Cold Spring Brook Pond, then it will likely support 
fish populations, and will thus be determined to have a high probability of aquatic 
food web support. This general approach has several problems in that a generic 
series of questions fails to explicitly define the relationship between properties of 
the wetland and the functions it is supposed to be performing. This ,;Black Box" 
approach (Brinson, et al) makes it difficult for the user to understand, learn from, 
or question the assumed relationships between wetland properties and functions. 
In fact, these procedures are applied without ever acknowledging the wetland 
class and its associated attributes. 

The HGM approach emphasizes the use of reference wetland populations for the 
documentation of the relationship between disturbance and function. As such, 
they are viewed as natural laboratories and as targets for creation and restoration 
activities. For example, under this approach there is no need to develop complex 
and detailed design criteria that specify the number of trees to plant, the species 
composition of the plant community, or the slope and hydroperiod of the wetland 
surface. Rather, the species composition, cover, density, and other properties of 
the reference wetlands of a given class can serve as the goals for mitigation. Of 
importance to any future wetlands mitigation at Fort Devens is that the Discrete 
use of reference wetland populations in the region of the Base eliminates the need 
to consider "opportunity" and "effectiveness" as necessary conditions for high 
rankings of some functions. 

Summary 

Based on our experience using WET 2.0, Hollands and McGee, and other wetland 
functional assessment methods, it is our opinion that, if restoration of these 
wetlands is necessary, then the functional assessments of Plow Shop Pond and 
Cold Spring Brook Pond should also be compared with other regional wetlands 
which contain similar characteristics. While WET provides a generic functional 
assessment of the wetlands, a comparison with other reference wetlands of similar 
classes would provide a necessary ingredient for future mitigation work. For 
instance, a fisheries assessment of Plow Shop Pond should be compared with a 
fisheries assessment of the adjacent Grove Pond, which appears to have many 
similar characteristics. Any future remediation success of Plow Shop Pond must 
be measured against not only the existing conditions of the Pond, but against 
other non-impacted Ponds in the region. 
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III. QUALITATIVE WETLAND EVALUATIONS 

A. COLD SPRING BROOK POND 

Introduction 

The area surrounding Cold Spring Brook Pond was examined on June 16, 1993. 
This pond was formed by the construction of Patton Road and the subsequent 
blockage of the culverted outlet to the wetland. The pond is essentially a dammed 
part of Cold Spring Brook, with the dam created by a road culvert that passes 
under Patton Road. Possible dredge spoils and piled peat material are located 
around parts of the pond perimeter, and this indicates that the pond may have 
been dredged in the past. The pond is adjacent to the Cold Spring Brook Landfill 
site (on the west and south) and a magazine storage area (to the west). Cold 
Spring Brook Pond was generally evaluated as part of a WET evaluation and as 
part of a qualitative evaluation for plant communities, wetland types, and 
ecological structure. The purpose of this section is to present a qualitative 
wetland evaluation of the existing wetland system. 

Plant Communities 

Four major plant communities were observed within Cold Spring Pond and its 
ftjnge wetland: an A,quatic Bed Plant Community; an Emergent Plant Community; 
a Shrub/Scrub type; and Forested Swamp. Each of these is described separately 
below. 

Aquatic Bed Plant Community 

The majority of the Cold Spring Pond wetland system is occupied by an open 
water aquatic bed plant community. Although the exact bathometric depths are 
unknown, much of the pond is relatively shallow, and is able to support rooted 
aquatic plant life that responds to a two meter phototrophic zone. Sweet water 
lily (Nymphaea odorata), water shield (Brasenia schreberi), water marigold 
(Megalodonta beckii), duckweed (Spirodela spp.), and coontail (Ceratophyllum 
demersum) were noted in this plant community. 
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Emergent Plant Community 

Much of the shoreline border contains emergent marsh plants, although this band 
of vegetation is relatively narrow. These plants are generally obligate to 
facultative wetland plants as rated by the National List of Plant Species that 
Occur in Wetlands (Reed, 1988); these species can easily survive extended periods 
of saturated soils and flooded conditions. The following plants were observed 
around the shoreline in the emergent marsh community: tussock sedge (Carex 
stricta), bearded sedge (Carex comosa), purple iris (Iris versicolor), cattail (Typha 
latifolia), water willow (Justicia americana), purple loosestrife (Lythrum 
salicaria), and bugleweed (Lycopus virginica). 

Shrub/Scrub Plant Community 

At the western end of the pond and along parts of the pond perimeter there exists 
a shrub/scrub wetland plant community. The plant community on the western 
end is dominated by button bush (Cephalanthus occidentalis), smooth alder (Alnus 
serrulata), and silky dogwood (Cornus amomum). The understory in this area 
contains enchanter's nightshade (Circaea alpina), sedges (Carex spp.), and spotted 
jewelweed (Impatiens capensis). Other perimeter shrub/scrub wetlands are 
scattered along the perimeter of the pond and contain swamp azalea 
(Rhododendron viscosum), highbush blueberry (Vaccinium corymbosum), 
fetterbush (Leucothoe racemosa), winterberry holly ([lex verticilatta), sheep laurel 
(Kalmia angustifolia), maleberry (Lyonia lingustrina), and red chokeberry (Aronia 
arb utifolia). 

Forested Swamp 

There are a few small areas of wetland that are red maple swamps. These areas 
are located along the fringe of the wetland system and on the peninsula which 
extends into the pond on its northwestern side. Although red maple (Acer 
rubrum) dominates these areas, gray birch (Betula populifolia), silky dogwood 
(Cornus amomum), smooth alder (Alnus serrulata), and swamp dewberry (Rubus 
hispidus) are common. 

On the southeastern side of this wetland system there is a swamp which is 
dominated by white pines (Pinus strobus) in addition to red maple (Acer rubrum). 
The understory in this area contains american hazelnut, cinnamon fem, and 
clubmoss. 

16 



NEW ENGLAND ENVIRONMENTAL, INC. 

Wildlife Habitat 

Although this report is not intended to provide . detailed habitat evaluation, we 
will briefly discuss the importance of the evaluated area to wildlife. The open 
water in Cold Spring Pond provides valuable wildlife habitat for many waterfowl 
species including black ducks, mallards, wood ducks, great blue heron, green 
heron, and canada goose. While few of these birds nest here, it is very valuable 
for forage habitat, providing ample hunting and foraging opportunities. Evidence 
of breeding black duck was observed within this wetland, and the presence of a 
wood duck nesting box indicates that this species may be breeding here, or has 
nested here in the past. The wetland is used by a great variety of reptiles and 
amphibians including: painted turtle; snapping turtle; bullfrog; pickerel frog, green 
frog, northern water snake, and others. Mammals likely using the area include 
muskrat, beaver, raccoon, opossum, and northern water shrew. Although there is 
no recent beaver activity, signs of past beaver activity exist, particularly in the 
location of the forested landfill area. 

The plant community in the wetland and surrounding upland provides good 
forage, cover, and escape habitat for wildlife. There are many fruit bearing shrubs 
and trees, as well as good diversity between strata providing ample nesting, 
foraging, and breeding habitat for a variety of birds and mammals. The area also 
has a strong ecotone where forest meets open water. As a general assessment, it 
is our opinion that this pond, as it presently exists, provides a diverse and 
valuable wildlife habitat. 

The open water area provides potential habitat for a variety of benthic 
macroinvertebrates and fish. Water quality is the driving force that dictates 
which species can inhabit this particular environment. The most likely fish that 
may be found in this pond are golden shiners, yellow bullhead, pumpkinseed, and 
bluegill. Some evidence of fishing in this pond (bobbers, worm containers, fish­
hook packages, etc.) was observed, particularly near the outlet end of the pond. 

Observed Impacts 

Based upon our field observations, the biology of Cold Spring Brook Pond appears 
to be at relatively normal levels. However, there is a small pond upgradient of 
Cold Spring Brook Pond which is heavily discolored with a rust colored substance. 
The aquatic plant life in this pond is reduced in diversity, abundance, and 
apparent overall health as compared with the downstream Cold Spring Brook 
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Pond. The channel draining this small pond contains similar coloration as well as 
a lack of plant and animal diversity and abundance. The small amount of 
discoloration in Cold Spring Brook pond is primarily near the inlet from this 
upgradient channel. No other noticeable plumes or areas of apparently impacted 
plant and animal life were observed. 

Wetland Permits 

The wetland Resource Areas around Cold Spring Pond have been previously 
delineated and surveyed by another consultant. Based on our review of the 
flagged wetland boundaries, it is our opinion that these flagged boundaries do not 
accurately depict the wetlands which are jurisdictional under the Massachusetts 
Wetlands Protection Act (M.G.L. chapter 131, section 40) and Regulations (310 
CMR 10.00) or under Section 401 and Section 404 of the Clean Water Act. In 
general, we found that the flagged wetland boundary underestimated the area of 
wetlands based both upon vegetative criteria, as specified in the Regulations (310 
CMR 10.00) to the Act, as well as the three parameter approach as outlined in the 
U.S. Army Corps of Engineers Wetland Delineation Manual (1987). 

Only the Ayer Conservation Commission, or the Massachusetts Department of 
Environmental Protection on appeal, can make the final determination of the 
extent of the wetland resource areas which are regulated under state law. 
Similarly, the extent of wetlands which are subject to federal jurisdiction under 
Section 404 of the Clean Water Act can be determined only by the U.S. Army 
Corps of Engineers. 

Massachusetts Wetland Protection Act 

All wetlands on this site are subject to protection under the Massachusetts 
Wetlands Protection Act. Under the Regulations to the Act, protectable wetlands 
are broken down into "Resource Areas". The wetland Resource Areas on site 
include: 

* Land Under Waterway or Waterbody (Cold Spring Brook Pond and the streams) 
* Bank (the Banks of the Pond and streams) 
* Bordering Vegetated Wetland 

No portions of this 'property are within the 100 year floodplain according to the 
Flood Insurance Rate Map (Ayer, MA. Panel 3 of 4, 1982). The site does not fall 
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within the estimated range of state-listed rare wetlands wildlife according to the 
1993 Natural Heritage and Endangered Species Program Atlas. 

Any work which occurs within 100 feet of the wetland Resource Areas on the site 
is subject to the jurisdiction of the Ayer Conservation Commission, and will 
require the filing of either a Request for Determination of Applicability or a Notice 
of Intent. It is possible that any large-scale remediation project would be 
approved as a Limited Project under section 10.53(4) in the wetlands regulations. 

Federal Wetland Jurisdiction under Section 401 of the Clean Water Act 

All projects which propose to alter wetlands require Water Quality Certification 
under Section 401 of the Federal Clean Water Act before work can proceed. Since 
October 1, 1992 the D.E.P. regions have been administering the 401 Program and 
now use the state criteria to determine the boundary of wetlands protectable 
under 401. If the proposed work will alter in excess of 5,000 square feet of 
wetlands, then the project will be subject to an alternatives analysis and a more 
lengthy review process by the D.E.P., and may possibly be denied Certification. 

Federal Wetland Jurisdiction under Section 404 of the Clean Water Act 

All wetlands on the property are subject to protection under Section 404 of the 
Clean Water Act. The boundary of wetlands which are protectable under Section 
404 is different than that delineated under the Wetlands Protection Act and 
Section 401 of the Clean Water Act. On this site, it appears that the flagged 
wetland boundary does not reflect the extent of the wetlands which would be 
delineated based upon the methodology described in the U.S. Army Corps of 
Engineers Wetland Delineation Manual (1987). This manual describes a multiple 
parameter methodology which uses the presence of hydric soils, hydrophytic 
vegetation, and wetland hydrology to establish the boundary of the wetlands. Th.is 
manual has superseded the more recent Federal Manual for Identifying and 
Delineating Jurisdictional Wetlands (1989) for federal wetland boundary 
delineations. 
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TABLE 5: PLANT SPECIES FOUND IN WETLANDS, COLD SPRING 
BROOK POND, FORT DEVENS, AYER, MASSACHUSETTS 

COMMONNAME 

,.,. Trees 

Red Maple 
Gray Birch 
Green Ash 
Red Pine 
White Pine 
Quaking Aspen 
Black Cherry 
White Oak 
Red Oak 
American Elm 

Shrubs 

Speckled Alder 
Smooth Alder 
Red Chokeberry 
Common Buttonbush 
Silky Dogwood 
American Hazelnut 
Witch Hazel 
Winterberry Holly 
Sheep Laurel 
Fetter bush 
Maleberry 
Mountain Holly 
Swamp Azalea 
Willows 
Meadowsweet 
Steeplebush 
Highbush Blueberry 

SCIENTIFIC NAME 

Acer rubrum 
Betula populifolia 
Fraxinus pennsylvanica 
Pinus resinosa 
Pinus strobus 
Populus tremula 
Prunus serotina 
Quercus alba 
Quercus rubra 
Ulmus americana 

Alnus rugosa 
Alnus serrulata 
Aronia arbutifolia 
Cephalanthus occidentalis 
Cornus amomum 
Corylus americana 
Hamamelis virginiana 
Ilex verticillata 
Kalmia angustifolia 
Leucothoe racemosa 
Lyonia ligustrina 
Nemopanthus mucronatus 
Rhododendron viscosum 
Salix spp. 
Spirea latifolia 
Spirea tomentosa 
Vaccinium corymbosum 
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INDICATOR 
STATUS* 

FAC 
FAC 
FACW 
FACU 
FACU 
FACU 
FACU 
FACU­
FACU­
FACW-

FACW+ 
OBL 
FACW 
OBL 
FACW 
FACU­
FAC­
FACW+ 
FAC 
FACW 
FACW 
OBL 
OBL 
FACW 
FAC+ 
FACW 
FACW-
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I 
Lowbush Blueberry Vaccinium angustifolium FACU-
Wild Raisin Viburnum cassinoides FACW 
N orthem Arrowwood Viburnum recognitum FACW-

Ilianas 

Poison Ivy Toxicodendron radicans FAC 
Grape Vitis spp. FACW-FACU 

Ferns 

Spinulose Woodfern Dryopteris spinulosa FAC+ 
Field Horsetail Equisetum arvense FAC 
Princess Pine Clubmoss Lycopodium obscurum FACU 
Sensitive Fern Onoclea sensibilis FACW 
Cinnamon Fern Osmunda cinnamomea FACW 
Interrupted Fern Osmunda claytoniana FAC 
Royal Fern Osmunda regalis OBL 
Bracken Fern Pteridium aquilinum FACU 
New York Fern Thelypteris noveboracensis FAC 
Marsh Fem Thelypteris thelypteroides FACW+ 

Forbs 

Jack-In-The-Pulpit Arisaema triphyllum FACW-
Swamp Milkweed Asclepias incarnata OBL 
Aster Aster spp. 
Spotted Wintergreen Chimaphila maculata UPL 
Gold thread Coptis trifolia FACW 
Spotted Joe-Pye-Weed Eupatoriadelphus maculatus FACW 
Boneset Eupatorium perfoliatum FACW+ 
Bedstraw Galium spp. 

Hawkweeds Hieracium spp. UPL 
Bluets Houstonia spp. FAC-FACU 
Spotted Jewel weed Impatiens capensis FACW 
Yellow Iris Iris pseudoacorus OBL 
Blueflag Iris Iris versicolor OBL 
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\ 
Duckweed Lemna spp. OBL 
Bugleweed Lycopus virginicus OBL 
Purple Loosestrife Lythrum salicaria FACW+ 
Canada Maylower Maianthemum canadense FAC-
Water-Millfoil Myriophyllum spp. OBL 
Water Lily Nuphar spp. OBL 
Pale Smartweed Polygonum lapathifolium FACW+ 

:;:;' Pickerel weed Pontederia cordata OBL 
Pondweed Potamogeton spp. OBL 
Swamp Buttercup Ranunculus septentrionalis OBL 
Blackberry Rubus spp. 
Dewberry Rubus hispidus FACW 
Curled Dock Rumex crispus FACU 
Arrowhead Saggitaria latifolia OBL 
Tall Goldenrod Solidago altissima FACU-
Rough Goldenrod Solidago rugosa FAC 
Skunk Cabbage Symplocarpus foetidus OBL 
Common Cattail Typha latifolia OBL 
Violet Viola spp. FACW-OBL 

Grasses and Grasslike Species 

Fringed Sedge Carex crinita OBL 
Broom Sedge Carex scoparia FACW 
Tussock Sedge Carex stricta OBL 
Blunt Broom Sedge Carex tribuloides FACW+ 
Other Sedges Carex spp. FACW-OBL 
Spike-Rush Eleocharis spp. FACW+-OBL 
Other Grasses Graminaceae 

: .• 
Canada Rush Juncus canadensis OBL 
Soft Rush Juncus effusus FACW+ 
Rice Cut-Grass Leersia oryzoides OBL 
Haircap Moss Polytrichum commune FACU** 
Sphagnum Moss Sphagnum spp. OBL** 
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Category Symbol 

OBLIGATE HYDROPHYTE OBL 

FACULTATIVE WETLAND FACW 

FACULTATIVE FAC 

FACULTATIVE UPLAND . FACU 

UPLAND UPL 

Definition 

Nearly always occurs in wetlands 
(>99%) 

Usually occurs in wetlands 
(67% to 99%) 

Commonly occurs in both wetlands 
and uplands (34% to 66% in 
wetlands) 

Usually occurs in uplands, but may 
occasionally occur in wetlands 
(1% to 33%) 

Nearly always occurs in uplands 
( <1 % in wetlands) 

A positive(+) sign behind the Facultative Indicator categories indicates a 
frequency toward the higher end of the category (more frequently found in 
wetlands), while a negative(-) sign indicates a frequency toward the lower end of 
the category (less frequently found in wetlands). 

D = Dominant (> 50% cover) 
C = Common (11%-49% cover) 
0 = Occasional (1 %-10% cover) 

* 1988 Wetland Plant List, Northeast Region. National Wetlands Inventory, U.S. 
Fish and Wildlife Service. 

** Indicator status for mosses assigned by experience of NEE personnel; mosses 
are not rated by Wetland Plant List (1988). 
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PLOW SHOP POND 

Introduction 

The Plow Shop Pond wetlands were examined on June 16, 1993 by New England 
Environmental, Inc. (NEE) biologists. This pond and the adjacent wetlands are 
located in the northeast corner of the Main Post at Fort Devens, adjacent to the 

::,.. Shepley's Hill Landfill. The pond receives water from Grove Pond and a relatively 
large upgradient watershed. The Pond drains into Nonacoicus Brook, which 
eventually discharges into the Nashua River. Plow Shop Pond is an impounded 
area, with the primary outlet feeding Nonacoicus Brook. Plow Shop Pond is 
approximately 30 acres in size. This area and the associated wetlands were 
evaluated by New England Environmental, Inc. as part of a WET evaluation of 
wetland functional values, and as part of a qualitative evaluation for plant 
communities, wetland types, and ecological regime. The purpose of this section is 
to present a qualitative evaluation of the existing wetland system. 

Plant Communities 

Four major plant communities were observed within Plow Shop Pond and its 
fringe wetland, although the vast majority of the system is Aquatic Bed. The 
Emergent Plant Community, Shrub/Scrub type, and Forested Swamp are found in 
a narrow band which surrounds the Pond. Each of these plant communities is 
described separately below. 

Aquatic Bed Plant Community 

The majority of this wetland system is an open water aquatic bed plant 
community. Much of the area is less than 6.6 feet deep, which helps to describe it 
as shallow and capable of supporting a dense rooted vascular plant community. 
Sweet water lily (Nymphaea odorata), water shield (Brasenia schreberi), duckweed 
(Spirodela spp.), coontail (Ceratophyllum demersum), milfoil (Myriophyllum spp.), 
northern arrowhead (Sagittaria cuneata), and pickerelweed (Pontedaria cordata) 
were all noted in this community and comprise 80-90% of the plant species 
present. 
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Emergent Plant Community 

Emergent marsh plants were noted along the majority of the shoreline border. 
These plants are generally obligate wetland species, with some facultative wetland 
plant species also present. The following species were noted along the shoreline 
as part of the emergent plant community: tussock sedge (Carex stricta), bugleweed 
(Lycopus virginica), bearded sedge (Carex comosa), purple iris (Iris versicolor), 
broadleaf cattail (Typha latifolia), yellow iris (Iris pseudacorus), eastern burreed 
(Sparganium americanum), soft-ste_mmed bullrush (Scirpus validus), water 
smartweed (Polygonum punctatum), purple loosestrife (Lythrum salicaria), and 
lurid sedge (Carex lurida). 

Shrub/Scrub Wetland Plant Community 

The majority of the wetland fringe around Plow Shop Pond contains a shrub/scrub 
wetland plant community. This plant community is found in association with 
many small red maple (Acer rubrum) saplings. The shrub/scrub plant community 
contains the following species: smooth alder (Alnus serrulata), speckled alder 
(Alnus rugosa), highbush blueberry (Vaccinium corymbosum), maleberry (Lyonia 
lingustrina), swamp azalea (Rhododendron viscosum), northern arrow-wood 
(Viburnum recognitum), wild raisin (Viburnum cassanoides), mountain holly 
(Nemopanthus mucronta), sheep laurel (Kalmia angustifolia), silky dogwood 
(Cornus amomum), ironwood (Carpinius caroliniana), witch-hazel (Hammamelis 
virginiana), and winterberry holly ([lex verticilata). The understory of this narrow 
fringe community contained many species including spotted jewel weed (Impatiens 
capensis), marsh fern (Thelypteris thelypteroides), sensitive fern (Onoclea 
sensibilis), cinnamon fern (Osmunda cinnomomea), skunk cabbage (Symplocarpus 
foetidus), peat moss (Sphagnum spp.), haircap moss (Polytrichum commune), 
staghorn clubmoss (Lycopodium clavatum), virginia creeper (Parthenocissus 
quinquefolia), and poison ivy (Toxicondendron radicans). 

Forested Swamp Community 

In an area adjacent near the pond outlet (Nonacoicus Brook), there is a red maple 
swamp forested wetland. The overstory is dominated by red maple and gray birch 
(Betula populifolia), and silver maple (Acer saccharinum). In the shrub layer wild 
raisin, nannyberry (Viburnum lentago), and highbush blueberry are found. The 
understory is dominated by cinnamon fern, marsh fern, jewelweed, and joe-pye 
weed (Eupatorium maculatum). 
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Wildlife Habitat 

Although it is beyond the scope of this report to provide a detailed wildlife habitat 
evaluation of Plow Shop Pond, we are providing a general discussion of the more 
important wildlife habitats which were evaluated in this study. 'l'he 
approximately 30 acres of open water found in Plow Shop Pond presently provides 
excellent brood-rearing and migratory feeding habitat for many waterfowl species 
including black duck, mallard, wood duck, great blue heron, green-backed heron, 
and canada goose. Although there are suitable nesting areas for waterfowl 
adjacent to the Pond, we did not observe any waterfowl broods during our one day 
site visit. The pond area has large areas of aquatic vegetation for forage and 
brood-rearing by many species of dabbling ducks and geese, and is likely to be 
heavily used by migrating waterfowl. There is little habitat interspersion or cover 
within the main body of the pond, which reduces somewhat the habitat value for 
several waterfowl species (i.e. wood duck), although the several wooded coves and 
outlet wetland provide additional habitat interspersion. 

The Plow Shop Pond wetland system is used by a variety of reptiles and 
amphibians which were observed within the area including: painted turtle; 
snapping turtle; northern water snake; bullfrog; and green frog. Although several 
species of salamanders are likely to occur within this wetland complex, none were 
observed during our site visit. Mammals observed or which are likely using the 
area are muskrat, beaver, raccoon, opossum, and northern water shrew. There is 
some recent sign of beaver activity along the southern edge of the pond, and 
muskrat were observed in several of the small coves. Raccoon tracks were 
observed within the wetlands. 

The plant community in the wetland and surrounding upland provides good shade, 
forage, cover, and escape habitat. There are a diverse variety of fruit and mast 
bearing shrubs and trees (ie. highbush blueberry, red oak), and a good 
interspersion of plant strata providing nesting, foraging, and breeding habitat for 
many different bird and mammal species. A very large and important ecotone 
exists whe:i.·e open water meets forest and shrub areas. As a general assessment, 
it is our opinion that Plow Shop Pond and the adjacent wetl&nds presently 
provides good wildlife habitat for a diverse group of fish and animal species. 

The open water area of Plow Shop Pond provides potential habitat for a variety of 
benthic macroinvertebrates and warm water fish. Water quality is the primary 
ingredient in determining wL..:._,h species inhabit this environment. The most 
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likely fish that may be fowid in this pond, and those which we observed are: 
golden shiners; yellow bullhead; pumpkinseed; bluegill; large mout,h bass; and 
chain pickerel. Ample evidence exists of fishing in the area (rod-holders, bait 
cans, trash, bobbers, etc.). There are presently posted warning signs which 
indicate that Plow Shop Pond is a catch and release area only. 

Our site inspection was impressed by the large numbers of nesting bluegills found 
around almost the entire perimeter of the pond in shallow gravelly substrates. 
Equally impressive were the large number and the great size of large mouth bass 
which were observed near the inlet, the outlet, and throughout the aquatic bed. 

Observed Impacts 

Shepley's Hill Landfill is situated to an area south and adjacent to Plow Shop 
Pond. Two coves extend from the main body of the Pond towards the landfill, and 
these coves contain a red precipitate. This precipitate was not observed in any 
other areas of the Pond. In the northern cove, a steady plume of growidwater was 
observed to be discharging into the area. 

There was a marked contrast of the plant communities within these two coves as 
compared to the greater body of water of Plow Shop Pond, with a general lack of 
plant diversity, especially in the northern cove. In addition, several dead trees 
(white pine and red maples) were observed adjacent to the northern cove. No 
other obvious tree diebacks were observed around the entire perimeter of 
Plowshop Pond. The aquatic plant life in the northern cove was sparse and 
unhealthy in appearance in comparison with the rest of the pond, and much of the 
aquatic vegetation had absorbed the rust-colored precipitate. Almost all of the 
pond bottom in th ,1orthern cove was rust-colored. Several nesting bluegills were 
observed within the northern cove. 

At the southern cove, similar observations were made, although the observed 
impacts were less pronowiced. At this cove, there was no observed plume of water 
entering the area, and there was less discoloration. The area did appear to 
contain a lack of diversity in aquatic plant species. No fish were observed in the 
southern cove. 

Wetland Permits 

The wetland Resource Areas arowid Plow Shop Pond have been previously 
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delineated and surveyed by another consultant. New England Environmental, Inc. 
generally agrees with the boundaries as established by the flags in the field, 
however; only the Ayer Conservation Commission, or the Massachusetts 
Department of Environmental Protection on appeal, can make the final 
determination of the extent of the wetlands which are regulated under state law. 
Similarly, the extent of wetlands which are subject to federal jurisdiction under 
Section 404 of the Clean Water Act can be determined only by the U.S. Army 
Corps of Engineers. 

Massachusetts Wetlands Protection Act 

All wetlands on this site are subject to protection under the Massachusetts 
Wetlands protection Act. Under the Regulations of the Act, protectable wetlands 
are broken down into "Resource Areas". According to the Flood Insurance Rate 
Map (Ayer, MA., Panel 3 of 4), there is a significant area surrounding Plow Shop 
Pond which is subject to flooding in the 100 year storm event. This area of 
flooding extends to adjacent areas down stream. The wetland Resource Areas on 
the site include: 

* Land Under a Waterway and Waterbody (Plow Shop Pond and inlet/outlet) 
* Bank (the Banks of the Pond and streams) 
* Bordering Vegetated Wetland 
* Bordering Land Subject to Flooding (100 year floodplain) 

The site does not fall within the estimated range of state-listed rare wetlands 
wildlife according to the 1993 Natural Heritage and Endangered Species Program 
Atlas. 

A wetland filing with the Ayer Conservation Com.mission will be required for any 
proposed remediation work. It is likely that any large-scale remediation project 
can be approved as a Limited Project under section 10.53(4) or perhaps other 
appropriate sections in the wetlands regulations. 

Federal Wetland Jurisdiction under Section 401 of .the Clean Water Act 

All projects which propose to alter wetlands require Water Quality Certification 
under Section 401 of the Federal Clean Water Act before work can proceed. Since 
October 1, 1992 the D.E.P. regions have been administering the 401 Program and 
now use the state criteria to determine the boundary of wetlands protectable 
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. 
under 401. If the proposed work will alter in excess of 5,000 square feet of 
wetlands, then the project will be subject to an alternatives analysis and a more 
lengthy review process by the D.E.P., and may possibly be denied Certification. 

Federal Wetland Jurisdiction under Section 404 of the Clean Water Act 

All wetlands on the property are subject to protection under Section 404 of the 
Clean Water Act. The boundary of wetlands which are protectable under Section 
404 is different than that delineated under the Wetlands Protection Act and 
Section 401 of the Clean Water Act. On this site, it appears that the flagged 
wetland boundary generally coincides with the line which would have been 
delineated based solely upon the methodology described in the U.S. Army Corps of 
Engineers Wetland Delineation Manual (1987). This manual describes a multiple 
parameter methodology which uses the presence of hydric soils, hydrophytic 
vegetation, and wetland hydrology to establish the boundary of the wetlands. This 
man_ual has superseded the more recent Federal Manual for Identifying and 
Delineating Jurisdictional Wetlands (1989) for federal wetland boundary 
delineations. 

29 



NEW ENGLAND ENVIRONMENTAL, INC. 

TABLE 5: PLANT SPECIES FOUND IN PLOW SHOP POND WETLANDS. 

INDICATOR 
COMMONNAME SCIBNTIFIC NAME STATUS* 

Trees 

Red Maple Acer rubrum FAC 
Silver Maple Acer saccharinum FACW 
Gray Birch Betula populifolia FAC 
Ironwood Carpinus caroliniana FAC 
Red Pine Pinus resinosa FACU 
White Oak Quercus alba FACU-
Red Oak Quercus rubra FACU-
American Elm Ulmus americana FACW-

Shrubs 

Speckled Alder Alnus rugosa FACW+ 
Smooth Alder Alnus serrulata OBL 
Common Buttonbush Cephalanthus occidentalis OBL 
Silky Dogwood Cornus amomum FACW 
American Hazelnut Corylus americana FACU-
Black Huckleberry Gaylussacia baccata FACU 
Witch Hazel Hamamelis virginiana FAC-
Sheep Laurel Kalmia angustifolia FAC 
Maleberry Lyonia ligustrina FACW 
Sweetgale Myrica gale OBL 
Mountain Holly Nemopanthus mucronatus OBL 

:·:: Pink Azalea Rhododendron nudifiorum FAC 
Swamp Azalea Rhododendron viscosum OBL 
Staghorn Sumac Rhus typhina UPL 
Willows Salix spp. FACW 
American Elderberry Sambucus canadensis FACW-
Meadowsweet Spirea latifolia FAC+ 
Steeplebush Spirea tomentosa FACW 
Highbush Blueberry Vaccinium corymbosum FACW-
Wild Raisin Viburnum cassinoides FACW 
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Nannyberry 
Northern Arrowwood 

Ilianas 

Virginia Creeper 
Poison Ivy 

Ferns 

Lady Fern 
Spinulose Woodfern 
StaghornClubmoss 
Sensitive Fern 
Cinnamon Fern 
Royal Fern 
Bracken Fern 
New York Fern 

Forbs 

Ground Nut 
Jack-In-The-Pulpit 
Aster 
Bog Hemp 
Water Shield 
Coontail 
Gold thread 
Spotted Joe-Pye-Weed 
Strawberry 
Bedstraw 
Hawkweeds 
Bluets 
Spotted J ewelweed 
Yellow Iris 
Bl ueflag Iris 
Bugleweed 
Yellow Loosestrife 
Purple Loosestrife 
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Viburnum lentago 
Viburnum recognitum 

Parthenocissus quinquefolia 
Toxicodendron radicans 

Athyrium Filix-femina 
Dryopteris spinulosa 
Lycopodium clavatum 
Onoclea sensibilis 
Osmunda cinnamomea 
Osmunda regalis 
Pteridium aquilinum 
Thelypteris noveboracensis 

Apios americana 
Arisaema triphyllum 
Aster spp. 
Boehmeria cylindrica 
Brasenia schreberi 
Ceratophyllum demersum 
Coptis trifolia 
Eupatoriadelphus maculatus 
Fragaria virginiana 
Galium spp. 
Hieracium spp. 
Houstonia spp. 
Impatiens capensis 
Iris pseudoacorus 
Iris versicolor 
Lycopus virginicus 
Lysimachia terrestris 
Lythrum salicaria 
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FAC 
FACW-

FACU 
FAC 

FAC 
FAC+ 
FAC 
FACW 
FACW 
OBL 
FACU 
FAC 

FACW 
FACW-

FACW+ 
OBL 
OBL 
FACW 
FACW 
FACU 

UPL 
FAC-FACU 
FACW 
OBL 
OBL 
OBL 
OBL 
FACW+ 
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Canada Maylower Maianthemum canadense FAC-
Water Marigold Megalodonta beckii OBL 
Forget-me-not Myosotis scorpioides OBL 
Water-Millfoil Myriophyllum spp. OBL 
Sweet Water Lily Nymphaea odorata OBL 
Pale Smartweed Polygonum lapathifolium FACW+ 
Pickerel weed Pontederia cordata OBL 
Pondweed Potamogeton spp. OBL 
Common Cinquefoil Potentilla simplex FACU-
Buttercup Ranunculus spp. FAC-OBL 
Blackberry Rubus spp. 
Dewberry Rubus hispidus FACW 
Raspberry Rubus spp. 
Arrowhead Saggitaria latifolia OBL 
Rough Goldenrod Solidago rugosa FAC 
Goldenrod Solidago spp. 
Skunk Cabbage Symplocarpus foetidus OBL 
Common Cattail Typha latifolia OBL 

Mosses and Grass-like Plants 

Blue Joint Grass Calamagrostis canadensis FACW+ 
Fringed Sedge Carex crinita OBL 
Lurid Sedge Carex lurida OBL 
Broom Sedge Carex scoparia FACW 
Stalk-Grain Sedge Carex stipata OBL 
Tussock Sedge Carex stricta OBL 
Blunt Broom Sedge Carex tribuloides FACW+ 
Other Sedges Carex spp. FACW-OBL 
Other Grasses Graminaceae 
Timothy Phleum pratense FACU 
Flat Bluegrass Poa compressa 
Haircap Moss Polytrichum commune FACU** 
Softstem Bulrush Scirpus validus OBL 
Bur Reed Sparganium spp. OBL 
Sphagnum Moss Sphagnum spp. OBL** 
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Category Symbol 

OBLIGATE HYDROPHYTE OBL 

FACULTATIVE WETLAND FACW 

FACULTATIVE FAC 

FACULTATIVE UPLAND FACU 

UPLAND UPL 

Definition 

Nearly always occurs in wetlands 
(>99%) 

Usually occurs in wetlands 
(67% to 99%) 

Commonly occurs in both wetlands 
and uplands (34% to 66% in 
wetlands) 

Usually occurs in uplands, but may 
occasionallyoccur in wetlands 
(1% to 33%) 

Nearly always occurs in uplands 
(<1% in wetlands) 

A positive(+) sign behind the Facultative Indicator categories indicates a 
frequency toward the higher end of the category (more frequently found in 
wetlands), while a negative (-) sign indicates a frequency toward the lower end of 
the category (less frequently found in wetlands). 

D = Dominant (> 50% cover) 
C = Common (11 %-49% cover) 
0 = Occasional (1 %-10% cover) 

* 1988 Wetland Plant List, Northeast Region. National Wetlands Inventory, U.S. 
Fish and Wildlife Service. 

** Indicator status for mosses assigned by experience of NEE personnel; mosses 
are not rated by Wetland Plant List (1988). 
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APPENDIXE 

WET DATA FORMS 
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WET 2.0 

FORM A: SITE DOCUMENTATION (Page 1 of 2) 

Part 1 - Background information AA-' 
Evaluation Site: Date: 

Site Location (Section. Range. and Township): 

Has the evaluator taken a · training co·urse in WET Version 2.07 

Agencies/Experts Contacted: S'( .f ) 
) / . J 

Circle the assessment levels to be completed? ~ ~~Y~ E/0-3 .HS 

Is the wetla~d tidal or nontidal7 If the wetland is nontidal. in~icate t~e 
month(s) that represent ~et. dry. and average conditions. or if only average 
annual condition will be. used, give rationale. Also. indicate if the 
previous 12 months of precipitation has been abo~e. below. ot' near normal. 

/Jo,· - I-~? .'-!l ~ C~-, .{. - / ,-1', . .. / .-' ,'.., /, ',/:'I ,_ ,<', ·I ', iJ1,1 c.,,.J. \ ,, ~- - HJ,-:J J l ( : ·1 -

J • 

Is this evaluation an estimate of past conditions or a prediction· of future 
conditions? (If answer is yes, explain nature and source of.predictive data.) 

/JO 

Will alternative ratings be used to evaluate any of the functions or values 
(if yes, explain)? /J 0 _....;..._,.;;. _______________________________ _ 

Part 2 Identification 'and Delineation of Evaluation Areas 

Sketch a map on the following page. or attach a suitable cap (photocopy of 
topgraphic map) that shows the following information: SC'?:- F l 61,,,;'. c- / 

Boundaries of the AA, IA, and IZ. and the location of service areas. 
Watershed boundaries of AA. and service areas. 
Extent of surface water in the AA during the wet and dry seasons. 
Open water (channels and pools) within and adjacent to the .'1...A. · 
Normal direction of channel or tidal flow 
Normal direction of wind-driven waves or current. 
Impact area(s). 
Scale of distance and north compass direction. 

Explain the procedures used to identify . or delineate the AA, IA. IZ, - service 
areas, and the watersheds of these areas if th ey differed from the 
guidelines outlined in Section 2.7. tl/:'1 _ _ __ .,..., 7/-~-- - - ------- -------

Continued --
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FORM A: SITE DOCUHEN'TATIOH (Page 2 of 2) 
.. 

Part 2 (Cont.) 

Estimate the extent of the following areas: 

Assessment Area = -± 3 acres· : : : 
Impact Area = Nltc acres (only if applicable) · 
Watershed of AA ; . :!" S'v acres/ a, o V' miles 2 (acres' x 0.0016 = miles) 
Wetlands in AA = -± '3 acres 
;Wetlands in the watershed of closest service area = /'>o.::> acres 
Wetlands and deepwater in the watershed of closest service area:,.= /S-o o 

How were locality and reg_ion defined for this evaluation? 
l o• - I •7- To.,,.,,.,.,r'Jl-yc,rc ~ 

.., 

Sketch of Evaluation Areas (or·attach map): 

'>"-<'-L- ,f-:;j '-......__ ) 

acres 



I WET 2.0 

E'ORM B: EVALUATION ANSWER SHEET 

Evaluation Site: A A-1 

3 .1.1 

sl. 
s2. 
s3. 
s4. 
s5. 
s6, 

3. 1.2 

s7. 
s8. 

3 .1.3 

s9.· 
slO. 
sll. 
sl2. 

✓ sl3. 
sl4. 
sl5. 
sl6. 
·s17. 
sl8. 
s19. 
s 20. 

SOCIAL SIGNIFICANCE EVALUATION - LEVEL 1 

"Red Flags" 
Comments/Assumptions 

y u~ 
y N u 
y N u 
y N u 
y N u 
y u 

On-site Social Significance 

Y @u 
{[) N U 

I 
I 

Comments/Assumptions 

Off-site Social Significance 

Comments Comments 
I s21. 

s22. 
s23. 
s24. 

~ ~ ~ Cll/lc1c ·r:, uctc /w::io () i~ -.JO, 

V s25 • 
· s26. 

I• l:S71h.1! 7 , J) I/A.f111 A..,.. s27. 
.,.,_,1A P 

I · E,1<otJ ( P·u,J,) ,-✓ <::u. r: ,,J!::i s2_8. 
I s29. 
I s30. 

s31. 

I 
y •'lf") u _.,. 
y cw u 

,-:___"{) N U 
Y (ID u 
Y JD U t--Lo ~o--> • . . 
y -N. u 
y ~ N) u - ·-· .. :. 
y ._ ff, u 
y (!_'; u ·< _,_') ~ 

SOCIAL 81GN111 .lCANC~ liVAI.UA'l'ION - LHVKL 2 

Context Region (Circle one) 
Standard Density Circle 

(!:ocali}i) 

Question II 

1 y 
2 y 
3 y 
4 y 

C.N) - _,.,\....__)~1 -

® . :.:. c.'.' 

Hydr:ologic Unit 

Comments/Assumptions 
,·, I .• : : • 

• I 

B-6 
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WET 2.0 

FORM B (Cont.) 
. ,,/ ... .,,·\,,·• 

Page 2 of 9 .. ,_. 

Evaluation Site: 

Q.U 

1.1 
1. 2 
1.3 

2.1.1 
2.1. 2 
2.1.3 
2.2.1 
2.2.2 

3.1 
3.2 
3.3 

4.1 
4.2A 
4.213 
4.2C 
4.2D 

5. l.1 
5 .1. 2 
5.2 

6.1 
6.2 

7 

8.1 
8.2 
8.3 
8.4 

9.1 
9.2 
9.3 

lOA 
lOB 
lOC 
10D 
lOE 
lOF 

EFFECTIVENESS/OPPORTUNITY EVALUATION - LEVEL 1 (OFFICE) 

WETLAND CONDITION 

w 

COMMENTS/ASSUMPTIONS 

X 

y :__ij) 
y Jr­
y lf> 
y _ii"'; I 

2£) N I • I_ ... 

Y dD . 
Y@ 

cj)N 

D 

l..1 S ~ 'S 

-r:'"~l---D p-/ ✓E"S, 'c~A. -r i0"----1 

y NQ 

'CD N 
y c.N,' 
y@ 
y cN::> 
y .it 
y (]!, 

2_j) N - .::::...ot"\::- 1 L? ,,: , cc. JJ OtJ,Le• 
Y (N---=:>r . 
Y @ I - c_.., 1'-l7vv'A 1 t; E: D \ ~: 

B-7 
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FORM B (Cont.) 

Evaluation Site: .. LOL 'D :=)'P8-f~C:, 

Q. {} 

11 

12A 
12Aa 
12Ab 
12Ac 
12Ad 
12Ae 
12B 
12Ba 
12Bb 
12Bc 
12Bd 
12Be 
12C 
12Ca 
12Gb 

·12cc 
12Cd 
12D 
12Da 
12Db 
12E 

13A 
. 13Aa 

13Ab 
13Ac 
13Ad 
13Ae 
13B 
13Ba 
13Bb 
13Bc 
13Bd 
13Be 
13C 
13Ca 
13Gb 
13Cc 
13Cd 
13D 
13Da 
13Db 
13E 

X 

y .-N\ 
y ; N! 

I ) 

y :N[ 
y ' N ' 
y t.!'ij 

d) N 

; ~ 
y N , 
y N; 
y ;~ 

a) N 
y Off\ 
y ,N .i 
y \NJ 

cf) N 
y IN 

I 

y !N I 
I 

y \N 
y 'N 
y ··NJ 

,· WETLAND CONDITION 

w 

y N 
y N 
y N 
y N 
y N 
y N 
y N 

~ ~I 
y _N_I 

@N 

~~ 

r~ 
~ ·] y N 
y 

{P N 

~ I~ 
Y /NI 
Y N I 
Y N 1 ..,,-· 

cY) N 

~ !~ 
. y 1:J 

. cP 1.N 

~ /~\ 
. y ! N 
,.y . N _· 

y .J'li 

B-8 

D 

y N 
y N 
y N 
y N 
y N 
y N 
y N 
y N 
y N 
y N 

y !~ . 
(y_? N 

Hill 
<-y .... ) N 

~ {~ 
y ! N { 
Y I N , 

y 1-.t:L! 

~ (~\ 
y !N I 

l t 

y 'N / 

y '. !:!J 
@ N 

y /N""\ 
Y IN } 
y 'N: 
y N , 

y NJ 
@ N 

y IN\, 
y ,N \ 
y (ii.,j 

c£> N 
y 'N\ 

/ I 

Y / N i 
y I N I 
y N/ 
y JV 

WET 2.0 

Page 3 of 9 . ..:., , .. , 

COMMENTS/ASSUMPTIONS 

pe, M I .-.,i,...._ '.".YT ;.\ A - AQ l.}-'t I I C. 

pso, ~OTE: D ✓~"=-"- (;) 1.,,A;.\'<:__ 

" 
e"Dc.,,~ 'B- S 'r\. ~ 0 B/sc. e-_\::,1:S 

\'.3e..D-""D k£A.r "D~ll)uooS 

<-- - A Q uA-r I c 'B E::D 1 

cE..oc.q 2 v 'ti~;C_J:. o t...,,-\ k_ 

> 1 010 -Ao0--\-·nc "EEt; 

)' 1·c>"'7c> - 'Fo'<-,c "'...,TLD BEt~ 

- s I \'0, \ p /C:/ _J;;:: C) )--. 7 \ D/1,;> . 'r1C..A.J ..J J- '-' 
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WET 2.0 

FORK B (Cont.) Page 4 of 9 

Evaluation Site: Co 1.--D S-P~-r . .:-l" f6,<..J D - AA I 

Q.D 

14.1 
14.2 

15. lA 
15. lB 
15. lC 
15. 2 

16A 
16B 
16C 

17 

18 

19.lA 
19. lB 
19.2 
19.3 

20.1 
20.2 

21A 
21B 
21C 
21D 
21E 

22. 1. 1 
22. 1. 2 
22.2 
22.3 

23 

24.1 
24.2 
24.3 
24.4 
24.5 

25. 1 
25.2A 
25. 2B 
25.3 

X 

yJD 
r ·'r) N 

(__:!.- _,.• ' 
y :_ N . 

2P N 

c.__'1.) N I 

WETLAND CONDITION 

w 

y elf? 
<-57 N 

Y dP 

. . . . , .. 

CB. N I - 7 E:' E-:::-·:,, .,_ ::-•·:.:.:.•,---. 
Y <.ff) I 
Y W' I 
y (1D I 

y NJ) 
y N (JJ 

CJ) N - ,~"\ c-:~-~ :.. ·-1 

y (1v "'·• l·: .. 

y i.lf) 

y /N) 
Qi;;;;,__.~ 

Y@ 

y dD 

D 

y (~) 

c{) N 

y 0.:::>, 

Y c[) I S C. "S 5 o I L-$ Jv I 7..._ P 
y N (D 
Y (!D I 
y @I 
y ® 

COMMENTS/ASSUMPTIONS 

Fret..-b 
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WET 2.0 

FORM B (Cont.) Page 5 · of 9 

Evaluation Site: 

Q. I} 

26.1 
26.2 
26.3 

27.1 
27.2 
27.3 

Q. II 

28 

29.1 
29.2 

30. 

31.1 
31. 2 
31.3 
31. 4 
31.5 
31.6A 
31.6B 
31. 6C 
31.6D 
31.6E 

32A 
32B 
32C 
32D 
32E 
32F 
32G 
32H 
321 
32J 
32K 

X 

WETLAND CONDITION 

w D 

d5 N - L-A.-N t? 't-·::c /'-- (_. · : 
y @ r _ G ·g:. r--.1 r;, tt,J'ftc ~c,·ic:<. t1. 

COMMENTS/ASSUMPTIONS 

cJ_;) N , I - (.._ H ~- 1--..: >~ ~- L F a?-CN"-·t L) l) (.=, e.,,,.,__ L) f (:: _;,q T .A...,A-

'_y'> N LA.1-~I 6 f'- I l '""' 

y (N~1 I 
CJ:) N I ~- ):-~'. ,...._ ....; """ <:.:- L. - . " t,.... \-'." <-1 , .. -·1.. u p b e..,,A~ D , e; ,,_1 --i- ,,._, /~ 

EFFFECTIVENESS/OPPORTUNITY EVALUATION - LEVEL 2 (FIELD) 

WETLAND CONDITION COMMENTS/ASSUMPTIONS 

X w D 

y [V 

(P N .;;: t"~ t: .. v ~, ··- C -""✓ 

Y(]:> r .,.~, o 

I y"") N (J.) N 
'--' 

d2 N co N 
C9 N Cf:;:, N 
a> N cD N 
-T (._, N I ,- y-... N 

'- · I 
(1) N (1,, N 

y <..N:-> y (N) 
r___Y:,,"' N ~:"b N 

y ·~, HD Y . N 
y w 
'?'J N (J 
·Y {~ y 
y /N l 
y N I y N 
y N 
y N : 
y 

~ 
,. 

y 
y 

B-10 
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FORM B (Cont.) 

Evaluation Site: .. C.01.-0 ~>PE-11,,l.b ~N]) 

Q. I} 

33A 
33B 
33C 
33D 
33E 
33F 
33G 
33H 
33! 
33J 
33K 

34.1 
34.2 
34.3.1 
34.3.2 

35 ~ 1 
35.2 

36.1.1 
36.1.2 
36.2.1 
36.2.2 
36.2.3 

37 

38.1 
38.2 
38.3 
38.4 
38.5 
38.6 
38. 7 
38.8 

39 

40.1 
40.2 

41.1 
41.2 

-
X 

y w i 
CV N I 

WETLAND CONDITION 

w 

B-11 

D 
-,: 

WET 2.0 

Page 6 of 9 

AA, 
COMMENTS/ASSUMPTIONS 
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FORM B (Cont.) 

Evaluation Site: 

Q. ii 

42 .1.1 
42.1.2 
42.1.3 

42.2.1 
42.2.2 
42.2.3 

43A 
43B 
43C 
43D 
43E 
43F 
43G 
43H 
43I 

44A 
44B 
44C 
44D 
44E. 
44F 
44G 
~4H 
44! 

45A 
45B 
45C 
45D 
45E 
45F 
4.5G 

46A 
46B 
46C 

47A 
47B 
47C 

X 

@ N., I 
Y N_, I 
y@ I 

(!: ~ 
y N 

l Y N 
y N 

.y N -~ 
y N' 
y N 
y N 

y ~ 
~ N'. 
y N \ 

y N 
y _N 
y ·_ N 

WETLAND CONDITION 

w 

CP N I 
Y ( .N·) I 
y (li) I 

(J_., .i N I 
Y I N' ' I 

( I 
y \.._B.) I 

Y 1N\ 
y /N I 
y . N'\ 
y i N , 

y ·--~J 
(P N 

y N. 

y N 
y N / 

/ \ 

/ Y\ N 
I y ' N 
ly N 
I , y N 
I y N 

'.Y N --
y N 
y N 
y N 

B-12 

D 

(,D N~.I 
Y (N) I 
y ~ I 

(_y ,,) N I 

Y _.-ff\ r 
y \ Ji_} I 

y N\ 
y N\ 
y NI 
y ! N } , 

y ' N. 
- !Y r ·y ) N 

y~ N'­
y N , 

Y N i 
._/ 

Y\ N 
' y I N 

: y N 
y N 
y N 

.,__'!__,' N 
Y N'· 
y N 
y N 

(V~ . 
y N. 
y ··i:i) 

· ..... ~ 

WET 2.0 

Page 7 of 9 

COMMENTS/ASSUMPTIONS 



WET 2.0 

FORM B (Cont.) Page 8 of 9 

Ev al ua tion Site: __ • ...lc--""4-0..,:Wk-=..:::O~ __ c....., __ .:...·J-p.!....'-•_;.'t"-c':.,~L:....~...::·...:(;;_.,?!!..__-- -L,,.:a:l t~) ,_~..,:_1_1::::,,J_ .:..........:;A_,.J,.......:?'1.:....- '--=-' -----

WETLAND CONDITION COMMENTS/ASSUMPTIONS 

Q. /j X w D 

(y N 

• ,· 

48A I ~N I 6 ) N I 

48B y I y . IN\ I y 
/~. I .. 

48C y 

ID I 

y N I y ' N I 

48D y I y 'N ' r y N i I 
I N ! ( 48E y I y ' N I y I ! . ' 

48F y \iv · I 
y \ N. I y N I 

·-- ,/ 
••' 

" 
49 .1.1 y , N I · Y N I ,J) N I 

~ '· 
49.1.2 y N' I y (R) I y .ff' I 

~ j 

49.2 ·'{1 N I Y/ N I yi N I \..:/ ,, __ y .''N '. 'y 49.3 y / N l I I N I 
"-··/ . _ _..,, -

·-
50. (!) N y .· 

.__, / 
N y . N 

EFFECTIVENESS/OPPORTIJNITY EVALUATION - LEVEL 3 (DETAILED DATA) 

WETLAND CONDITION COMMENTS/ASSUMPTIONS 

Q. /j X w D 

51.1 Y . N u 
51. 2 y N u 

-52.1 y N I u 
52.2 y N I u 

53.1 y N I u 
53.2 y N I u 

54 y N u y N u y N u 

55.1 y N u 
55.2 y N u 
55.3 y N u 
55.4 y N u 

56.1 y N I u 
56.2 y N I u 

57 .1 y N . U 
57.2 y N u .. 
58. y N u 

B-13 



I WET 2.0 

·~·.,. ,: ... ~, 
FORM B (Cont.) Page 9 of 9 

Evaluation Site: • 

WETLAND CONDITION COMMENTS/ASSUMPTIONS 

Q. fJ X w D •.. 

59.1 y N I u 
59.2 y N I u 

I 
60 y N u 

: 
61 y N I u 

62 y N u \ 

63 . 1 y N I u 
63 . 2 y N I u 

64 y N I u 

B-14 
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WET 2.0 

FORM C: SUPPLEMENTARY OBSERVATIONS 

Evaluation Site: C,tp~ -o 6PVNG, (~H.P A /4 -~ I 

Indicate the species. species groups. and activities that are· actually 
observed. reliably reported. or known to occur at.the . AA on a regular basis. 

FISH SPECIES GROUPS* 

1. 
2. 
3; 
4. 

Warmwater Group 
Coldwater Group 
Northern Lake Group 
Coldwater Riverine Group 

FISH SPECIES 

1. Prairie Dabblers //? 

OBSERVED/REPORTED 

f[)or [. · 
J.._orW 
<:!)or N 

Y or<!!) 

OBSER~REPORTED 
or N 

~ rN 
Y or@ 

·OBSERVED/REPORTED 
NESTING MIGRATIN:; 
y or lN._) d); r N .. 

WINTERING 
y or 

, ..... 
... :-,l., : f-

2. Black Duck , '{ Y or.· N ' I ._ .• ( ·:r or N y or N _J ~ I ~ •• ' . ;' 

3. Wood Duck ,,q,. ( f) or: ~ (t?or N y or N ,, 
\ 

.,/:(.,• • \1 4. Common and Red - B re as t:ed y or N y or N 
I• 
i.- t -

Merga !" sers 111 Y or,.JY 
.::.<.cJ ·~:'{' or y ,t •,· . 5. Hooded Merganser 1zzY or N '· N or N ,· --

6. Canvasback, Redhead, Ruddy Duck /Z.fY or '•ff •· y or N y or N 
7. Ring-necked Duck 
8. Greater and Lesser Scaup 
9. Common Goldeneye 
10. -Bufflehead 
11. Whistling Ducks 
12. Inland Geese 
13. Tundra Swan 
14. Brant 

BIRD SPECIES 
•. ,., .... 

✓:.... • . . · ... -
•,"' I 

j • .... , 
1,1 _""7(_,':-'-, ..:_(_<"_- - ' .,_\ _.;.::,!c...· ,,...., .. '-· ..:_·•.,,..,~::........,.·.,__ ____ _ 

( I ...._., 
RECREATIONAL ACTIVITIES 

< Hiii-~g-:) . 
Q.\row·a !;~_hin~ 
c'·Ph;; t ~ g,r a p hy';) 

Swimming 

Sailing 
Power Boating 
Canoeing 
Kayaking 

CONSUMPTIVE ACTIVITIES 

A~iculture Fur Harvesting 
c'fiunfi:1~-.; Timber Harvest 

,:- I , _,.-r , < I (/ t , - ., 

·- .... 
1z,IY or N ' 
I ,1 y or ,J-f 
/JYY or~-? 
1'HY or -~~ 
l'foY or lN:' 

'"jy . ' or Jt · 
/¥/. y or N 

''" y 
or N 

Snowmobiling 
Skiing 
s_:iow_:;;_b~g 

.· Ice _Skati~i::, 

,Y or N y 
y or , N · y 
y or N'. y 
y or N ' y 

Y. or N. y ,,-, 
l_Y or N y 

y or N. y 
' y or N I y 

OBSERVED/REPORTED 
..__12. or N 

<Si) or N 

(_-?J or N 

Research 

or N 
0 N 
0 N 
0 N 
0 N 
0 

Educational Fieldtrips 
Horseback Riding 

,C~':.~~~a-~~se~r~ .IE.fil!!g, Peat Harvesting 
Water Supply Natural Food Gathering 

..;,_,J • w , ! . ' ~ I \ .. " • \ , • • '° : """".._ • 

Fi~h species groups are explained on page 
** Waterfowl species groups are explained on 

138 
page 1647 

B-16 



WET-2.0 

FORM D: EVALUATION SUMMARY SHEET 

Evaluation Site: .. 
Wetland Functions and Values 

Ground Water Recharge 
Ground Water Discharge 
Floodflow Alteration 
Sediment Stabilization 
Sediment/Toxicant Retention 

Social 
Significance Effectiveness Opportunity 

* 

! Nutrient Removal/Transform. 
Production Export 

. . . /Ab d ** Wildlife Diversity un ance 
Breeding 
Migration 
Wintering 

Aquatic Diversity/Abundance 
Uniqueness/Heritage 
Recreation 

Habitat Suitability Evaluation 

Fish Species Groups: 

Group __ 

·Waterfowl Species Groups: 

Group 
Group 
Group ________ _ 
Gr.oup _ _____ __ _ 

Breeding 

Fish. Invertebrate. and Bird Species: 

* 
* .... 

* 
* 
* 

* 
* 

Group __ Group 

Migration Wintering 

Levels of assessment completed: S-1 S-2 E/0-1 E/0-2 E/0-3 HS 

* 

* 

* 
* 
* 
* 
* 
* 
* 
* 

Evaluation is for the: AA IA (No'te : if the evaluation is for an IA, 
documentation of the AA evaluation must be presented with this evaluation). 
Is . there any evidence that suggests ratings contrary to the above (explain)? 

Were alternative sources used for any of the ratings above (explain)? 

The loss rate for (identify locality/region) 
between 19 and 19 for ________________ (identify wetland type) 
was ________ -(acres/year or % loss). 

* WET does not evaluate this function or value in these terms. 
** Wildlife Diversity/Abundance assesses only wetland-dependent birds. 
Other wildlife (e.g.. game mammals) should be evaluated using other methods. 

B-18 
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WET 2.0 

FORM A: SITE DOCUMENTATION (Page 1 of 2) 

Part 1 - Background Information 

Evaluation Site: ?L4wStiOP f1:JH Q ...1. A- i Date: ~ Ip-/ Its 
~ 1""1P--rc..T -3~ 

Site Location (Section. Range. and Township): _A"'/_.......,e=-flc.,,.___.IYVt:._· ....... __ . _________ _ 

Has the evaluator taken a training course in WET Version 2.0? 

/ Agencies/Experts Contacted: ...... .'.J..t:.--l,-,),..,._ __ ___,_/v _ _.O.__~_~..,.A'---'-_____________ _ 

Circle the assessment levels to be completed? @. e9 ~ E/0-3 .HS ,. 

Is the wetla~d tidal or nontidal? If the wetland is nontidal. indicate the 
month(s) that represent wet. dry. and average conditions. or if only average 
annual condition will be used, give rationale. Also, indicate if the 
previotis 12 months of precipitation has been abo~e. below. at' near normal. 

w 4-vi,d - t....'-¢:.t, o Io-~' <-: - /Ll!a--c..c.!,_ Vr--; J ,.... /1//c.-.. :/..)i.,4 Ct"-;.,c;( -
.( ~ - ·t,.'c :/. ~ 'i:. -✓ Lt-•,- :d.. - I-( f - UFC -:-1 e~ . .,--r:J 1 

\ /:,. ~ : . e. ,,, ;( . 
0 V V ,_J -✓ I 

Is this evaluation an estimate of past conditions or ' a prediction of future 
conditions? (If answer is yes, explain nature and source of predictive data.) 
~o 

Will alternative ratings be used to evaluate any of the functions or values 
(if yes. explain)? ,A.Jo ---------------------------------

Part 2 Identification and Delineation of Evaluation Areas 

Sketch a map on the following page, or attach a suitable map (photocopy of 
topgraphic map) that shows the following information: 

Boundaries of the AA, IA, and IZ, and the location of service areas. 
Watershed boundaries of AA, and service areas. 
Extent of surface water in the AA during the w~t and dry seasons. 
Open water (channels and pools) within and adjacent to the AA.· 
Normal direction of channel or tidal flow 
Normal direction of wind-driven waves or current. 
Impact area (s) . 
Scale of distance and north compass direction. 

Explain the procedures used to identify or delineate the AA, IA, IZ, service 
areas, and the watersheds of these areas if they differed from the 
guidelines outlined in Section 2.7. / A---'-~:--'--'--------------------

-- Continued --
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WET 2.0 

FORM A: SITE DOCUMENTATION (Page 2 of 2) 
.. 

Part 2 (Cont.) 

Estimate the extent of the following areas: 

Assessment Area = /J/k acres 
Impact Area= :f.~'5 acres (only if applicable) 
'Watershed of AA = ·. - acres/ 2 ;)5 miles 2 (acres x 0.0016 = miles) 
·wetlands in AA = :t ~ S . acres 
Wetlands in the watershed of closest service area= >5aD acres 
Wetlands and deepwater in the watershed of closest service area::..= -,. :S-o :1.) acres 

How were locality and region defined for this evaluation1 
loc,. / ,.y - To,.,.,,,-. ( A /t' I J 

Sketch of Evaluation Areas (or·attach map): 

l -
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/ . 

Evaluation Site: 

FORM B: EVALUATION ANSWER SHEET 

"f 1-0f.-v ') ffO? ~ l>.d.. 

SOCIAL SIGNIFICANCE EVALUATION - LEVEL 1 

3. 1. 1 "Red Flags" 
Comments/Assumetions 

sl. y ~ u . 
s2, 

~ ! ~ s3. 
s4. Y N U 
s5. Y N U 
s6. {J) N U 

3.1.2 On-site Social Significance 
Comments/Assumptions 

s7. y €Ju I .;;>it,'f <-·-. / , . .,. , ! d 
,.J.-· 

s8 •. (f) N U I 
-: ... \,,,,, · " C.( 

l) 

3 .1. 3 Off-site Social Significance 

Comments 
s9.· y 

~~ I ,'y'' ~ i .) s21. %5 ~ u 
slO. y 

c.4--. ct, .. c c/o s22. u I 
sll. y N@ 

(._ I O?r> q. 'tt--~'- s23. 
sl2. y @u s24. Y N U 

WET 2.0 

" 

Comments 

y $ u 

s13. y N (u) ,.,__, .. i-, t 7t-1 ·ro s25. cP N U -.S ,,,..._ I- . ',ct . 
s14. Y cJP u s26. ~ t ~J -~ -~ -~.r l-. :--, -•~ ~, •6 
s15. ~~ u I s27. 
s16. u I s28. Y 23u 's17. ,..:--'\ 

u I G ---· N s29. y u 
s18. y@ u I s30. y ® u 
s19. y 

~ 
u s31. 0N U 

s 20. y u 

SOCIAL 81GN111 lCANCl! l!VAI.UA'l'ION - LHVlil. 2 

Context Region (Circle one) 
Standard Density Circle 

cfo'caI:i.D 
Hydrologic Unit 

Question II 

1 y /N'\ 
2 y w 3 y 
4 y 

Comments/Assumptions 

B-6 
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WET 2.0 

FORM B (Cont.) 
Page 1 of · 9-:., .. ~~·: 

Evaluation Site: ~ flttw£~ :J_tt - -z_ 

EFFECTIVENESS/OPPORTUNITY EVALUATION - LEVEL 1 (OFFICE) 

Q. fl 

/ 1.1 
1. 2 
1.3 

2.1.1 
2.1.2 
2.1.3 
2.2.1 
2.2.2 

3.1 
3.2 
3.3 

4.1 
4. 2A 
4.2B 
4.2C 
4.2D 

5 .1.1 
5 .1. 2 
5.2 

6.1 
6.2 

7 

8.1 
8.2 
8.3 
8.4 

9.1 
9.2 
9.3 

lOA 
lOB 
lOC 
lOD 
lOE 
lOF 

X 

y N (D 

@N 
y <W 

cJJ N 
y i) 

(_j; N 

y ~ 
y N / 
y N I 

y N 
y N 

WETLAND CONDITION 

w 

(i)N 
y (ID I 
y (N) . I 

B-7 

COMMENTS/ASSUMPTIONS 

D 



/ 

FORM B (Cont.) 

Evaluation Site: • '?/.o-r,Q i:"f...tl-7.-? 
I 

Q. fl . 

11 

12A 
12Aa 
12Ab 
12Ac 
12Ad 
12Ae 
12B 
12Ba 
12Bb 
12Bc 
12Bd 
12Be 
12C 
12Ca 
12Cb 

·12c;c 
12Cd 
12D 
12Da 
12Db 
12E 

13A 
. 13Aa 

13Ab 
13Ac 
13Ad 
13Ae 
13B 
13Ba 
13Bb 
13Bc 
13Bd 
13Be 
13C 
13Ca 
13Cb 
13Cc 
13Cd 
13D 
13Da 
13Db 
13E 

-
X 

. WETLAND CONDITION 

w 

~ N\ 
y Nt 
y N ~ 
y N : 
Y N' j 
Y N t 

I 

y Nj 
y N ' 

Y N I 
y \ N:° 
@ ~· 
y /~\ 
y . N l 
y :Nj 

('!) ) . 
y -'N 
Y .' N t 
y ' N 
y \ N _i 

y Nl 
'..J 

y 'N 
y /N · . 
y , N ; 

y ; N I 
y ! N \ 
y N ( 
y N I 

I 
y , N ! 
Y · N i 
y ' N j 
y \w 

cp(~\ 
y N j 
y NJ 

(i) N 

! (~' y N I 
y N 
y N/ 

/ 

B-8 

D,. 

y N 
y N 
y N 
y N 
y N 
y N 
y N 
y N 

~ ,~ 
' 

~ /~\ 
~ =~ I 
y : N I 

y · N 
y , N 

Y 1 N 
Y 1 N 
y N 
y 

Q) N 
y ·N, 
Y (N) 
Y tN/ 

'CJ N 

y /N\ 

~ i ~ I 
y ', ~ 

WET 2.0 

Page 3 of 9 

COMMENTS/ASSUMPTIONS 
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WET 2.0 

FORM B (Cont.) Page 4 of 9 

r;) . . ">C.. , I :-c A-.,? 
Evaluation Site: _f/,...__fi- .--Lc::'--.::J~•:Y?::--~f---- --~~=--r\_;_~----------

Q. f} 

14.1 
14.2 

15. lA 
15. lB 
15. lC 
15. 2 

16A 
16B 
16C 

17 

18 

19. lA 
19. lB 
19.2 
19 . 3 

20.1 
20.2 

21A 
21B 
21C 
21D 
21E 

22. 1. 1 
22.1.2 
22 . 2 
22.3 

23 

24 . 1 
24.2 
24.3 
24.4 
24.5 

25. 1 
25. 2A 
25. 2B 
25.3 

X 

Y @Jr 
('Y N I 
y . :itJ I 
y ,N) I 
y ~ I 

Y N I ' . I 
Y N ~V 

{j;)N 
y ft·· 

' I 
y / N : 
y ; N / 
y ':Jyr 

WETLAND CONDITION 

w 

.. y 4f; 
y V 

,y ~' N 
y QP 
y N1 

·~/ 

COMMENTS/ASSUMPTIONS 

D 
·-: 

y (NJ 
y ~ 

" 

'J" 

Ci) 
I~ y 

y ~ 
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WET 2.0 

FORM B (Cont.) Page 5 · of 9 

Evaluation Site: -~~-/Jo{d-><--~<J~~~P,-~_~_""'""--=-~~-( ___ =;:;~_'-T~[_-_· =2-;.._ _______ _ 
~ "<] 

Q. II 

26.1 
26.2 
26.3 

27.1 
27.2 
27.3 

Q. fl 

28 

29.1 
29.2 

30 .. 

31.1 
31.2 
31.3 
31.4 
31.5 
31.6A 
31. 6B 
31.6C 
31.6D 
31.6E 

32A 
32B 
32C 
32D 
32E 
32F 
32G 
32H 
32I 
32J 
32K 

WETLAND CONDITION COMMENTS/ASSUMPTIONS 

X w D 

(yN 

~@. I 
I 

(VN cw I 
y (w I 

EFFFECTIVENESS/OPPORTUNITY EVALUATION - LEVEL 2 (FIELD) 

-
X 

C9N 

tJ} N 
Y(!J) 

(j; N 

N 
N 

,: y ; N I 
½ @ 

y ·· N) 
d) -N 

y . N \ 
y . N ·. 
Y.i) 

(pN 
·y ~ 

y /N 
y { N 
y 1N 
y ' N 
y N 
y ,I N 
y ! N 
y I N 
y ·N -~ 

WETLAND CONDITION 

w 

(.:[; N 

~'f: N 

(R N 
Cf., N 
- ,) (X, .. N I 
y Q{) 
y ·~N-co N 
Y , 1f·\ 
y :' N } 
y \J:!} 

B-10 

COMMENTS/ASSUMPTIONS 

D 

... , 
(y_~; N 

'-S. N 
>R N 
( Y . N 

~~ I 

y <-1:t) 
<."!'i N 

y . N, 
y . N \ 

. I 
y ' -~/ 



FORM B (Cont.) 

Evaluation Site: 

Q. {) 

42 .1.1 
42. 1.2 
42 .1. 3 

42.2 . 1 
42.2.2 
42.2.3 

43A 
43B 
43C 
43D 
43E 
43F 
43G 
43H 
43I 

44A 
44B 
44C 
44D 
44E' 
44F 
44G 
Z.4H 
44I 

45A 
45B 
45C 
45D 
45E 
45F 
45G 

46A 
46B 
46C 

47A 
47B 
47C 

X 

CV N I 
y ... N,, I 

Y ' N.l . I 
"-

y N . 
y N , 
y N 
y N 
y N 
<YN 
y N 
y N 
y .N 
r 

/y N 
· y N 
Jy N 
y N 
y N 
y N 
y N 

.Y . ij 

y ~ ) 

WETLAND CONDITION 

w 

G N I 
y elf) I 
y (]) I 

(J.) N _I 
y / ~ ' I 
y l!!.) I 

y N . 

y N ; 
y N . 
y N · 
y N 
fj) N 
y N\ 
y NI 

Y l:V 

B-12 

D 

¢ N I 
Y CN> I 
y @ I 

(.Y_,/ N I 
y /-ti I 
y / N I 

'--
y N\_ 
y N . 

y N 
y N 

@·~ 
y N\ 
y N' 
y N/ 

.. ./· 

WET 2.0 

Page 7 of 9 
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COMMENTS/ASSUMPTIONS 



FORM B (Cont.) 

Evaluation Site: 

Q. /I X 

48A ·Y,·' 1-J. I 
'--' \ 

48B y N \ I 
48C y fN · · I 

I 

48D y I N 1 I 
1 I 

48E y · N , I 

48F y J 
I d:~' 

49. 1. 1 6.) N I 
49.1.2 y (ff") I 

49.2 cD'N I 
49.3 Y@ I 

50. (j) N 

WETLAND CONDITION 

w 

< Y_,.) N I 
'-y ... N I 

Y ,
1
N \ I 

Y N / I 
Y ·. Nf I 
y . lf I 

· _F 

(:J,.) N I 
y <ff ) I 

(_X°) N I 
y @ I 

D 

_y_..,) N I 
y - N) I 

(.J ) N I 
y ~~) I 

:;:::, 

WET 2.0 

Page 8 of 9 

COMMENTS/ASSUMPTIONS 

" 

EFFECTIVENESS/OPPORTUNITY EVALUATION - LEVEL 3 (DETAILED DATA) 

WETLAND CONDITION COMMENTS/ASSUMPTIONS 

-
Q. fl X w D 

5 1.- 1 y N u 
5 1. 2 y N u 

-52.1 y N I u 
52.2 y N I u 

53.1 y N I u 
53.2 y N I u 

54 y N u y N u Y N U 

55.1 y N u 
55.2 y N u 
55.3 y N u 
55.4 y N u 

56.1 y N I u 
56.2 y N I u 

57 .1 y N , U 
57.2 y N u 

58. y N u 

B-13 
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WET 2.0 

FORM B (Cont.) Page 9 of 9 

Evaluation Site: 
.. 

WETLAND CONDITION COMMENTS/ASSUMPTIONS 

Q. /} X w D 

59.1 y N I u 
59.2 y N I u 

! 60 y N u 

61 y N I u 

62 y N u 

63.1 y N I u 
63.2 y N I u 

64 y N I u 

B-14 
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WET 2.0 

FORM C: SUPPLEMENTARY OBSERVATIONS 

Evaluation Site: 

Indicate the species. species groups. and activities that are· actually 
observed. reliably reported. or known to occur at . the . AA on a regular basis. 

FISH SPECIES GROUPS* OBSERVED/REPORTED 

1 . 
2. 

/ 3 : 
4. 

Warmwater Group 
Coldwater Group 
Northern Lake Group 
Coldwater Riverine Group 

FISH SPECIES 

WATERFOWL SPECIES GROUPS** 

1. Prairie Dabblers 
2. Black Duck 
3. Wood Duck 

NESTING 
y or N 
y or N 
y or N 

4. Common and Red-Breasted Mergansers y or N 
5. Hooded Merganser 
6. Canvasback, Redhead, Ruddy Duck 
7. Ring-necked Duck 
8. Greater and Lesser Scaup 
9. Common Goldeneye 
10. -Bufflehead 
11. Whistling Ducks 
12. Inland Geese 
13. Tundra Swan 
14. Brant 

BIRD SPECIES 

RECREATIONAL ACTIVITIES 

Sailing Hiking 
Birdwatching 
Photography 
Swimming 

Power Boating 
Canoeing 
Kayaking 

CONSUMPTIVE ACTIVITIES 

y or N 
y or N 
y or N 
y or N 
y or N 
y or N 
y or N 
y or N 
y or N 
y or N 

Snowmobiling 
Skiing 
Snowshoeing 
Ice.Skating 

y or N" · 
y or N 
y or N 
y or N 

" OBSERVED/REPORTED 
y or N 
y or N 
y or N 

OBSERVED/REPORTED 
MIGRATIN:; WINTERING 

y or N y or N 
y or N y or N 
y or N y or N 
y or N y .or N 
y or N y or N 
y or N y or N 
y or N y or N 
y or N y or N 
y or N y or N 
y or N y or N 
y or N y or N 
y or N y or N 
y or N y or N 
y or N y or N 

OBSERVED/REPORTED 
y or N 
y or N 
y or N 

Research 
Educational Fieldtrips 
Horseback Riding 

Agriculture 
Hunting 

Fur Harvesting 
Timber Harvest 

Commercial/Sport Fishing 
Natural Food Gathering 

Peat Harvesting 
Wat_er Supply 

* Fish species groups are explained on page 138 
** Waterfowl species groups are explained on page 1647 

B-16 



WET -2.O 

FORM D: EVALUATION SUMMARY SHEET 

Evaluation Site: .. 
Wetland Functions and Values 

Ground Water Recharge 
Ground Water Discharge 
Floodflow Alteration 
Sediment Stabilization 

:Sediment/Toxicant Retention 

Social 
Significance Effectiveness Opportunity 

* 

'Nutrient Removal/Transform. 
Production Export 
Wildlife Dive·rsity /Abundance** 

Breeding 
Migration 
Wintering 

Aquatic Diversity/Abundance 
Uniqueness/Heritage 
Recreation 

Habitat Suitability Evaluation 

Fish Species Groups: 

Group __ 

·Waterfowl Species Groups: 

Group 
Group 
Group 
G~oup _ ______ _ 

Breeding 

Fish. Invertebrate. and Bird Species: 

* 
* 

* 
* 
* 

* 
* 

Group __ Group 

Migration Wintering 

Levels of assessment completed: S-1 S-2 E/O-1 E/O-2 E/O-3 HS 

* 

* 

* 
* 
* 
* 
* 
* 
* 
* 

Evaluation is for the: AA IA (Note: if the evaluation is for an IA. 
documentation of the AA evaluation must be presented with th.is evaluation). 
Is . there any evidence that suggests ratings contrary to the above (explain)? 

Were alternative sources used_ for any of the ratings above (explain)? 

The loss rate for (identify locality/region) 
between 19 and 19 for 
was -(acres/year or % loss). 

(identify wetland type) --- -------- -----

* WET does not evaluate this function or value in these terms. 
** Wildlife Diversity/Abundance assesses · only wetland-dependent birds. 
Other wildlife (e.g., game mammals) should be evaluated using other methods. 

B-18 



WET 2.0 

FORM A: SITE DOCUMENTATION (Page 1 of 2) 

Part 1 - Background Information 

Evaluation Site: _i4..:,........:;~,_,;:;o;_V\/___;_.5=--~..;_'_0_·p __ -...a.~-O"---;<-.J._1 _J:;)_-_D<-_i_sT,_ .. Date: 0 ... 1'8- C} 3 
Site Location (Section. Range. and Township): . p..___'-/8 f:_, \v.,.,..\:~'"'--,. 

.. ·-; ~ 

Has the evaluator taken a · training course in WET Version 2.0? 

Agencies/Experts Contacted: _..s __ C-_:S ______ N_O_A_A_,· _______ 11A-~· ........... _o .......... r+_LJ __ · ---
/ .,,--~ 

Circle the assessment levels to be completed? @ ~z) ~~/0_:-}J~.2· E/0-3 .HS 

Is the wetla~d tidal or nontidal? If the wetland i~ nontidal. indicate the 
month(s) that represent wet. dry. and average conditions, or if only average 
annual condition will be used, give rationale. Also, indicate if the 
previous 12 months of precipitation has been above, below, or near normal. ~ 

NoN T1pb..... 1 • - WE:[ C--or:::+D 1T1or---i5 ~ +fYD~.--0 b':( -MA e:c\-\, v1:=0c::T 
MA'/ . :u-2..::-1 c...or-.1v. - ,-1---rD~o1-- o0 '-1- Au 6. , v E:~e1 ?:'3:-1101'-(- NDV-. -r 
A.'\/ &, J(br,.[D - r\ ''(D 80L- JU NE J \(E:.. 6- 5 E:"'P_T. 
Is this evaluation an estimate of past conditions or a prediction of future 
conditions? (If answer is yes, explain nature and source of.predictive data.) 

0 

Will alternative ratings be used to evaluate any of the functions or values 
(if yes, explain)? ND -'-"---------------------------------

Part 2 Identification and Delineat1on of Evaluation Areas 

Sketch a map on the following page, or attach a suitable map (photocopy of 
topgraphic map) that shows the following information: 

Boundaries of the AA, IA, and IZ. and the location of service areas. 
Watershed boundaries of AA, and service areas. 
Extent of surface water in the AA during the wet and dry seasons. 
Open water (channels and pools) within and adjacent to the A.A. 
Normal direction of channel or tidal flow 
Normal direction of wind-driven waves or current. 
Impact area(s). 
Scale of distance and north compass direction. 

Explain the procedures used to identify . or delineate the AA, IA, IZ, service 
areas. and the watersheds of these areas if they differed from the 
guidelines outlined in Section 2.7. /J/A -----.,,~-'---------------------

-- Continued --



J WET 2.0 

FORK A: SITE DOCUMENTATION (Page 2 of 2) 
.. 

Part 2 (Cont.) 

Estimate the extent of the following areas: 

Assessment Area = :t Z S acres ·.· 
Impact Area = JJ/A acres "(only if applic_able). 
Watershed of AA = . acres/ :rd-S miles 2 (acres · x 0.0016 = miles) 
Wetlands in AA == ~ ¢- S acres 
,Wetlands in the watershed of closest service area = >S-o o acres 
Wetlands and deepwater in the watershed of closest service area~= >-So~ acres 

How were locality and region defined for this evaluation? 
/ O C.e--.1, /b.-JA. A Yc"""Yl-) 

Sketch of Evaluation Areas (or · attach map): 

S-u. 



/ 

Evaluation Site: 

FORM B: EVALUATION ANSWER SHEET 

• f Lo v-..1 .S \-\ o :;=" -Po l'·•,l"'C') 

SOCIAL SIGNIFICANCE EVALUATION - LEVEL 1 

WET 2.0 

3.1.1 "Red Flags" 

sl. y u - r---/.<.'...o," 

:' s2, y u 
s3. y u 
s4. y u 
s5. y u " 
s6. y u 

3.1.2 On-site Social Significance 

s7 •. 
s8. -

y ® u 
cl) N U 

Comments/Assumpti~ns 
I 
I - :=it) -P ~ t:.. --\ - L ) ND 

3.1.3 Off-site Social Significance 

s9." 
slO. 
sll. 
s12. 

✓ s13. 
s14. 
s15. 
s16. 
'sl7. 
s18. 
sl9. 
s20. 

Comments (_V N U - ~ .;_,:'C ,:· •;; .:,: ~ - •r-/e-r '...-

(V N U I 
Y dP u 
y '---@ u 

......_'[) N U _ =-., ,. , ·; ; ,c r• , v, ... 1 ·-;, cc 1-r€ 

Y (1Du 
y ~ u - .. : ,·· :. -~-,: ., . 
y .N; u 
y N'") u - ,, '. : .... I , .. ..,..., i.: . , -- . 

y .j.f_) u 
<!:) N U - ,"-.!~J. '·\ t'· "'·':. 

SOCIAL SlCNl L'lCANGli liVAI.UA'l'ION - LHVKL 2 

Context Region (Circle one) 

Question# 

1 
2 
3 
4 

y 
y 
y 
y 

® 
QP 
. it 
··-y') 
·Ji..= 

--.. 
-

,-·<.<.,~~ r 

~,.,:_~! ' ~-

St~ndard Density Circle 
c:foc ali ty::::> 

Hydrologic Unit 

Comments/Assumptions 

-"P,:., "'·./ ~:: · . . 

B-6 
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WET 2.0 

FORM B (Cont.) 
Page 2 of· 9-:., .~~·,'. 

--pc,,.._11::>- 'f-:r.• -c,e,v'E;::N"~ r .. "{E;;R' ·).1\A-Evaluation Site: 

Q.ii 

1.1 
1.2 
1.3 

2. 1. 1 
2.1.2 
2.1. 3 
2.2.1 
2.2.2 

3.1 
3.2 
3.3 

4.1 
4.2A 
4.2B 
4.2C 
4.2D 

5. l.1 
5 .1. 2 
5.2 

6.1 
6.2 

7 

8.1 
8.2 
8.3 
8.4 

9.1 
9.2 
9.3 

lOA 
lOB 
lOC 
lOD 
lOE 
lOF 

EFFECTIVENESS/OPPORTUNITY EVALUATION - · LEVEL 1 (OFFICE) AA-2.. 

WETLAND CONDITION COMMENTS/ASSUMPTIONS 

.. : 
X w D 

Y@ . 
Y · ff; en:::'5,t>i IT''/ FA.c .. TO (:'. t~<;" ··· <;l .. :,, 

c?:· ~i-i 

Y @ 
<Si) N 

y <10 
y Cl'D I 
Y (1f.) I ·· u <:, ,> · > 

cJJ N 
._f) N ·"-.! ,,_.> S ,,v\ ,,.,,\ .p 

Y(!:!.) 

<::t5 N 
y :_N'') 
y ,N) 

.... ~--. 
y ,N-,'· ~ 

y ·tO 
y 1:jt) 

B-7 
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FORM B (Cont.) 

Evaluation Site: • -PLOWC:.,H D'P 1=t><....f D 

Q. I) . 

11 

12A 
12Aa 
12Ab 
12Ac 
12Ad 
12Ae 
12B 
12Ba 
12Bb 
12Bc 
12Bd 
12Be 
12C 
12Ca 
12Cq 
12Cc 
12Cd 
12D 
12Da 
12Db 
12E 

13A 
. 13Aa 

13Ab 
13Ac 
13Ad 
13Ae 
13B 
13Ba 
13Bb 
13Bc 
13Bd 
13Be 

. 13C 
13Ca 
13Gb 
13Cc 
13Cd 
13D 
13Da 
13Db 
13E 

X 

y QV 

~ :) 
y 1 N i 
Y , N , 
y : N 

· y l N 
Y I N 
y IN. 
Y i\ N / 

~ \~! 
{y) -~ 

] ~ 
J._) N ,~---, 
y N -
y N 
y N 
y N , 

y ·liJ 

.· WETLAND CONDITION 

w 

· y @ 

y N\ 
y N l 
y N I 
~ ~ { 
y N I 
y N I 
y N f 

~I~ j 
y ~ } 

a) N 

~ f,\ 
y I~ ; ,.._ ~--·' 

CJ.) N 

~ (~'\ 
y : N l 
Y I N : 1 • 

Y iN 
'.._.,/ 

~ ! ~) 
y N i. 

I > 

y j N \ 

Y i N 
Y ; N 
Y '. N 
Y " N 

y . N I 
y ~~i 

©N 
~ 1, 
YW 

Cf) N 

-~ II~ 
-Y ;N j 

y LN,} 

B-8 

D . . 

y dD 
y 
y 
y 
y 
y 
y 
y N '. 

I 

y N . 
y N : 
y N J 
y !..NJ 

(y, N 

~ ~1 
y liiJ 

(y N 

~m~~ ~ \~ 
\ 

~ ~\ 
y N 
y j N/ 
y ' N: 
y N 
y N 
y N . 
y N .. 

!~: 
Cf>N 

~ fil'i 
CY:, N 

! \!\ 
y !N \ 
y '.N } 
y ,}J_ . 

WET 2.0 

Page 3 of 9 .-:., , .• , 

AA-2-

. COMMENTS/ASSUMPTIONS 

-r::-b V"K i nr.-,......,_:-\ /~ :::. -· _ 
AG.2.v·A, '""" 10e·o1 ~-c.c.i 'L u 
VA..-£--1.)•L-..A- e.. 
E.-T.)G, 8 E, - f-,t::.oA "D 

i..,. I;'.""-v G£ '> De~ t r:.H.) o Ll r.:, 
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WET 2.0 

FORM B (Cont.) Page 4 of 9 

A A2: Evaluation Site: 

Q. fl 

14. 1 
14.2 

15. lA 
15. lB 
15. lC 
15. 2 

16A 
16B 
16C 

17 

18 

19. lA 
19. lB 
19.2 
19.3 

20.1 
20.2 

21A 
21B 
21C 
21D 
21E 

22. 1. 1 
22. 1. 2 
22.2 
22.3 

23 

24.1 
24.2 
24 . 3 
24.4 
24.5 

25. 1 
25. 2A 
25. 2B 
25. 3 

X 

6) N 
y @ 
Y @ 

Y r'N 'l \,,,., __ . 

WETLAND CONDITION 

w 

,,.y" Q:!..) 

Y0 
.. • . • • 

COMMENTS/ASSUMPTIONS 

D 

cP N Pc&: ·-t_':u'- • · ,.c--\~=L·~~ .:.\_·: '(. -~::.{- ·; ::J 

y (I{) 
y .-·N") ---- , , 

~f--;i f l ___ J 

r..J !, o l"\C: re r· 

,ij5 N I - ;:-.~ ·• i_:._ , -· c. .. 1:.- ., J \...-"'- .'···' ~ -I .,_ c 1 0·,>,7 -~,-:i:. t. ,..-- t. 

Y . :N/ I 
y Jr'· I 
Y . ._JI) I -- \([::: (:;, ,.•, ~ /.J, . .. :._ /'j ·'\ ,_ · i c: : • ' 

.,:p N 
y .. N 
y .N-" 
y N; 
y N 

Y ([') I -- S..::. -~; 
Y N \.P 
y Jf'· I 
y ,N) I -
Y@ 

. (:[) N -
ffi N I 

y ® I 
cl)~I 



! 

FORM B (Cont.) 

Evaluation Site: 

Q.# 

26.1 
26.2 
26.3 

X 

(j)N 
y <..'fi? I 
y (l!,) I 

... 

WETLAND CONDITION 

w 

l-•~ '• ~-J:t:' l t..-4.r- ; .' • 

D 

- I:::, e.N D v\f'l\Z- "t'> t ~...:::-rt 

WET 2.0 

Page 5 of 9 ., ... _ ,.. .. , ... 

COMMENTS/ASSUMPTIONS 

27.1 ,- y-, N L--.,4~ 7-. : ·:: . ; · 1 , .• :.,_. 

27.2 
27.3 

Q. {I 

28 

29.1 
29.2 

30. 

31.1 
31. 2 
31.3 
31.4 
31.5 
31.6A 
31.6B 
31. 6C 
31.6D 
31. 6E 

32A 
32B 
32C 
32D 
32E 
32F 
32G 
32H 
321 
32J 
32K 

y @.; I 
Y ( N°) I 

EFFFECTIVENESS/OPPORTUNITY EVALUATION - LEVEL 2 (FIELD) 

-
X 

y ,·NJ --
@ l{ -

y -Jf) 

er N 

( Y ." N 
CU N 
d,: N 
a) N I 

y @ 
y @ 

CJ? )~ 
y ;N· 
y 'N \ 

' \ y \!j_j 

;'Y') N ~ --· 
N' -y 

y N \ 
y Ni 

' y N! 
' y Ni 

y :' N 
y IN : 

: '. 

y !N -' 
y I • 

•N ~ 
y \~ 

WETLAND CONDITION 

w 

(__y__ ) N 

~~ 
..:._y·_---. N 
.-__y::) N I 
y elf) 
y c.!i,? 

~Y7 N 

~ (:) 
y ~ ,. 

B-10 

D 

.:_y) N 

6) N 
lY/ N 
0f.) N 

COMMENTS/ASSUMPTIONS 

y c:E) I V\./ ' . '.' ,- I • 

Y clt:> 
Y cN? 

r...f> N 

~ /~) 
y :,N _/ . 



I 

I : 

FORM B (Cont:.) 

Evaluation Site: 

Q.U 

33A 
33B 
33C 
33D 
33E 
33F 
33G 
33H 
331 
33J 
33K 

X 

- CJ) N 

y :!fl 
y , N . 
y [N \ 

I ! 
y ·1N .. 
y N · 

; ~ 
y \N 
y ·,N 
y N 
y ;N 

y . . ~J 

WETLAND CONDITION 

w D 

,. 

WET 2.0 

Page 6 of 9 

COMMENTS/ASSUMPTIONS 

34.1 
-=---- -:::y=--.. "c.N;:::-~- -- ;;,c.~, -7'."--. "/'---::-,. ,\_ ----.,--;:,-:-:,.-:.:.-:--~ ...,.:.~-:-,-:-:' f.,...,;;·:-:e._.;..- --o- ~.,.....,....-,:::-., 1.. t., 1) -:;, ,~ ·: f-·v1

\ -~-:: 

y ~) 
@ N 

34.2 
34.3 .1 
34.3. 2 y Jf' I 

35 : 1 
35. 2 

y N'· I 
·-- ,,J --.... 

Y N . I l 
~ ... , 

36.1.1 
36.1.2 
36.2.1 
36.2.2 
36.2.3 

37 

38.1 
38.2 
38.3 
38.4 
38.5 
38.6 
38.7 
38.8 

39 

40.1 y ~ I------- -=-----
40.2 

,_, 
(X,! N I 

41.1 
41.2 

B-11 



WET 2.0 

FORM B (Cont.) Page 7 of 9 

.. 
Evaluation Site: 

WETLAND CONDITION COMMENTS/ASSUMPTIONS 

Q. fl X w . ·-: D . . . . 
42 .1.1 (VN I ~.> N I ~ Y! N · I 
42.1.2 y )N", I y (;) ~ y ;-.... 

!N l I 
42.1.3 y lt I y y ( N_,. -' I 

I : 
d:)N 42 .2.1 CV N I (VN I · r DD ,_,__:or'\"':,-',~'::- M,_ 2'-·l\J C \°e 

42.2.2 y /NI I y .N I y N I ':._,,, -r ,c.:, '\"' '~ 1- c 

1NA,:c l. . ' 

42.2.3 y N I y •N ,i I y N I \ . \J .:::· ·-·i t· ... l)_.,.,,, /v\ . . -· ,::.:,..-' , , 

43A y f \ y 'N', y -~ 
N \ ' ' [N; 43B y , y 'N: y 

43C y :N: y N y ·N, 
43D y I . 

i (:) y ~ 43E y 
I l>l,) 

y ~: ;•-{ '! \ ~ \~-: ['_i 1.;i~:-· ~· .. 
, .. 

N. 8C.o 1- ' 
43F (i) N 6) R @ N, pc{ sf'~...- ?:..-> ~ !I,;..··! ....... l 

43G y 1f-l'"'\ y ,N \ y / N '. .; 

\ \N 43H y N y y N / 
431 y N y 'N,. 

. .../ 
y N.i 
..... 

44A y N yr N 
44B y N y N N 
44C y N y N N 
44D y N y N N 

\ l' 
IT' ~=) ( ~ .. r: 

44E' ,t-- ...... • ·-y N y N N 
44F Y .. N tit N 0 .i:-- •• "'-'"-, G;: '..) r..,\ ~~ - t C ~ 

44G w N y N N 
Z.4H :N y ~'\ . N 
441 

I 
y :® y 

~) y N 
""-/ 

45A y :..N} 
45B CP N 
45C y IN,, 

i ' 45D y :N. 

45E y N 
45F y :N' 
4SG y NJ 

/ 

46A CY-· N cJ✓ N ...:..Y--· ' N 
46B y 't-i y . N. y N 
46C y N y N., y N ._, 

47A CT N 
47B y .if E: t I g j - I ,_ 

•' .~ /1.--1 ' ... 
47C y _]j/ .. l . ' 

B-12 



,. 
FORM B (Cont.) 

Evaluation Site: 

Q. fl X 

48A Cf) N I 
48B y i~ I 
48C y IN I . I 
48D y jN ; I 

/ 48E y 1 N { I 
48F y N

I 
I 

_., 

49. 1. 1 tV N I 
49 .1. 2 Cl[) I 
49.2 (V N I 
49.3 y JP I 

50. ,' Y N 
'- . 

.. 
WETLAND CONDITION 

w 

[Y) N I 
y @) I 

i.].. N I 
Y _N~ I 

D 

d> N I 
Y ;'N'"'i _r 

; ( ,. 
Y N ~ I 
Y -N i I 
Y N / I 
y :.!:f° I 

WET 2.0 

Page 8 of 9 

COMMENTS/ASSUMPTI ONS 

l0 N r - -PL\, f-,\ ' r-··. ";'>(:-,;;,,..._! ·:: ';.· .,.) 

y_ ,l:[) I 
(X ·; N I 
y (ll) I 

EFFECTIVENESS/OPPORTIJNITY EVALUATION - LEVEL 3 (DETAILED DATA) 

WETLAND CONDITION COMMENTS/ASSUMPTIONS 

Q.U X w D 

51.1 y N u 
51. 2 y N u 

-52.1 y N I u 
52.2 y N I u 

53.1 y N I u 
53.2 y N I u 

5 4 y N u y N u y N u 

55.1 y N u 
55.2 y N u 
55.3 y N u 
55.4 y N u 

56.1 y N I u 
56.2 y N I u 

57 .1 y N . U 
57 . 2 y N u 

~ 

58. y N u 

B-13 



I WET 2.0 

,i •• , ,.~,-

FORM B (Cont.) Page 9 of 9 . 
Evaluation Site: 

.. 

WETLAND CONDITION · COMMENTS/ASSUMPTIONS 
~ 

Q. I} X w D 
•,: . .. 

59.1 y N I u 
59.2 y N I u 

i : 60 y N u 

61 y N I u 

62 y N u 

63.1 y N I u 
63 . 2 y N I u 

64 y N I u 

B-14 



I WET 2.0 

FORM C: SUPPLEMENTARY OBSERVATIONS 

Evaluation Site: .. 
Indicate the species. species groups. and activities that are actually 
observed, reliably reported. or known to occur at ' the ·AA on a regular basis. 

FISH SPECIES GROUPS* 

1. 
2. 

/ 3 : 
4. 

Warmwater Group 
Coldwater Group 
Northern Lake Group 
Coldwater Riverine Group 

FISH SPECIES 

WATERFOWL SPECIES GROUPS** 

1. Prairie Dabblers 

OBSERVED/REPORTED 

..--.... · Cf.-·or N' · 
y or@ 

-Cf)¢;r N . 

Yor e!!) 

OBSERVED/REPORTED 
cJ:'pr N 

CX:..,b r N 
<.:[:;o r N 

·OBSERVED/REPORTED 
NESTING MIGRATiffi 
y or N or N 

WINTERING 
y or 

~f ~1" J LJ~ ( I• 

v:7 J. f//e._ 
2. Black Duck y ori torN y or 

- 3. Wood Duck y or Jt or N (li'y or cl.-11" io!,,,1 , ),1J . 

4. Common and Red-Breasted Mergansers "7 y or 
5. Hooded Merganser lt'Z y 
6. Canvasback, Redhead, Ruddy Duck /'Z.(' y ~~i • 7. Ring-necked Duck 
8. Greater and Lesser Scaup 
9. Co=on Goldeneye 
10. -Bufflehead 
11. Whistling Ducks 
12. Inland Geese 
13. Tundra Swan 
14. Brant 

RECREATIONAL ACTIVITIES 

Swimming 

Sailing 
Power Boating 
Canoeing 
Kayaking 

CONSUMPTIVE ACTIVITIES 

Fur Harvesting 
Timber Harvest 

l"i/,l y 
' i' / y 

or ~ ll'f Y or 
/)JY or ,N 
I~(> Y or@ 
l'(J@or N 
l'lt Y or~ 
1;- 1 Y or 

Snowmobiling 
Skiing 
Snowshoeing 

c::!F:Ska t i n!L)' 

or N y ON liO;i A l 

or N y vVA? (: ft r. .~: ,., (i) or (NJ y 

or N y 

Y or N~• y 
;:"( y or ,:N ~ y 
• l 

Y or i.N" y 

Y or @ y 

@or N y 

Y orf-lB y 

Y or(. y 

OBSERVED/REPORTED 
©or N 
fllor N 
(5Dor N 

Research 

or ' N 
\..:.:-

or ·~ 
or t..N . or! or N 
or 
or jJ) 

Educational Fieldtrips 
Horseback Riding 

v<;.c 
•,,'l 's 

Peat Harvesting 
Wa~er Supply 

0 r~ 

p~,..f, 

Fish species groups are explained on page 138 
** Waterfowl species groups are explained on page 1647 

B-16 



•• 
WET-2.O 

FORM D: EVALUATION SUMMARY SHEET 

Evaluation Site: .. 
Wetland Functions and Values 

Ground Water Recharge 
Ground Water Discharge 
Floodflow Alteration 
Sediment Stabilization 
$ediment/Toxicant Retention 
:Nutrient Removal/Transform. 

Social 
Significance Effectiveness Opportunity 

* 

Production Export 
Wildlife Diversity/ Abundance** 

Breeding 
Migration 
Wintering 

Aquatic Diversity/Abundance 
Uniqueness/Heritage 
Recreation 

Habitat Suitability Evaluation 

Fish Species Groups: 

Group __ 

·Waterfowl Species Groups: 
Breeding 

Group ________ _ 
Group ________ _ 
Group ___ _____ _ 
Gr.cup ___ _____ _ 

Fish. Invertebrate. and Bird Species: 

* · 

* 
* 
* 
* 

* 
* 

Group __ Group 

Migration Wintering 

Levels of assessment completed: S-1 S-2 E/O-1 E/O-2 E/0-3 HS 

* 

* 

* 

* 
* 
* 
* 
* 
* 

Evaluation is for the: M IA (No'te: if the evaluation is for an IA. 
documentation of the AA evaluation must be presented with this evaluation). 
Is . there any evidence that suggests ratings contrary to the above (explain)? 

Were alternative sources used for any of the ratings above (explain)? 

The loss rate for (identify locality/region) 
between 19 and 19 for ..,.... _____ _ ______ __ (identify wetland type) 
was ________ - (acres/year or % loss) . 

.. 
* WET does not evaluate this function or value in thes e terms. 

** Wildlife Diversity/Abundance assesses only wetland-dependent birds. 
Other wildlife (e.g.. game mammals) should be evaluated using other methods. 

B-18 



,. 
WET 2.0 

FORM A: SITE DOCUMENTATION (Page 1 of 2) 

Part 1 - Background information 

Evaluation Site: l<,J.-"D Sre;.1,9(,,,. ?P--,tD :£A: I Date: 
7,?s-r-.£/vfP,1-t:-f ~ J'~ 

Site Location (Section. Range. and Towns h i p): .A_,_-¥~B:""'"'""r:,. ___ +t-~------------ --
Has the evaluator taken a training course in WET Version 2.0? -Y~·_c_S"------

/ Agencies/Experts Contacted: 

Circle the assessment levels to bE:: completed? ~ ~0"°=3:.~Y E~0-3 .HS 

Is the wetland tidal or nontidal? If the wetland is nontidal. indicate the 
month(s) that represent wet. dry. and average conditions. or if only average 
annual condition will be used. give rationale. Also. indicate if the 
previous 12 months of precipitation has been abo~e. below. ot' near norm~l. 

oN I D"'1 L , l./.J~d- l t·-v1.C-(- - 1tvtc.J, 1/✓ .-. - J), ., .... , Lt'4-tc,( -

v v ' CJ v - c.J 

Is this evaluation an estimate of past conditions or · a prediction of future 
conditions? (If answer is yes. explain nature and source of predictive data.) 

NO 

Will alternative ratings be used to evaluate any of the functions or values 
(if yes. explain)? 0 --- --;'------- ----- -------------- ---

Part 2 Identification .and Delineation of Evaluation Areas 

Sketch a map on the following page. or attach a suitable map (photocopy of 
topgraphic map) that shows the following information: Se--r:· P,'& vr..~·- I 

Boundaries of the AA. IA. and rz. and the location of service areas. 
Watershed boundaries of AA. and service arJas. 
Extent of surface water in the AA during the wet and dry seasons. 
Open water (channels and pools) within and adjacent to the .\A. · 
Normal direction of channel or tidal . flow 
Normal direction of wind-driven waves or current. 
Impact area(s). 
Scale of distance and north compass direction. 

Explain the procedures used to identify · or delineate the AA. IA. IZ, service 
areas. and the watersheds of these areas i!Jlh..ey differed from the 
guidelines outlined in Section 2.7. L..:...__ 1t 

-- Continued --



WET 2.0 

FORM A: SITE DOCOHENTATION (Page 2 of 2) 
.. 

Part 2 (Cont.) 

Estimate the extent of the following areas: 

Assessment Area = JJ/k acres 
Impact Area = :±.") acres (only if applicable) 
Watershed of AA = . ~ 5o acres/ O . o? miles 2 (acres x 0.0016 = miles) 
~etlands in M = + 5 acres 
Wetlands in the watershed of closest sei:vice area = >5 ;)-;::, acres 
Wetlands and deepwater in the watershed of closest sei:vice area'-= /S"op acres 

How were locality and region defined for this evaluation? 
Jo r- / ,.Lt - T,.,_,,,,.,_ 

Sketch of Evaluation Areas (or·attach map): 



, . . . 

:' 

FORM B: EVALUATION ANSWER SHEET 

Evaluation Site: 

SOCIAL SIGNIFICANCE EVALUATION - LEVEL 1 

3. 1. 1 

sl. 
s2. 
s3. 
s4. 
s5. 
s6. 

3.1.2 

s7 •. 
s8. 

3 .1.3 

s9.· 
slO. 
sll. 
sl2. 
sl3. 
sl4. 
s15. 
s16. 
·sl7. 
slB. 
sl9. 
s20. 

"Red Flags" 

y u 
y u 
y u 
y u 
y u 

Q N u 

On-site Social 

cl)@ u I 

it u I 

Off-site Social 

y W· u I 
Y @u 
y N@ 
y (Wu 
y N@ 

!v)f ~ I 

6) N U I 
cf) N U I 
Y(_N)U I 
y @U 
Y<'.]) U 

Comments/Assumptions 

Significance 
Comments/Assumptions 

su..,(v,_.J-c,v• j d 
~ . 

LJ 
Significance 

Comments 
,y·• s21. 

"5 ! 0 s22. 
C. h, , clv.-l- +o s 23 • 
/ I 0•7., ' r-t• 1·1 V' 24 _, .,. . s • 

err~"'-wc,:;tt-{ 7 7o/o s25. 
s26. 
s27. 
s28. 
s29. 
s30. 
s31. 

(' . ..,t.,, 
-.I " f. ., "L 

SOCIAL 8lGNll1lCANC~ UVAI.UA'!'ION - Ll!Vlil. 2 

Context Region 

Question II 

1 y 
2 y 
3 y 
4 y 

(Circle one) 

w 

Standard Density Circle 
(!:ocali!D 

Hydrologic Unit 

Comments/Assumptions 

...5-~ 

B-6 
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Comments 



WET 2.0 

FORM B (Cont.) 
. ✓ ""'""'" ' · Page 2 of 9 ··• ·· 

Evaluation Site: .. Md ~s f"A-·1 ---
EFFECTIVENESS/OPPORTIJNITY EVALUATION - LEVEL 1 (OFFICE) 

WETLAND CONDITION COMMENTS/ASSUMPTIONS 

Q.U X w D 

I 1.1 y di? I 1.2 0 w · 
1.3 N 

2. 1.1 y ~ 
2.1.2 y @> 2.1.3 y 

-=-
2.2.1 y @ I 
2.2.2 {J)N I 

3.1 CY N 
3.2 Y,@ 
3.3 y @ 

4.1 ~ N ~; ·tv,,-r·{_ / ;~t~-v\ {(:.,, :..,.,.,:.,.-,_ 

4.2A N 
4.2B y . N> 
4.2C y 

~ 4.2D y 

5. l. 1 y 

~ 5. 1.2 y 
5.2 {!) · N 

6.1 
~~ 6.2 

7 y N (J) 

8 .1 Y(W 
8.2 ('j) N 
8.3 a)N 
8.4 y /fr 0 . ' 

9.1 (YN 
9.2 Y~I 9.3 y · I 

lOA 

er® lOB 
lOC y N 
lOD y N 
lOE y N 
lOF y ti.; 

B-7 



I WET 2.0 

FORM B (Cont.) Page 3 of 9 .--:., , ... 

Ev al ua tion Site : ----=.."..J.LJJ=...:a::Ld-££.=.___,,::;;!.J:..:-··~:.:...-_____ ,-,_,_(c.:::_:: ....:.· .....:·;!:__·· _· ·___:_/ ________ _ 

I 

Q, /) 

11 

12A 
12Aa 
12Ab 
12Ac 
12Ad 
12Ae 
12B 
12Ba 
12Bb 
12Bc 
12Bd 
12Be 
12C 
12Ca 
12Gb 

'12Gc 
12Cd 
12D 
12Da 
12Db 
12E 

13A 
. 13Aa 

13Ab 
13Ac 
13Ad 
13Ae 
13B 
13Ba 
13Bb 
13Bc 
13Bd 
13Be 
13C 
13Ca 
13Gb 
13Cc 
13Cd 
13D 
13Da 
13Db 
13E 

X 

; WETLAND CONDITION 

w 

y 
y N 
y N 

y I N I 
y \ N : 
y , N ! 
y \t!) 

cpG)~ 
y N 
y N 

{:f) N 

y f'N) 
y jN 
Y IN. 

~ .. v 

B-8 

COMMENTS/ASSUMPTIONS 

D 

" 



FORM B (Cont.) 

Evaluation Site: 

Q. ii 

14.1 
14.2 

15. lA 
15. lB 
15. lC 
15. 2 

16A 
16B 
16C 

17 

18 

19. lA 
19. lB 
19.2 
19.3 

20.1 
20.2 

21A 
21B 
21C 
21D 
21E 

22. 1. 1 
22. 1.2 
22.2 
22.3 

23 

24.1 
24.2 
24.3 
24.4 
24.5 

25 .1 
25.2A 
25.2B 
25 .3 

X 

y [ti) 

y /N) I 
ff) '1f I 
y ,'fi I 
y N {J; 

j) N I 
y ® I 
y @) I 
y @ I 

y N 
y N 

C) 

WETLAND CONDITION 

w D 

WET 2.0 

Page 4 of 9 

COMMENTS/ASSUMPTIONS 

.. 



I WET 2.0 

FORM B (Cont.) Page 5 of 9 

Ev al ua t ion Site: -~~f_I>&:~ld..~-__,:!~!;f,&:1,A,,~~··'::...."'___..:::<:.....----=-""'::;-~*1:::....:..,--:::..7.1..1_,,._· .:...I _______ _ 
...... , \j 

WETLAND CONDITION COMMENTS/ASSUMPTIONS 

Q. fl X w D 

26.1 ® N_ 
26.2 Y@I 
26.3 (J) N. I 

27.1 ("j, l N 
27. 2 &~] I 
27.3 I 

EFFFECTIVENESS/OPPORTUNITY EVALUATION - LEVEL 2 (FIELD) 

WETI.AND CONDITION COMMENTS/ASSUMPTIONS 

-
Q. fl X w D 

28 /y l N "-.:"./ 

29.1 qJ ~ 29.2 

30 .. lY N y - J N 
(_:,- ✓ w N 

31.1 (J? ~ ~ N ~~ 31. 2 N 
31. 3 
~ f3 ~ 31.4 I I Y &)r 

- 31.5 'Y1 N (_,V N (_J> N '-' 

tC (N) 31.6A y Y@) y 
31.6B ~·,r; N '~ N (p N 
31. 6C y w 'y ,'ir y® 31.6D y N Y ,N y N 
31. 6E y ,N y \_N y N 

,.,_ 
32A [yJ N 
32B ·y /N\ 
32C y :N 

I • 

32D y ! N { 
32E y l N l 
32F y 

\ N I 32G y N , 
32H y •NI 
321 y 

!~ 32J y !N 
l 

32K y 

B-10 



I 

FORM B (Cont.) 

Evaluation Site: •coli .sr:~ ( 
V 

Q. {J 

33A 
33B 
33C 
33D 
33E 
33F 
33G 
33H 
33I 
33J 
33K 

34.1 
34.2 
34.3.1 
34.3. 2 

37 

38.1 
38.2 
38.3 
38.4 
38.5 
38.6 
3 8. 7 
38.8 

41.1 
41.2 

X 

y :N,,J I 
Y N /':b .....__~· 

WETLAND CONDITION 

· w D 

---- ·----- --------

B-11 

WET 2.0 

Page 6 of 9 

COMMENTS/ASSUMPTIONS 

" 



I 

FORM B (Cont.) 

Evaluation Site: (d:Jld ~~u.6 
WETLAND CONDITION 

Q. {j 

42. 1.1 
42.1. 2 
42.1.3 

42.2.1 
42.2.2 
42.2.3 

43A 
43B 
43C 
43D 
43E 
43F 
43G 
43H 
431 

44A 
44B 
44C 
44D 
44E' 
44F 
44G 
44H 
441 

45A 
45B 
45C 
45D 
45E 
45F 
4SG 

46A 
46B 
46C 

47A 
47B 
47C 

X 

; y ; N I \.,;, 

rNl y I 
y '~ . I e,1 

w~ I 
y 32 I 
y 'N1 I 0' 
y N-_ 
y N \ 
y N 
y N. 
y N 
y N. 

® N 
y N 
y N 

f\ ~ 
y \ N 

I , Y , N 
! y I N 
\ y I N 

y / N 
_ 1 . 
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*********************************************************** 

Habitat Suitability Evaluation Results for "plowshop" 

*********************************************************** 

Species/Group 

Warmwater Fish Group 
Warmwater Fish Group 
Warmwater Fish Group 
Northern Lake Fish Group 
Coldwater Fish Group 
Coldwater Riverine Fish Group 
Waterfowl Group 1 (Breeding) 
Waterfowl Group 1 (Migration) 
Waterfowl Group 1 (Wintering) 
Waterfowl Group 2 (Breeding) 
Waterfowl Group 2 (Migration) 
Waterfowl Group 2 (Wintering) 
Waterfowl Group 3 (Breeding) 
Waterfowl Group 3 (Wintering) 
Waterfowl Group 4 (Breeding) 
Waterfowl Group 4 (Migration) 
Waterfowl Group 4 (Wintering) 
Waterfowl Group 5 (Breeding) 
Waterfowl Group 5 (Migration) 
Waterfowl Group 5 (Wintering) 
Waterfowl Group 6 (Breeding) 
Waterfowl Group 6 (Migration) 
Waterfowl Group 6 (Wintering) 
Waterfowl Group 7 (Breeding) 
Waterfowl Group 7 (Migration) 
Waterfowl Group 7 (Wintering) 
Waterfowl Group 8 (Breeding) 
Waterfowl Group 8 (Migration) 
Waterfowl Group 8 (Wintering) 
Waterfowl Group 9 (Breeding) 
Waterfowl Group 9 (Migration) 
Waterfowl Group 9 (Wintering) 
Waterfowl Group 10 (Breeding) 
Waterfowl Group 10 (Migration) 
Waterfowl Group 10 (Wintering) 
Waterfowl Group 11 (Breeding) 
Waterfowl Group 11 (Migration) 
Waterfowl Group 11 (Wintering) 
Waterfowl Group 12 (Breeding) 
Waterfowl Group 12 (Migration) 
Waterfowl Group 12 (Wintering) 
Waterfowl Group 13 (Breeding) 
Waterfowl Group 13 (Migration) 
Waterfowl Group 13 (Wintering) 
Waterfowl Group 14 (Breeding) 
Waterfowl Group 14 (Migration) 
Waterfowl Group 14 (Wintering) 
Belted Kingfisher 
Spotted Sandpiper 
Tree Swallow 

Rating 

H 
H 
H 
H 
L 
L 
L 
L 
L 
L 
L 
L 
M 
L 
L 
L 
L 
L 
H 
L 
L 
M 
L 
L 
L 
L 
L 
L 
L 
L 
M 
L 
L 
M 
L 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
M 
L 
L 
L 
M 

Observed 

y 
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y 
n 
y 
n 
n 
n 
n 
y 
n 
n 
y 
n 
n 
n 
n 
n 
y 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
y 
y 
n 
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I 
*********************************************************** 

Habitat Suitability Evaluation Results for 11 coldsprin" 

*********************************************************** 

Species/Group 

Warmwater Fish Group 
Coldwater Fish Group 
Coldwater Riverine Fish Group 
Northern Lake Fish Group 
Yellow Perch 
Bluegill 
Smallmouth Bass 
Redbreast Sunfish 
Pumpkin seed 
Waterfowl Group l (Breeding) 
Waterfowl Group 1 (Migration) 
Waterfowl Group 1 (Wintering) 
Waterfowl Group 2 (Breeding) 
Waterfowl Group 2 (Migration) 
Waterfowl Group 2 (Wintering) 
Waterfowl Group 3 (Breeding) 
Waterfowl Group 3 (Migration) 
Waterfowl Group 3 (Wintering) 
Waterfowl Group 4 (Breeding) 
Waterfowl Group 4 (Migration) 
Waterfowl Group 4 (Wintering) 
Waterfowl Group 5 (Breeding) 
Waterfowl Group 5 (Migration) 
Waterfowl Group 5 (Wintering) 
Waterfowl Group 6 (Breeding) 
Waterfowl Group 6 (Migration) 
Waterfowl Group 6 (Wintering) 
Waterfowl Group 7 (Breeding) 
Waterfowl Group 7 (Migration) 
Waterfowl Group 7 (Wintering) 
Waterfowl Group 8 (Breeding) 
Waterfowl Group 8 (Migration) 
Waterfowl Group 8 (Wintering) 
Waterfowl Group 9 (Breeding) 
Waterfowl Group 9 (Migration) 
Waterfowl Group 9 (Wintering) 
Waterfowl Group 10 (Breeding) 
Waterfowl Group 10 (Migration) 
Waterfowl Group 11 (Breeding) 
Waterfowl Group 11 (Migration) 
Waterfowl Group 11 (Wintering) 
Waterfowl Group 12 (Breeding) 
Waterfowl Group 12 (Migration) 
Waterfowl Group 12 (Wintering) 
Waterfowl Group 13 (Breeding) 
Waterfowl Group 13 (Migration) 
Waterfowl Group 13 (Wintering) 
Waterfowl Group 14 (Breeding) 
Waterfowl Group 14 (Migration) 
Waterfowl Group 14 (Wintering) 
Green Heron 

Rating 

M 
L 
L 
H 
H 
H 
M 
H 
H 
L 
H 
L 
L 
H 
L 
H 
H 
L 
L 
L 
L 
L 
H 
L 
L 
M 
L 
L 
L 
L 
L 
L 
L 
L 
M 
L 
L 
M 
L 
L 
L 
L 
H 
L 
L 
L 
L 
L 
M 
L 
M 

Observed 
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Great Blue Heron 
Belted Kingfisher 
Spotted Sandpiper 
Tree Swallow 

M 
L 
L 
M 

y 
y 
y 
y 
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APPENDIX P 

AQUATIC MACROINVERTEBRATE BIOASSESSMENT 
FOR FORT DEVENS, MASSACHUSETTS POND COMMUNITIES 

1.0 INTRODUCTION 

Three ponds at Fort Devens, Massachusetts were sampled for benthic macroinverte­
brates to assess pond similarities and provide baseline information for future studies. 
Two of the ponds, Plow Shop Pond and Cold Spring Brook Pond, are located 
adjacent to landfills, and the third pond, New Cranberry Pond, was used as a 
reference pond. The ponds were sampled on September 24 and 25, 1992. Three 
locations (stations), each including 25 m2 areas of vegetated and non-vegetated 
substrate, were chosen in each pond. Two sampling points were randomly chosen 
within each of the 25 m2 areas at each station. Two one-square meter sections of the 
areas with vegetated substrate were swept with a 600 micrometer mesh dip net to 
semi-quantitatively collect macroinvertebrates. The non-vegetated stations were 
sampled with a 9 x 9 inch Ekman dredge; two Ekmans were pushed into the 
substrate in each area to quantitatively collect macroinvertebrates. This sampling 
protocol provided two dip net and two Ekman dredge samples per station, with a 
total of 12 samples per pond. Each sample was preserved in 70% ethanol and sorted 
and classified as described in Nislow, 1993. 

1.1 METRICS 

The following metrics were calculated for each sample and pond: taxa richness, 
modified family biotic index (FBI), ratio of Ephemeroptera, Plecoptera, and 
Trichoptera to Chironomidae (EPT/C), percent contribution of the dominant family, 
and the EPT index (Plafkin, et.al, 1989). · 

The metrics for the non-vegetated samples were treated separately from the 
vegetated samples for statistical analysis. Statistics on the metrics from the 
quantitative Ekman dredge sampler, although more consistent measures of area than 
the semi-quantitative dip net samples, tend to include more spatial heterogeneity 
because of clumped animal distributions and the small area they sample. The 

ABB Environmental Services, inc. 
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Eckman samples encompass a 81 square inch area, which is only five percent of the 
area covered by the square meter sampled with dip nets. The smaller the area 
sampled, the smaller the number of organisms and taxa per sample. Because the 
Eckman samples are so much smaller than the vegetated dip net samples, the 
number of taxa (richness) and number of individuals within each taxa (abundance) 
are lower in the Eckman samples than the dip net samples. Therefore, the two 
samples were analyzed separately. 

1.2 WATER QUALI1Y PARAMETERS 

General water quality parameters collected from Plow Shop Pond and Cold Spring 
Brook Pond were compared to those collected from New Cranberry Pond to 
determine if any of these parameters could have contributed to or influenced the 
results of the macroinvertebrate community evaluation. In general, water quality 
parameters collected from stations at Plow Shop Pond and Cold Spring Brook Pond 
differed little from those at New Cranberry Pond. The pH at all ponds was fairly 
close to neutral and was within the chronic A WQC range for pH of 6.5 to 9 (USEP A 
1986). 

Conductivity measurements obtained from the ponds were markedly different, 
ranging from 179 to 195 microsiemens at Plow Shop Pond, 240 to 297 microsiemens 
at Cold Spring Brook Pond, and 43.6 to 49.6 microsiemens at new Cranberry Pond. 
This suggest a higher concentration of dissolved salts or total suspended solids in 
Plow Shop Pond and Cold Spring Brook Pond which may be reflective of differences 
in surface water quality. Dissolved oxygen (D.O.) at Plow Shop Pond ranged from 
4.4 to 8.3 ppm and D.O. at New Cranberry Pond ranged from 5.8 to 5.9 ppm. The 
Plow Shop Pond temperature was roughly 3°C higher than the temperature at New 
Cranberry Pond (17° versus 14°C). 

General water quality parameters within each pond were evaluated to identify 
potential differences or trends associated with proximity to the landfill sources. The 
parameters measured at the three stations within Plow Shop Pond did not vary 
greatly, with the exception of D.O., which was lower at Station 1 (4.4 ppm) than at 
Stations 2 and 3 (7.3 ppm and 8.3 ppm, respectively). Station 1 is the furthest station 
from Shepley's Hill Landfill, and therefore this difference, if significant, does not 
appear to be attributable to the landfill. The water quality parameters measured 
within Cold Spring Brook Pond varied little. 

ABB Environmental Services, Inc. 
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Eutrophic New England ponds exhibit a wide variety of pH, temperature, and D.O. 
conditions across spatial and temporal gradients, and resident organisms must be able 
to tolerate these diverse conditions. The general water quality parameters do not 
appear to be influencing factors in the differences observed between the 
macroinvertebrate communities at the three ponds or at the different stations within 
a pond. 

2.0 VEGETATED SUBSTRATE ANALYSES 

Table P-la presents the metrics listed above for the macroinvertebrates in the 18 
semi-quantitative dip net sampled vegetated areas. 

Table P-1a. Metrics for dip net (vegetated area) samples 

POND Plow Shop Cold Spring Cranberry 

STATION 1 2 3 1 2 3 1 2 3 

SAMPLE# 1 3 5 13 15 17 25 27 29 

Taxa Richness 18 16 17 25 20 23 22 13 17 

Biotic Index 6.75 6.80 7.58 7.00 6.74 6.56 6.22 5.93 6.1 

EPT /Chlronomidae 2.75 0.20 0.44 1.35 0.28 0.68 0.39 0.58 2.40 

% Dominant Taxon 50.6 40.6 36.6 37.8 28.8 24.7 20.1 69.2 34.6 

EPTlndex 4 2 2 5 3 2 2 1 4 

POND Plow Shop Cold Spring Cranberry 

STATION 1 2 3 1 2 3 1 2 3 

SAMPLE# 2 4 6 14 16 18 26 28 30 

Taxa Richness 13 16 18 25 20 18 24 19 24 

Biotic Index 7.19 6.77 7.50 6.84 6.40 6.48 5.74 6.61 6.14 

EPT /Chironomidae 2.67 0.73 1.00 2.09 0.07 0.75 0.35 1.17 0.86 

% Dominant Taxon 50.4 45.6 45.1 28.4 22.2 34.8 28.7 21.2 28.8 

EPT Index 3 3 3 3 1 3 3 3 6 

ABB Environmental Services, Inc. 
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Statistical comparisons among the ponds using the five metrics from dip net samples 
were done with the Kruskal-Wallis test. When significant differences were seen 
between ponds, ANOVA with Tukey's Studentized Range (which controls type I 
experiment-wise error rates at an alpha level of 0.05 in these comparisons) were used 
to assess which ponds were significantly different. The means for the dip net indices 
in each pond are shown in Table P-2a. 

Table P-2a. Mean values for metrics from dip net {vegetated area) samples with 
p-values for Kruskal-Wallls Test 

POND Plow Shop Cold Spring Cranberry 

Taxa Richness 16.33 21.83 19.83 

p-value 

0.023 * 

Biotic Index (FBI) 7.10 6.67 6.12 0.003 ** 

EPT /Chironomidae 1.30 0.87 0.96 0.778 

% Dominant Taxon 44.83 29.49 33.79 0.025 * 

EPT Index 2.83 2.83 3.16 0.939 

* p<0.05, **p<0.01 

2.1 TAXA RICHNESS 

Table P-2a indicates the level of impact on the macroinvertebrates in the vegetated 
substrates within Plow Shop Pond Plow Shop Pond has a significantly lower tax.a 
richness (mean= 16.3, p=0.023) than New Cranberry Pond (mean= 19.8) or Cold 
Spring Brook Pond (mean=21.8). The reduced taxa richness of Plow Shop Pond may 
be indicative of pond contamination or landfill impacts. The Tukey multiple 
comparison (not shown here) indicates tax.a richness is not significantly different 
between New Cranberry Pond and Cold Spring Brook Pond, the latter actually having 
a higher index. 

2.2 FAMILY BIOTIC INDEX 

Because the FBI was created for lotic habitats, it had to be adapted for lentic 
habitats for purposes of this study. The biotic index used for lotic habitats assigns 
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pollution tolerance values to different taxa; taxa with low pollution tolerances are 
assigned a zero, and taxa with very high tolerances are assigned a ten. The biotic 
index created for lotic habitats also assigned a zero tolerance to taxa with unknown 
pollution tolerances. Lotic habitats typically have higher oxygen levels than lentic 
habitats; therefore, taxa that exist in lotic systems with low oxygen levels are pollution 
tolerant, while the same taxa in a lentic system may not be indicative of pollution. 
To account for this difference between lotic and lentic habitats, a median value of 
5.5 was assigned to taxa with unknown tolerances for these lentic data. This 
modification is a more realistic representation of a lentic taxas' tolerance status when 
the actual pollution tolerance is unknown. 

A comparison of FBis shows that New Cranberry Pond has a significantly lower FBI 
(a lower FBI indicates the presence of more pollution intolerant taxa) (mean=6.12, 
p=0.003). Tukey's multiple comparison test also shows a statistically non-significant 
difference between the higher biotic indices of Plow Shop Pond (mean=7.10) and 
Cold Spring Brook Pond (mean=6.67). The higher biotic indices may be indicative 
of contamination or landfill impacts, with the suggestion that Cold Spring Brook 
Pond may be less impacted than Plow Shop Pond. -

2.3 EPT/C 

The ratio of Ephemeroptera, Plecoptera, and Trichoptera to the number of 
Chironomidae (EPT / C) is very similar among the three ponds. However, the 
number of organisms in the EPT relative to the number in the dipteran family 
Chironomidae may not be as sensitive an indicator of water contamination for lentic 
habitats as it is in lotic water bodies. 

2.4 DOMINANT TAXA 

Polluted ponds tend to have larger numbers of taxa most tolerant to pollution 
relative to the other taxa. The significantly higher percentage of the dominant taxon 
relative to other taxa at Plow Shop Pond (mean=44.8%) may be indicative of 
pond contamination. New Cranberry Pond (mean=33.8%) and Cold Spring Brook 
Pond (mean=29.5%) are ·not significantly different in the percentage of the dominant 
taxon using the Tukey multiple comparison. The dominant taxon at all stations and 
all samples at Plow Shop Pond was the scavenger crustacean Hyallela azteca 
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(Table P-3a). Out of the six samples taken from vegetated substrates at each pond, 
New Cranberry Pond had Hya/.lela azteca as the dominant species in one sample, and 
Cold Spring Brook Pond had this species as the dominant in two samples. However, 
cladocerans and turbellarians were dominant in other samples at New Cranberry 
Pond, and cladocerans were dominant in samples at Cold Spring Brook Pond. There 
are low numbers of Ephemeropteran, Plecopteran, and Trichopteran faxa in the 
samples from vegetated substrates in these ponds, and they appear uniformly 
distributed across ponds. 

Table P-3a. Dominant taxon from each dip net (vegetated area) sample 

PERCENT OF 
POND STATION SAMPLE TAXON SAMPLE 

Plow Shop 1 1 Hyalella azteca 51 

Plow Shop 1 2 Hyalella azteca 50 

Plow Shop 2 3 Hyalella sp. 41 

Plow Shop 2 4 Hyalella azteca 46 

Plow Shop 3 5 Hyalella azteca 37 

Plow Shop 3 6 Hyalella azteca 45 

Cold Spring 1 13 Hyalella azteca 38 

Cold Spring 1 14 Hyalella azteca 28 

Cold Spring 2 15 Chydoridae * 28 

Cold Spring 2 16 Chydoridae * 22 

ABB Environmental Services, Inc. 
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Table P-3a. Dominant taxon from each dip net (vegetated area) sample 

PERCENT OF 
POND STATION SAMPLE TAXON SAMPLE 

Cold Spring 3 17 Eurycercus sp. * 25 

Cold Spring 3 18 Eurycercus sp. * 35 

Cranberry 1 25 Hyalella azteca 20 

Cranberry 1 26 Aceola 29 

Cranberry 2 27 Cladocera 69 

Cranberry 2 28 Chydoridae * 21 

Cranberry 3 29 Cladocera 35 

Cranberry 3 30 Cladocera 29 

* Cladocera 

3.0 NON-VEGETATED SUBSTRATE ANALYSIS 

Table P-lb presents metrics for the macroinvertebrates found in the 18 quantitative 
Ekman dredge samples from non-vegetated areas. 

ABB Environmental Services, Inc. 
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Table P-1b. Metrics for Ekman dredge (non-vegetated area) samples 

POND Plow Shop Cold Spring Cranberry 

STATION 1 2 3 1 2 3 1 2 3 

SAMPLE# 7 9 11 19 21 23 31 33 35 

Taxa Richness 17 11 5 10 5 12 12 20 15 

Biotic Index 7.00 7.41 6.37 6.89 7.75 7.01 7.23 7.32 7.79 

EPT /Chironomidae 0.17 0.60 0.05 27.5 0.01 0.03 0.27 1.18 0.14 

% Dominant Taxon 38.9 20.7 37.5 40.7 33.3 54.8 26.4 26.1 34.5 

EPT Index 2 1 0 2 0 1 3 5 3 

POND Plow Shop Cold Spring Cranberry 

STATION 1 2 3 1 2 3 1 2 3 

SAMPLE# 8 10 12 20 22 24 32 34 36 

Taxa Richness 20 16 5 15 8 11 19 23 17 

Biotic Index 7.21 6.92 6.10 7.36 6.60 6.78 7.48 7.06 7.16 

EPT /Chironomidae 2.78 0.30 0.05 1.21 0.05 0.03 0.61 0.29 0.82 

% Dominant Taxon 34.6 15.5 40.0 38.0 66.1 42.5 53.7 21.4 15.4 

EPT Index 4 2 0 1 2 1 3 4 4 

Statistical comparisons of the three ponds using the five metrics from the quantitative 
Ekman dredge samples on non-vegetated sites were made using Kruskal-Wallis 
nonparametric ANOV As. Multiple comparisons on metrics showing significant 
differences between ponds were made with Tukey's standardized range test using a 
type I error rate of 5%. The mean values and comparative statistics for the five 
metrics at each of the three ponds are presented in Table P-2b. 
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Table P-2b. Mean values for metrics from Eckman dredge (non- vegetated) samples 
with p-values for the Kruskal-Wallls Test 

POND Plow Shop Cold Spring Cranberry p-value 

Taxa Richness 12.33 10.67 17.67 0.043 * 

Biotic Index 6.84 7.06 7.34 0.128 

EPT /Chironomidae 0.66 4.81 0.44 0.443 

% Dominant Taxon 31.22 45.92 29.63 0.057 

EPT Index 2.25 1.40 3.67 0.012 * 

* p<0.05, ** p<0.01 

3.1 TAXA RICHNESS 

The statistical analysis of the metrics from the non-vegetated macrobenthos suggest 
that Plow Shop and Cold Spring Brook Ponds may be impacted and that New 
Cranberry Pond is a suitable reference pond. The taxa richness is highest at the 
reference site, New Cranberry Pond (mean= 17.7). New Cranberry Pond's taxa 
richness is significantly higher than that of Cold Spring Brook Pond (mean= 10.7, 
p=0.043). However, multiple comparisons reveal that New Cranberry Pond does not 
have a significantly higher taxa richness than Plow Shop Pond (mean= 12.3), and that 
Plow Shop Pond's taxa richness is not significantly different from Cold Spring Brook 
Pond. 

3.2 FAMILY BIOTIC INDEX 

The modified family biotic index is not significantly different among the three ponds. 
This result is different than the results in the dip net samples, where the reference 
pond had the lowest biotic index. This is likely a result of the reduced number of 
individuals and taxa per sample from the Eckman dredge not providing sufficient 
information to discriminate between pond indices by averaging across sample biotic 
indices. 
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3.3 EPT/C 

The ratio of Ephemeroptera, Plecoptera and Trichoptera to Chironomidae (EPT /C) 
is not significantly different in the non-vegetated areas among ponds. This is similar 
to the situation found in the vegetated areas, supporting the idea that the 
EPT /Chironomidae index may not be a sensitive water contamination indicator for 
ponds or other lentic .habitats. The high mean EPT/Chironomidae ratio at Cold 
Spring Brook Pond (mean=4.8) is caused by a single sample with 55 caenid 
(ephemeroptera) mayflies and only 2 chironomids producing a ratio of 27.5. The 
next highest sample ratio was 2.7, and the majority of ratios were less than one. This 
variation is due to the small area sampled and the spatial clumping of organisms on 
the substrate. 

3.4 EPT INDEX 

New Cranberry Pond has a significantly higher number of taxa in the EPT orders 
(mean=3.67; p=0.012) than Cold Spring Brook Pond (mean= 1.40). The mean 
number of EPT taxa at Plow Shop Pond (mean=2.25) is not significantly different 
than the other two ponds using Tukey's multiple comparison. The EPT taxa numbers 
are again suggestive of impacts at Cold Spring Brook Pond and Plow Shop Pond. 

3.5 DOMINANT TAXA 

Cold Spring Brook Pond had the highest percentage of individuals in a dominant 
taxon (mean= 45 .9% ), indicating possible landfill impacts on the macrobenthos 
population. There is not a statistically significant difference between the mean 
percentages at Plow Shop Pond (mean=31.2%) or New Cranberry Pond (mean = 
29.6%), but the p-value (p=0.057) is close to significance. This indicates that the 
difference between the high and low percentages is probably biologically significant, 
the reference pond having a better balance of number of organisms (abundance) per 
number of taxa. This also suggests that Cold Spring Brook Pond may be impacted 
relative to New Cranberry Pond. 

Table P-3b presents the dominant taxa from the non-vegetated area samples. 
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Table P-3b. Dominant taxon from each Eckman dredge (non- vegetated area) 
sample 

PERCENT OF 
POND STATION SAMPLE TAXON SAMPLE 

Plow Shop 1 7 Hyalella azteca 37 

Plow Shop 1 8 Hyalella azteca 45 

Plow Shop 2 9 Oligochaeta 11 

Plow Shop 2 10 Eurycercus sp. * 9 

Plow Shop 3 11 Lymnaea sp. 3 

Plow Shop 3 12 Chaoborus 4 
punctipennis 

Cold Spring 1 19 Caenis sp. 46 

Cold Spring 1 20 Caenis sp. 35 

Cold Spring 2 21 Oligochaeta 4 

Cold Spring 2 22 Chironomidae 74 

Cold Spring 3 23 Oligochaeta 51 

Cold Spring 3 24 Oligochaeta 37 

Cranberry 1 31 Oligochaeta 9 
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Table P-3b. Dominant taxon from each Eckman dredge (non- vegetated area) 
sample 

PERCENT OF 
POND STATION SAMPLE TAXON SAMPLE 

Cranberry 1 32 Hyallela azteca 51 

Cranberry 2 33 Chironomidae 34 

Cranberry 2 34 Chironomidae 30 

Cranberry 3 35 Tubificidae 46 

Cranberry 3 36 Chironomidae 23 

* Cladocera 

The dominant taxa are different in the non-vegetated sites than in the vegetated sites, 
although Hyalella azteca dominates in two samples from Plow Shop Pond and one 
sample from New Cranberry Pond. The cladocerans that were prevalent in the 
vegetated areas are replaced by oligochaete and tubificid worms or chironomids in 
the non-vegetated areas. There is greater variation in the percentages of the 
dominant species because of the smaller sample area and clumped distribution of 
organisms. 

It appears that the invertebrate taxa in the non-vegetated areas may not be as 
sensitive as indicators of pollution compared to those on vegetated sites, at least 
with the current level of taxonomic identification. The dominance of oligochaetes 
(worms) and chironomids (midges) may be indicative of water contamination in a 
lotic water system, but the relationship between contamination and worms and 
midges is not as clear in pond habitats. 
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4.0 RAPID BIOASSESSMENT PROTOCOL METRIC COMPARISON 

Evaluation of the ratio of each metric from the reference pond and the potentially 
impacted ponds was conducted per the guidance of the EPA Rapid Bioassessment 
Protocol (RBP) (Plafkin, et. al., 1989). Each ratio was scored for percent similarity 
between ponds; scores were then summed across metrics and the total score was 
compared with the total metric score for the reference station. The scores for the 
percent similarity were taken from the Rapid Bioassessment Protocol III (RBP-111) 
for benthic macroinvertebrates. The RBP-111 method is appropriate for taxonomic 
identification to the lowest possible taxonomic level, as was done for these analyses. 
Table P-4 presents comparisons of five metrics used for statistical analysis, together 
with the ratio scores. The values calculated for the pond metrics are not means of 
samples, but incorporate the information from all samples in a pond, combining data 
from vegetated and non-vegetated sites to provide an overall pond index to be used 
in the pond comparison ratios (Table P-5). 

Table P-4. Percent Comparability between habitat indices for Plow Shop Pond versus 
New Cranberry Pond (PSP-NCP), Cold Spring Brook Pond versus New Cranberry Pond 
(CSBP-NCP) and Rapid Bioassessment Protocol - Ill Scores 

POND COMPARISON PSP-NCP CSBP-NCP Reference 

MEASUREMENT ratio score ratio score score 

Taxa Richness 88.8 6 100.0 6 6 

Biotic Index (FBI) 93.4 6 96.9 6 6 

EPT /Chironomidae 71.9 4 70.2 4 6 

% Dominant Taxon 34.5 2 16.8 6 6 

EPTlndex 80.0 -1 80.0 -1 _§ 

TOTAL 22 26 30 

Comparing the score of Plow Shop Pond (22) with a reference score of 30 gives a 
bioassessment ratio of 73%, or slightly impaired. The RBP-111 interprets this as a 
community structure that is less than expected. The species richness is reduced by 
the loss of some pollution intolerant forms, and the numbers of tolerant forms 
·relative to other tax.a is increased. The comparison of the score for Cold Spring 
Brook Pond (26) with a reference score of 30 gives a bioassessment ratio of 87%, or 
non-impaired. The RBP-ill interprets this as the best situation to be expected within 
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an ecoregion. The Cold Spring Brook Pond community composition and structure 
is considered to be by not impacted RBP-III. 

Table P-5. Whole pond metrics used for percent comparability 

POND Plow Shop Cold Spring Cranberry 

Taxa Richness 62 70 70 

Biotic Index (FBI) 7.08 6.83 6.61 

EPT / Chironomidae 0.75 0.77 0.54 

% Dominant Taxon 34.5 16.8 16.6 

EPT Index 8 8 10 

Dominant Taxon Hyalella azteca Hyalella azteca Cladocera 

The results of the statistical analyses and RBP bioassessment method produce similar 
conclusions. Plow Shop Pond's benthic macroinvertebrate community may be 
impacted relative to New Cranberry Pond. It is not as clear that the macrobenthos 
at Cold Spring Brook Pond have been impacted. Table P-5 shows that the scavenger 
species Hyalella azteca is the dominant taxon in both Plow Shop and Cold Spring 
Brook Ponds, whereas cladocerans dominate in New Cranberry Pond. The common 
dominant taxon could indicate that similar ecological pressures, such as 
contamination, are affecting the macroinvertebrate communities of these two ponds. 
It is also possible that the reference pond, although adequate for this study, is not 
absolutely the ''best situation to be expected within an ecoregion" (the RBP 
standard). 

The RBP-III scores may have come out differently with the addition of three 
additional metrics typically used in lotic systems: the two trophic indices and the 
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community loss index. The trophic structure of ponds is so different from running 
water systems that the trophic indices were not applicable in this analysis and is dealt 
with separately. The similarity of the ponds was also very low, and therefore the 
community loss index did not seem to apply in this situation. 

5.0 TAXONOMIC SIMILARITY OF PONDS AND STATIONS WITHIN PONDS 

Table P-6 presents Jaccard Coefficients of Community Similarity (JC) between ponds 
and stations within ponds. It is clear that the three ponds are fairly dissimilar in 
community composition; this is consistent with preceding results. Specifically, Plow 
Shop Pond and New Cranberry Pond are least similar of the three ponds (JC=0.347), 
Plow Shop and Cold Spring Brook Ponds are most similar (JC=0.389), and New 
Cranberry and Cold Spring Brook Ponds are more similar to one another (JC=0.386) 
than Plow Shop Pond is to the reference pond. It appears that the macroinvertebrate 
communities of the two ponds adjacent to landfills are more similar to one another 
than they are to the reference pond, and Cold Spring Brook Pond's 
macroinvertebrate community seems less disturbed than Plow Shop Pond's. 

Table P-6. Jaccard Coefficients of Community Similarity among ponds and 
stations within ponds 

Pond Comparison Plow-Cran Cold-Cran Plow-Cold 

0.347 0.386 0.389 

Station Comparison 1-2 1-3 2-3 

Plow Shop Pond 0.278 0.340 0.381 

Cold Spring Brook 0.288 0.339 0.340 

Cranberry Pond 0.466 0.328 0.456 
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The comparison of J accard Coefficients among stations within a pond shows that the 
similarity among stations within a pond is not too different from the similarity among 
ponds. The similarity among the stations at the reference pond, New Cranberry 
Pond, appears to be greater than the similarity among stations in the other ponds. 
The differences among stations in Plow Shop and Cold Spring Brook Ponds could be 
attributable to the location of the stations relative to the location of the adjacent 
landfills. Stations 2 and 3 are adjacent to the landfill at Plow Shop Pond, while 
station 1 is on the other side of the pond. The similarity between station 2 and 3 is 
the greatest (JC=0.381) indicating more comparable macrobenthos communities than 
either station has with station 1. This may be attributable to the effect the landfill 
has on the macrobenthos communities at the two stations adjacent to them. 

The landfill at Cold Spring Brook Pond is closest to station 2, then to station 3, and 
farthest from station 1. The stations are all on the same side of the pond as the 
landfill. Station 1, the farthest from the landfill, is most dissimilar to station 2, the 
closest to the landfill (JC=0.288). Stations 2 and 3 are most similar to one another 
(JC=0.34). The similarity between station 1, farthest from the landfill, and station 
2 is almost the same (JC=0.339) as that between stations 2 and 3 (JC=0.340). 

The differences between stations in macrobenthos community structure at Cold 
Spring Brook Pond seem less than those at Plow Shop Pond. This may indicate that 
the landfill adjacent to Plow Shop Pond may have more of an impact on the pond's 
macroinvertebrate community than the other landfill bas on Cold Spring Brook 
Pond's macroinvertebrate community. 

6.0 STATISTICAL ANALYSIS OF MACROINVERTEBRATE ABUNDANCE 

6.1 DATA TRANSFORMATION 

Macroinvertebrate abundance (i.e., the number of individuals within various taxa) 
was analyzed by combining data from vegetated and non-vegetated areas in each 
pond. This provided four samples per station and 12 samples per pond for analyses 
between stations within ponds, and among ponds. The data were transformed so that 
the unit area used to count organisms for both the square meter of the vegetated 
areas and the approximately 5% of a square meter of the non-vegetated areas were 
equivalent. This was done by multiplying the number of organisms collected per 
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square meter on vegetated areas by the proportion of the square meter encompassed 
by the 81 square inches of the Ekman dredge sampler on non-vegetated areas. The 
data for these analyses were either the sum of the number of macroinvertebrates per 
sample, or the sum of the number of macroinvertebrates in each order for each 
sample. 

6.2 COMPARISON AMONG PONDS 

The sums of macroinvertebrates per sample were used to compare macroinvertebrate 
abundance among ponds and between stations within a pond. Comparisons among 
ponds used 12 samples per pond, and were compared using a non-parametric 
ANOVA (Kruskal-Wallis Test). Table P-7 shows the mean number of macroinverte­
brates in the three ponds where the p-value for the Kruskal-Wallis tests for 
differences in macroinvertebrate abundance among ponds. 

Table P-7. Mean number of macroinvertebrates per sample with p-value for 
Kruskal-Wallis Test. 

POND Plow Shop Cold Spring · Cranberry p-value 

mean 79.8 189.7 184.7 0.212 

The abundance of macroinvertebrates is not significantly different among the three 
ponds. The mean of approximately 80 macroinvertebrates per sample at Plow Shop 
Pond indicates that pond contamination may be reducing macroinvertebrate 
abundance. However, the large variation in the mean number among samples (which 
is explained by variation between stations in the within pond analysis) causes the 
differences to be statistically non-significant despite a mean difference of over 100 
organisms per sample between Plow Shop and the other two ponds. 
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6.3 COMPARISON AMONG STATIONS WITHIN A POND 

Comparisons among the three stations at each pond used the sum of macroinverte­
brates per sample, so that there were four samples (sums) from each station for 
statistical evaluation. Table P-8 presents the mean macroinvertebrate abundance at 
each station in the three ponds (where the p-value for the Kruskal-Wallis tests for 
differences in macroinvertebrate abundance among stations within a pond). 

Table P-8. Mean number of macroinvertebrate at each station in each pond 
with p-values for the Kruskal-Wallis Test 

MEAN FOR MEAN FOR MEAN FOR 
POND STATION 1 STATION 2 STATION 3 p-value 

Plow Shop 169.5 47.7 22.2 0.037 * 

Cold Spring 354.5 113.0 101.5 0.059 

Cranberry 71.7 185.2 295.0 0.584 

* p<0.05 

The analysis of the variation in macroinvertebrate abundance within ponds may be 
indicative of landfill impacts on the invertebrate populations. The mean number or 
macroinvertebrates at stations 2 (mean=47.7) and 3 (mean=22.2) (abutting Shepley's 
Hill Landfill) are significantly lower than at station 1 (mean= 169.5, p=0.037) on the 
other side of the pond. This suggests that greater reduction in the macroinvertebrate 
abundance is related to the proximity of the station in the pond to the landfill. The 
situation is similar at Cold Spring Brook Pond, with stations 2 and 3 being closer to 
the landfill and having approximately the same reduction in macroinvertebrate 
abundance. There is not a statistically significant difference in the mean number of 
macroinvertebrates per sample among stations 1 (mean=354.5) and stations 2 
(mean=ll3) and 3 (mean=lOl.5, p=0.059), although the p-value is close enough to 
0.05 to indicate a biologically meaningful reduction in taxa in the two stations closest 
to the landfill contaminants. 
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There is a great deal of variation in the abundance of macroinvertebrates in each 
sample from New Cranberry Pond, which is the reason for the large spread in means 
at the stations in the reference pond. The difference in macroinvertebrate 
abundance among the stations at New Cranberry Pond is not even close to significant 
(p=0.584), indicating a fairly even abundance of macroinvertebrates across the pond 
despite the high variation in numbers among samples. The within pond analysis of 
macroinvertebrate abundance relates well to the taxa similarity indices (i.e., Jaccard 
Coefficients) comparing stations within ponds. Stations nearest to landfills, 
regardless of the pond, showed similar reductions in macroinvertebrate abundance. 
This reduction in macroinvertebrate abundance corresponds to the Jaccard 
Coefficients, which showed that stations nearest the landfills were most similar to 
each other. Stations farthest away from the landfills had higher numbers of taxa and 
a higher abundance of macroinvertebrates. In addition, the Jaccanl Coefficients at 
these stations showed they were most dissimilar to the stations nearest the landfills. 

6.4 STATISTICAL ANALYSIS OF ABUNDANCE OF ORDERS AMONG PONDS 

The data analysis indicating differences in the abundance of the extant orders among 
ponds were summed by sample and order. The resulting data set had the sum of all 
individuals in an order for a given sample. If the order was not represented in the 
sample, then the information was considered missing. The comparisons of ponds 
analyzing each order separately allows for tests of difference in abundance among 
ponds, and provides baseline information on the mean number of organisms per 
sample in each order for the three ponds. Table P-9 provides the mean number of 
macroinvertebrates per sample for each pond, with a p-value for the Kruskal-Wallis 
testing for differences in abundance of the orders· among ponds. Note that the 
number of samples (N) for each comparison across ponds is provided in Table P-9. 
This is because some samples lacked representatives of a given order, which reduces 
the sample size, and hence the power of the comparison among ponds. Some ponds 
had no representatives of an order in the samples that were taken, so several of the 
among pond comparisons in Table P-9 include only two ponds. 

Finally, some ponds show a mean number of zero macroinvertebrates; this is a result 
of rounding a transformed value from a square meter of vegetated area. This 
indicates that a single macroinvertebrate in the given order was collected in a single 
sample from the pond. The samples with zero macroinvertebrates also produce slight 
underestimates of the mean number of macroinvertebrates per sample in an order. 
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Table P-9. Mean number of macroinvertebrates in a pond by order with 
p-values for the Kruskal-Wallis Test 

POND Plow Shop Cold Spring Cranberry 

ORDER N Mean N Mean N Mean p-value 

Acariformes - - 4 5.2 1 0.0 0.276 

Acoela 7 8.0 - - 4 7.7 0.703 

Amphipoda 10 33.2 8 44.1 12 31.7 0.871 

Basommatophora 12 7.5 5 2.0 9 16.0 0.330 
Cladocera 10 3.1 8 12.7 7 19.0 0.008** 

Coleoptera - - 3 3.0 3 2.3 0.637 

Collembola 2 0.5 1 0.0 2 1.5 0.271 

Cyclopoida - - 6 4.7 4 1.7 0.154 

Diptera 12 13.6 12 58.3 12 56.4 0.035* 

Ephemeroptera 10 9.1 11 48.4 12 13.7 0.185 

Haplotaxida 1 0.0 1 7.0 9 31.2 0.254 

Hemiptera 5 1.0 7 3.4 3 1.3 0.340 

Hydracarina 1 1.0 2 3.5 - - 0.479 

Isopoda 1 5.0 - - 3 2.3 0.157 

Lepidoptera 6 0.8 3 1.0 1 3.0 0.201 

Megaloptera - - 2 14.0 1 0.0 0.221 

Odonata 10 7.1 10 9.5 10 8.5 0.873 
Oligochaeta 5 4.8 10 31.4 5 17.4 0.472 

Ostracoda 4 1.2 3 3.0 2 1.5 0.680 
Pelecypoda 2 19.0 2 5.5 5 15.2 0.181 
Rhynchobdellid 3 2.7 1 0.0 1 3.0 0.606 

Testacea 1 0.0 - - 6 5.5 0.295 

Trichoptera 8 2.1 6 2.0 10 8.1 0.223 

* p<0.05, ** p<0.01 
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There are very few statistically significant differences among ponds in the abundance 
of macroinvertebrates grouped by order. The cladocera are significantly less 
abundant in Plow Shop Pond (mean=3.l, p=0.008) than in Cold Spring Brook 
(mean= 12.7) and New Cranberry (mean= 19) Ponds. This is consistent with the 
higher level of contamination in Plow Shop Pond. The abundance of diptera is also 
significantly lower at Plow Shop Pond (mean= 13.6, p = 0.035) than in Cold Spring 
Brook (mean=58.3) and New Cranberry (mean=56.4) Ponds. The fact that there are 
four orders with no representatives collected in Plow Shop Pond, three orders with 
no representatives collected in Cold Spring Brook Pond, and only one order with no 
representatives collected from New Cranberry Pond may be as good an indicator of 
potential landfill impacts on ponds as the ordinal abundance comparisons. 

7.0 CLUSTER ANALYSIS OF TAXONOMIC METRICS 

Multivariate analysis of the 5 metrics ( taxa richness, modified family biotic index, 
ratio of EPT /Chironomidae, percent contribution of the dominant taxon, and EPT 
Index) is another way of examining the relationships of the stations and ponds. The 
unweighted pair group method using arithmetic averages was used to evaluate the 
average linkage among stations. Estimated distances between stations are squared. 
The distance between clusters is measured by normalized root mean squares of the 
difference between two clusters. Figure P-1 shows the cluster relationships of the 9 
stations and three ponds. 
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Figure P-1. Clustering relationships of the 9 stations based on the 5 taxonomic 
metrics. 

.--------- CS1 

.------ CP1 

....._ ____ CP2 

....-------- CP3 

....._ _______ PS1 

....-----cs2 

....._ ____ PS2 

....._ _ _ _____ PS3 

.__ _ ___________ CS3 

1.2 1.1 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 

The stations at Cold Spring Brook Pond are labeled CSl, CS2, and CS3; the stations 
at New Cranberry Pond are labeled CPl, CP2, and CP3; and the stations at Plow 
Shop Pond are labeled PSl, PS2, and PS3. The cluster analysis breaks the stations 
into two main clusters. One cluster contains all of the stations in the potentially 
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impacted ponds that are closest to the landfill (CS2, PS2, PS3, CS3); the other cluster 
includes all the stations at Cranberry Pond plus the stations that are the farthest from 
the landfills in Plow Shop and Cold Spring Brook Ponds (CSl, CPl, CP2, CP3, PSl). 
It is interesting to note that in the potentially impacted stations cluster, the stations 
that are most similar (CS2, PS2) are also the sites closest to the landfill at each pond. 
The closest stations in the non-impacted sites cluster (CPl, CP2) are both in New 
Cranberry Pond, and also had the highest Jaccard Coefficient for Community 
Similarity (not one of the metrics used in the cluster analysis) between any two 
stations within a pond (see Table P-6). 

The conclusions to be drawn from the results of the cluster analysis are in 
accordance with the results of the previous analyses. The closer a station is to a 
landfill, the greater the apparent impact on the macroinvertebrate community. The 
landfill stations clustered closer together, indicating that the landfills may have had 
similar effects in reducing the number of taxa and abundance of macroinvertebrates, 
increasing the proportions of dominant taxa, increasing the number of contamination­
tolerant taxa, and selectively eliminating certain taxonomic groups. Conversely, the 
New Cranberry Pond stations and the Plow Shop and Cold Spring Brook Pond 
stations furthest from the landfills clustered most closely together, suggesting similarly 
well balanced macroinvertebrate communities. The clustering indicates that New 
Cranberry Pond may have more of an optimal macroinvertebrate community 
structure, and is an adequate choice as a reference pond. The clustering also 
indicates that Plow Shop Pond may have a more disturbed macroinvertebrate 
community than does Cold Spring Brook Pond. This is seen by the closer clustering 
of the optimal stations at New Cranberry Pond with the station furthest from the 
landfill at Cold Spring Brook Pond (CPl, CP2, CSl), and the closer clustering of the 
station closest to the landfill at Cold Spring Brook Pond with both landfill stations 
at Plow Shop Pond (CS2, PS2, PS3). 

8.0 REL AT I ON SH IP OF SE D IM ENT CHEM I ST RY AND 
MACRO INVERTEBRATES 

8.1 MACROINVERTEBRATE ABUNDANCE AND SEDIMENT CHEMISTRY 

The relationship between macroinvertebrate abundance and sediment chemistry was 
analyzed with simple linear and multiple regression models. The differences between 
ponds in sediment chemistry and macroinvertebrate abundance (measured in 
organisms per square meter) are assessed qualitatively with graphs and tables relating 
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COPC levels to numbers of organisms. Analyses were run separately for substrate 
and vegetation macroinvertebrates, as well as combining data from the two strata. 
The separation of analyses according to bottom-dwelling and vegetation-inhabiting 
invertebrates was done because it is possible that sediment chemistry may have 
different effects on organisms living on the bottom versus higher in the water column. 
Inorganic and organic compounds were analyzed separately because the impact of 
inorganic compounds should be more site-specific within these study ponds, whereas 
the organic chemicals (DDD, DDE, DDT) were fairly uniformly distributed at low 
concentrations within and among ponds. 

8.1.1 Organic Pesticides 

There is no indication of a relationship between levels of organic pesticides and 
macroinvertebrate abundance using these data. Simple linear regressions of 
macroinvertebrate abundance and levels of DDT, DDE, and DDD from 36 
macroinvertebrate samples produce the highest R-square values for DDT, with less 
than 1.9 percent in combined samples, less than 2.2 percent in vegetation samples, 
and less than 3.1 percent in substrate samples. Macroinvertebrate abundance 
declined with increasing levels of DDT as indicated by the negative slope in, Tables 
10, 11, and 12, whereas abundance increased with increasing levels of DDD and 
DDE (positive slopes in Tables P-10, P-11, P-12). The best fitting multiple regression 
model based on a combination of R-square and Mallow's C(p) statistics was seen in 
the substrate sample with DDD, DDE, and DDT in the model and an adjusted R­
square of 29%. The results of the multiple regression model on organic chemicals 
are incongruous with the mixture of positive and negative slopes. Although certain 
chlorinated hydrocarbons may have a significant impact on invertebrate abundance, 
these statistical analyses demonstrate that the concentrations in the ponds studied at 
Fort Devens appear to be at levels beneath the impact threshold and are not a 
significant factor in the macroinvertebrate abundance differences. 

8.1.2 Inorganic Chemicals 

The result of simple linear regression analyses of inorganic chemicals found at 
detectable levels in the study ponds for substrate (Table P-10), vegetation (Table P-
11 ), and combined (Table P-12) macroinvertebrate samples indicate that no single 
inorganic compound is strongly related to macroinvertebrate abundance. The slopes 
are negative for the majority of compounds, indicating that increasing levels of most 
chemicals may result in a decreased macroinvertebrate abundance. The 
macroinvertebrate abundance relationship with key inorganic chemicals, as measured 
by highest R-squares (marked with an asterisk in the tables), is slightly stronger in 
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substrate (Table 10) than vegetation macroinvertebrates (Table 11 ). The key COPCs 
are also different in substrate (Co, Fe, Ni, As, Mn) than vegetation (Na, Sb, As, Ba, 
Ni) macroinvertebrates, although there is some overlap. The differences between the 
key COPCs in the substrate and vegetation macroinvertebrates contribute to the even 
weaker relationship between the combined site macroinvertebrate abundances and 
inorganic chemical levels. The differences also affect the key COPC components 
(Co, As, Fe, Ni, Mn), although the key chemicals for the combined sites are probably 
the most likely to affect macroinvertebrate abundance in these ponds. 

Table P-10. Nonvegetated Sites - Ekman Dredge Samples Regression Models 
for Macroinvertebrate Numbers 

N = 18 
Parameter Estimates 

Adjusted 
Chemical R-square R-square Intercept Slope 

Al -.06177740 0.00068010 239.2 -0.00154 
*As 0.15470735 0.20443045 309.3 -0.7606 
Ba -.06240512 0.00008930 224.6 0.0833 
Be 0.09248778 0.14587085 281.4 -639.7 
Ca -.03819133 0.02287875 244.2 -0.00240 
Cd 0.09248778 0.14587085 281.4 -456.9 
*Co 0.21347395 0.25974019 296.6 -6.3696 
Cr -.06249024 0.00000919 227.8 0.000619 
Cu -.06238910 0.00010438 226.6 0.1161 
*Fe 0.18368410 0.23170268 325.2 -0.00665 
Hg -.05587962 0.00623095 221.5 1.6157 
K 0.09446933 0.14773584 122.5 0.3156 
Mg -.03066263 0.02996458 283.8 -0.0378 
*Mn 0.15307093 0.20289029 304.6 -0.1240 
Na 0.00001022 0.05883314 307.6 -0.1384 
*Ni 0.15634504 0.20597181 333.3 -8.4311 
Pb -.06249181 0.00000771 228.6 -0.0105 
Se -.05889602 0.00339198 234.3 -6.2122 
Sb -.04804751 0.01360235 211.8 90.4321 
V -.06228980 0.00019784 231.9 -0.2860 
Zn -.06085237 0.00155071 221.1 0.1345 
DDD -.06123616 0.00118950 222.4 37.8900 
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DDE 
DDT 

-.05157907 
-.02974763 

0.01027853 
0.03082576 

214.2 
254.6 

261.5 
-649.4 

Table P-11. Vegetated Site - Dip Net Samples Regression models for 
Macroinvertebrate Numbers 

N = 18 
Parameter Estimates 

Adjusted 
Chemical R-square R-square Intercept Slope 

Al -.06225895 0.00022687 71.6672 0.000354 
*As 0.09699366 0.15011168 101.9 -0.2590 
*Ba 0.09696232 0.15008218 130.7 -1.3578 
Be 0.04975127 0.10564826 92.2500 -216.3 
Ca -.01376929 0.04586420 83.2601 -0.00135 
Cd 0.04975127 0.10564826 92.2500 -154.5 
Co 0.02948645 0.08657548 89.9434 -1.4614 
Cr -.01085612 0.04860600 82.8566 -0.0179 
Cu 0.01930670 0.07699454 90.8331 -1.2533 
Fe 0.03861638 0.09516836 98.9389 -0.00169 
Hg -.02509085 0.03520861 80.4378 -1.5263 
K -.05552811 0.00656178 83.0703 -0.0264 
Mg 0.01568625 0.07358706 108.9 -0.0235 
Mn 0.04264475 0.09895977 95.4471 -0.0344 
*Na 0.12871031 0.17996265 129.5 -0.0962 
*Ni 0.06136798 0.11658163 105.7 -2.5207 
Pb 0.00094045 0.05970865 92.8030 -0.3683 
Se -.00183854 0.05709314 84.3166 -10.1282 
*Sb 0.10806183 0.16052878 52.0000 123.5 
V -.01863705 0.04128278 95.9887 -1.6421 
Zn -.01203194 0.04749935 89.6811 -0.2958 
DDD -.05183523 0.01003743 67.5932 43.7399 
DDE -.06029561 0.00207472 71.7378 46.6803 
DDT -.03955882 0.02159170 83.0295 -216.0 
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Table P-12. Combined Samples Regression Models for Macroinvertebrate 
Numbers 

N = 36 
Parameter Estimates 

Adjusted 
Chemical R-square R-square Intercept Slope 

Al -.02926962 0.00013809 155.5 -0.00059 
*As 0.09993455 0.12565071 205.6 -0.5098 
Ba -.02205975 0.00714196 177.7 -0.6372 
Be 0.06256181 0.08934576 186.8 -428.0 

Ca -.00974133 0.01910842 163.7 -0.00188 
Cd 0.06256181 0.08934576 186.8 -305.7 
*Co 0.10881795 0.13428029 193.3 -3.9155 
Cr -.02689286 0.00244694 155.3 -0.00863 
Cu -.02588717 0.00342389 158.7 -0.5686 
*Fe 0.09901485 0.12475728 212.0 -0.00417 
HP" -.ff)Q40"™- 0.00000653 151.0 n M,1 '7 
- -c:, V•V""T"""T/ 

K 0.01425663 0.04242073 102.8 0.1446 
Mg -.00162933 0.02698865 196.3 -0.0307 
*Mn 0.08717868 0.11325929 200.0 -0.0792 
Na 0.03010384 0.05781516 218.5 -0.1173 
*Ni 0.09295498 0.11887055 219.5 -5.4759 
Pb -.02589917 0.00341224 160.7 -0.1894 
Se -.02114865 0.00802703 159.3 -8.1702 
Sb -.00262011 0.02602618 131.9 106.9 
V -.02624692 0.00307443 163.9 -0.9641 
Zn -.02862634 0.00076298 155.4 -0.0806 
DDD -.02746790 0.00188833 145.0 40.8150 
DDE -02438516 0.00488299 143.0 154.1 
DDT -.01013823 0.01872286 168.8 -432.7 

Multiple regression models for the substrate, vegetation, and combined site data sets 
were based on the high levels of potentially landfill related inorganic COPCs (As, Ba, 
Fe, Mn, Ni), as well as those chemicals showing higher R-square values in the simple 
linear regressions for a data set. The six variable multiple regression model with the 
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best fit for the substrate samples included arsenic, mercmy, manganese, iron, cobalt, 
and barium (R-square=0.73, Mallow's C(p)=5.7). The six variable model with the 
best fit for the vegetation samples included mercury, manganese, cobalt, nickel, 
sodium, and antimony (R-square=0.93, Mallow's C(p)=5.6). The six variable model 
with the best fit for the combined data set included arsenic, chromium, manganese, 
iron; cobalt, and barium. These multiple regressions indicate that it is likely that a 
combination of inorganic COPCs may affect macroinvertebrate abundance in these 
ponds. It appears that all of the inorganic COPCs in the multiple regressions on the 
different data sets may impact macroinvertebrate abundance, although cause and 
effect relationships are not clear. 

8.2 POND COMPARISON RELATING ABUNDANCE AND COPC CONCENTRATIONS 

The results from the multiple regressions show enough incongruency among data sets 
that statistical tests among pond and sites within ponds controlling for inorganic 
chemicals are not reliable. A simpler approach to assessing the difference among 
ponds is to qualitatively evaluate, through the use of tables and graphs, the levels of 
inorganic chemicals and the abundance of macroinvertebrates. Table P-13 shows the 
relationship of mean numbers of macroinvertebrates from substrate, vegetation, and 
combined sites with levels of arsenic. The landfill column indicates the stations that 
are adjacent to a landfill. The table shows generally higher levels of arsenic in Plow 
Shop Pond, with lower levels in Cold Spring Brook Pond, and the lowest levels in 
Cranberry Pond. The sites nearest the landfill in Plow Shop and Cold Spring Brook 
Ponds show somewhat higher levels of arsenic. Loosely associated with higher levels 
of arsenic are lower mean abundances of macroinvertebrates, with Plow Shop Pond 
having the lowest macroinvertebrate abundance of the ponds, and the lowest 
numbers within the pond near the landfill sites. 

Table P-13. Mean macroinvertebrate numbers versus arsenic levels 
VEGETATION SUBSTRATE COMBINED 

LANDFILL ORGANISMS ORGANISMS ORGANISMS ARSENIC # /Sa. 
µg/g POND STATION #/Sa. METER #/Sa. METER METER 

COLD CS-1 268 362 354.50 15.00 

COLD CS-1 297 491 15.00 
L COLD CS-2 52 12 113.00 11.90 
L COLD CS-2 30 358 11.90 
L COLD CS-3 28 186 101.50 280.00 
L COLD CS-3 37 155 280.00 

CRAN CP-1 137 34 71.75 6.50 
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CRAN CP-1 21 95 6.50 

CRAN CP-2 80 130 185.25 13.80 

CRAN CP-2 83 448 13.80 

CRAN CP-3 43 709 295.00 3.85 

CRAN CP-3 31 397 3.85 

PLOW PS-1 43 253 169.50 170.00 

PLOW PS-1 35 347 170.00 

L PLOW PS-2 38 53 47.75 150.00 

L PLOW PS-2 42 58 150.00 

L PLOW PS-3 37 8 22.25 310.00 

L PLOW PS-3 34 10 310.00 

Graphs were also used to evaluate these data. Figures P-2, P-3, and P-4 plot the 
mean number of macroinvertebrates for vegetation, substrate, and combined sites 
respectively with the three inorganic chemicals having the highest simple linear 
regression,R-square for the accompanying data set. Figure P-2 plots mean numbers 
of macroinvertebrates versus levels of arsenic for the vegetation samples from each 
of the three stations in the three ponds. Stations in Plow Shop Pond and Cold Spring 
Brook Pond nearest landfills are indicated with an L on the plot. Stations nearest 
the landfill generally have lower numbers of macroinvertebrates. Some of the landfill 
sites in both ponds have high levels of arsenic, but Cold Spring Brook Pond has one 
site near a landfill with both low levels of arsenic and low macroinvertebrate 
abundance. Figure P-2 indicates the same loose association of high arsenic levels 
and low macroinvertebrate abundance as Table P-13, with Plow Shop Pond showing 
the highest arsenic levels and low macroinvertebrate abundance. Figure P-3 plots 
mean macroinvertebrate abundance from substrate samples against cobalt levels. 
Symbols marked with an L indicate stations closest to the landfill. The two sites 
adjacent to the landfill at Plow Shop Pond show the highest levels of cobalt and the 
lowest macroinvertebrate abundance. The two sites adjacent to the landfill in Cold 
Spring Brook Pond have low levels of cobalt and moderate numbers of macroinverte­
brates. The site furthest from the landfills in Plow Shop Pond has fairly high 
macroinvertebrate abundance. The levels of cobalt at Cranberry Pond are minimal, 
but the macroinvertebrate abundance spans the range from low to high. These data 
indicate a possible loose association of cobalt levels and macroinvertebrate 
abundance, but are also indicative that it is a combination of inorganic chemicals that 
may be impacting macroinvertebrate abundance. The combined site data in 
Figure P-4 showing mean macroinvertebrate abundance versus nickel levels is most 
indicative of decreasing abundance with increasing nickel levels. Both sites adjacent 
to landfills in Plow Shop Pond and one of the sites near the landfill in Cold Spring 
Brook Pond show declining macroinvertebrate numbers with increasing nickel 
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concentrations. The site near a landfill at Cold Spring Brook Pond with low.nickel 
concentrations and moderate macroinvertebrate numbers, together with the two low 
nickel concentration and low to moderate macroinvertebrate abundance sites in 
Cranberry Pond, weaken the apparent association between nickel levels and 
macroinvertebrate abundance. 

The tabular and graphical data suggest the same result as the simple linear and 
multiple regressions. No single inorganic chemical is reducing macroinvertebrate 
abundance, but a group of inorganic COPCs may be impacting the macroinvertebrate 
populations. An interesting observation from reviewing Figures P-2, P-3, and P-4 is 
that by looking at substrate and vegetation macroinvertebrates separately, it appears 
that different chemicals are having the primary impact on the macroinvertebrates. 
When the data are combined across substrate and vegetation, a different chemical 
than seen at the separate locations appears to impact most strongly on macroinverte­
brate abundance. These results are all supportive of the hypothesis that a group of 
inorganic chemicals may be reducing macroinvertebrate abundance. 

8.3 METRICS AND SEDIMENT CHEMISTRY 

The analyses of the relationship between sediment chemistry and the five metrics 
were performed using the same methods (simple linear and multiple regression) on 
metrics from substrate, vegetation, and combined samples. The results from these 
analyses showed great variation among the metrics in the strength of the relationship, 
as measured by R-square. The metric for the ratio of Ephemeroptera, Plecoptera, 
and Trichoptera to Chironomidae numbers was not interpretable because of the low 
R-squares combined with slopes for the highest R-squares being both positive and 
negative. The remaining four metrics showed moderate to fairly strong relationships 
with inorganic chemicals. The analyses of data sets for substrate, vegetation, and 
combined samples showed variation in the strength and key chemicals in the different 
data sets. The metrics for the combined samples (metrics calculated by station) 
consistently exhibited higher R-squares with individual inorganic chemicals. The 
metrics for the combined samples also had key chemicals that were more consistent 
with the analyses of macroinvertebrate abundance. The metrics for taxa richness, 
numbers of Ephemeroptera, Plecoptera, and Trichoptera (EPT Index), Biotic Index, 
and percent dominant taxon using the combined sample (by station) analysis are used 
in the ensuing discussion because they provided the most informative indicators of 
the relationship of metrics with inorganic chemicals levels. 
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8.3.1 Taxa Richness 

Table P-14 shows the simple linear regression model relationship of taxa richness and 
COPC levels. The R-square for nickel of 58% indicates a possible relationship 
between increasing nickel levels and declining taxa richness (negative slope = 
-0.466). The key inorganic COPCs (Ni, Co, Fe, Mn, As) impacting on taxa richness 
are consistent with those seen in the macroinvertebrate abundance analysis. The 
COPC chosen for multiple regression model fitting were the same as used in the 
macroinvertebrate abundance models, with the addition of a few chemicals 
demonstrating high R-squares with the metrics. There was high multicollinearity in 
the multiple regression models for the metrics which makes selection of any one 
model difficult. The best six variable model for taxa richness (R-square = 0.997) 
includes nickel, arsenic, barium, calcium, cobalt, and zinc. These analyses seem to 
indicate the key chemicals which may be affecting taxa richness are nickel, arsenic, 
cobalt, iron, calcium, manganese, barium, and zinc. 

Table P-14. Regression Models for Taxa Richness with Metrics by Station 
N = 9 

Parameter Estimates 
Adjusted 

Chemical R-square R-square Intercept Slope 
Al -.10614579 0.03212243 34.8281 0.000347 
*As 0.27941449 0.36948768 40.9092 -0.0335 
Ba -.14284419 0.00001134 37.2929 0.000972 
Be 0.19908815 0.29920213 39.8333 -30.0000 
Ca -.09524465 0.04166093 38.0431 -0.00011 
Cd 0.19908815 0.29920213 39.8333 -21.4286 
*Co 0.39024924 0.46646808 40.3404 -0.2795 
Cr -.13702651 0.00510180 37.5638 -0.00048 
Cu -.14113008 0.00151118 37.5251 -0.0145 
*Fe 0.30290111 0.39003847 41.4566 -0.00028 
Hg -.14211311 0.00065103 37.2637 0.0171 
K 0.0162515 0.13919701 33.9752 0.0100 
Mg 0.09024619 0.20396541 42.0908 -0.00323 
*Mn 0.30150810 0.38881959 40.8002 -0.00562 
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Na -.06122946 0.07142422 40.2008 -0.00499 
*Ni 0.52867359 0.58758939 43.1499 -0.4663 
Pb -.14000689 0.00249397 37.0204 0.00620 
Se -.12896114 0.01215900 37.7172 -0.3852 
Sb -.14133739 0.00132979 37.5000 -0.9259 
V -.13455077 0.00726808 36.5807 0.0568 
Zn -.14285629 0.00000074 37.3283 0.000096 
DDD -.07874946 0.05609422 36.0420 8.5206 
DDE 0.02519828 0.14704849 35.6098 32.3840 
DDT -.13973194 0.00273455 37.5916 -6.3338 

8.3.2 EPT Index 

Table P-15 shows the simple linear regression model relationships of the EPT index 
and inorganic COPC levels. Arsenic and mercury appear to have the strongest 
relationship with the EPT index (R-square = 0.27), both with negative slopes 
indicating a decrease in the EPT Index with increasing chemical levels. The key 
inorganic chemicals (Hg, As, Mn, Ca, Co) again overlap with key chemicals seen in 
the macroinvertebrate abundance analyses, but differ slightly from the key chemicals 
for taxa richness. There are two equally good six variable multiple regressions for 
the EPT index (R-square = 0.998) including mercury, manganese, arsenic, chromium, 
iron, and either beryllium or cadmium. These analyses indicate that mercury, 
arsenic, manganese, chromium, iron, cobalt, beryllium, and cadmium may impact on 
the abundance of Ephemeroptera, Plecoptera, and Trichoptera. 

Table P-15. Regression Models for EPT Index with Metrics by Station 
N = 9 

Parameter Estimates 
Adjusted 

Chemical R-square R-square Intercept Slope 
Al -.11530070 0.02411189 4.6617 0.000093 
*As 0.16849568 0.27243372 6.2834 -0.00890 
Ba -.14255655 0.00026302 5.2731 0.00145 
Be -.12698413 0.01388889 5.5000 -2.0000 
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*Ca 0.10495185 0.21683287 5.8344 -0.00007 
Cd -.12698413 0.01388889 5.5000 -1.4286 
*Co 0.08282109 0.19746845 5.9387 -0.0563 
Cr 0.00665567 0.13082371 4.9721 0.000748 

Cu 0.00594592 0.13020268 4.7826 0.0416 
Fe 0.04119846 0.16104865 6.1532 -0.00006 
*Hg 0.07509300 0.19070638 4.9645 0.0906 
K 0.05349607 0.1780906 4.1789 0.00345 
Mg 0.16850455 0.27244149 7.0347 -0.00115 
*Mn 0.11832714 0.22853625 6.1558 -0.00133 

Na -.09252205 0.04404321 6.0301 -0.00121 
Ni 0.05185455 0.17037273 6.3025 -0.0777 
Pb -.01672005 0.11036996 4.6892 0.0128 
Se -.08522339 0.05042954 5.5752 -0.2427 
Sb 0.00000000 0.12500000 5.8333 -2.7778 
V -.09315181 0.04349216 4.7637 0.0430 
Zn 0.02930733 0.15064391 4.6314 0.0134 
DDD -.14284762 0.00000833 5.3285 0.0321 
DDE -.13339838 0.00827642 5.2068 2.3773 
DDT -.03408708 0.09517381 5.8048 -11.5622 

8.3.3 Biotic Index 

Table P-16 shows the simple linear regression model relationship of the biotic index 
and inorganic COPC levels. It is important to note that the biotic indices employed 
in this evaluation were generally developed for organic contaminants, and there is 
therefore considerable uncertainty associated with this metric analysis at the lA sites. 
The chemicals iron, manganese, and cobalt all show a fairly strong relationship with 
the biotic index (R-square > 0.66). The positive slopes indicate the biotic index 
increases with increasing chemical levels, which is associated with the fact that larger 
biotic indices indicate organisms with greater pollution tolerance. The key inorganic 
chemicals (Fe, Mn, Co, Cd, Be) are consistent with the macroinvertebrate abundance 
analyses. Two six variable multiple regression models relate with the biotic index 
equally as well (R-square = 0.993). The inorganic chemicals in the model are 
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mercury, manganese, arsenic, iron, zinc, and cadmium or beryllium. The multiple 
regression model for the biotic index differs by one metal (zinc for chromium) from 
the model for the EPT index. It appears that mercury, manganese, arsenic, iron, 
zinc, cobalt, cadmium, and beryllium may affect the biotic index. 

Table P-16. Regression Models for the Biotic Index with Metrics by Station 
N = 9 

Parameter Estimates 
Adjusted 

Chemical R-square R-square Intercept Slope 
Al -.02330696 0.10460641 7.0306 -0.00003 
As 0.32821352 0.41218683 6.6602 0.00158 
Ba -.14214499 0.00062313 6.8154 0.000322 
*Be 0.45266930 0.52108564 6.6815 1.7672 
Ca -.13943940 0.00299053 6.8373 -1.27E-6 
*Cd 0.45266930 0.52108564 6.6815 1.2623 
*Co 0.61157422 0.66012745 6.6691 0.0148 
Cr -.04403221 0.08647181 6.7864 0.000088 
Cu -.05633481 ·0.07570704 6.7682 0.00457 
*Fe 0.66018064 0.70265806 6.5817 0.000017 
Hg -.06424571 0.06878501 6.7968 0.00785 
K 0.03691809 0.15730333 6.9881 -0.00048 
Mg -.07705048 0.05758083 6.9416 -0.00008 
*Mn 0.61989962 0.66741217 6.6260 0.000329 
Na -.10478204 0.03331572 6.7414 0.000152 
Ni 0.30797007 0.39447382 6.6160 0.0171 
Pb -.05125561 0.08015134 6.7496 0.00157 
Se -.14218815 0.00058537 6.8325 -0.00377 
Sb -.11431294 0.02497618 6.8610 -0.1791 
V -.11352811 0.02566290 6.8919 -0.00476 
Zn -.06888087 0.06472924 6.7624 0.00127 
DDD -.10178518 0.03593797 6.7826 0.3044 
DDE -.13422388 0.00755411 6.8462 -0.3276 
DDT -.02969043 0.09902088 6.7594 1.7013 
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8.3.4 Percent Dominant Taxon 

Table P-17 shows the simple linear regression model relationship of the percent 
dominant taxon and chemical levels. Manganese and mercury have the strongest 
apparent relationship to the percent dominant taxon (R-square = 0.43). The percent 
dominant taxon generally increases with chemical levels, indicating that larger 
numbers of taxa tolerant to the chemicals may successfully be able to inhabit those 
sites. The key inorganic chemicals are (Mn, Hg, Cr, Fe, As) which appear 
consistently related in the metric analyses. Two models with six variables show 
equally good fits to the percent dominant taxon metric (R-square = 0.999). The 
models include the chemicals arsenic, calcium, cobalt, copper, zinc, and either 
cadmium or beryllium. These analyses indicate that manganese, mercury, chromium, 
arsenic, calcium, cobalt, copper, iron, zinc, cadmium, and beryllium may impact on 
the percentage of the dominant taxon. 

Table P-17. Regression Models for the Percent Dominant Taxon with Metrics 
by Station 

N = 9 
Parameter Estimates 

Adjusted 
Chemical R-square R-square Intercept Slope 

Al 0.10181738 0.21409021 0.3597 -0.00001 
As 0.20638133 0.30558367 0.2310 0.000403 
Ba 0.02590108 0.14766345 0.2129 0.00147 
Be 0.19240955 0.29335836 0.2413 0.3935 
Ca -.13442998 0.00737377 0.2701 5.918E-7 
Cd 0.19240955 0.29335836 0.2413 0.2811 
Co 0.08976193 0.20354169 0.2478 0.00245 
*Cr 0.26900512 0.36037948 0.2484 0.000053 
Cu 0.21706856 0.31493499 0.2374 0.00277 
*Fe 0.26361857 0.35566625 0.2219 3.572E-6 
*Hg 0.34432988 0.42628864 0.2505 0.00580 
K -.14266564 0.00016757 0.2725 4.611E-6 
Mg -.13985418 0.00262759 0.2812 -4.85E-6 
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*Mn 0.35460763 0.43528168 0.2255 0.000079 
Na -.10823440 0.03029490 0.2493 0.000043 
Ni 0.05546597 0.17353273 0.2322 0.00336 
Pb 0.05891612 0.17655161 0.2392 0.000691 
Se -.02459051 0.10348330 0.2592 0.0149 
Sb -.13713944 0.00500299 0.2698 0.0238 
V -.11404231 0.02521298 0.2926 -0.00140 
*Zn 0.22326473 0.32035664 0.2302 0.000839 
DDD -.12921276 0.01193883 0.2820 -0.0521 
DDE -.07183080 0.06214805 0.2889 -0.2789 
DDT -.11427777 0.02500695 0.2637 0.2537 

8.4 SUMMARY OF SEDIMENT CHEMISTRY AND MACROINVERTEBRATES ANALYSIS 

The analyses of the relationship of sediment chemistry and the abundance and 
diversity (metrics) of macroinvertebrates indicate that no single chemical seems to 
be determinant of the macroinvertebrate communities at different ponds or at 
sites within ponds. There is essentially no relationship between levels of organic 
pesticides (DDD, DDE, and DDT) and differences in macroinvertebrate 
abundance and diversity in the study ponds. It appears that a group of 
approximately 15 inorganic chemicals may fmpact on the macroinvertebrate 
community (arsenic, barium, beryllium, calcium, cadmium, cobalt, chromium, 
copper, iron, mercury, manganese, sodium, nickel, antimony, zinc). The five key 
inorganic chemicals that may collectively affect macroinvertebrate abundance are 
arsenic, cobalt, iron, manganese, and nickel. The five key inorganic chemicals 
appearing to affect macroinvertebrate diversity metrics are arsenic, cobalt, iron, 
manganese and mercury. These five COPCs tend to surface as potential stressors 
on the macroinvertebrate abundance and diversity in the multiple regression 
analyses conducted in this study. Although not a major factor in the simple linear 
regressions, mercury was a key COPC in virtually all multiple regression diversity 
models, indicating that mercury may be affecting the community diversity in the 
subject ponds. All key COPCs have been demonstrated in other studies to affect 
mortality, reproduction, and growth of aquatic organisms. For instance, evidence 
exists suggesting that larval chironomids are sensitive to nickel in sediments 
(Baudo et al., 1990). Exposure to nickel has also been shown to result in 
immobilization, mortality, reproductive impairment, and growth inhibition in 
select invertebrates (USEPA, 1980). According to USEPA (1985), effects 
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associated with invertebrate exposure to mercury are diverse, and include reduced 
population density, reduced growth rate, and reproductive impairment. Ferric and 
ferrous iron precipitates may cause. a variety of endpoint effects, including: gill 
coating (reduction in respiratory capabilities), decreased birth rate (smothering of 
eggs), decreased food availability (smothering bottom-dwelling food items), and 
immobilization of microorganisms and algae and physical transport via water 
currents (Baudo et al., 1990). Observed endpoint-effects associated with exposure 
to inorganic arsenic include growth inhibition, reproductive effects, and mortality 
(USEPA, 1984). 

Plow Shop Pond has the highest levels of key inorganic chemicals and also may 
have the greatest reduction in macroinvertebrate abundance and diversity. The 
macroinvertebrate collection sites closest to landfills show a weak qualitative 
association between higher inorganic COPC levels and lower macroinvertebrate 
abundance. These analyses do not show a clear cause and effect relationship 
between inorganic COPC levels and impacts on macroinvertebrate abundance and 
diversity. However, this analysis does help to focus on those inorganic analytes 
that could be analyzed in future studies to further assess the relationship between 
sediment chemistry and macroinvertebrate communities in the study ponds at Fort 
Devens Group lA sites. 

9.0 SUMMARY AND CONCLUSION 

Three ponds at Fort Devens, Massachusetts were sampled for benthic 
macroinvertebrates to assess macroinvertebrate community differences and 
similarities within and among ponds, and to assess whether two nearby landfills 
may have impacted the community structures within the ponds. New Cranberry 
Pond was used as the reference site, and Plow Shop Pond and Cold Spring Brook 
Pond were examined as the potentially impacted sites. Three stations were 
sampled at each of the three ponds, and macroinvertebrates were collected from 
both vegetated and non-vegetated substrates, using mesh dip nets and Eckman 
dredges, respectively. Collected macroinvertebrates were preserved in ethanol 
and identified to species or the lowest taxonomic level possible. 

The following metrics were calculated for the vegetated and non-vegetated 
substrate samples: taxa richness, modified family biotic index (FBI), ratio of 
Ephemeroptera, Plecoptera, and Trichoptera to Chironomidae (EPT /C), percent 
contribution of the dominant family, and the EPT index (Tables P-la, P-2a, P-3a 
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and P-lb, P-2b, P-3b). In addition, a Jaccard Coefficient of similarity (Table P-6), 
statistical analysis of macroinvertebrate abundance(Tables P-7,P-8, and P-9), and a 
cluster analysis were done on the data (Figure P-1). Finally, a percent 
comparability ratio was calculated as suggested in the EPA Rapid Bioassessment 
Protocol III (Tables P-4 and P,.5). 

The results of the five metrics indicated that Plow Shop Pond had a significantly 
lower taxa richness than the other two ponds. New Cranberry Pond, the reference 
site, had the highest taxa richness of the three ponds (Tables P-2a and P-2b ). 

New Cranberry Pond also had a significantly lower FBI than the other two ponds 
in the vegetated substrate. This indicates that New Cranberry Pond has more 
pollution intolerant species than the other two ponds. Plow Shop Pond had a 
significantly higher percentage of pollution-tolerant dominant taxa in the 
vegetated substrate, and Cold Spring Brook showed a similar result for the non­
vegetated substrates, indicating that both ponds may be impacted relative to New 
Cranberry Pond. 

The RBP-III percent comparability analysis indicated that Plow Shop Pond may 
have a suboptimal macroinvertebrate community structure (Table P-4 ). Cold 
Spring Brook Pond was non-impaired according to this analysis; however, other 
tests indicated that Cold Spring Brook Pond, while not as impacted as Plow Shop 
Pond, may still be slight impacted relative to New Cranberry Pond. 

The Jaccard Coefficients show that the stations sampled closest to the landfills 
had reductions in macroinvertebrate communities, and were most similar to each 
other (Table P-6). Stations farthest from the landfills had greater 
macroinvertebrate biodiversity, and were also quite similar. Statistics done on the 
abundance of macroinvertebrates showed a similar result: Plow Shop Pond may 
be the most impacted, and the stations nearest to the landfills in both Plow Shop 
Pond and Cold Spring Brook Pond had reduced macroinvertebrate abundance 
(Table P-8). Analysis of macroinvertebrate abundance of different orders among 
ponds showed significant reductions in the diptera and Cladocera at Plow Shop 
Pond (Table P-9). There were also more orders of macroinvertebrates not 
represented in collections at Plow Shop Pond than from Cold Spring Brook and 
New Cranberry Ponds. 
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The results of the cluster analysis were in accordance with the preceding analyses. 
The cluster analysis suggests that the closer a station within a pond is to a landfill, 
the greater the impact to the macroinvertebrate community (Figure P-1 ). Similar 
effects were observed in Plow Shop Pond and Cold Spring Brook Pond, with 
reductions in both the number of taxa and the abundance of individuals within the 
taxa at stations nearest the landfills. 

The analyses of the relationship of sediment chemistry and the abundance and 
diversity (metrics) of macroinvertebrates indicate that no single chemical seems to 
be determinant of the macroinvertebrate communities at different ponds or at 
sites within the ponds. There is essentially no relationship between levels of 
organic pesticides (DDD, DDE, and DDT) and differences in macroinvertebrate 
abundance and diversity in the study ponds. It appears that a group of 
approximately 15 inorganic chemicals may impact on the macroinvertebrate 
community (arsenic, barium, beryllium, calcium, cadmium, cobalt, chromium, 
copper, iron, mercury, manganese, sodium, nickel, antimony, and zinc). The five 
key inorganic chemicals that may collectively affect macroinvertebrate abundance 
are arsenic, cobalt, iron, manganese, and nickel. The five key inorganic chemicals 
appearing to affect macroinvertebrate diversity metrics are arsenic, cobalt, iron, 
manganese and mercury. These 5 COPCs tend to surface as potential stressors on 
the macroinvertebrate abundance and diversity in the multiple regression analyses 
conducted in this study. 
Plow Shop Pond's macroinvertebrate community may be more impacted than that 
of Cold Spring Brook Pond, which may also be somewhat disturbed. The data 
suggest that the macroinvertebrate sampling stations closest to either landfill may 
be more impacted relative to stations furthest from the landfills. 

Plow Shop Pond's macroinvertebrate community may be slightly impacted relative 
to that of New Cranberry Pond, the reference pond. 

9.1 MACROINVERTEBRATE PROGRAM UNCERTAINIY 

The data suggest that the macroinvertebrates inhabiting the water column may be 
more impacted than those dwelling in the sediments. This conclusion does .not 
make intuitive sense, given the high levels of sediment contamination and the 
relatively low levels of surface water contamination. Based on the known 
contaminant distribution the infauna (exposed primarily to the sediments) in non­
vegetated areas would be expected to exhibit greater effects than the epifauna in 
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vegetated areas (exposed primarily to the surface water). While considerable 
uncertainty is associated with the Fort Devens macroinvertebrate study, several 
possible explanations for this phenomenon exist. Organisms inhabiting the water 
column may spend a significant portion of their life history in contact the 
sediments, particularly during seasons when the plant community in the subject 
ponds is not fully developed. Alternatively, it is conceivable that this finding is an 
artifact of the sampling regime. The Ekman dredges used to sample the bottom 
substrate covers a surface area of approximately 0.05 square meters, whereas the 
macroinvertebrates from the vegetation were collected from a 1 square meter 
plot. Although all samples were normalized per unit area, it is conceivable that 
this sampling program could result in the counter intuitive findings. Lastly, it is 
important to note that a statistical analysis of the data identifies quantitative 
relationships and correlations; it does not imply causal relationships. Unless all 
physicochemical and biological parameters other than contaminants are identified, 
it is difficult to demonstrate that sediment or surface water contaminants are 
affecting the macroinvertebrate communities. 

The macroinvertebrate program at the Fort Devens Group lA sites was designed 
to provide baseline information regarding the biota associated with aquatic 
habitats at Plow Shop Pond, and to provide baseline information for possible use 
in the evaluation of effects and effectiveness of any future remedial actions. 
Considerable uncertainty is associated with the interpretation of the results of the 
Group lA macroinvertebrate study. Limited numbers of samples, uncertainties 
with the reference pond, differences in habitat types between ponds, and natural 
environmental stochasticity confound interpretation of the portion of the 
supplemental risk assessment. Additional information regarding uncertainties is 
contained in Section 7.3 of the RI Addendum Report. It is important to 
recognize that, although the statistical analysis identifies quantitative correlations 
and relationships, it does not identify causal relationships. It is entirely possible 
that numerous factors, including factors and parameters not identified in this 
analysis, may be affecting the macroinvertebrate abundance and diversity at the 
evaluated ponds. Unless all physicochemical parameters, other than 
contaminants, are identified, it is difficult to demonstrate that sediment 
contaminants are affecting macroinvertebrate communities. 
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ECOLOGICAL RISK ASSESSMENT PARAMETERS 
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RECEPTOR EXPOSURE 
SPECIES PARAMETER 

Muskrat Home Range(acres) 

(Ondatra zibethicus) 
Exposure Duration Factor 

(% of time at site due to seasonal use) 

Percent Prey Items 

Ingestion Rate 

(kg/day) 

Body Weighi (kg) 

14-Dec-93 

Table Q-1 
Ecological Exposure Parameters 

Remedial Investigation Addendum Report 
Feasibility Study for Group IA Sites 

Fort Devens, MA 

REPORTED 
VALUES 

26 acres 

Assume 100% 

>80% Plants 

Fish and Invertebrates 

Allometric relationship between body weight (W) and 

food ingestion rate ( F) for all species. 

F= 0.056•W"0.6611 

1.25 kg 

V A:LUE SELECTED FOR 
REFERENCE l!COLOGlCAL ltlSK. 

DeGraaf and Rudis, 1983 26 acres 

Conservative estimate 100% 

(Assumes year-round 

fora2in2 activitv) 

Allen and Hoffman. 1984 Plants: 87% 

(in E & E, 1993) Fish: 5% 

Invertebrates: 5% 

Sediment: 3% 

USEPA. 1988 0.065 kg/day 

Godin. 1977 1.25 kg 

Q-1.wkl 



RECEPTOR EXPOSURE 
SPECIES PARAMETER 

Raccoon Home Range ( acres) 

(Procyon lotor) 

Exposure Duration Factor 
(% of time at site due to seasonal use) 

Percent Prey Items 

Ingestion Rate 

(kg/day) 

Body Weight (kg) 

14-n.-r.-Ql 

Table Q-1 
Ecological Exposure Parameters 

Remedial Investigation Addendum Report 
Feasibility Study for Group IA Sites 

Fort Devens, MA 

REPORTED 
VALUES 

1,150 acres 

Assume 100% 

Plants31% 
Fish, Reptiles, Amphibians, 
Invertebrates, Mammals, Birds 

Allometric relationship between body weight(W) and 
food ingestion rate (F) for all species. 
F= 0.056*W~0.6611 

7.95kg 

VALUE SELECfBD FOR 
ltEFEltENCE ECOLOGICAL lUSK 

DeGraaf and Rudis, 1983 1,150 acres 

Conservative estimate 100% 

Martin el al., 1951 Plants: 31% 

Invertebrates: 25% 
Fish: 9% 

Reptiles and Amphibians: 20% 

Mammals: 9% 

Birds: 1% 
Sediment: 5% 

USEPA. 1988 0.221 kg/day 

Godin. 1977 7.95 kg 

n-1 ..,1,1 



RECEPTOR EXPOSURE 
SPECIES PARAMETER 

Mallard Home Range(acres) 

(Anas platyrhynchos) 
Exposure Duration Factor 

(% of time at site due to seasonal use) 

Percent Prey Items 

Ingestion Rate 
(kg/day) 

Body Weight (kg) 

14-Dec-93 

Table 0-1 
Ecological Exposure Parameters 

Remedial Investigation Addendum Report 
Feasibility Study for Group IA Sites 

Fort Devens, MA 

REPORTED 
VALUES 

1,285 acres, at beginning of breeding season 

( assume site acreasze) 

Assume50% 

Rooted and Floating Plants 

Invertebrates 

Allometric relationship between body weight (W) and 

food ingestion rate (F) for chickens. 

F= 0.075 • W "'0.8449 

1.247 kg, Male 

1.107 kg. Female 
1.193 Juvenile Male 

1.048 Juvenile Female 

VALUE SELECTED FOR 
REFERENCE ECOLOGICAL RISK 

DeGraaf and Rudis, 1983 30 acres: PSP 

3.5 acres: CSBP 

E& E.1993 50% 

Martin et al., 1951 Plants: 87% 

Invertebrates: 11 % 

Sediment: 2% 
USEPA. 1988 0.086 kg/day 

Bellrose, 1978 1.177 kg 

(in E & E, 1993) 

Q-1.wkl 



RECEPTOR EXPOSURE 
SPECIES PARAMETER 

Great Blue Heron Home Range (acres) 

(Ardea herodias) 
Exposure Duration Factor 

(% of time at site due to seasonal use) 

Percent Prey Items 

Ingestion Rate 

(kg/day) 

Body Weight (kg) 

14-Dec-93 

Table Q-1 
Ecological Exposure Parameters 

Remedial Investigation Addendum Report 
Feasibility Study for Group IA Sites 

Fort Devens, MA 

REPORTED 

VALUES 

Assume 100 acres 

Assume50% 

75%Fisb 

4% Reptiles and Amphibians 

16% Invertebrates 

5%Mammals 

Allometric relationship between body weight (W) and 

food ingestion rate (F) for chickens. 

F= 0.075 * W "0.8449 

2.95kg 

' 
VALUE SELECTED FOR 

REFERE.NCB ECOLOGICAL RiSK 

Conservative estimate 100 acres 

E& E, 1993 50% 

Martin et al~ 1951 Fish: 70% 

Invertebrates 16% 

Reptiles and Amphibians 4% 

Mammals5% 

Sediment: 5% 

USEPA, 1988 0.187 kg/day 

Palmer, 1962 2.95kg 

0-1 mlr1 



RECEPTOR EXPOSURE 
SPECIES PARAMETER 

Mink Home Range (acres) 

(Muste/a vison) 

Exposure Duration Factor 

(% of time at site due to seasonal use) 

Percent Prey Items 

Ingestion Rate 

(kg/day) 

Body Weight 

(kg) 

14-Dec-93 

Table Q-1 
Ecological F.xposure Parameters 

Remedial Investigation Addendum Report 
Feasibility Study for Group 1A Sites 

Fort Devens, MA 

REPORTED 
VALUES 

19.3 to 50.4 acres 
Average range is 2 -3 miles 

Assume 100 % 

Small mammals, particularly muskrats, voles, rabbits, 
fish, crayfish, and insects 

Allometric relationship between body weight (W) and 

food ingestion rate (F) for all species. 

F= 0.065 • W A 0.7919 

0.565 - 1.25 kg(male) 

0.5- .95kg(female) 

VALUE SELECIBD FOR 
REFERENCE ECOLOGICAL RiSK 

DeGraaf and Rudis, 1983 35 acres 

Conservative estimate 100% 

DeGraaf and Rudis, 1983 Invertebrates: 20% 
Fish:52% 

Small mammals: 25% 

Sediments: 3% 

USEPA.1988 0.055 kg/day 

Baker, R.H., 1983 0.8kg 

Q-1.wkl 



RECEPTOR EXPOSURE 
SPECIES PARAMETER 

Green Frog Home Range(acres) 

(Rana clamitans) 
Exposure Duration Factor 

(% of time at site due to seasonal use) 

Percent Prey Items 

Ingestion Rate 

(kg/day) 

Body Weight (kg) 

14-n,.r-Ql 

Table 0-1 
Ecological Exposure Parameters 

Remedial Investigation Addend11B1 Report 
Feasibility Study for Group IA Sites 

Fort Devens, MA 

REPORTED 
VALUES 

Assume 05 acres 

Assume75% 

Plants. Fish. Amphibians 

Allometric relationship between body weight (W) and 

food ingestion rate (F) for all species. 

F= 0.065• W "0.7919 

0.037kg 

, 

VALUE SELECfBD FOR 
REFERENCE ECOLOGICAL RISK 

Conservative estimate 0.5 acres 

Conservative estimate 75% 

Hamilton, 1948 PlanL~: 10% 

(in E & E, 1993) lnver1ebrates: 70% 

Fish 10% 
Amphibians: 7% 

Sediment: 3% 

USEPA, 1988 0.005 kg/day 

Altman and Dittmer, 1962 0.037kg 

(in E & E, 1993) 

r\ 1-.1r1 



RECEPTOR EXPOSURE 
SPECIES PARAMETER 

Painted Turtle Home Range ( acres) 

(Chrysemys picta) 

Exposure Duration Factor 

(% of time at site due to seasonal use) 

Percent Prey Items 

Ingestion Rate 

(kg/day) 

Body Weight 

(kg) 

14-Dec-93 

Table Q-1 
Ecological &posure Parameters 

Remedial Investigation Addendum Report 
Feasibility Study for Group IA Sites 

Fort Devens, MA 

REPORTED 
VALUES 

12 acres 

Assume75% 

39% Plants (24% rooted/ 15% floating) 

Fish and Invertebrates 

Allometric relationship between body weight (W) and 

food ingestion rate ( F) for all species. 

F= 0.065 * W "0.7919 

0.834kg 

(weight of pond slider) 

VALUE SELECTED FOR 
REFERENC:B ECOLOGICAL RISK 

DeGraaf and Rudis, 1983 12 acres 

Conservative estimate 75% 

Ernst and Barbour, 1972 Fish: 13% 

Plants: 39% 
Invertebrates: 43% 

Sediment: 5% 

USEPA, 1988 0.056 kg/day 

Altman and Dittmer, 1962 0.834 kg 

(in E & E, 1993) 

Q-1.wkl 



RECEPTOR EXPOSURE 
SPECIES PARAMETER 

Osprey Home Range (acres) 

(Pandion haliaetus) -

Exposure Duration Factor 

(% of time at site due to seasonal use) 

Percent Diet 

Ingestion Rate 

(kg/day) 

Body Weight (kg) 

[a] Average of reported values 

14-O.-.c-93 

Table Q-1 
Ecological Exposure Parameters 

Remedial Investigation Addendum Report 
Feasibility Study for Group IA Sites 

Fort Devens, MA 

REPORTED 
VALUES 

Assume 100 acres 

Assume 5% ofyear(18 days) 

Fish (staple), occasionally 

snakes and birds 

Allometric relationship between body weight (W) 

and food ingestion rate (F) for chickens: 

F= 0.075 * W "0.8449 

1.06 to 1.59 kg 

VALUE SELECTED FOR 
REFERENCE. ECOLOGICAL RISK. 

Conservative estimate 100 acres 

Conservative estimate 5% 

Terres, 1987 Fish: 100% 

USEPA 1988 0.094 kg/day 

Terres, 1987 1.3 kg [a] 

"-1 , .. i1r1 
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Table Q-2 

Bioaccumulation Factors 

In order to model food chain exposures to COPCs in sediment and fish tissue, 
tissue residues in prey items (invertebrates, fish, amphibians, reptiles, small birds, 
and small mammals) were estimated using bioaccumulation factors (BAFs). BAFs 
for COPCs in Plow Shop Pond sediments are presented in Table Q-2a, while 
those for the COPCs in Cold Spring Brook Pond sediments are presented in 
Table Q-2b. The approach and rationale used to derive the BAFs shown in these 
two tables is discussed below. Recent studies have indicated that the magnitude 
of fish tissue contaminant burden may not be directly related to the magnitude of 
sediment contamination (Weiner, 1993). It is likely that other factors, including 
fish lipid content, trophic level of the organisms evaluated, and trophic status of 
the aquatic resource evaluated, may explain ecological partitioning of 
contaminants in aquatic systems (Rowan and Rasmussen, 1992). Nonetheless, for 
the purpose of modeling ecological exposure to contaminants at Plow Shop Pond 
and Cold Spring Brook Pond, BAFs that model direct uptake from sediments 
were assumed to play a major role in trophic transfer processes. 

Fish BAFs. Empirical data were available for many of the COPCs from the site­
specific fish tissue study. For these COPCs, analyte-specific BAF fish were 
established by dividing the average whole-body fish tissue concentration by the 
average sediment concentration in each pond. Rather than calculate a second 
BAF for the RME. evaluation, the established BAF fish was multiplied by the 
maximum sediment concentration to establish the RME fish tissue concentration. 
Thus the established BAF fish was used to establish a realistic RME fish tissue 
concentration. 

Several analytes were undetected in fish tissue, but were found in sediments; 
conversely, several other analytes were detected in fish tissue, but were 
undetected in sediments. In these cases, a value one-half the fish tissue or 
sediment SQL was used to estimate the BAF. Fish tissues were not analyzed for 
SVOCs (e.g., PAHs), and therefore site-specific BAFs could not be calculated for 
these chemicals. The BAFs derived from the literature for terrestrial 
invertebrates were used to estimate fish tissue concentrations for SVOCs. 

ABB Environmental Services, Inc. 
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BAFs for Other Vertebrate Prey Items. Because of the scarcity of sediment:tissue 
BAF values for other vertebrate taxa in the published literature, a broad 
assumption was made concerning accumulation in these species. It was assumed 
that other vertebrate taxa evaluated in the food web model accumulate sediment 
contaminants to the same degree as do fish. Consequently, ·the BAFs derived 
from the fish tissue data were used to model uptake by other classes of vertebrate 
prey items. 

This is a conservative estimate because it is unlikely that these other vertebrate 
prey items ( amphibians, small birds, and small mammals) will accumulate 
chemicals in sediment to the same extent as fish, which may be exposed by 
ingestion of other aquatic organisms (e.g., aquatic invertebrates and small fish) as 
well as by dermal contact and ingestion of sediment. Amphibians, small birds, 
and small mammals are less frequently and less extensively exposed to sediments 
than are most fish in relatively shallow water bodies, and they are not in 
continuous contact with suspended sediments in surface water as are fish. 

BAFs for Invertebrates and Plants. Limited literature values were available for 
plants and invertebrates; these values were used to estimate BAFs. If literature 
values were not available, conservative assumptions and extrapolative techniques 
were used to estimate BAFs. If an appropriate BAF could not be extrapolated, 
the BAF derived for fish was conservatively used. 

Plant and invertebrate BAFs used for arsenic and cadmium were those used in 
the RI risk assessment (E&E 1993). Plant BAFs for several other metals were 
based on plant uptake factors for 5 leafy vegetables in MADEP (1992). The plant 
BAFs for DDT and its metabolites were based on BAFs for DDT obtained from 
the USEPA (1985) Environmental Profiles and Hazard Indices for Constituents of 
Municipal Sludge: DDT /DDE/DDD. The plant BAFs for other organic 
chemicals were calculated from the following equation from USEPA (1990) which 
relates bioaccumulation to an analyte's K

0
w (octanol-water partitioning 

coefficient): log BAF = 1.588 - 0.578 log Kow· This equation implicates high 
BAFs for highly water-soluble compounds, which is not supported by field studies 
which generally suggest that organic compounds with Kow's below 5 do not 
bioaccumulate in the food chain (Maughn 1993). Therefore~ the BAFs for organic 
chemicals with a logK

0
w value less than 5 were conservatively assumed to be 0.1. 

ABB Environmental Services, Inc. 

W0069310.M80 7005-11 

Q-2 



APPENDIX Q 

An invertebrate BAF for P AHs was derived by averaging BAFs for several P AHs 
presented in Beyer (1990). This BAF was also used for bis(2-ethylhexyl) 
phthalate in the absence of more appropriate values for this chemical. 

ABB Environmental Services, Inc. 

W0069310.M80 7005-11 
Q-3 



Analyte Average Average 

. Fish Tissue Sediment 

Concentration coacentraiioii 
(mir/b: wet weio,ht) (mit/h dry weiitht) 

Landfill Contaminants 

arsenic 0.185 997 

barium 1.377 173 

nickel ND (1/2SQL = 0.4) 38 

manganese 26.3 1940 

Other Parameten 
Organics 

4,4'-DDE 0.068 0.032 

4,4'-DDD 0.0189 ND (t/2SQL = 0.05) 

4,4'-DDT 0.0055 ND (l/2SQL = 0.008) 

aroclor-1260 0.062 ND (t/2SQL = 0.27) 

benzo( a )anthracene NA 0.223 

chrysene NA 0.323 

nuoranthene NA 0.502 

naphthalene NA 0.317 

phenanthrene NA 0.382 

pyrene NA 0.965 

methylethylkelone NA 0.038 

lnorganics 

aluminum 1.88 13104 

beryllium ND (t/2SQL = 0.02) t.12 

cadmium 0.036 28.8 

chromium 0.501 3246 

cobalt 0.077 ND (1/2SQL = 0.71) 

copper 0.613 62.7 

lead 0.067 241 

mercury 0.678 28.6 

selenium 0.4 ND (1/2SQL = 2.88) 

13-Jul-93 

Table Q-2a 

Bioaccumulatiou Facton for Various Ecological Receptors 

Plow Shop Pond 

Remedial l ■•estigation Addendum Report 

Feasibility Stady for Group IA Sites 

Fort Devens, MA 

BAF l a, b,cl 

plant iuvert.ebrate fish am Phibia a/rentile 

0.21 [d) 0.105 [d] 0.00019 0.00019 

0.0080 0.0080 0.0080 0.0080 

3.2(g) 0.011 0.011 0.011 

0.014 0.014 0.014 0.014 

0.082 (e] 2.1 2.1 2.1 

0.082 [e) 0.38 0.38 0.38 

0.082 [e) 0.69 0.69 0.69 

0.0029 [f] 0.23 0.23 0.23 

0.01 0.01 0.01 0.01 

0.01 0.01 0.ot 0.01 

0.01 0.01 0.ot 0.01 

0.01 0.01 0.01 0.01 

0.01 0.01 0.01 0.01 

0.01 0.01 0.01 0.01 

0.01 0.01 0.01 0.01 

0.00014 0.00014 0.00014 0.00014 

0.018 0.018 0.018 0.018 

0.064 [d) 0.114 (d) 0.00125 0.00125 

0.00015 0.00015 0.00015 0.00015 

0.11 0.11 0.tt 0.11 

0.01 0.01 · 0.01 0.01 

0.098 0.00028 0.00028 0.00028 

0.024 0.024 0.024 0.024 

0.14 0.14 0.14 0.14 

1 

bird mam.aul 

0.00019 0.00019 

0.0080 0.0080 

0 .011 0 .011 

0.014 0.014 

2.1 2.1 

0.38 0.38 

0.69 0.69 

0.23 0.23 

0.01 0.ot 
0.01 0.ot 
0.01 0.ot 
0.01 0.01 

0.01 0.01 

O.ot 0.01 

0.01 0.01 

0.00014 0.00014 

0.018 0.ot8 

0.00125 0.00125 

0.00015 0.00015 

0.11 0.11 

0.01 0.01 

0.00028 0.00028 

0.024 0.024 

0.14 0.14 

Q-2a 



Analyte Average 

Fish Tissue 

Concentration 

Average 
Sediment 

Concentration 

Table Q-2a 

Bioaccumalation Facton for Various Ecological Recepton 

Plow Shop Pond 

Remedial Investigation Addendum Report 

Feasibility Stady for Group IA S_ites 

Fort Devens, MA 

BAF la,b,cJ 

(m11./t11. wet wei11.htl (m11./t11. drT weit.ht) nlant invertebrate fish :i.m phibian/reptile 

thallium 0.053 ND (l/2SQL = 8.3) 

vanadium ND (l/2SQL = 0.4) 62.6 

zinc 19.22 40.2 

Notes: 

(a) Fish BAF = fish tissue concentration/sediment concentration. 

[b) Fish BAFs were used for other receptors when literature BAFs were unavailable. 

When analyte undetected in fish, but detected in sediment. BAF = 0.5SQL fish/ sediment. 

When analyte undetected in sediment. but detected in fish, BAF = fish/0.5 SQL sediment. 

[c) BAFs for SVOQ; were to be 0.01 when empirical data were unavailable. 

[d) BAFs from E & E (1993). 

[e) Arithmetic mean of values reported for various plant species in USEPA (1985). 

[f) logBAF = l.588 - 0.578logKOW (USEPA, 1990). 

[g) Plant and small mammal value from USEPA (l 985). 

ND = Not Detected. 

NA = Not Analyzed. 

SQL = Sample Quantitation Limit. 

13-Jul-93 

0.0064 0.0064 0.0064 0.0064 

0.0065 0.0065 0.0065 0.0065 

0.48 0.48 0.48 0.48 

2 

bird mammal 

0.0064 0.0064 

0.0065 0.0065 

0.48 0.48 

a-2a 



-
Analyte Average 

Fish t'ass ■e 

Concentration 

(.nitt/h wet weiahtl 
Organic■ 

4,4'-DDE 0.082 

4,4 ' -DDD 0.124 

aroclor-1254 0.028 

acenaphlhylene NA 

anthracene NA 

bis(2-ethylhexyl)phthalate NA 

benzo(a )anthracene NA 

benzo( a )pyrene NA 

benzo(b Jfluoranthene NA 

benzo(g,h,i)perylene NA 

benzo(kJfluoranlhene NA 

chrysene NA 

fluoranlhene NA 

indeno(l .2,3,c-d )pyrene NA 

phenanthrene NA 

pyrene NA 

methylelhylketone NA 

lnorganics 

aluminum ND (l/2SQL = 0.65) 

arsenic 0.104 

barium 0.358 

beryllium ND (l/2SQL = 0.02) 

chromium 0.248 

coball 0.093 

copper 0.507 

lead ND (l/2SQL = 0.05) 

manganese 8.9 

13-Jul-93 

Average 

Sediment 

Concentration 

cma/1:a dry weiihn 

0.08 

0.42 

ND (1/:ZSQL = 0.27) [rJ 
0.54 

0.57 

0.4 

0.64 

0.94 

0.79 

0.22 

1.47 

1.19 

1.96 

0.32 

0.85 

2.74 

0.007 

8578 

49.8 

33.2 

0.11 

14.6 

ND (l/2SQL = 0.71) 

10.8 

89.7 

723.0 

Table Q-2b 

Bioaccamalatio■ Padon 

Cold Spring Brook Pond 

Remedial lavestigatioa Addend•m Report 

Feasibility Stady for Group IA Sites 

Fort Devens. MA 

-

illailt 

0.082 [di 

0.082 [di 

0.018 [e] 

0.01 

0.01 

0.01 

O.ot 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.ot 

0.01 

0.01 

0.01 

0.000076 

0.21 [gJ 

0.011 

0.18 

0.017 

0.13 

0.05 

0.00056 

0 .01 

1 

BAP fa,b,cl 

invertebrate f"uh amphibian/reptile bird mammal 

1.03 1.03 1.03 1.03 1.03 

0.29 0.29 0.29 0.29 0.29 

0.10 0.10 0.10 0.10 0.10 

0.01 0.01 0.01 0.01 O.ot 

0.01 0.01 0.01 0.01 0.01 

0.01 0.01 0.01 0.01 0.01 

0.01 0.01 0.01 0.01 0.01 

0.01 0.01 0.01 0.01 0.01 

0.01 O.ot 0.01 0.01 0.01 

0.01 0.01 0.01 0.01 0.01 

0.01 0.01 0.01 0.01 0.01 

0.01 0.01 0.01 0.01 0.01 

0.01 0.01 0.01 0.01 0.01 

0.01 0.01 0.01 0.01 O.ot 

0.01 0.01 0.01 0.01 0.01 

0.01 0.01 0.01 0.01 0.01 

0.01 0.01 0.01 0.01 0.01 

0.000076 0.000076 0.000076 O.OOd076 0.000076 

0.105 [gJ 0.0021 0.0021 0.0021 0.0021 

0.011 0.01 l 0.011 0.011 0.011 

0.18 0.18 0.18 0.18 0.18 

0.017 0.017 0.017 0.017 O.ot7 

0.13 0.13 0.13 0.13 0.13 

0.05 0.05 0.05 0.05 0.05 

0 .00056 0.00056 0.00056 0.00056 0.00056 

0.01 O.ot 0.01 0.01 0.01 

Q-2b.wk1 



~ - -
Analyte Average Average 

Fish Tissue Sediment 

Concentration Concentration 

(niyh wet •ei,;ht) Cm,;/t,; dry welahtl 

mercury 0.213 0.17 

nickel ND (l/2SQL = 0.4) 6.5 

selenium 0.23 ND (l/2SQL = 2.88) 

vanadium ND (l/2SQL = 0.4) · 18.7 

zinc 26.6 114.6 

Notes: 

[a) Fi<ih BAF = fish tissue concentration/sediment concentration. 

(b] Fish BAFs were used for other receptors when lileralure BAFs were unavailable. 

Table O-2b 

Bioaccamulalion Faclon 

Cold Spring Drool: Pond 

Remedial lnvesligalion Addendum Report 

Feasibility Stady for Group tA Siles 

Forl Devens, MA 

.. 

plint 

1.3 

0.062 

0.08 

0.021 

0.23 

When analyle undetected in fish, but detected in sediment, BAF = 0.5SQL fish/sediment. 

When analyle undetected in sediment, but detected in fish, BAF = fish/0.5SQL sediment. 

[c] BAFs for organics were estimated to be 0.01 when empirical data were unavailable. 

( d) Arithmetic mean of ,·alues reported for various plan! species in USEPA (1985). 

[e] logBAF = 1.588 - 0.5781ogKOW (USEPA, 1990). 

(I] SQL for aroclor-1260 used as surrogate. 

(g) BAFs from E &: E (1993). 

ND = Nol Detected. 

NA = Nol Analyzed. 

SQL = Sample Quantitation Limit. 

13-Jul-93 2 

-
BAP fa,b cl 

invertebrite iis.h ani i,hibian/reptile bii:d mammal 

1.3 1.3 1.3 1.3 1.3 

0.062 0.062 0.062 0.062 0.062 

0.08 0.08 0.08 0.08 0.08 

0.021 0.021 0.021 0.021 0.021 

0.23 0.23 0.23 0.23 0.23 

Q-2b.wk1 



Table Q-3 

Summary of Iagestio■ Toxicity Data for Terrestrial Wildlife (Reference Toxicity Values) 

Remedial lavestigatio■ Adde■dmn Repolt 
Feasibility Study for Group lA Sites 

Folt Deve■s, MA 

# ~Q:!TE• i ,,, , CHR0NIJ::•,N : :< ◊~$ < ::~-

AW1.£-0l(AL 
·oRAL \i:t~g/ 

, .. ,,.sffil~ ...... /}!:°§.!-_L. ~Ef ae-icifi 
.. :-:--~ .... 

TBST·SPECTES .01.:!,RATION EFEECT µ,so CRl.'[EUA CHEMICAL ' TESTTYP~ 

(Jng/lcgl3 W) 
(m~,,~,._ ___ ;:.1;' 

SEMIVOI..Am.B ORGANICS 

Aothracene Rodents Oral ( chronic) NS Carcinogenicity 33000 [b) 3300 Eisler, 1987 

Mouse Oral ( subchronic) 90 days No effects 1000 IRIS. 1990 

Be nz.o( a )anthracene Rodents Oral ( chronic) NS Carcinogenicity 20 [b] 2 Eisler, 1987 

Bento(a)pytene Rat Oral ( subchronic) Pregnancy Sterility in offspring 40 USEPA, 1984 

Rodents Oral ( chronic) NS Carcinogenicity 0.02 [b) 0.002 Eisler, 1987 

Rat Oral ( chronic) NS Papillomas in stomach 2.5 USEPA, 1985 

Rat Oral (subchronic) Pregru,ncy Decreased gonad weight 10 USEPA, 1984 

Rat Oral (subchronic) 3.5 months Reproductive effects 50 USEPA, 1984 

Rodents Single oral dose Mortality 50 10 [a] 1 [b] Eisler, 1987 

Benz.o(b)Duorantbene Rodents Oral ( chronic) NS Carcinogenicity 400 [b] 40 Eisler, 1987 

Benz.o(k)Ouoraathene Rodents Oral ( chronic) NS Ca rciaogenicity 720 [b] 72 Eisler, 1987 

Bis(2 -eth)ibeX)i )phthalat e Rat Single oral dose Mortality 8600 11201•1 172 (b) NIOSH, 1985 

Guinea pig Oral ( chronic) 1 year Increased liver weight 19 IRIS. 1992 

Rat Single oral dose Mortality 26000 5200 [•] s20 [bl ATSDR, 1988 

Dibenzofuran (f) Rat Oral ( chronic) 103week Nephropathy 30 ATSDR, 1990 

Auoranthene Rodents Single oral dose Mortality 2000 400 [a) 40 (b] Eisler, 1987 

Mouse Oral ( subchronic) 90 days Liver weight/physiological changes 250 125 IRIS. 1990 

Naphthalene Mouse Single oral dose Mortality 533 llO(a) ATSDR, 1990 

Rat Oral (subchronic) 13 weeks Decreased body weight gain 35.7 USEPA, 1990 

Rat Oral (chronic) lOOweeks Ocular lesions 41 USEPA. 1990 

Rat Oral (chronic) 700 days NOAEL for death 205 (d] 41 ATSDR, 1990 

Phenaothrcoc Rodenls Single oral dose Mortality 700 140 [a) 14 [b] Eisler, 1987 

Rat Oral (subchronic) 6 months Increased liver weight 120 ATSDR, 1990 

Pyrcoc Mouse Single oral dose Mortality 800 160 [a] NIOSH, 1985 

Mouse Oral (subcbronic) 13 weeks Renal effects 125 75 IRIS. 1990 

Ral Single oral dose Mortality 2700 540 [a] NIOSH. 1985 

PESTICIOES/l'C& 
DDT Mouse Single oral dose Mortality 200 USEPA. 1985 

(surrogale for DOD.DOE) Mouse Oral (chronic) 24 month Hepatocellular swelling aod necrosis (mal es) 0.75 0.15 IRIS. 1991 

Rat Single oral dose Morlality 100 20 [a] 2 [b] USEPA. 1985 

Ral Oral (subchronic) 27 weeks Kidoey necrosis 10 ATSDR 1988 

Rat Oral (chronic) 2 ye~r Jjvcr lesions 5 [b) 0.5 IRIS. 1991 

Rat Oral (chronic) 3 geoerntioos Reproducti\'e effects 0.2 IRIS. 1991 

Chickon Ornl ( subchronjc) 10 " "«ks Deett':tsed rC"producth·c. su~ss: IO'ficS\m pr oms 91A(cJ USEl'A. 198S 

14-0ec-93 0-3 wk t 



Table Q-3 
Summary of Iagestioa Toxicity Data for Tenestrial Wildlife (Reference Toxicity Val■es) 

Remedial lnvestigatioa Addendmn Report 

Feasibility Stady for Gro■p 1A Sites 

Fort Deveas, MA 

. . - ,. ---~----- Awr<iJ'.IE'PR'At, <-, < ,~ O_l:ilC' :-,:,,;-- z::::B"t 
OlUA'I,. 

CABM1CAL TEST SPECmS TEST me DUlVdibN BPFECT 

Rock dove Single oral dose Mortality 4000 USFWS, 1984 

Black duck Oral (chronic) 2 years Reduced eggshell thickness 0.14 [c] Longoorc and Stcndell, 1977 

Mallatd Single oral dose Mortality 2240 USFWS, 1984 

Mallatd Oral (chronic) 43-417 day Mortality 7.2 [c] USFWS, 1984 
Mallatd Oral ( subcbronic) 96 days Reduced eggshell t hickncss 2.8 [ c] Longoorc and Stcndcll, 1977 

California quail Single oral dose Mortality 595 119 [a) 12 [b) USFWS, 1984 

Japanese quail Single oral dose Mortality 841 USFWS, 1984 

Pheasant Single oral dose Mortality 1334 USFWS, 1984 

Sandhill crane Single oral dose Mortality 1200 240 [a] 24 [b) USFWS, 1984 

Kestrel Oral (chronic) 7 wk - 1 year Reduced eggshell thickness 0.56 [c] USEPA, 1985 

Kestrel Oral ( chronic) 1 year Reduced eggshell t hickncss 0.16 [c] Wi<meycr, et al.. 1986 

Barn Owl Oral (chronic) 2 years Reduced eggshell thickness 1.4 [b) 0.14 [c] Longoore and Stcndell, 1977 

Bull(rog Single oral dose Mortality 2000 400 [a] USEP A, 1985 

Frog (Rana tcmporaria) Oral (subchronic) 20 days Mortality 76 [b] 7.6 Harri ct al.. 1979 

Dog Single oral dose Mortality 60 12 [a] 1.2 [b) USEPA, 1985 

Dog Oral (chronic) 3 generations Premature puberty 50 [b] 5.0 ATSDR, 1988 

Arodor 1254/1260 Rat Single oral dose Mortality .500 100 [a] Eisler, 1986 

Rat Oral (chronic) 2 generations Reduced litter size 7.6 USEPA 1985 

Rat Oral (subchronic) 9wecks Fetal mortality/maternal toxicity 6.4 ATSDR. 1987 

Rat Oral (chronic) NS Increase in Fl male li,·erweights 0.08 USEPA. 1976 

Chicken Oral (chronic) NS Embryonic mortality 0.9 [c] USEPA, 1976 

Rock dove Oral (chronic) NS Parental incubation behavior 9.0 [b] 0.9 [c] Peakall and Peakal~ 1973 

Japanese quail Oral (chronic) NS Reproduction unimpaired 50 [b) 5.0 [c] Eisler, 1986 

American kestrel Oral (subchronic) 69 days Reduced sperm concentration 90 [b) 9 Eisler, 1986 

Mink Single oral dose Mortality 4000 800 [a] Eisler, 1986 

CNORGAN JCS 

Aluminum Mouse Oral (chronic) 2-3 genrtns Reduced body weight gain of newborns 425 NIOSH. 1985 

Rat Oral (subchronic) 15 days Reduced gro"1b 1000 [b) •100 Bernuzzi. et al. 1989 

Ar~nic Rat Oral (chronic) NS Weight loss 75 [b] 7.5 USEPA. 1984 

Rat Oral (subcbronic) 90 days No hematological. hepatic and renal effects 28.5 [d) 5.7 ATSDR, 1989 

Mallard Single oral dose Mortality 323 6-1.6 [a] 6.5 [b) Eisler, 1988 

California quail Single oral dose Mortality 47.6 9.5 [a] 1.0 (b] Eisler, 1988 

Pheasant Single oral dose Mortality 386 77.2 [a] 7.7 (b] Eisler. 1988 

Doe Oral (clironic) NS Mon.alilv 2500 rb) 250 Id! 50 USEPA. 198-1 

1-l-Dec-93 Q-3 ,wkl 



CRBMICAL 

Barium 

Beryllium 

Cadmium 

Chromium 

(Cr+3) 

(Cr+6) 

(Cr+6) 

(Potassium dichromate) 

Cobalt 

Copper 

14-Dec-93 

TEST SPECtBS 

Mouse 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

Mouse 

Mouse 

Mouse (young) 

Rat 

Rat 

Rat 

Guinea pig 

Japanese quail 

Dog 

Mouse 

Mouse 

Rat 

Rabbit 

Chicken 

Black duck 

Japanese quail 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

Guinea pig 

Dog 

Rat 

Rat 

Rat 

Swine: 

--..:-

TE.STTYPE 

Oral (chronic) 

Oral ( chronic) 

Oral ( chronic) 

Oral ( subchronic) 

Single oral dose 

Oral ( chronic) 

Oral ( chronic) 

Oral (chronic) 

Oral ( sub chronic) 

Oral (subchronic) 

Single oral dose 

Single oral dose 

Oral (subchronic) 

Single oral dose 

Oral (subchronic) 

Oral (subchronic) 

Oral (subchronic) 

Oral (subchronic) 

Oral (subchronic) 

Oral (subchronic) 

Oral (subchronic) 

Oral (subchronic) 

Oral (acute) 

Single oral dose 

Single oral dose 

Oral (subchronic) 

Oral (acute) 

Oral (subcbronic) 

Oral (subcbronic) 

Oral (subchronic) 

Oral (subchronic) 

Single oral dose 

Oral (subcbronic) 

Oral (subcbronic) 

Ornl (subcbronic) 

Table Q-J 

SD1mary of Iagcstio■ Toxicity Data for Tern:strial Wildlife (Reh,rc■cc Tos:icity Val■cs) 

DURATION 

lifetime 

16months 

lifetime 

13 weeks 

3.2 years 

NS 

18months 

28days 

28 days 

12weeks 

6weeks 

3 months 

13 weeks 

19 days 

28 days 

6weeks 

32 days 

5 months 

5 days 

8 weeks 

I week 

98 da~'S 

69 da~'S 
5week 

4 weeks 

22 weeks 

35 weeks 

9months 

Remedial lavcstigatio■ Addend am Report 

Feasibility Stady for Groap IA Sites 

Fort D,,veu, MA 

ActrrE•; 
AW IE 0.R?Ai..! 

-P.l~ON!C' ---:s:• ·t-

' 
·Z~' 

~ ,: 
~ ~; 

.J~-rQJ: 
.;,, 

NOEL 

NOEL 

NOEL 

NOEL 

Mortality 

No respiratory, hepatic, rena~ or cardiovascular effects 

Increase in lung sarcomas 

Histopathologjcal effects 

Aheration in blood chemistry 

Blood chemistry ahered 

Mortality 
Testicular damage 

Hepatic and Renal necrosis 

Mortality 

Bone marrow hypoplasia 

NOAEL 

Testicular degeneration 

Fetal resorptions. gross anomalies 

Renal and neurological de6cits 

Li,·er and blood chemistry effects 

Growth, survival 

Growth patterns ahered 

Mortality 

Mortality 

Hepatidrenal hyperemia 

Decreased body weight gain 

Stunted grov.tb during gestation 

Testicular degeneration 

Testicular atroph~· 

Mortality 

Increased red blood cell count 

TDlo for reproducti\'e effects 

Fetotoxicit~~ CNS abnormalities 

Pre-implantation monality 

Monalit,· 

Q-3.wkl 

ORA:1:: 
U)jO 

10 

250 

150 

126 [c] 
91 

"' RISK > ORITElUA .. 
?ii ;:;.:,. 

10 [b] 

2.0[a] 

18 [b) 

so[•) 

30 [a] 
76 [b] 

57 [b] 

::-'( ·* 

' . . ;,;.;-;-.-... -~- ;,; .;;.-¢6o/f">JS ~ 
L0AEL ~OAEL -rf.-_EN~· 

:l.;i_ _;-:-

4.13 (d] 0.825 IRIS, 1990 

~.5 [d] 5.1 IRIS. 1990 

1 [d] 0.25 lRIS, 1990 

ts7.5 [d] 31.5 IRIS, 1990 

4.25 [d] 

0.22 

1.7S 

0.32 

14 

3 [b] 
7.6 

3.75 (d] 

5.7 

57 

98 

0.85 

1.8 

100 

0.75 

USEPA, 1985 

ATSDR, 1989 

USEPA, 1985 

ATSDR, 1988 

Eisler, 1985 

Eisler, 1985 

Eisler, 1985 

Eisler, 1985 

ATSDR, 1992 

Eisler, 1985 

Eisler, 1985 

ATSDR, 1991 

ATSDR. 1989 

ATSDR. 1989 

17 (b) 1.7 Eisler, 1986 

8 Eisler, 1986 

3.5 Eisler, 1986 

•;:: 

25 [•) 

18 [aJ 
157.3 

2.5 [b) 
1.8 [b] 

Hill and Camardese. 1986 

20 

50 [b] 
152 

4.2 

o.o [b] 
13.25 

20 

5 

15.2 [b) 

152 

12 [bJ 1.21 

IA 

ATSDR. 1991 

ATSDR. 1991 

ATSDR. 1991 

ATSDR. 1991 

ATSDR. 1991 

ATSDR. 1991 

ATSDR. 1991 

ATSDR. 1991 

NIOSH. 1985 

NIOSH. 1985 

NIOSH. 1985 

P SEP& 1980 



Table Q-3 
SU1mary o( hgcstioa Tollicity Data for Terrestrial Wildli(c (RderellCC Tollicity Valwcs) 

Rcmcclial lavcstigatioa Adde■dam Report 

Feasibility St■dy for Gro■p IA Sites 
Fort Deve■s, MA 

:,• :• AOJTE• . .OTRONIC'. '" . Aw I E ORA,(. 7!; -¼ ... -: 
ORAL, RlSK 

OIB.~IC'AI. TEST SP.ECIBS TESTTYl'E 0URATION EJlFECT LO~~ 
·, 

GRI~ 
,-;-:-, 

Mallanl Oral (subchronic) 29 days No crfcct on survivorship 2.09 0.2 [b] Donayo ct al., 1982 

Mallanl Oral (subchronic) NS LOAEL 29 NRC, 1m 

Iron Rat Oral ( subchronic) 12 weeks Slight liver injury 2400 Britton ct al, 1990 

Lead Mouse Oral ( subchronic) NS Reduced sucess o( implanted ova l.S Eisler, 1988 

Rat Single oral dose Mortality 12 2 [•] Eisler, 1988 

Rat Single oral dose LDLO 17 3 [a] 0.3 [b) Eisler, 1988 

Rat Oral (subchronic) Days 12-14 (preg)Incrcascd (etal resorption rate; decreased (eta) BW 2.5 0.3 [b) Md:Jain and Becker, 1972 

Rat Oral (subchronic) Days 5-15 (preg) Increased resorptions/dam 1 0.1 [b) Kennedy et al., 1975 

Rat Oral ( subchronic) 3 weeks Increased IOOOD1otor activity l.S [c] 0.2[b) Eisler, 1988 

Rat Oral (chronic) 2 years Decreased Al.AD synthesis 2.16 [c] ATSDR, 1988 

Rat Oral (subchronic) 3 weeks Increased locomotor activity 25 Eisler, 1988 

Rabbit Single oral dose LDLO 24 S [a] 0.5 [b) ATSDR, 1988 

Rabbit Oral (chronic) NS Mortality 5.1 [b) 0.51 [c] USEPA, 1988 

Chicken Oral ( subcbronic) 4wecks Growth rate suppressed 169 [c] Eisler, i988 

Ringed turtle-dove Oral (acute) NS Some mortality; kidney damage 75 15 [a] Eisler, 1988 

Malian! Single oral dose Mortality 107 21 [a] 2.1 [b) Eisler, 1988 

Malian! Oral (subchronic) NS Some mortality and AI.AD decrease 151 30 [a] 3.0 [b) Eisler, 1988 

Malian! Oral (subchronic) 12 weeks Decrease in Al.AD activity 1.75 [c] Eisler, 1988 

Japanese quail Single oral dose Mortality 24.6 4.9 [a] Eisler, 1988 

Starling Oral (acute) 11 days Reduced food consumption 2.8 Eisler, 1988 

Kestrel (nestlings) Oral (acute) 10 days Abnormal developmeol 125 12.5 [b] Eisler. 1988 

Kestrel (nestlings) Oral (acute) 10 days Al.AD depression 25 2.5 (b) Eisler. 1988 

Kestrel (nest lings) Oral (acute) 10 da~-s Mortality and developmental effects 625 62.5 [b) Eisler, 1988 

Kestrel Oral (subchronic) 5 months NOEL 4.45 [d) 0.89 [c]Eisler, 1988 

Kestrel Oral (subchronic) 5 months Blood Al.AD reduced 80% 44 [b] 4.4 [c] Eisler, 1988 

Cattle ( calves) Oral (subcbronic) 105 da~-s Mortality 60 [b] 6 Eisler. 1988 

Horse Oral (chronic) NS Mortality 2A Eisler. 1988 

Dog Oral (acute) NS LDLO 300 30 [b) ATSDR, 1988 

Dog Oral (subchronic) 180 da~-s Anorexia and con\"ulsioos 30 [b) 3 Eisler, 1988 

Manganese Mouse Oral (subchronic) 6 months Mortality 2300 ATSDR. 1990 

Mouse Oral (subchronic) 90 da)-s Delayed growth of testes 140 ATSDR. 1990 

Mouse Oral (chronic) 103 ,.·eeks Mortality 4050 [d] 810 ATSDR. 1990 

Rat Si ogle ora I dose Mortality 410 ATSDR 1990 

Ral Oral (subchronic) 20day Mortality 225 ~5 [•] 4.5 [b] ATSDR, 1990 

Rat 9ml _(sul>chronic} _11!.~•ks~J'l"t ic eflcds 60!di 12 ATSDR 1990 
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Table Q-l 
Slllll.lllarJ o( hgc:stio■ To:riaty Data for Terrestrial Wildlife (Relere■ce Tm:iaty Values) 

Remedial lavcstigatio■ Addeadam Repod 

Feasibility Stlldy for Gro■p IA Sites 

Pod Deve■s, MA 

:• ,.ti, r.tr~• :•:• -,,.,~o:Nt:c- .. _.,·.,-" +. -~·;• 
·:: : '-:---.-..·'.•_-- ';.,/~.;-, } 

ORAL .RlSK 
CHEMICAL TEST SPECIE5 TE.STTYPE DU.RATION EFFECT LD~0 CR~., : •. LR~ . . .... ~9.~ 1&1Ht~,,~, .-· 

(mglk&!!'w) (mg/kgBWf \ 1mg11cgB.W. =i'.} ("mWS~1aa'yt '''. . i/ 1 ·; 
Rat Oral ( subcbronic) 20 days Decreased liner weight during gestation 1240 620 ATSDR, 1990 

Rat Oral ( chronic) l03wccks Mortality 930 ATSDR, 1990 

Rat Oral ( subchronic) 2months Biochemical alterations in CNS 600 ATSDR, 1990 

Guinea pig Single oral dose Mortality 400 USEPA, 1984 

Monkey Oral ( chronic) 18months W ca kncss, rigidity 25 ATSDR, 1990 

Mercury Mouse Single oral dose Mortality 22 NIOSH, 1985 

Mouse Oral ( subchronic) 18 days Mortality; neurological symptoms 6.3 SIIZllki, 1979 

Mouse Oral ( subchronic) 38 days Mortality; neurological symptoms s S11Z11ki, 1979 

Mouse Oral (subchronic) 50 days Embryotollicity and tcratogcnicity 0.9 S11Z11ki, 1979 

Mouse Oral (subchronic) 4S days Hypophagia, weight loss, weakness of hind legs 1 SIIZllki. 1979 

Mouse Oral (subchronic) Day6-17 (gest) Stillbirths and neonatal death 4 SIIZllki, 1979 

Mouse Oral ( subchronic) Day 0-18 (gest) Embryolc1bality and teratogenicity 0.7 S11Z11ki, 1979 

Rat Oral ( subcbronic) Day 6-14 (gest) Rclarded fetus growth and tcralogenicity 4 S11Z11ki, 1979 

Rat Oral (subchronic) Gest.+ 16 days Behavioral changes in offspring 0.12(c) SIIZllki, 1979 

Rat Oral ( chronic) NS Reduced fertility o.s Eisler, 1987 

Ral Oral (subchronic) 38 days Adverse behavioral change 0.16[c) Eisler, 1987 

Rat Single oral dose Mortality 18 3.6 [aJ 0.36 [b] NIOSH. 1985 

Pig Oral ( chronic) Pregnancy High incidence of stillbirths 0.5 Eisler, 1987 

House sparrow Single oral dose Mortality 12.6 2.5 [a] Eisler, 1987 

Rock dove Single oral dose Mortality 22.8 4.6 [a] Eisler. 1987 

Pigeon Oral (subchronic) 17 days Behavioral alterations 3 Eisler, 1987 

Pigeon Oral (subcbronic) 5 weeks Behavioral alterations 1 Eisler. 1987 

Starling Oral (subchronic) 8weeks Kidney lesions 0.25(c] Eisler. 1987 

Chicken Single oral dose Mortality 20 4 [a] Fimreite. 1979 

Bantam chicken Single oral dose Mortality 190 38 [a] Fimreile. 1979 

Prairie chicken Single oral dose Mort•lity 11.5 2 [a] 0.2 [b] Eisler. 1987 

Chukar Single oral dose Mort,li1y 26.9 5 [aJ Eisler. 1987 

Coturnix Single oral dose Mort,lity II 2 [aJ Eislc~ 1987 

Mallard Single oral dose Mortality 2.2 o.4 [aJ Eisle~ 1987 

Black duck Oral (subcbrooic) 28 weeks Reproduction inhibited brain lesions 0.22 [c] Eisle~ 1987 

Ful\'OUS whistling duck Single oral dose Mortality 37.8 7.6 [•] Eisle~ 1987 

Kortbero bobwhite Si ogle. ora I dose Mortality 23.8 4.8 [a] Eislet 1987 

Bobwhite quail Oral (•cute) 5 days Mort•lity 523 105 [aJ Hill et al. 1975 

Jar,anese quail Sio2le oral dose !llortalitv 14.4 2.9 [•] Eislet 1987 

14-0ec-93 Q-3.\\kl 



CH.EMlCAL 

f'lidcl 

Selenium 

Sih·er 
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Vanadium 

14-Dec-93 

~TSPECIBS 

Japanese quail 

Japanese quail 

Japanese quail 

Gray partridge 

Gray pheasant 

Ring-necked pheasant 

Mule deer 

Rhesus moo key 

River otter 

Mink 

Mink 

Mink 

Cat 

Dog 

Rat 

Rat 

Rat 

Japanese quail 

Dog 

Rat 

Rat 

Rat 

Japanese quail 

Mallard 

Horse 

Ral 

Rat 

Rat 

Rat 

Rat 

Ral 

faJX1 ocst_~u•il 

TESTTYPB 

Oral ( subchronic) 

Oral (subcbronic) 

Oral (subcbronic) 

Single oral dose 

Oral (subchronic) 

Single oral dose 

Single oral dose 

Oral ( chronic) 

Single oral dose 

Single oral dose 

Oral (subchronic) 

Oral (subcbronic) 

Table Q-3 

S111D.1Dary o( Ingcstio■ Toxicity Data for Terrestrial Wildlife (Rcfere■cc Toxicity Val■cs) 

(;)lJRATION 

3 weeks 

9weeks 

NS 

30 days 

Pregaan"3/ 

?months 

37 days 

Remedial Invcstigatio■ Addeadmn Report 

Feasibility St ■dy for Groap 1A Sites 

Fort Dcve■s, MA 

'EFFECT 

Depressed gonad weights 

Alterations in brain and plasma enzyme actr.ities 

Reproductive effects 

Mortality 

Reduced reproductive ability 

Mortality 

Mortality 

Maternallytoxic and abortient 

Mortality 

Mortality 

Mortality 

Mortality 

APJfE• -._. 

17.6 

lU 

17.9 

2 

AUJ lbORAL 
R1S~ 

C RITERlA" 

3.5 [aJ 

2.3 [a] 

3.6 [a] 

0.4 [a] 

0.2 [a] 

Oral (subchronic) Day 10-58 (gest) Increased incidence of anomalous fetuses 

Oral (chronic) 

Single oral dose 

Oral (subchronic) 

Oral (chronic) 

Oral (acute) 

Oral (chronic) 

Oral (chronic) 

Oral (chronic) 

Oral ( chronic) 

Oral (chronic) 

Oral (subchronic) 

Single oral dose 

Oral (subchronic) 

Oral (subchronic) 

Oral (subchronic) 

Oral (chronic) 

Oral (subchronic) 

Oral (subchronic) 

Qrnl (acute 

Pregnan"3/ 

91 days 

2 years 

5 days 

2 years 

NS 

NS 

2 ~·ears 

NS 

3 months 

125 day 

90 days 

2-fO days 

2.5 years 

103 days 

75-103 days 

~cLws 

High incidence of stillbirths 

Mortality 

Mortality 

Decreased body weight gain 

NOEL 

Histologic lesions in bone marrow 

Selenosis 

Histological changes in heart and kidney 

Soft bones. hepatic lesions 

Reduced egg batching 

Reduced hotchability 

MLD 

Hypoact ivity 

Incidence of alopecia; blood chemistry changes 

Histopathological changes 

Decreased hair cyslioc 

Decreased hair ~-stiac. hemoglobin 

NOA EL for hematological alterations 

Mor1ali1,· 
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1 [b) 

67 13.4 [a] 

5M [c] 100.7 [a] 

625 [b) 

0.M[c] 

0.6 [c] 

3,3 

25 [b] 

ey{RONI~ 

0.l0(c] 

5.0(c] 

0.M 

0.36 

0.5 

0.029 [c] 

0.14 [c] 

0.25 

0.1 

1.3 [b) 

25 [d] 

50 

10.1 (b] 

62.5 

0.004 [b) 

0.045 

0.2 

0.06 (b] 

1.75 

18.J 

u 
4 [d) 

2.5 

33 [d] 

5 

5 

25 

0.89 

6.6 

REFERENCE 
4 

Eisle,; 1987 

Eisle,; 1987 

Fimreite, 1979 

Eisle,; 1987 

Eislc,; 1987 

Eisler. 1987 

Eisler. 1987 

Eislc,; 1987 

Eisler. 1987 

Eisler. 1987 

Eisler. 1987 

Eisler. 1987 

Eisler. 1987 

Eisler. 1987 

ATSDR, 1987 

ATSDR, 1987 

ATSDR 1987 

Hill and Camardese. 1986 

ATSDR, 1987 

Eisler. 1985 

Eisler. 1985 

ATSDR, 1989 

Eisler. 1985 

Eisler. 1985 

Eisler. 1985 

ATSDR, 1989 

IRIS. 1989 
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IRIS. 1989 

IRIS. 19S9 

ATSDR, 1991 

Hill and <::amardcse. 1986 



Table Q-3 
Slllll.Dlary o( lagClllioa Tollicity Data for Terrestrial WilcDife (Refereaee Tollicity Val■es) 

R-edial hve91igatio• Addeacl-. Repoll 

Feasibility Stady for Gro•p IA Sites 

Foll Deveu, MA 

:_:; 

CHBMlCAl. TESr SP..Ectlis TESt me.' DURATION 

:.:~ 

£'Pi%ci'" 

1" 
~;, . OAA~t~</4~~~~ : : d;''t·~a-tl!,0Nl<;" :: ·-·<~ ";~ 

Cl~ 

Zinc Rat 

Rat 
Single oral dose 

O_ral (subchronic: NS 

Mortaliy 

Kidncv tollicitv 

2510 

[a) For chemicals lacking LOAEL or NOAEL data. an Acute Oral Criterion (AOC) is calculated by applying I factor of 0.2 to the acute LOSO; this value is expected to 
protect 99.9% of the exposed population from acute effects (USEPA, 1986). 

[b) Estimated by applying an acute-chronic ratio of 10. 
[c] Converted to dose per kilogram body weight by multiplying by ingestion rate and dividing by body weight. 

The following ingestion rate and bodyweight data were used: 

Specics lngur ion Rate Body Weight 
,(J<g/da~} (~ 

Rat (Male) 0.025 O.S8 
Rat (Female) 0.02 0.25 
Rat 0.015 0.25 
Rabbit O.OS9 2.2 
Chicken 0.106 1.16 
Bobwhite 0.015 0.17 
California quail 0.014[e] 0.139 
Mallard Duck 0.09 1.25 
Duck 0.112 [e] 1.6 
Starling 0.01 0.0437 
Kestrel 0.01 0.179 
Screech Owl 0.0086 0.169 
Mink 0.0465 1.613 
Mouse 0.0035 0.03 
Do2 0.5 14.47 

[d] Estimated by appl}ing a LOAEL-NOAEL ratio of 5 (Newel~ cl al ., 1987). 

Rc(c rc nQe 

USEPA, 1988 
USEPA, 1988 
NIOSH, 1985 
USEPA, 1988 
USEPA, 1988 
Kenaga. 1973 
USEPA, 1988 
Terres. 1980 
USEPA, 1988 
USEPA. 1988 
USEPA, 1988 
USEPA, 1988 
USEPA, 1988 
USEPA 1988 
US_EPA._1988 

[e) Ingestion rate estimated from body weight using allometric equation for chickens in USEP A, 1988. 

[I] Data not available lor dibenzofuran: 2.3-benzofuran used as surrogate. 

(g] Diel contained 3% iron carbon~i . Converted to dose per kg bodyweight using a 

male rat ingestion rate shown abO\•e and a study-specific rat weight of 0.1 kg. Resulting dose 

(in FeCO4) was multiplied by32% (Fe comprises 32% o[ FeCO4) to arrive al Fe dose. 
B\\/ = Body Weigh! 
LOAEL = Lowest Obse"·ed Am·erse Effect Level 
NOAEL = No Observed Am·erse Effect Lc,·el 

l~-D<c-93 O-3,\\kl 

,00 [a] 
160 

, 
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Table Q-4 
Reference Toxicity Values Selected for Group IA Sites 

Remedial Investigation Addendum Report 
Feasibility Study for Group lA Sites 

Fort Devens, MA 

P.,cological Receptor 
Analyte Mallard Green Painted 

Music.rat duck fr-02 turtle 
Rcforence To1:.icity Values (niwk~ body wei~bt/dav) 

Organics 
anthracene 3300 3300 3300 3300 
benzo(a)anthracene 2 2 2 2 
benzo( a )pyrene 1.25 [c] 1.25 [c] 1.25 [c] 1.25 [c] 
benzo(b)fluoranthene 40 40 40 40 
benzo(k)lluoranthene 72 72 72 72 
bis(2-et hylhcxyl )phthalate 19 19 19 19 
chrysene 99 99 99 99 
dibenzofuran 30 30 30 30 
fluoranthene 250 250 250 250 
naphthalene 41 41 41 41 
phenanthrene 120 120 120 120 
pyrene 125 125 125 125 

Pesticides/PCBs 
DOD 0.48 [c] 0.14 7.6 7.6 
DOE 0.48 (c] 0.14 7.6 7.6 
DDT 0.48 (c) 0.14 7.6 7.6 
aroclor-1254 3.84 [c] 2.3 [b) 2.3 (b] 2.3 (b] 

aroclor-1260 3.84 [c] 2.3 [b) 2.3 [b) 2.3 [b) 

lnorganics 
aluminum 425 425 425 425 
arsenic 7.5 6.5 5.1 (b] 5.1 (b] 

barium 10.2 (c] 10.2 [c] 10.2 [c] 10.2 [c] 

beryllium 0.22 0.22 0.22 0.22 

cadmium 1.75 7.6 7.6 7.6 

chromium 40.6 (c) 3.5 3.5 3.5 

cobalt 12.5 [c] 12.5 [c] 12.5 [c] 12.5 [c] 

copper 76.6 {c] 29 29 29 

iron 2400 2400 2400 2400 

lead 2.1 1.75 4.4 4.4 

manganese 370 [c] 370 [c] 370 [c] 370 [c] 

mercury 0.5 0.22 0.86 (b) 0.86 (b] 

nickel 50 10.1 10.1 10.1 

selenium 0.12 (c] 1.75 1.75 1.75 

silver 18.1 18.1 18.1 18.1 

thallium 1.2 [c] 1.2 [c] 1.2 [c] 1.2 [c] 

vanadium 2.5 2 2 2 

zinc 160 160 160 160 

[a] All values are chronic Lowest Observed Adverse Effects Levels (LOAELs), unless otherwise noted. 
Values were obtained from the master Reference Toxicty Values (RTVs) summary table (Q-3) 

(b) Average of LOAEL bird values (see Section 7.1.3.4). 
[c] Average of LOAEL values (see Section 7.1.3.4). 
(d) Average of kestrel and barn owl values. 
[e] The lowest bird LOAEL value was used as a conservative measure to protect fish-ingesting bird species. 
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Mink 

3300 
2 

1.25 [c] 
40 
72 
19 
99 
30 

250 
41 

120 
125 

5 
5 
5 

3.84 [c] 

3.84 [c] 

425 
250 

10.2 [c] 
0.22 
3.75 
40.6 [c] 

5 
76.6 [c] 
2400 

3 
25 

0.09 [c] 
62.5 
0.12 [c] 
18.1 

1.2 [c] 
2.5 
160 

Great blue 
Raccoon Osprey heron 

... 

3300 3300 3300 
2 2 2 

1.25 [c] 1.25 [c] 1.25 [c] 
40 40 40 
72 72 72 
19 19 19 
99 99 99 
30 30 30 

250 250 250 
41 41 41 

120 120 120 
125 125 125 

5 0.29 (d] 0.25 (b] 
5 0.29 (d) 0.25 [b] 
5 0.29 [d) 0.25 [b] 

3.84 [c] 9 2.3 [b] 
3.84 [c] 9 2.3 (b] 

425 425 425 
250 5.1 (b) 5.1 [b) 
10.2 [c] 10.2 [c] 10.2 [c] 
0.22 0.22 0.22 
3.75 7.6 7.6 
40.6 [c] 3.5 3.5 

5 12.5 [c] 12.5 [c] 
76.6 [c] 29 29 
2400 2400 2400 

3 4.4 4.4 
25 370 [c] 370 [c] 

0.1 0.1 [e] 0.1 [e] 
62.5 10.1 10.1 
0.12 [c] 1.75 1.75 
18.1 18.1 18.1 
1.2 [c] 1.2 [c] 1.2 [c] 
2.5 2 2 
160 160 160 
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APPENDIX R 

ECOLOGICAL RISK ASSESSMENT SPREADSHEETS 

SHEPLEY'S HILL LANDFILL/COLD SPRING BROOK POND 

ABB Environmental Services, Inc. 

W0069310.M80 7005-11 



TABLE R-1 
ESTIMATION OF AVERAGE EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION - LANDFILL ANAL YTES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

EXPOSURE CONCEN'IRA TION DATA ESTIMA 'lED TISSUE l.EVELS IN PRIMARY PREY IIBMS BAF VALUES FOR OTIIER PREY l 'IEMS 
AVERAGE Tissue TiSS1.1e Small Small Reptile/ 

CHEMICAL CONCENTRATION Invert 4 vel Plant Level Mammal Amphib. F'tsh 

BAF a BAF a BAF a 
arsenic 4.7E+02 1.lE-01 4.9E+0l 2.lE-01 9.8E+0l 4.0E-04 

barium 1.lE+OZ l.3E-02 1.4E+OO l.3E-02 1.4E+OO 1.3E-02 1.3E-02 1.3E-02 

manganese 2.6E+03 1.0E-02 2.6E+0l 1.0E-02 2.6E+0l 1.0E-02 l.0E-02 l.0E-02 1.0E-02 
nickel 2.3E+0l 1.7E-02 3.9E-01 9.0E-02 2.lE+OO 1.7E-02 l.7E-02 l.7E-02 1.7E-02 
iron 3.6E+04 l.2E-03 4.4E+0l 1.2E-03 4.4E+0l 1.2E-03 1.2E-03 1.2E-03 l.2E-03 

!srIE AREA: 30 acres 

13-Dec-93 SHLNEWAl.WKI 



TABLER-1 
ESTIMATION OF AVERAGE EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION - LANDFILL ANAL YTES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP IA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

lUTAL BODY DOSE (mg/tgBW - day) (bJ 

CHEMICAL Great Blue Heron Ma/lord PB/nted Turtle Green Frog Osprey 

arsenic 2.98E-01 3.66E+00 4.17E+00 5.90E+OO 2.03E-04 
barium 6.40E-02 1.29E-01 3.39E-01 4.66E-01 1.52E-03 
manganese l.49E+00 2.87E+00 7.91E+OO 1.06E+0l 2.86E-02 
nickel 1.45E-02 8.42E-02 1.lCE-01 1.25E-01 4.24E-04 
iron 1.77E+0l 2.81E+0l 9.35E+0l 1.15E+02 4.73E-02 



TABLER-1 
ESTIMATION OF AVERAGE EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION - LANDFil.,L ANAL YfES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBil.,fIY STUDY FOR GROUP 1A SITES 
SHEPLEY'S Hll.,L LANDFil.,L - FORT DEVENS, MA 

TOTAL BODY DOSE (mg/kgBW-day) Jbl 

CHEMICAL Muskrat Mink Raccoon 

arsenic 5.33E+OO 1.29E+OO 4.82E-02 
barium 2.44E-01 2.51E-01 4.97E-03 
manganese 5.37E+OO 5.53E+OO 1.12E-01 
nickel 1.32E-01 5.73E-02 1.48E-03 
iron 5.83E+0l 6.0lE+0l 1.34E+OO 

13-Dec-93 2 SHI.NEW A2.WK1 



TABLE R-1 
ESTIMATION OF A VERA GE EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION - LANDFILL ANAL YTES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

EXPOSURE PARAME'IERS [cl 

I ni:µcittor 
Species 

~...:. .c.c..-'- - - - - - - - -- - - - - - Percent Prey iii Diet ~"' - --- - - --Home Range 

Great Blue Heron 
Mallard 
Painted Turtle 
Green Frog 
Os_prey 

N01ES: 

(Pred. Bird) 

(Waterfa.vl) 

(Reptile) 
(Amphibian) 
(Pred. Bird) 

[nvert 

16% 
11% 

43% 
70% 

0% 

Plant Smal 

Mammal 
0% 5% 

87% 0% 

39% 0% 
10% 0% 

0% 0% 

[a] Bioacx:umulation data presented in: Appendix Q, Table Q-2a 

Herpeto· Bird Sediment Fist (acres) 
fauna 
4% 0% 5% 70% 
0% 0% 2% 0% 
0% 0% 5% 13% 

7% 0% 3% 10% 

0% 0% 0% 100% 

100 

30 
12 

0.5 
100 

ED[d] SFF{e] 

0.5 l.5E-01 

0.5 5.0E-01 

0.75 7.5E-01 

0.75 7.5E-01 

0.05 1.5E-02 

(b) Calculated by summing the products of individual prey type concentrations and percent in diet, multiplying by the SFF and ingestion rate, and then dividing by bodyweight. 
[c] Documentation of exposure parameters presented in: Appendix Q, Table Q-1 

(d] ED= Exposure Duration (percentage of year receptor is expected to·be found at study area). 
( e] Site Foraging Frequency (SFF), Calculated by dividing site area by receptor home range and multiplying by the ED ( cannot exceed 1 ). 

Ingestion 
Ra.le 

,(kwclayj 

0.187 
0.086 

0.056 
0.005 

0.094 

Bedy 
W~igljt 

(!g,) 
2.95 

1.177 
0.834 

0.037 
1.3 



TABLER-1 
ESTIMATION OF AVERAGE EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION - LANDFILL ANAL YfES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

EXPOSURE PARAMIITERS (cl 

Indicator 

Species 
--------~--------- - PerceutPreyin Diet - -------- - Home Range 

Muskrat 

Mink 
·Raccoon 

NOIES: 

(Small Mammal) 

(Pred. Mammal) 

(Pred. Mammal) 

Inverts 

5% 

20% 
25% 

Plants Small 

Mammals 
87% 0% 

0% 25% 
31% 9% 

[a] Bioaccumulation data presented in: Appendi[ Q, Table Q-2a 

Hcrpeto- Birds Sediment Fish (acres) 
fauna 

0% 0% 3% 5% 26 

0% 0% 3% 52% 35 
20% 1% 5% 9% 1150 

6D[dj 

1 

1 
1 

Ingestion 
SFF(e] Rate 

C'kwda}'.) 
1.0E+OO 0.065 

8.6E-01 0.050 
2.6E-02 0.221 

[b) Calculated by summing the prodocts of individual prey type concentrations and percent in diet, multiplying by the SFF and ingestion rate, and then dividing by bodyweight. 

(c] Documentation of ci:posure parameters presented in: Appendi[ Q, Table Q-1 

( d) ED ;= Exposure Duration (percentage of year receptor is expected to be found at study area). 
[ e) Site Foraging Frequency (SFF). Calculated by dividing site area by receptor home range and multiplying by the ED ( cannot exceed 1 ). 

13-Dec-93 3 

Body 

Weigh! 
fk2) 

1.25 

0.8 
7.95 

SHI.NEWA2.WKI 



TABLER-2 
ESTIMATION OF AVERAGE RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION - IANDFILLANAL YTES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILllY STUDY FOR GROUP 1A SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

CHEMICAL Great Blue Heton Mallard Painted Turtle 
lBD RlV HQ lBD RTV HQ 'IBD RlV HQ 

arsenic 3.0E-01 5.lE+OO 5.8E-02 3.7E+OO 6.SE+00 5.6E-01 4.2E+OO 5.lE+OO 8.2E-01 

barium 6.4E-02 1.0E+0l 6.3E-03 l.3E-01 1.0E+0l 1.3E-02 3.4E-01 1.0E+0l 3.3E-02 

manganese l.5E+OO 3.7E+02 4.0E-03 2.9E+OO 3.7E+02 7.8E-03 7.9E+OO 3.7E+02 2.lE-02 

nickel 1.4E-02 1.0E+0l 1.4E-03 8.4E-02 1.0E+0l 8.3E-03 1.lE-01 1.0E+0l 1.lE-02 

iron 1.BE+0l 2.4E+03 7.4E-03 2.8E+0l 2.4E+03 1.2E-0Z 9.4E+01 2.4E+03 3.9E-02 

SUMMARY HAZARD INDEX I 7.SE-02 I 6.0E-01 I 9.2E-01 



TABLER-2 
ESTIMATION OF AVERAGE RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION - LANDFILL ANAL YTES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILI1Y STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

CHEMICAL Muskrat Raccoon Mink 
TBD RTV HQ TBD RlV HQ TBD R:IV HQ 

arsenic 5.3E+00 7.5E+OO 7.lE-01 4.SE-02 2.5E+02 l.9E-04 l.3E+00 2.5E+02 5.2E-03 
barium 2.4E-01 l.OE+0l 2.4E-02 5.0E-03 l.OE+0l 4.9E-04 2.5E-01 l.0E+0l 2.5E-02 
manganese 5.4E+OO 3.7E+02 l.5E-02 l.lE-01 2.5E+0l 4.5E-03 5.5E+00 2.5E+0l 2.2E-01 
nickel l.3E-01 5.0E+0l 2.6E-03 l.5E-03 6.3E+0l 2.4E-05 5.7E-02 6.3E+0l 9.2E-04 
iron 5.8E+0l 2.4E+03 2.4E-02 l.3E+OO 2.4E+03 5.6E-04 6.0E+0l 2.4E+03 2.5E-02 

SUMMARY HAZARD INDEX I 7.SE-01 I 5.7E-03 I 2.SE-01 

N01ES: TBD = Total Body Dose (mwk:gBW-day) BW = Body Weight (kg) 
RTV = Reference Toxicity Value (mwk:gBW-day) HQ = Hazard Quotient ( calculated by dividing TBD by R 1V) 

13-Dec-93 SHLNEW A2.WK1 



TABLER-2 
ESTIMATION OF AVERAGE RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION - lANDFILLANALYTES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILI1Y STUDY FOR GROUP 1A SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

CHEMIC'.AL Green Frog Osprey 
TBD R'IV HQ TBD RJV HQ 

arsenic 5.9E+OO 5.lE+OO 1.2E+OO 2.0E-04 5.lE+OO 4.0E-05 
barium 4.7E-01 1.0E+0l 4.6E-02 1.SE-03 1.0E+0l 1.SE-04 
manganese 1.lE+0l 3.7E+02 2.9E-02 2.9E-02 3.7E+02 7.7E-05 
nickel l.3E-01 1.0E+0l 1.2E-02 4.2E-04 1.0E+0l 4.2E-05 
iron l.1E+02 2.4E+03 4.8E-02 4.7E-02 2.4E+03 2.0E-05 

' 

SUMMARY HAZARD INDEX I 1.3E+OO I 3.3E-04 

NO1ES: TBD = Total Body Dose ( mlifkgBW -day) BW = Body Weight (kg) 
RlV = Reference Toxicity Value (mlifkgBW-day) HQ = Hazard Quotient ( calculated by dividing TBD by R JV) 



TABLE R-3 
ESTIMATION OF RME EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION - LANDFILL ANAL YTES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

EXPOSURE CONCENTRATION DATA ESTIMA 1ED TISSUE LEVE.LS IN PRIMARY PREY ITEMS BAF VALUES FOR OTIIER PREY I'IEMS 
MAXIMUM nssue nssue Small Small Reptile/ 

CHEMICAL CONCEN1RATION Invert Level Plant Level Mammal Bird Amphib. Fish 

msv'k BAF a BAF a 
arsenic 3.2E+03 l.lE-01 3.4E+02 2.lE-01 6.7E+02 4.0E-04 4.0E-04 

barium 3.4E+02 l.3E-02 4.IB+OO UE-02 4.5E+OO l.3E-02 UE-02 UE-02 UE-02 

manganese 5.5E+04 1.0E-02 5.5E+02 l.0E-02 5.5E+02 1.0E-02 l.0E-02 l.0E-02 l.0E-02 
nickel 7.9E+0l l.7E-02 l.3E+OO 9.0E-02 7.lE+OO l.7E-02 l.7E-02 l.7E-02 1.7E-02 

iron 3.3E+05 1.2E-03 4.0E+02 1.2E-03 4.0E+02 1.2E-03 1.2E-03 1.2E-03 1.2E-03 

I SllEAREA.: 30 acres 

13-Dec - 93 SHl.NEWRl.wkl 



TABLE R-3 
ESTIMATION OF RME EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION - LANDFILL ANAL ITES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

lUTALBODY DOSE (mg/tgBW- day) (bl 

CHEM.iCAL Grest 8/UB Heron Mallard Painted Turtle G;een Frog Ospi'ey 

arsenic 2.04E+00 2.S0E+0l 2.85E+Ol 4.04E+0l 1.39E-03 
barium 2.04E-01 4.llE-01 1.08E+OO 1.49E+00 4.85E-03 
manganese 3.lOE+0l 5.97E+0l l.64E+02 2.20E+02 5.94E-01 
nickel 4.99E-02 2.90E-01 3.78E-0l 4.32E-0l 1.46E-03 
iron l.60E+02 2.55E+02 8.50E+02 l.04E+03 4.30E-01 

-- · · -...... ... - . 



TABLER-3 
ESTIMATION OF RME EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION - LANDFILL ANAL YfES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

TOTAL BODY DOSE J!l!&lkgBW-day) (b) 

CHEMICAL-

arsenic 
barium 

manganese 
nickel 
iron 

13-Dec-93 

Muskrat 

3.638-+01 
7.62E-01 
1.13E+02 
4.54E-0t 
5.35E+02 

Mink Raccoon 

8.80E+00 3.28E-01 
7.85E-01 I.56E-02 
l.17E+02 2.36E+00 
1.97E-0l 5.llE-03 
5.51E+02 1.22E+0l 

2 SHI.NEWR2.wkl 



TABLER-3 
ESTIMATION OF RME EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION - LANDFILL ANAL YTES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

EXPOSUREPARAME1ERSJcl 

Indicator 

Species 
- - ~ '""- - - - --~ - ~ -- --~ - Percent Prey in Diet ...:. -'- ~ -- ---,- - ·Home Range 

Great Blue Heron 
Mallard 
Painted Turtle 
Green Frog 

Os~ 

N01ES: 

(Pred. Bird) 
(Waterfowl) 

(Reptile) 
(Amphibian) 
(Pred. Bird) 

Inver~ 

16% 
11% 
43% 
70% 

0% 

Plants Small 

Mammals 
0% 5% 

87% 0% 
39% 0% 
10% 0% 
0% 0% 

[a] Bioaccumulation data presented in: Appendix Q, Table Q-2a 

Het.peto- Birds Sediment Fish (acres) 

fauna 
4% 0% 5% 70% 

0% 0% 2% 0% 

0% 0% 5% 13% 
7% 0% 3% 10% 
0% 0% 0% 100% 

100 
30 

12 
0.5 

100 

ED[d1 SFF(e] 

0.5 l.5E-01 

0.5 5.0E-01 

0.75 7.5E-01 

0.75 7.5E-01 
0.05 LSE-02 

[b) C'.alculated by summing the products of individual prey type concentrations and percent in diet, multiplying by the SFF and ingestion rate, and then dividing by bodyweight. 

[c] Documentation of exposure parameters presented in: Appendix Q, Table Q-1 
·[d) ED = Exposure Duration (percentage of year receptor is expected to be found at study area). 
[ e] Site Foraging Frequency (SFF). C'.alculated by dividing site area by receptor home range and multiplying by the ED ( cannot exceed 1 ). 

Ingestion Body 
Rate Wc.igllt 

(kg/day) ffi&) , 
0.187 2.95 

0.086 1.177 

0.056 0.834 
0.005 0.037 
0.094 1.3 



TABLE R-3 
ESTIMATION OF RME EXPOSURE TO. ORGANISMS VIA FOOD AND SEDIMENT INGESTION - LANDFILL ANAL YfES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

EXPOSUREPARAMEIERSJ<:l 

lndka1or 

Species 
- -- - - ---- - - - - - - --- - Peroenl Prey in Diet ------ -- ---Home Range 

Muskrat 
Raccoon 
Mink 

N01ES: 

(Small Mammal) 
(Pred. Mammal) 

(Pred. Mammal) 

Inverts 

5% 
25% 

20% 

Plants Small 

Mammals 
87% 0% 
31% 9% 

0% 25% 

[a] Bioaccumulation data presented in: Appendix Q, Table Q-2a 

HerpeLo- Birds SedimenL Fish (acres) 
fauna . 

0% 0% 3% 5% 26 
20% 1% 5% 9% 1150 

0% 0% 3% 52% 35 

ED{d] SFF[e] 

1 l.0E+OO 

1 2.6E-02 

1 8.6E-01 

[b] Calculated by summing the products of individual prey type concentrations and percent in diet, mulliplying by the SFF and ingestion rate, and then dividing by bodyweight. 

(c] Documentation of exposure parameters presented in: Appendix Q, Table Q-1 
(e] ED = Exposure Duration (percentage of year receptor is expected to be found at study area). 

[e] Site Foraging Frequency (SFF). Calculated by dividing site area by receptor home range and multiplying by the ED (cannot exceed 1). 

13-Dec-93 3 

l~estion llody 
Rate Weight 

{kp/day) -~gL 
0.065 1.25 
0.221 7.95 

0.05 0.8 

SHLNEWR2.wk I 



TABLE R-4 
ESTIMATION OF RME RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION - LANDFILL ANAL YTES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP IA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

CHEMICAL Great Blue Heron Mallard Painted Turtle 
TBD R1V HQ 1BD RlV HQ : 1BD R1V HQ 

arsenic 2.0E+OO 5.lE+OO 4.0E-01 2.SE+0l 6.SE+OO 3.9E+OO 2.9E+0l 5.lE+OO 5.6E+OO 

barium 2.0E-01 l.0E+0l 2.0E-02 4.lE-01 l.0E+0l 4.0E-02 l.lE+OO l.0E+Ol 1.lE-01 

manganese 3.lE+Ol 3.7E+02 8.4E-02 6.0E+0l 3.7E+02 l.6E-01 l.6E+02 3.7E+02 4.4E-01 
nickel 5.0E-02 l.0E+0l 4.9E-03 2.9E-01 l.0E+0l 2.9E-02 3.SE-01 l.0E+0l 3.7E-02 
iron l.6E+02 2.4E+03 6.7E-02 2.6E+02 2.4E+03 l.lE-01 8.5E+02 2.4E+03 3.SE-01 

SUMMARY HAZARD INDEX I 5.SE-01 I 4.2E+OO I 6.SE+OO 



TABLER-4 
ESTIMATION OF RME RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION - LANDFILL ANAL YTES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

CHEMICAL Muskrat Raccoon Mink 
nm R1V HQ TBD R1V HQ TBD R1V HQ 

arsenic 3.6E+Ol 7.5E+OO 4.BE+OO 3.3E-01 2.5E+02 1.3E-03 8.8E+OO 2.5E+02 3.5E-02 

barium 7.6E-01 1.CE+Ol 7.5E-02 l.6E-02 UJE+Ol 1.5E-03 7.9E-01 1.0E+Ol 7.7E-02 

manganese 1.1E+02 3.7E+02 3.lE-01 2.4E+OO 2.5E+01 9.5E-02 l.2E+02 2.5E+Ol 4.7E+OO 
nickel 4.5E-01 5.CE+Ol 9.lE-03 5.lE-03 6.3E+Ol 8.2E-05 2.0E-01 6.3E+Ol 3.2E-03 
iron 5.3E+02 2.4E+03 2.2E-01 l.2E+Ol 2.4E+03 5.lE-03 5.5E+02 2.4E+03 2.3E-01 

SUMMARY HAZARD INDEX I 5.4E+OO I l.OE-01 I 5.0E+OO 

NOlES: TBD = Tota!BodyDose(mg/kgBW-day) BW = Body Weight (kg) 
R1V = Reference Toxicity Value (mg/kgBW-day) HQ = Hazard Quotient ( calculated by dividing TBD by R TV) 

13-Dec-93 SHLNEWR2.wk1 



TABLER-4 
ESTIMATION OF RME RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION - LANDFILL ANAL YfES 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

CHEMICAL Gteen Frog Osprey 
TBD RlV HQ TBD RlV HQ 

arsenic 4.0E+0l 5.lE+OO 7.9E+OO l.4E-03 5.lE+OO 2.7E-04 
barium 1.5E+OO 1.0E+Ol 1.5E-0l 4.9E-03 l.OE+0l 4.SE-04 
manganese 2.2E+02 3.7E+02 6.0E-01 5.9E-01 3.7E+02 1.6E-03 
nickel 4.3E-01 1.0E+0l 4.3E-02 l.5E-03 1.0E+0l l.4E- 04 
iron l.0E+03 2.4E+03 4.3E-01 4.3E-01 2.4E+03 l.BE-04 

. 

. 

SUMMARY HAZARD INDEX I 9.lE+OO I 2.7E-03 

N01ES: TBD = Total Body Dose (rng/kgBW-day) BW = Body Weight (kg) 
RlV = Reference Toxicity Value (rng,1cgBW-day) HQ = Ha:zard Quotient calculated by dividing TBD by RlV) 



TABLER-5 
ESTIMATION OF AVERAGE EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

EXPOSURE CONCENTRATION DATA ESTIMATED TISSUE lEVEI..S IN PRIMARY PREY ITEMS BAF VALUES FOR OTHER PREY ITEMS 
AVERAGE TISSue T"1SSue Small Sma.11 Reptile/ 

CHEMICAL CONCENTRATION lnvert Level Plant Level Mammal Bird Ampbb. Fish 
BAF a BAF a 

aroclor 1200 2.7E-01 2.3E-01 7.8E-04 2.3E-01 
DDE 5.0E-02 l.4E+OO 7.0E-02 1.3E-02 6.SE-04 l.4E+OO l.4E+OO l.4E+OO l.4E+OO 
DDD 7.0E-02 2.7E-01 1.9E-02 1.3E-02 9.lE-04 2.7E-01 2.7E-01 2.7E-01 2.7E-01 
DDT 3.0E-02 1.BE-01 5.4E-03 1.3E-02 3.9E-04 1.8E-01 1.8E-01 1.8E-01 1.BE-01 
benzo( a )anthracene 2.2E-01 2.SE-02 5.SE-03 2.2E-02 4.8E-03 2.SE-02 2.5E-02 2.SE-02 2.SE-02 
chrysene 3.2E-01 2.5E-02 8.0E-03 2.2E-02 7.0E-03 2.SE-02 2.SE-02 2.5E-02 2.SE-02 
fluoranthene 5.0E-01 2.SE-02 l.3E-02 3.2E-02 1.6E-02 2.5E-02 2.SE-02 2.SE-02 2.SE-02 
naphthalene 3.2E-01 2.5E-02 8.0E-03 1.0E-01 3.2E-02 2.SE-02 2.5E-02 2.5E-02 2.SE-02 
phenanthrene 3.8E-01 2.SE-02 9.SE-03 1.0E-01 3.8E-02 2.5E-02 2.5E-02 2.5E-02 2.SE-02 
pyrene 9.7E-01 2.5E-02 2.4E-02 1.0E-01 9.7E-02 2.5E-02 2.SE-02 2.5E-02 2.SE-02 

aluminum 7.9E+03 2.4E-04 1.9E+OO 2.4E-04 1.9E+OO 2.4E-04 2.4E-04 2.4E-04 2.4E-04 
arsenic 4.7E+02 1.lE-01 4.9E+0l 2.lE-01 9.9E+0l 4.0E-04 4.0E-04 4.0E-04 4.0E-04 
barium 1.1E+02 1.3E-02 1.4E+OO 1.3E-02 l.4E+OO l.3E-02 1.3E-02 1.3E-02 1.3E-02 
beryllium 5.3E-01 1.8E-02 9.SE-03 1.8E-02 9.SE-03 1.8E-02 1.8E-02 1.BE-02 1.8E-02 
chromium 2.0E+03 2.SE-04 5.0E-01 7.5E-03 l.5E+0l 2.SE-04 2.SE-04 2.SE-04 2.SE-04 
ccbalt 5.8E+OO 1.3E-02 7.5E-02 1.3E-02 7.SE-02 1.3E-02 l.3E-02 l.3E-02 1.3E-02 
copper 4.0E+0l 2.0E-02 8.0E-01 2.0E-02 8.0E-01 2.0E-02 2.0E-02 2.0E-02 2.0E-02 
iron 3.6E+04 1.2E-03 4.4E+0l 1.2E-03 4.4E+0l 1.2E-03 1.2E-03 1.2E-03 1.2E-03 
lead 1.3E+02 5.4E-04 7.0E-02 8.0E-03 1.0E+OO 5.4E-04 5.4E-04 5.4E-04 5.4E-04 
manganese 2.6E+03 1.0E-02 2.6E+0l l.0E-02 2.6E+0l 1.0E-02 1.0E-02 1.0E-02 1.0E-02 
mercury 1.8E+0l 3.7E-02 6.7E-01 7.0E-03 l.3E-01 3.7E-02 3.7E-02 3.7E-02 3.7E-02 
nickel 2.3E+0l 1.7E-02 3.9E-01 9.0E-02 2.lE+OO 1.7E-02 1.7E-02 1.7E-02 1.7E-02 
selenium 2.0E+OO 2.lE-01 4.2E-01 2.lE-01 4.2E-01 2.lE-01 2.lE-01 2.lE-01 2.lE-01 
vanadium 2.5E+0l 1.6E-02 4.0E-01 1.6E-02 4.0E-01 1.6E-02 l.6E-02 1.6E-02 1.6E-02 
zinc 8.9E+0l 2.2E-01 2.0E+0l 8.0E-01 7.lE+0l 2.2E-01 2.2E-01 2.2E-01 2.2E-01 
cadmium 9.8E+OO 1.lE-01 1.lE+OO 6.4E-02 6.3E-01 3.7E-03 3.7E-03 3.7E-03 3.7E-03 
thallium 8.3E+OO 6.4E-03 5.3E-02 4.0E-03 3.3E-02 6.4E-03 6.4E-03 6.4E-03 6.4E-03 

Sile Arca: 30 acres 

13-Dec-93 SHLNEWA3.WK1 



TABLER-5 
ESTIMATION OF A VERA GE EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

TOTAL BODY DOSE (mg/t.gBW - daJ) fb) 

CHEMICAL Mallard Gn1at Blw H•tan Gnien Frog Palnieil Turtle Osprey 

-
aroclor-1260 4.72E-04 6.89E-04 6.30E-03 2.4SE-03 6.74E-0S 

DOE 3.39E-04 6.56E-04 6.33E-03 2.11E-03 7.S9E-0S 

DOD 1.56E-04 2.04E-04 1.89E-03 7.27E-04 2.0SE-0S 

DDT 5.60E-0S 6.30E-0S S.71E-04 2.3SE-04 S.86E-06 

benro( a )anthracene 3.37E-04 1.54E-04 1.20E-03 8.04E-04 5.97E-06 

chrysene 4.90E-04 2.24E-04 1.7SE-03 1.17E-03 8.68E-06 

fluoranthene 9.24E-04 3.51E-04 2.78E-03 1.93E-03 1.36E-0S 

naphthalene 1.28E-03 2.24E-04 2.00E-03 1.66E-03 8.68E - 06 

phenanthrene 1.S2E-03 2.66E-04 2.38E-03 1.97E-03 1.03E-05 

pyrene 3.89E-03 6.80E-04 6.07E-03 S.03E-03 2.63E-0S 

aluminum 5,87E+00 3.79E+00 2.43E+0l 2.0lE+0l 2.07E-03 

arsenic 3.66E+00 2.98E-0l 5.90E+00 4.17E+00 2.03E-04 

barium 1.29E-01 6.40E-02 4.66E-0l 3.39E-01 1.S2E-03 

beryllium 7.29E-04 3.38E-04 2.5SE-03 1.79E-03 1.03E-05 

chromium 1.93E+00 9.49E-01 6.24E+00 S.31E+00 S.39E-04 

cobalt 6.94E-03 3.44E-03 2.50E-02 1.82E-02 8.18E-0S 

copper 5.74E-02 2:60E-02 1.99E-01 1.38E-01 8.61E-04 

iron 2.81E+Ol 1.77E+0l 1.1SE+02 9.3SE+0l 4.73E-02 

lead 1.23E-01 6.00E-02 3.96E-01 3.36E-01 7.32E-0S 

manganese 2.87E+O0 1.49E+00 1.06E+0l 7.91E+00 2.86E-02 

mercury 2.0lE-02 1.47E-02 1.16E-01 6.73E-02 7.30E-04 

nickel 8.42E-02 1.4SE-02 1.25E-0l 1.lOE-01 4.24E-04 

selenium 1.57E-02 4.54E-03 4.52E-02 2.40E-02 4.34E-04 

vanadium 3.21E-02 1.53E-02 1.13E-01 8.0SE-02 4.27E-04 

zinc 2.40E+00 2.lSE-01 2.71E+00 2.16E+00 2.llE-02 

cadmium 3.16E-02 6.63E-03 1.16E-01 6.14E-02 3.90E-05 

thallium 7.33E-03 4.43E-03 3.03E-02 2.30E-02 5.76E-05 



TABLER-5 
ESTIMATION OF A VERA GE EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lASITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

TCYfAL BODY DOSE (mg/kgBW-day) (bl 

CHEMICAL Muskrat Minic Raccoon 

aroclor 1260 7.80E-04 3.66E-03 3.88E-05 
DDE 4.71E-04 3.72E-03 3.44E-05 
DDD 2.49E-04 l.09E-03 l.15E-05 
DDT 9.25E-05 3.29E-04 3.68E-06 
benzo( a )anthracene 5.91E-04 6.39E-04 1.16E-05 
chrysene 8.59E-04 9.30E-04 1.69E-05 
fluoranthene 1.57E-03 1.45E-03 2.75E-05 
naphthalene 1.99E-03 9.30E-04 225E-05 
phenanthrene 2.36E-03 1.l0E-03 2.67E-05 
pyrene 6.03E-03 2.82E-03 6.82E-05 

aluminum 1.24E+0l 1.28E+0l 2.88E-01 
arsenic 5.33E+OO 1.29E+OO 4.82E-02 
barium 2.44E-01 2.51E-01 4.97E-03 
beryllium 1.31E-03 1.35E-03 2.58E-05 
chromium 3.78E+OO 3.22E+OO 7.56E-02 
cobalt 1.29E-02 1.32E-02 2.62E-04 
copper l.03E-01 l.06E-01 2.00E-03 
iron 5.88E+0l 6.06E+0l l.35E+OO 
lead 2.50E-01 2.13E-01 4.98E-03 
manganese 5.37E+OO 5.53E+OO 1.12E-01 
mercury 3.72E-02 6.35E-02 9.90E-04 
nickel 1.32E-01 5.73E-02 1.48E-03 
selenium 2.43E-02 2.50E-02 3.62E-04 
vanadium 5.92E-02 6.l0E-02 1.18E-03 
zinc 3.46E+OO 1.16E+OO 2.83E-02 
cadmium 4.66E-02 2.88E-02 7.02E-04 
thallium 1.47E-02 l.61E-02 3.33E-04 

13-Dec-93 2 SHl.NEWA3.WK1 



TABLE R-5 
ESTIMATION OF A VERA GE EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

EXPOSURE PARAMETERS [cl 

Indicator -- ---------- Percent Prey in Diet.----------~~- ... --. Home Range 

Species Inverts Plants Small Herpeto .... Birds Sediment Fish (ilcres) 
Mammals fauna 

Mallard (Waterfowl) 11% 87% 0% 0% 0% 2% 0% 3.5 

Great Blue Heron (Pred Bird) 16% 0% 5% 4% 0% 5% 70% 100 

Green Frog (Reptile) 70% 10% 0% 7% 0% 3% 10% 0.5 

Painted Turtle (Herptile) 43% 39% 0% 0% 0% 5% 13% 12 

I Osprey (Pred Bird) 0% 0% 0% 0% 0% 0% 100% 100 

NOTES: 

[a] Bioaccumulation data presented in: Appendix Q, Table Q-2a 

Ingestion 

ED[d] SFP [e] Rate 

(kg/da.i') 

0.5 5.0E-01 0.086 

0.5 l.5E-01 0.187 

0.75 7.5E-01 0.01 

0.75 7.SE-01 0.056 

0.05 l.SE-02 0.094 

[b] Calculated by summing the products of individual prey type concentrations and percent in diet, multiplying by the SFF and ingestion rate, and then dividing by body weight. 

( c] Documentation of exposure parameters presented in: Appendix Q, Table Q-1 

(d] ED= Exposure Duration (percentage of year the receptor is expected to be found at the study area). 

( e] Site Foraging Frequency (SFF). Calculated by dividing site area by receptor home range and multiplying by the ED ( cannot exceed 1 ). 

Boil.yWeighl 

(kg) 

1.177 
2.95 

0.037 

0.834 

1.3 



TABLER-5 
ESTIMATION OF AVERAGE EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lASITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

EXPOSURE PARAMIITBRS Jc:1 

Indicator 
Species 

- - ---- - - - -- - Percent Prey in Diet - ,- - - --- - - - ---- - ----- - Ingestion BoqyWeight 

Muskrat 
Mink 
Raccoon 

NOIES: 

(Small Mammal) 

(Carn. Mammal) 
(Omniv. Mammal) 

Inverts 

5% 
20% 
25% 

Plants Smalt 
Mammals 

f57% 0% 
0% 25% 

31% 9% 

[a] Bioaccwnulation data presented in: Appendix: Q, Table Q-2a 

Herpeto-" Birds Sediment Fis.b Home Range ED [dj SFF[e] Rate 
fauna (acres) (b/day) 

0% 0% 3% 5% 26 1 l.0E+OO 0.065 
0% 0% 3% 52% 35 1 8.6E-01 0 .05 

20% 1% 5% 9% 1150 1 2.6E-02 0.22 

[b] Calculated by summing the prodocts of individual prey type concentrations and percent in diet, multiplying by the SFF and ingestion rate, and then dividing by bodyweight. 

[c] Documentation of e,;posure parameters presented in: Appendix: Q, Table Q-1 
[ d] ED = Exposure Duration (percentage of year receptor is expected to be found at study area). 
[ e] Site Foraging Frequency (SFF). Calculated by dividing site area by receptor home range and multiplying by the ED ( cannot exceed 1 ). 

13-Dec-93 3 

(kg) 

1.25· 
0.8 

7.95 

SHl.NEWA3.WKl 



TABLER-6 
ESTIMATION OF AVERAGE RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

CHEMICAL Mallard Great Blue Heron 
T.BD RTY HQ T.BD RTV HQ 

aroclor-1260 4.7E-04 2.3E+OO 2.lE-04 6.9E-04 2.3E+OO 3.0E-04 
4,4' -DDE 3.4E-04 1.4E-01 2.4E-03 6.6E-04 2.SE-01 2.6E-03 
4,4'-DDD 1.6E-04 1.4E-01 1.lE-03 2.0E-04 2.SE-01 8.2E-04 
4,4-DDT 5.6E-05 1.4E-01 4.0E-04 6.3£,-05 2.SE-01 2.SE-04 

benzo( a )anthracene 3.4E-04 2.0E+OO 1.7E-04 1.SE-04 2.0E+OO 7.7E-05 
chrysene 4.9E-04 9.9E+Ol 4.9E-06 2.2E-04 9.9E+Ol 2.3E-06 

fluoranthene 9.2E-04 2.5E+02 3.7E-06 3.SE-04 2.SE+02 1.4E-06 

naphthalene UE-03 4.lE+0l 3.lE-05 2.2E-04 4.lE+Ol 5.SE-06 

phenanthrene 1.SE-03 1.2E+02 1.3E-05 2.7E-04 1.2E+02 2.2E-06 

pyrene 3.9E-03 1.3E+02 3.lE-05 6.8E-04 1.3E+02 5.4E-06 

aluminum 5.9E+OO 4.3E+02 1.4E-02 3.8E+OO 4.3E+02 8.9E-03 

arsenic 3.7E+OO 6.SE+OO 5.6E-01 3.0E-01 5.lE+OO 5.SE-02 

barium 1.3E-Ol 1.0E+Ol UE-02 6.4E-02 1.0E+Ol 6.3E-03 

beryllium 7.3E-04 2.2E-01 3.3E-03 3.4E-04 2.2E-01 1.SE-03 

chromium 1.9E+OO 3.SE+OO 5.SE-01 9.SE-01 3.SE+OO 2.7E-01 

cobalt 6.9E-03 1.3E+Ol 5.SE-04 3.4E-03 1.3E+Ol 2.8E-04 

copper 5.7E-02 2.9E+01 2.0E-03 2.6E-02 2.9E+Ol 9.0E-04 

iron 2.8E+Ol 2.4E+03 1.2E-02 1.8E+Ol 2.4E+03 7.4E-03 

lead 1.ZE-01 1.8E+OO 7.lE-02 6.0E-02 4.4E+OO 1.4E-02 

manganese 2.9E+OO 3.7E+02 7.8E-03 1.SE+OO 3.7E+02 4.0E-03 

mercury 2.0E-02 2.2E-01 9.lE-02 1.SE-02 1.0E-01 1.SE-01 

nickel 8.4E-02 1.0E+Ot 8.3E-03 1.4E-02 1.0E+Ol 1.4E-03 

selenium 1.6E-02 1.8E+OO 9.0E-03 4.SE-03 1.8E+OO 2.6E-03 

vanadium 3.2E-02 2.0E+OO 1.6E-02 l.SE-02 2.0E+OO 7.6E-03 

zinc 2.4E+OO 1.6E+02 1.SE-02 2.2E-01 1.6E+02 1.4E-03 

cadmium 3.2E-02 7.6E+OO 4.2E-03 6.6E-03 7.6E+OO 8.7E-04 

thallium 7.3E-03 1.ZE+OO 6.lE-03 4.4E-03 1.2E+OO 3.7E-03 

SUMMARY HAZARD INDEX I 1.4E+00 I 5.4E-01 

Green Frog 
TBD RTV HQ 
6.3E-03 2.3E+OO 2.7E-03 

6.3E-03 7.6E+OO 8.3E-04 
1.9E-03 7.6E+OO 2.SE-04 
5.7E-04 7.6E+OO 7.SE-05 

1.2E-03 2.0E+OO 6.0E-04 
1.7E-03 9.9E+Ol 1.SE-05 
2.8E-03 2.5E+02 1.lE-05 

2.0E-03 4.lE+Ol 4.9E-05 

2.4E-03 1.2E+02 2.0E-05 

6.lE-03 1.3E+02 4.9E-05 

2.4E+Ol 4.3E+02 5.7E-02 

5.9E+OO 5.lE+OO 1.2E+OO 

4.7E-01 1.0E+Ol 4.6E-02 

2.SE-03 2.2E-01 1.2E-02 

6.2E+OO 3.SE+OO 1.8E+OO 

2.SE-02 1.3E+Ol 2.0E-03 

2.0E-01 2.9E+Ol 6.9E-03 

1.1E+02 2.4E+03 4.8E-02 

4.0E-01 4.4E+OO 9.0E-02 

1.lE+Ol 3.7E+02 2.9E-02 

1.2E-01 8.6E-01 1.3E-01 

1.3E-01 1.0E+Ol 1.2E-02 

4.SE-02 1.8E+OO 2.6E-02 

1.lE-01 2.0E+OO S.7E-02 

2.7E+OO t.6E+02 1.7E-02 

1.2E-01 7.6E+OO 1.SE-02 

3.0E-02 1.2E+OO 2.SE-02 

I 3.5E+00 



TABLER-6 
ESTIMATION OF AVERAGE RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

CHBMCCAL Muskrat Mink 
lBD R1V HQ TBD R1V HQ 

aroclor 1260 7.8E-04 3.8E+OO 2.lE-04 3.7E-03 3.8E+OO 9.6E-04 
DDE 4.7E-04 4.8E-01 9.8E-04 3.7E-03 5.0E+OO 7.4E-04 
DDD 2.5E-04 4.8E-01 5.2E-04 l.lE-03 5.0E+OO 2.2E-04 
DDT 9.3E-05 4.8E-01 l.9E-04 3.3E-04 5.0E+OO 6.6E-05 
benzo(a)anthracene 5.9E-04 2.0E+OO 3.0E-04 6.4E-04 2.0E+OO 3.2E-04 
chiysene 8.6E-04 9.9E+0l 8.7E-06 9.3E-04 9.9E+01 9.4E-06 
fluoranthene l.6E-03 2.5E+02 6.3E-06 l.5E-03 2.5E+02 5.8E-06 
naphthalene 2.0E-03 4.lE+0l 4.8E-05 9.3E-04 4.lE+0l 2.3E-05 
phenanthrenc 2.4E-03 l.2E+02 2.0E-05 l.lE-03 l.2E+02 9.2E-06 
pyrene 6.0E-03 1.3E+02 4.8E-05 2.8E-03 l.3E+02 2.3E-05 

aluminwn l.2E+0l 4.3E+02 2.9E-02 1.3E+0l 4.3E+02 3.0E-02 
arsenic 5.3E+OO 7.5E+OO 7.lE-01 1.3E+OO 2.5E+02 5.2E-03 
barium 2.4E-01 l.0E+0l 2.4E-02 2.5E-01 l.0E+0l 2.5E-02 
beryllium 1.3E-03 2.2E-01 5.9E-03 l.3E-03 2.2E-01 6.lE-03 
chromium 3.8E+OO 4.lE+0l 9.3E-02 3.2E+OO 4.lE+0l 7.9E-02 
ccbalt 1.3E-02 1.3E+0l 1.0E-03 1.3E-02 5.0E+OO 2.6E-03 
copper 1.0E-01 7.7E+0l 1.3E-03 1.lE-01 7.7E+01 1.4E-03 
iron 5.9E+01 2.4E+03 2.5E-02 6.lE+0l 2.4E+03 2.5E-02 
lead 2.5E-01 2.lE+OO 1.2E-01 2.lE-01 3.0E+OO 7.lE-02 
manganese 5.4E+OO 3.7E+02 1.5E-02 5.5E+OO 2.5E+0l 2.2E-01 
mercury 3.7E-02 5.0E-01 7.4E-02 6.4E-02 9.0E-02 7.lE-01 
nickel 1.3E-01 5.0E+0l 2.6E-03 5.7E-02 6.3E+01 9.2E-04 
seleniwn 2.4E-02 1.2E-01 2.0E-01 2.5E-02 1.2E-01 2.lE-01 
vanadium 5.9E-02 2.5E+OO 2.4E-02 6.lE-02 2.5E+OO 2.4E-02 
zinc 3.5E+OO 1.6E+02 2.2E-02 1.2E+OO 1.6E+02 7.3E-03 
cadmium 4.7E-02 1.8E+OO 2.6E-02 2.9E-02 3.7E+OO 7.8E-03 

thalliwn 1.5E-02 1.2E+OO 1.2E-02 1.6E-02 l.2E+OO 1.3E-02 

SUMMARY HAZARD INDEX I 1.4E+OO I 1.4E+OO 
NOTES: TBD = Total Body Dose (mglkgBW-day) BW = Body Weight (kg) 

1BD 
3.9E-05 
3.4E-05 
l.2E-05 
3.7E-06 
l.2E-05 
l.7E-05 
2.8E-05 
2.3E-05 
2.7E-05 
6.8E-05 

2.9E-01 
4.8E-02 
5.0E-03 
2.6E-05 
7.6E-02 
2.6E-04 
2.0E-03 
1.3E+OO 
5.0E-03 
l.lE-01 
9.9E-04 
l.5E-03 
3.6E-04 
1.2E-03 
2.8E-02 
7.0E-04 
3.3E-04 

RTV = Reference Toxicity Value (mg/kgBW-day) HQ= Hazard Quotient(calculatedby dividingTBDby RTV) 

13-Dec-93 

Raccoon 
R1V HQ 
3.8E+OO l.0E-05 
5.0E+OO 6.9E-06 
5.0E+OO 2.3E-06 
5.0E+OO 7.4E-07 
2.0E+OO 5.8E-06 
9.9E+01 1.7E-07 
2.5E+02 1.lE-07 
4.lE+0l 5.5E-07 
l.2E+02 2.2E-07 
l .3E+02 5.5E-07 

4.3E+02 6.8E-04 
2.5E+02 l.9E-04 
l.0E+0l 4.9E-04 
2.2E-01 1.2E-04 
4.lE+0l 1.9E-03 
5.0E+OO 5.2E-05 
7.7E+0l 2.6E-05 
2.4E+03 5.6E-04 
3.0E+OO 1.7E-03 
2.5E+01 4.5E-03 
1.0E-01 9.9E-03 
6.3E+01 2.4E-05 
1.2E-01 3.0E-03 
2.5E+OO 4.7E-04 
l.6E+02 1.8E-04 
3.7E+OO l.9E-04 

1.2E+OO 2.8E-04 

I 2.4E-02 

SHI.NEWA3.WK1 



TABLER-6 
ESTIMATION OF AVERAGE RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILl1Y STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

CREM1CAL Painted Turtle Osprey 
TBD RTV HQ 1130 .RTV ao 

aroclor-1260 2.4E-03 2.3E+OO 1.lE-03 6.7E-05 9.0E+OO 7.5E-06 

ODE 2.lE-03 7.6E+OO 2.8E-04 7.6E-05 2.9E-01 2.6E-04 

ODD 7.3E-04 7.6E+OO 9.6E-05 2.0E-05 2.9E-01 7.lE-05 

DDT 2.4E-04 7.6E+OO 3.lE-05 5.9E-06 2.9E-01 2.0E-05 

benzo( a )anthracene 8.0E-04 2.0E+OO 4.0E-04 6.0E-06 2.0E+OO 3.0E-06 

chrysene l.2E-03 9.9E+Ol l.2E-05 8.7E-06 9.9E+Ol 8.8E-08 

fluoranthene 1.9E-03 2.5E+02 7.7E-06 1.4E-05 2.5E+02 5.4E-08 

naphthalene 1.7E-03 4.lE+Ol 4.0E-05 8.7E-06 4.lE+Ol 2.lE-07 

phenanthrene 2.0E-03 1.2E+02 1.6E-05 1.0E-05 1.2E+02 8.6E-08 

pyrene 5.0E-03 l.3E+02 4.0E-05 2.6E-05 l.3E+02 2.lE-07 

aluminum 2.0E+Ol 4.3E+02 4.7E-02 2.lE-03 4.3E+02 4.8E-06 

arsenic 4.2E+OO 5.lE+OO 8.2E-01 2.0E-04 5.lE+OO 4.0E-05 

barium 3.4E-01 1.0E+Ol 3.3E-02 1.5E-03 1.0E+Ol l.SE-04 

beryllium 1.8E-03 2.2E-01 8.lE-03 1.0E-05 2.2E-01 4.7E-05 

chromium 5.3E+OO 3.5E+OO l.5E+OO S.4E-04 3.SE+OO l.SE-04 

cobalt 1.8E-02 1.3E+Ol l.5E-03 8.2E-05 l.3E+Ol 6.SE-06 

copper 1.4E-Ol 2.9E+Ol 4.8E-03 8.6E-04 2.9E+Ol 3.0E-05 

iron 9.4E+Ol 2.4E+03 3.9E-02 4.7E-02 2.4E+03 2.0E-05 

lead 3.4E-01 4.4E+OO 7.6E-02 7.3E-05 4.4E+OO 1.7E-05 

manganese 7.9E+OO 3.7E+02 2.lE-02 2.9E-02 3.7E+02 7.7E-05 

mercury 6.7E-02 8.6E-01 7.8E-02 7.3E-04 1.0E-01 7.3E-03 

nickel 1.lE-01 l.OE+Ol 1.lE-02 4.2E-04 1.0E+Ol 4.2E-05 

selenium 2.4E-02 l.8E+OO 1.4E-02 4.3E-04 l.8E+OO 2.5E-04 

vanadium 8.lE-02 2.0E+OO 4.0E-02 4.3E-04 2.0E+OO 2.lE-04 

zinc 2.2E+OO l.6E+02 1.4E-02 2.lE-02 1.6E+02 l.3E-04 

cadmium 6.lE-02 7.6E+OO 8.lE-03 3.9E-05 7.6E+OO 5.lE-06 

thallium 2.3E-02 l.2E+OO 1.9E-02 5.8E-05 12E+OO 4.8E-05 

SUMMARY HAZARD INDEX I 2.8E+00 I 8.9E-03 

NOTES: TBD = Total Body Dose (mg/kgBW-day) BW = Body Weight (kg) 

RTV = Reference Toxicity Value (mg/kgBW -day) HQ = Hazard Quotient (calculated by dividing TBD by RTV) 



TABLER-? 
ESTIMATION OF RME EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

EXPOSURE CONCENTRATION DATA ESTIMATED TISSUE LEVELS IN PRIMARY PREY ITEMS BAF VALUES FOR OTHER PREY ITEMS 
MAX(MUM 'r~ue Tii;sue Small Small Rep1jle/ 

CHEMICAL CONCENTRATION Invert Level Plant Level Mammal Bird Amph.ib. Fish 
m k BAF a BAF a l3AF a 

aroclor-1260 2.7E-01 2.3E-01 6.2E-02 2.9E-03 2.3E-01 
DDE 1.3E+OO 1.4E+OO 1.8E+OO 1.3E-02 1.7E-02 1.4E+OO 1.4E+OO 1.4E+OO 1.4E+OO 
DDD 1.8E+OO 2.7E-01 4.9E-01 1.3E-02 2.3E-02 2.7E-01 2.7E-01 2.7E-01 2.7E-01 
DDT 1.3E-01 1.8E-01 2.3E-02 1.3E-02 1.7E-03 1.8E-01 1.8E-01 1.8E-Ol 1.8E-01 
benzo( a )anthracene 1.lE+OO 2.SE-02 2.8E-02 2.2E-02 2.4E-02 2.SE-02 2.SE-02 2.SE-02 2.SE-02 
chrysene 1.SE+OO 2.SE-02 3.8E-02 2.2E-02 3.3E-02 2.SE-02 2.SE-02 2.SE-02 2.SE-02 
fluoranthene 3.4E+OO 2.SE-02 8.SE-02 3.2E-02 l.lE-01 2.SE-02 2.SE-02 2.SE-02 2.SE-02 
naphthalene 1.6E+OO 2.SE-02 4.0E-02 1.0E-01 1.6E-01 2.SE-02 2.SE-02 2.SE-02 2.SE-02 
phenanthrene 2.SE+OO 2.SE-02 6.3E-02 1.0E-01 2.SE-01 2.SE-02 2.SE-02 2.SE-02 2.SE-02 
pyrene 4.4E+OO 2.SE-02 l.lE-01 1.0E-01 4.4E-01 2.SE-02 2.SE-02 2.SE-02 2.SE-02 

aluminum 2.4E+04 2.4E-04 5.8E+OO 2.4E-04 5.8E+OO 2.4E-04 2.4E-04 2.4E-04 2.4E-04 
arsenic 3.2E+03 1.lE-01 3.4E+02 2.lE-01 6.7E+02 4.0E-04 4.0E-04 4.0E-04 4.0E-04 
barium 3.4E+02 1.3E-02 4.SE+OO 1.3E-02 4.SE+OO 1.3E-02 1.3E-02 1.3E-02 1.3E-02 
beryllium 2.7E+OO 1.8E-02 4.9E-02 1.8E-02 4.9E-02 1.8E-02 1.8E-02 1.8E-02 1.8E-02 
chromium 1.0E+04 2.SE-04 2.SE+OO 7.SE-03 7.SE+Ol 2.SE-04 2.SE-04 2.SE-04 2.SE-04 
cobalt 5.9E+Ol 1.3E-02 7.6E-01 1.3E-02 7.6E-01 1.3E-02 1.3E-02 1.3E-02 1.3E-02 
copper 1.3E+02 2.0E-02 2.6E+OO 2.0E-02 2.6E+OO 2.0E-02 2.0E-02 2.0E-02 2.0E-02 
iron 3.3E+05 1.2E-03 4.0E+02 1.2E-03 4.0E+02 1.ZE-03 1.2E-03 1.ZE-03 1.2E-03 
lead 6.3E+02 5.4E-04 3.4E-Ol 8.0E-03 5.lE+OO 5.4E-04 5.4E-04 5.4E-04 5.4E-04 
manganese 5.5E+04 1.0E-02 5.SE+02 1.0E-02 5.5E+02 1.0E-02 1.0E-02 1.0E-02 1.0E-02 
mercury 1.3E+02 3.7E-02 4.8E+OO 7.0E-03 9.lE-01 3.7E-02 3.7E-02 3.7E-02 3.7E-02 
nickel 7.9E+Ol 1.7E-02 1.3E+OO 9.0E-02 7.lE+OO 1.7E-02 1.7E-02 1.7E-02 1.7E-02 
selenium 6.6E+OO 2.lE-01 1.4E+OO 2.lE-01 1.4E+OO 2.lE-01 2.lE-01 2.lE-01 2.lE-01 
vanadium 1.7E+02 1.6E-02 2.7E+OO 1.6E-02 2.7E+OO 1.6E-02 1.6E-02 1.6E-02 1.6E-02 
zinc 4.0E+02 2.2E-01 8.9E+Ol 8.0E-01 3.2E+02 2.2E-01 2.ZE-01 2.ZE-01 2.2E-01 
cadmium 6.0E+Ol l.lE-01 6.8E+OO 6.4E-02 3.8E+OO 3.7E-03 3.7E-03 3.7E-03 3.7E-03 
thallium 8.3E+OO 6.4E-03 5.3E-02 4.0E-03 3.3E-02 6.4E-03 6.4E-03 6.4E-03 6.4E-03 

I SITE AREA,: 30.0 acres 
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TABLER-7 
ESTIMATION OF RME EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

TOTAL BODY DOSE (mg/tgBW - day) (b) 

CHEMICAL Malla.rd Graa.t Blue Heron Green Frog Pll.inted Tuttle Osp,-y 

aroclor-1260 4.72E-04 6.89E-04 6.30E-03 2.45E-03 6.74E-05 

DDE 8.S0E-03 1.71E-02 1.65E-01 5.49E-02 1.97E-03 

DDD 4.0lE-03 5.ZSE-03 4.86E-02 1.87E-02 5.27E-04 

DDT 2.43E-04 2.73E-04 2.48E-03 1.02E-03 2.54E-05 

benw( a )anthracene 1.68E-03 7.71E-04 6.0lE-03 4.02E-03 2.98E-05 

chrysene 2.30E-03 1.0SE-03 8.20E-03 5.48E-03 4.07E-05 

fluoranthene 6.28E-03 2.38E-03 1.89E-02 1.31E-02 9.22E-05 

naphthalene 6.42E-03 1.12E-03 1.00E-02 8.30E-03 4.34E-05 

phenanthrene 1.00E-02 1.75E-03 1.56E-02 1.30E-02 6.78E-05 

pyrene 1.74E-02 3.0SE-03 2.72E-02 2.26E-02 1.lSE-04 

aluminum 1.77E+0l 1.lSE+0l 7.35E+0l 6.07E+0l 6.25E-03 

araenic 2.S0E+0l 2.04E+00 4.04E+0l 2.85E+0l 1.39E-03 

barium 4.llE-01 2.04E-0l 1.49E+00 1.0SE+00 4.SSE-03 

beryllium 3.74E-03 1.74E-03 1.31E-02 9.19E-03 5.31E-05 

chromium 9.70E+00 4.78E+00 3.14E+0l 2.67E+0l 2.71E-03 

cobalt 7.02E-02 3.48E-02 · 2.54E-01 1.84E-01 8.28E-04 

copper 1.91E-01 8.66E-02 6.61E-01 4.59E-01 2.86E-03 

iron 2.55E+02 1.60E+02 1.04E+03 8.50E+02 4.30E-0l 

lead 6.24E-01 3.04E-01 2.00E+00 1.70E+00 3.70E-04 

manganese 5.97E+0l 3.l0E+0l 2.20E+02 1.64E+02 5.94E-0l 

mercury l.43E-01 t.0SE-01 8.29E-0l 4.SlE-01 5.22E-03 

nickel 2.90E-01 4.99E-02 4.32E-01 3.78E-Ol l.46E-03 

selenium 5.33E-02 1.54E-02 1.53E-01 8.13E-02 l.47E-03 

vanadium 2.16E-01 1.03E-01 7.66E-01 5.45E-01 2.SSE-03 

zinc 1.09E+0l 9.92E-01 1.23E+0l 9.85E+00 9.62E-02 

cadmium 1.93E-01 4.06E-02 7.lOE-01 3.76E-0l 2.39E-04 

thallium 7.33E-03 4.43E-03 3.03E-02 2.30E-02 5.76E-05 



TABLER-7 
ESTIMATION OF RME EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lASITES 
SHEPLEY'S IBLL LANDFILL - FORT DEVENS, MA 

TOTAL BODY DOSE (m~~BW - day) (b] 

CHEMICAL Mu•krat Mink Raccoon 

aroclor-1260 7.80E-04 3.66E-03 3.88E-05 

DDE 1.23E-02 9.67E-02 8.96E-04 

DDD 6.39E-03 2.81E-02 2.96E-04 

DDT 4.0lE-04 1.42E-03 1.60E-05 

benzo( a )anthracene 2.95E-03 3.20E-03 5.81E-05 

chrysene 4.03E-03 4.36E-03 7.92E-05 

fluoranthene 1.07E-02 9.88E-03 1.87E-04 

naphthalene 9.94E-03 4.65E-03 1.13E-04 

phenanthrene 1.SSE-02 7.27E-03 1.76E-04 

pyrene 2.70E-02 1.26E-02 3.06E-04 

aluminum 3.77E+Ol 3.89E+Ol_ 8.74E-01 

arsenic 3.63E+Ol 8.80E+OO 3.28E-Ol 

barium 7.62E-01 7.85E-Ol 1.56E-02 

beryllium 6.71E-03 6.92E-03 1.32E-04 

chromium 1.90E +01 1.62E +01 3.81E-01 

cobalt 1.30E-01 1.34E -01 2.65E-03 

copper 3.39E-01 3.49E-01 6.60E-03 

Iron S.35E+02 S.51E+02 1.22E +01 

lead 1.22E+OO 1.03E+OO 2.42E-02 

manganese 1.13E+02 1.17E+02 2.36E+OO 

mercury 2.69E-01 4.59E-01 7.lSE-03 

nickel 4.54E-01 1.97E -01 5.llE-03 

selenium 7.85E-02 8.09E-02 1.17E-03 

vanadium 3.93E-01 4.0SE-01 7.85E-03 

zinc 1.57E +01 S.2SE+OO 1.28E-01 

cadmium 2.86E-01 1.79E-01 4.34E-03 

thallium 1.47E-02 1.61E-02 3.33E-04 
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TABLE R-7 
ESTIMATION OF RME EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

EXPOSURE PARAMETERS [cl 

lndic~tor 

SpeGies 

- ~--'- -- --- ---'- Percent Prey in Diel..;.,.. __ ---- -- ~~-..,.'---· Home jjjnge 

Mallard 
Great Blue Heron 

Green Frog 

Painted Turtle 

O~ 

NOTES: 

(Waterfowl) 

(Pred Bird) 

(Reptile) 

(Herptile) 
(Pred Bird) 

Inverts 

11% 

16% 

70% 

43% 

0% 

Plants Small 

Maminals 
87% 0% 

0% 5% 

10% 0% 

39% 0% 

0% 0% 

[a] Bioaccumulation daia presented in: Appendix Q, Table Q-Za 

Herpeto- Birds Sediment Fish (acres) 
!alina 

0% 0% 2% 0% 3.5 

4% 0% 5% 70% 100 

7% 0% 3% 10% 0.5 

0% 0% 5% 13% 12 

0% 0% 0% 100% 100 

lngesli"on 

ED:dJ SFF [e) Rate 

(,~dal') 
0.5 5.0E-01 0.086 

0.5 1.SE-01 0.187 

0.75 7.SE-01 0.01 

0.75 7.5E-01 0.056 

0.05 l.SE-02 0.094 

[b) Calculated by summing the products of individual prey type concentrations and percent in diet, multiplying by the SFF and ingestion rate, and then dividing by body weight. 

[c] Documentation of exposure parameters presented in: AppendixQ, Table Q-1 

[d] ED= Exposure Duration (percentage of year the receptor is expected to be found at the study area). 

[e] Site Foraging Frequency (SFF); Calculated by dividing site area by receptor home range and multiplying by the ED (cannot exceed 1). 

Body Weight 

(kg) 

1.177 

2.95 

0.037 

0.834 

1.3 



TABLER-7 
ESTIMATION OF RME EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

EXPOSURE PARAMETERS fel 

Indicator 

Species 

---- - - - -- - - - Per~ol Prey io Di~• -- - - -------- - - Home l4nge 

lluslrrat 
Mink 
Raccoon 

NOTES: 

(Small Mammal) 

(Cam. Mammal) 

(Omniv. Mammal) 

tnverts 

5% 

20% 

25% 

Plants SmaJJ 
Mammal<; 

87% 0% 

0% 25% 

31% 9% 

[a]Bioaccumulation data presented in: Appendix Q, Table Q-2a 

Herpeto- Birds Sedimen1 Fisli (81;1"~) 

faW1a 

0% 0% 3% 5% 26 

0% 0% 3o/'o 52% 35 

20% 1% So/o 9% USO 

ED(dJ 

logestio11 

SP]? (e] Ra~ 

(kg,:'.dal'.) 
1 1.0E+00 0.065 

1 8.6E-01 0.05 

1 2.6E-02 0.22 

[b] Calculated by summing the products of individual prey type concentrations and percent in diet, multiplying by the SFF and ingestion rate, and then dividing by body weight. 

[c] Documentation of exposure parameters presented in: Appendix Q, Table Q-1 

[d] ED = Exposure Duration (percentage of year the receptor is expected to be found at the study area). 

[ e] Site Foraging Frequency (SFF). Calrulated by dividing site area by receptor home range and multiplying by the ED ( cannot exceed 1 ). 
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Body Welighl 

(kg) 

1.25 

0.8 

7.95 

SHLNEWR3.wkl 



TABLER-8 
ESTIMATION OF RME RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILI1Y STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

·-

CHE MICAL Mallard Gteat Blue Heron 
TBD RTV HQ T.BD RTV HQ 

aroclor-1260 4.7E-04 2.3E+OO 2.lE-04 6.9E-04 2.3E+OO 3.0E-04 

DDE 8.SE-03 1.4E-01 6.3E-02 1.7E-02 2.5E-01 6.SE-02 

DDD 4.0E-03 1.4E-01 2.9E-02 5.2E-03 2.SE-01 2.lE-02 

DDT 2.4E-04 1.4E-Ol 1.7E-03 2.7E-04 2.SE-01 1.lE-03 

benzo( a )anthracene l.7E-03 2.0E+OO 8.4E-04 7.7E-04 2.0E+OO 3.9E-04 

chrysene 2.3E-03 9.9E+Ol 2.3E-OS 1.lE-03 9.9E+01 1.lE-05 

fluoranthene 6.3E-03 2.5E+02 2.5E-05 2.4E-03 2.5E+02 9.SE-06 

naphthalene 6.4E-03 4.lE+Ol l.6E-04 1.lE-03 4.lE+Ol 2.7E-OS 

phenanthrene 1.0E-02 1.2E+02 8.4E-05 1.SE-03 1.2E+02 1.SE-05 

pyrene 1.7E-02 1.3E+02 1.4E-04 3.lE-03 1.3E+02 2.4E-05 

aluminum 1.8E+01 4.3E+02 4.2E-02 1.lE+Ol 4.3E+02 2.7E-02 

arsenic 2.SE+Ol 6.SE+OO 3.9E+OO 2.0E+OO S.lE+OO 4.0E-01 

barium 4.lE-01 1.0E+Ol 4.0E-02 2.0E-01 1.0E+Ol 2.0E-02 

beryllitnn 3.7E-03 2.2E-01 1.7E-02 1.7E-03 2.2E-01 7.9E-03 

chromium 9.7E+00 3.5E+OO 2.8E+OO 4.8E+OO 3.SE+OO 1.4E+OO 

cobalt 7.0E-02 1.3E+Ol 5.6E-03 3.SE-02 1.3E+Ol 2.8E-03 

copper 1.9E-01 2.9E+Ol 6.6E-03 8.7E-02 2.9E+Ol 3.0E-03 

iron 2.6E+02 2.4E+03 1.lE-01 1.6E+02 2.4E+03 6.7E-02 

lead 6.2E-01 1.8E+OO 3.6E-01 3.0E-01 4.4E+OO 6.9E-02 

manganese 6.0E+Ol 3.7E+02 1.6E-01 3.lE+Ol 3.7E+02 8.4E-02 

mercury 1.4E-01 2.2E-01 6.SE-01 1.lE-01 1.0E-01 1.lE+OO 

nickel 2.9E-Ol 1.0E+Ol 2.9E-02 S.OE-02 1.0E+Ol 4.9E-03 

selenium 5.3E-02 1.8E+OO 3.0E-02 1.SE-02 1.8E+OO 8.8E-03 

vanadium 2.2E-01 2.0E+OO 1.lE-01 1.0E-01 2.0E+OO S.lE-02 

zinc 1.lE+Ol 1.6E+02 6.8E-02 9.9E-01 1.6E+02 6.2E-03 

cadmium 1.9E-01 7.6E+OO 2.SE-02 4.lE-02 7.6E+OO S.3E-03 

thallium 7.3E-03 1.2E+OO 6.lE-03 4.4E-03 1.2E+OO 3.7E-03 

SUMMARY HAZARD INDEX I 8.4E+00 I 3.3E+00 

Green Frog 
TBD RTV HQ 
6.3E-03 2.3E+OO 2.7E-03 

1.6E-Ol 7.6E+OO 2.2E-02 
4.9E-02 7.6E+OO 6.4E-03 
2.SE-03 7.6E+OO 3.3E-04 
6.0E-03 2.0E+OO 3.0E-03 

8.2E-03 9.9E+01 8.3E-05 
1.9E-02 2.5E+02 7.6E-05 

1.0E-02 4.lE+Ol 2.4E-04 

1.6E-02 1.2E+02 1.3E-04 

2.7E-02 1.3E+02 2.2E-04 

7.4E+Ol 4.3E+02 1.7E-01 

4.0E+Ol 5.lE+OO 7.9E+OO 

1.SE+OO 1.0E+Ol 1.SE-01 

1.3E-02 2.2E-01 S.9E-02 

3.lE+Ol 3.SE+OO 9.0E+OO 

2.SE-01 1.3E+Ol 2.0E-02 

6.6E-01 2.9E+Ol 2-3E-02 

1.0E+03 2.4E+03 4.3E-01 

2.0E+OO 4.4E+OO 4.6E-01 

2.2E+02 3.7E+02 6.0E-01 

8.3E-01 8.6E-01 9.6E-01 

4.3E-01 1.0E+Ol 4.3E-02 

1.SE-01 1.8E+OO 8.7E-02 

7.7E-01 2.0E+OO 3.8E-01 

1.2E+Ol 1.6E+02 7.7E-02 

7.lE-01 7.6E+OCJ 9.3E-02 

3.0E-02 1.2E+OO 2.SE-02 

I 2.lE+0l 



TABLER-8 
ESTIMATION OF RME RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S lllLL LANDFILL - FORT DEVENS, MA 

CHEMICAL Muskrat Mink 
TBD RTV HQ TBD RTV HQ 

aroclor-1260 7.SE-04 3.SE+OO 2.0E-04 3.7E-03 3.SE+OO 9.5E-04 
DDE 1.2E-02 4.SE-01 2.6E-02 9.7E-02 5.0E+OO 1.9E-02 

DDD 6.4E-03 4.SE-01 1.3E-02 2.SE-02 5.0E+OO 5.6E-03 

DDT 4.0E-04 4.SE-01 8.4E-04 1.4E-03 5.0E+OO 2.SE-04 

benzo(a )anthracene 3.0E-03 2.0E+OO 1.SE-03 3.2E-03 2.0E+OO 1.6E-03 

chrysene 4.0E-03 9.9E+Ol 4.lE-05 4.4E-03 9.9E+Ol 4.4E-05 

fluoranthene 1.lE-02 2.SE+OZ 4.3E-05 9.9E-03 2.5E+02 4.0E-05 
naphthalene 9.9E-03 4.lE+Ol 2.4E-04 4.7E-03 4.lE+Ol 1.lE-04 

phenanthrene 1.6E-02 1.2E+02 1.3E-04 7.3E-03 1.2E+02 6.lE-05 

pyrene 2.7E-02 1.3E+02 2.ZE-04 1.3E-02 1.3E+02 1.0E-04 

aluminum 3.8E+Ol 4.3E+02 8.9E-02 3.9E+Ol 4.3E+02 9.lE-02 

arsenic 3.6E+Ol 7.SE+OO 4.SE+OO 8.SE+OO 2.5E+02 3.SE-02 

barium 7.6E-01 1.0E+Ol 7.SE-02 7.9E-01 1.0E+Ol 7.7E-02 

beryllium 6.7E-03 2.ZE-01 3.lE-02 6.9E-03 2.ZE-01 3.lE-02 

chromium 1.9E+Ol 4.lE+Ol 4.7E-01 1.6E+Ol 4.lE+Ol 4.0E-01 
cobalt 1.3E-01 1.3E+Ol 1.0E-02 1.3E-01 5.0E+OO 2.7E-02 

copper 3.4E-01 7.7E+Ol 4.4E-03 3.SE-01 7.7E+Ol 4.6E-03 

iron 5.3E+02 2.4E+03 2.ZE-01 5.SE+OZ 2.4E+03 2.3E-01 

lead 1.2E+OO 2.lE+OO 5.SE-01 1.0E+OO 3.0E+OO 3.4E-Ol 

manganese 1.1E+02 3.7E+02 3.lE-01 1.2E+02 2.SE+Ol 4.7E+OO 

mercury 2.7E-01 5.0E-01 5.4E-Ol 4.6E-01 9.0E-02 5.lE+OO 

nickel 4.SE-01 5.0E+Ol 9.lE-03 2.0E-01 6.ZE+Ol 3.ZE-03 

selenium 7.9E-02 1.ZE-01 6.SE-01 8.lE-02 1.ZE-01 6.7E-01 

vanadium 3.9E-01 2.SE+OO 1.6E-01 4.0E-01 2.5E+OO 1.6E-01 

zinc 1.6E+Ol 1.6E+02 9.8E-02 5.3E+OO l.6E+02 3.3E-02 

cadmium 2.9E-01 1.SE+OO 1.6E-01 1.8E-01 3.7E+OO 4.8E-02 

thallium 1.SE-02 1.2E+OO 1.ZE-02 1.6E-02 1.2E+OO 1.3E-02 

SUMMARY HAZARD INDEX I 8.3E+OO I 1.2E+Ol 

NOTES: TBD = Total Body Dose (mg/kgBW-day) BW = Body Weight (kg) 

TBD 
3.9E-05 
9.0E-04 
3.0E-04 
1.6E-05 
5.SE-05 
7.9E-05 
1.9E-04 
1.lE-04 
1.8E-04 
3.lE-04 

8.7E-01 
3.3E-01 
1.6E-02 
1.3E-04 
3.8E-01 
2.7E-03 
6.6E-03 

1.2E+Ol 
2.4E-02 

2.4E+OO 
7.ZE-03 
5.lE-03 
1.ZE-03 
7.SE-03 
1.3E-01 
4.3E-03 
3.3E-04 

RTV = Reference Toxicity Value (mg/kgBW-day) HQ = Hazard Quotient (calculated by dividing TBD by RTV) 

13-Dec-93 

Raccoon 
Rnr HQ 
3.SE+OO 1_.0E-05 
5.0E+OO 1.8E-04 
5.0E+OO 5.9E-05 
5.0E+OO 3.2E-06 

2.0E+OO 2.9E-05 
9.9E+Ol 8.0E-07 
2.5E+02 7.SE-07 

4.lE+Ol 2.7E-06 

1.2E+02 1.SE-06 
1.3E+02 2.4E-06 

4.3E+02 2.lE-03 
2.5E+02 1.3E-03 

1.0E+Ol 1.SE-03 
2.ZE-01 6.0E-04 

4.lE+Ol 9.4E-03 
5.0E+OO 5.3E-04 
7.7E+Ol 8.6E-05 

2.4E+03 5.lE-03 
3.0E+OO 8.lE-03 

2.5E+Ol 9.SE-02 
l.OE-01 7.ZE-02 

6.2E+Ol 8.ZE-05 
1.ZE-01 9.SE-03 
2.SE+OO 3.lE-03 

l.6E+02 8.0E-04 
3.7E+OO 1.ZE-03 
l.ZE+OO 2.SE-04 

I 2.lE-01 

SHLNEWR3.wkl 



TABLER-8 
ESTIMATION OF RME RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
SHEPLEY'S HILL LANDFILL - FORT DEVENS, MA 

CHEMICAL Painted Turtle Osprey 
TBD RTV HQ TBD R_TV HO 

aroclor-1260 2.4E-03 2.3E+0O 1.lE-03 6.7E-05 9.0E+00 7.SE-06 

DOE 5.SE-02 7.6E+00 7.2E-03 2.0E-03 2.9E-01 6.SE-03 

ODD 1.9E-02 7.6E+00 2.SE-03 5.3E-04 2.9E-01 1.SE-03 

DDT 1.0E-03 7.6E+O0 1.3E-04 2.SE-05 2.9E-01 8.SE-05 

benzo(a )anthracene 4.0E-03 2.0E+00 2.0E-03 3.0E-05 2.0E+00 1.SE-05 

chrysene 5.SE-03 9.9E+0l 5.SE-05 4.lE-05 9.9E+0l 4.lE-07 

Ouoranthene 1.3E-02 2.5E+02 5.2E-05 9.2E-05 2.5E+02 3.7E-07 

naphthalene 8.3E-03 4.lE+0l 2.0E-04 4.3E-05 4.lE+0l 1.lE-06 

phenanthrene 1.3E-02 1.2E+02 1.lE-04 6.SE-05 1.2E+02 5.6E-07 

pyrene 2.3E-02 1.3E+02 1.SE-04 1.2E-04 1.3E+02 9.4E-07 

-
aluminum 6.lE+Ol 4.3E+02 1.4E-Ol 6.2E-03 4.3E+02 1.SE-05 

arsenic 2.9E+0l 5.lE+00 5.6E+00 t.4E-03 5.lE+00 2.7E-04 

barium 1.lE+00 1.0E+0l 1.lE-01 4.9E-03 1.0E+0l 4.SE-04 

beryllium 9.ZE-03 2.2E-01 4.ZE-02 5.3E-05 2.2E-01 2.4E-04 

chromium 2.7E+Ol 3.5E+00 7.6E+00 2.7E-03 3.SE+00 7.7E-04 

cobalt 1.SE-01 1.3E+0l 1.SE-02 8.3E-04 1.3E+0l 6.6E-05 

copper 4.6E-Ol 2.9E+Ol 1.6E-02 2.9E-03 2.9E+0l 9.9E-05 

iron 8.5E+02 2.4E+03 3.SE-01 4.3E-01 2.4E+03 1.SE-04 

lead 1.7E+00 4.4E+O0 3.9£-01 3.7E-04 4.4E+00 8.4E-05 

manganese 1.6E+02 3.7E+02 4.4£-01 5.9E-01 3.7£+02 1.6E-03 

mercury 4.8E-0l 8.6E-01 5.6E-01 5.ZE-03 t.0E-01 5.2E-02 

nickel 3.SE-01 t.OE+Ol 3.7E-02 t.SE-03 t.OE+0l t.4E-04 

selenium 8.lE-02 1.SE+00 4.6E-02 t.SE-03 1.8E+00 8.4E-04 

vanadium 5.SE-01 2.0E+00 2.7E-01 2.9E-03 2.0E+00 1.4E-03 

zinc 9.8E+00 t.6E+02 6.2E-02 9.6E-02 t.6E+02 6.0E-04 

cadmium 3.SE-01 7.6E+O0 4.9E-02 2.4E-04 7.6E+00 3.lE-05 

thallium 2.3E-02 1.2E+00 t.9E-02 5.SE-05 1.2E+00 4.SE-05 

SUMMARY HAZARD INDEX I l.6E+Ol I 6.8E-02 

NOTES: TBD = Total Body Dose (mg/kgBW-day) BW = Body Weight (kg) 

RTV = Referen-:e Toxicity Value (mg/kgBW-day) HQ = Hazard Quotient (cakulated by dividing TBD by RTV) 



TABLER-9 
ESTIMATION OF AVERAGE EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

EXPOSURE CONCENTRATION DATA ESTIMATED TISSUE LEVELS IN PRIMARY PREY ITEMS 

AVERAGE Tissue Tissue 

CHEMICAL CONCENTRATION lnvert Level Plant Level 

(mil/kt!:1 BAF· a BAF a. 

DDT 6.4E-01 7.0E-03 4.5E-03 l.3E-02 

DOE 9.0E-02 9.lE-01 8.2E-02 1.3E-02 1.2E-03 

DOD 5.0E-01 2.5E-Ol l.3E-01 1.3E-02 6.SE-03 

anthracene 2.7E-01 2.SE-02 6.8E-03 1.0E-01 2.7E-02 

bis (2 -ethylhexyl) phthalate 1.4E+OO 2.SE-02 3.SE-02 3.8E-04 5.3E-04 

benzo( a )anthracene 5.lE-01 2.SE-02 1.3E-02 2.2E-02 1.lE-02 

benzo( a )pyrene 1.lE+OO 2.5E-02 2.8E-02 1.0E-02 1.lE-02 

dibenzofuran 1.SE-01 2.SE-02 3.8E-03 1.0E-01 1.5E-02 

benzo(b) fluoranthene 6.4E-01 2.SE-02 1.6E-02 1.2E-02 7.7E-03 

benzo(k)fluoranthene 9.0E-01 2.5E-02 2.3E-02 1.2E-02 1.lE-02 

chrysene 6.3E-01 2.SE-02 1.6E-02 2.2E-02 l.4E-02 

fluoranthene 1.6E+OO 2.5E-02 4.0E-02 3.2E-02 5.lE-02 

phenanthrene 7.7E-01 2.5E-02 1.9E-02 1.0E-01 7.7E-02 

pyrene 2.2E+OO 2.SE-02 5.SE-02 1.0E-01 2.ZE-01 

aroclor 1254 2.7E-01 1.0E-01 2.7E-02 2.9E-03 7.8E-04 

aluminum 6.1E+03 1.0E-04 6.lE-01 1.0E-04 6.lE-01 

arsenic 7.8E+01 1.lE-01 8.2E+OO 2.lE-01 1.6E+Ol 

barium 3.7E+Ol 1.0E-02 3.7E-01 1.0E-02 3.7E-01 

beryllium 1.9E-01 1.lE-01 2.lE-02 1.lE-01 2.lE-02 

iron 1.5E+04 1.6E-03 2.4E+Ol 1.6E-03 2.4E+Ol 

chromium 1.5E+Ol 1.6E-02 2.4E-01 7.SE-03 1.lE-01 

cobalt 3.4E+OO 2.8E-02 9.SE-02 2.SE-02 9.SE-02 

copper 8.5E+OO 6.0E-02 5.lE-01 6.0E-02 5.lE-01 

lead 7.0E+Ol 7.0E-04 4.9E-02 8.0E-03 5.6E-01 

manganese 6.3E+02 1.4E-02 8.9E+OO 1.4E-02 8.9E+OO 

mercury 7.7E-02 2.8E+OO 2.2E-01 7.0E-03 5.4£-04 

nickel 1.lE+Ol 3.7E-02 4.0E-01 9.0E-02 9.7E-01 

selenium 2.0E+OO 1.2E-01 2.4E-01 1.2E-01 2.4E-01 

silver 6.SE-01 1.SE-01 9.8E-02 8.0E-01 5.2E-01 

vanadium 1.2E+Ol 3.3E-02 4.0E-01 3.3E-02 4.0E-01 

zinc 8.2E+Ol 3.ZE-02 2.6E+OO 8.0E-01 6.6E+Ol 

SITE AREA: 3.5 acres .. 

13-Dec-93 

BAP VALUES FOR OTIIER PREY ITEMS 

Sm.all Smdl Re ptile/ 

Mamtnal Bird Amphio. Fis.b 

BAF a. 
7.0E-03 

9.lE-01 9.lE-01 9.lE-01 9.lE-01 

2.5E-01 2.SE-01 2.SE-01 2.5E-01 

2.SE-02 2.SE-02 2.SE-02 2.SE-02 

2.SE-02 2.SE-02 2.SE-02 2.SE-02 

2.SE-02 2.5E-02 2.SE-02 2.SE-02 

2.5E-02 2.SE-02 2.5E-02 2.5E-02 

2.SE-02 2.SE-02 2.SE-02 2.SE-02 

2.SE-02 2.SE-02 2.SE-02 2.SE-02 

2.SE-02 2.SE-02 2.SE-02 2.SE-02 

2.SE-02 2.SE-02 2.SE-02 2.5E-02 

2.5E-02 2.SE-02 2.SE-02 2.SE-02 
2.5E-02 2.SE-02 2.5E-02 2.5E-02 

2.SE-02 2.SE-02 2.5E-02 2.SE-02 

1.0E-01 1.0E-01 1.0E-01 1.0E-01 

1.0E-04 1.0E-04 1.0E-04 1.0E-04 

1.3E-03 1.3E-03 1.3E-03 1.3E-03 

1.0E-02 1.0E-02 1.0E-02 1.0E-02 

1.lE-01 1.lE-01 1.lE-01 1.lE-01 

1.6E-03 1.6E-03 1.6E-03 1.6E-03 
1.6E-02 1.6E-02 1.6E-02 1.6E-02 

2.SE-02 2.8E-02 2.SE-02 2.SE-02 

6.0E-02 6.0E-02 6.0E-02 6.0E-02 

7.0E-04 7.0E-04 7.0E-04 7.0E-04 

1.4E-02 1.4E-02 1.4E-02 1.4E-02 

2.8E+OO 2.8E+OO 2.8E+OO 2.8E+OO 

3.7E-02 3.7E-02 3.7E-02 3.7E-02 
1.2E-01 1.ZE-01 1.2E-01 1.2E-01 

l.SE-01 1.SE-01 1.SE-01 1.5E-01 
3.3E-02 3.3E-02 3.3E-02 3.3E-02 

3.2E-02 3.2£-02 3.2£-02 3.ZE-02 

CSBNEWAl.wkl 



TABLER-9 
ESTIMATION OF AVERAGE EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

TOTAL BODY DOSE (mg/tgBW-day) (b) 

ClIEMICAL M•llatd Gtflilt Blue Heron_ • Green Frog Pliint•d Turtle 

DDT 7.S0E-04 4.0ZE-05 2.43E-03 5.SSE-04 

DDE 4.32E-04 9.13E-05 7.SlE-03 7.46E-04 

DDD 1.07E-03 1.59E-04 1.26E-02 1.43E-03 

anthracene 1.0SE-03 2.21E-05 1.69E-03 4.0SE-04 

bis(2-ethylhexyl) phthalate 1.18E-03 1.lSE-04 7.35E-03 1.32E-03 

benzo(a )anthracene 7.S0E-04 4.17E-05 2.79E-03 5.44E-04 

benzo( a )pyrene 1.26E-03 9.00E-05 5.88E-03 1.l0E-03 

dibenzofuran 6.0lE-04 1.23E-05 9.39E-04 2.27E-04 

benzo(b)fluoranthene 7.76E-04 5.24E-05 3.43E-03 6.46E-04 

benzo(k)fluoranthene 1.09E-03 7.36E-05 4.83E-03 9.0SE-04 

chrysene 9.64E-04 5.lSE-05 3.44E-03 6.72E-04 

fluoranthene 2.96E-03 1.31E-04 8.91E-03 1.SOE-03 

phenanthrene 3.09E-03 6.30E-05 4.82E-03 1.16E-03 

pyrene 8.82E-03 l.SOE-04 1.38E-02 3.33E-03 

aroclor 1254 3.31E-04 4.34E-05 3.21E-03 4.25E-04 

aluminum 4.48E+00 3.39E-01 l.86E+0l 4.49E+00 

arsenic 6.llE-01 5.87E-03 9.86E-0l 2.03E-0l 

barium 4.0lE-02 2.43E-03 1.48E-0l 3.22E-02 

beryllium 8.87E-04 3.26E-05 2.63E-03 4.31E-04 

iron 1.20E+0l 8.71E-01 4.87E+01 1.lSE+0l 

chromium 1.56E-02 1.09E-03 6.84E-02 1.37E-02 

cobalt 5.86E-03 2.87E-04 1.96E-02 3.SOE-03 

copper 2.45E-02 1.0lE-03 7.60E-02 1.34E-02 

lead 6.86E-02 3.91E-03 2.21E-01 5.46E-02 

manganese 7.81E-0l 4.45E-02 2.80E+00 5.89E-0l 

men:ury 9.40E-04 2.31E-04 1.93E-02 1.83E-03 

nickel 4.04E-02 1.02E-03 7.79E-02 1.68E-02 

selenium 9.85E-03 3.57E-04 2.91E-02 4.72E-03 

silver 1.74E-02 1.39E-04 1.58E-02 4.26E-03 

vanadium 2.31E-02 1.09E-03 7.60E-02 l.45E-02 

zinc 2.16E+00 7.34E-03 1.lSE+OO 4.59E-01 



TABLER-9 
ESTIMATION OF AVERAGE EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP IA SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

TOTAL BODY DOSE (mg/tgBW-day) fb) 

CHEMICAL Muskrat llmk Raccoon 

DDT 1.88E-04 1.47E-04 3.17E-06 

DDE 8.34E-05 5.13E-04 4.85E-06 

DDD 2.32E-04 8.52E-04 9.05E-06 

anthracene 2.26E-04 9.15E-05 2.22E-06 

bis(2-ethylhexyl) phthalate 3.22E-04 4.75E-04 7.83E-06 

benzo( a )anthracene 1.84E-04 1.73E-04 3.14E-06 

benzo( a )pyrene 3.17E-04 3.73E-04 6.43E-06 

dibenzofuran 1.25E-04 5.09E-05 1.23E-06 

benzo(b) fluorantbene 1.92E-04 2.17E-04 3.78E-06 

benzo(k)fluoranthene 2.71E-04 3.05E-04 5.31E-06 

chrysene 2.28E-04 2.14E-04 3.88E-06 

fluoranthene 6.76E-04 5.43E-04 1.03E-05 

phenantbrene 6.44E-04 2.61E-04 6.32E-06 

pyrene 1.84E-03 7.46E-04 1.81E-05 

aroclor 1254 8.04E-05 2.14E-04 2.62E-06 

aluminum 1.29E +00 1.15E+OO 2.59E-02 

arsenic 1.19E -01 2.54E-02 9.36E-04 

barium 1.02E-02 9.13E-03 1.85E-04 

beryllium 1.82E-04 1.62E-04 2.48E-06 

iron 3.36E+OO 3.00E+OO 6.64E-02 

chromium 4.03E-03 4.30E-03 7.99E -05 

cobalt 1.35E-03 1.21E-03 2.19E-05 

copper 5.25E-03 4.69E-03 7.69E-05 

lead 1.SOE-02 1.33E-02 3.llE-04 

manganese 1.93E-01 1.73E-01 3.40E-03 

mercury 1.70E-04 1.32E-03 1.20E -05 

nickel 8.47E-03 4.45E-03 9.28E-05 

selenium 2.0lE-03 1.79E-03 2.72E-05 

silver 3.37E-03 7.13E-04 2.17E-05 

vanadium 5.25E-03 4.69E-03 8.33E-05 

zinc 4.20E-01 3.14E-02 2.22E-03 
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TABLER-9 
ESTIMATION OF AVERAGE EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT- FEASIBILITY STUDY FOR GROUP 1A SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

EXPOSURE PARAMETERS jg 

Indicator 

Species 
-- - ---- - - --- Percent Prey in Oiet - -"'""'-- - --,.-~---- - - -- Home Ra nge 

Mallard 
Great Blue Heron 

Green Frog 
Painted Turtle 

NOTES: 

(Waterfowl) 

(Pred Bird) 

(Amphibian) 

(Reptile) 

[a] Bioaccumulation data presented in: 

Inverts Plants SmaU 

Mammals 
11% 87% 0% 

16% 0% 5% 

70% 10% 0% 

43% 39% 0% 

AppendixQ, Table Q-2b 

Herpefo..:. B~ Sedilnent Fish (aCTes) 
fau na 

0% 0% 2% 0% 3.5 
4% 0% 5% 70% 100 

7% 0% 3% 10% 0.5 

0% 0% 5% 13% 12 

ED fd] SFF£el 

0.5 5.0E-01 

0.5 1.8E-02 

0.75 7.5E-Ol 

0.75 2.2E-01 

(b] Calculated by summing the products of individual prey type concentrations and percent in diet, multiplying by the SFF and ingestion rate, and then dividing by body weight. 

[c] Documentation of exposure parameters presented in: Appendix Q, Table Q-1 

[d) ED = Exposure Duration (percentage of year receptor is expected to be found at study area). 

[e] Site Foraging Frequency (SFF). Calculated by dividing site area by receptor home range and multiplying by the ED (cannot exceed 1). 

lllgestion Body Weight 

Ra te (leg) 

(kefdal'.) 

0.086 1.177 

0.187 2.95 

0.01 0.037 

0.056 0.834 



TABLER-9 
ESTIMATION OF AVERAGE EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILI1Y STUDY FOR GROUP 1A SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

EXPOSURE PARAMETERS [cl 

- -- -- - - -- - -- Percen.1 Prey in Di~t ---- ---- - - - -- -- -----I ndicator 

Species Inverts Pla nts Sma ll l:ferpeto- Birds Sedimen1 Fish Home Range 

Muskrat 
llinlc 
Raccoon 

NOTES: 

(Small Mammal) 
(Cam. Mammal) 

(Omniv. Mammal) 

5% 
20% 

25% 

M am,ma!,<; 

87% 0% 

0% 25% 

31% 9% 

[a] Bioaccumulation data presented in: Appendix Q, Table Q-2b 

fauna (acres} 
0% 0% 3% 5% 26 

0% 0% 3% 52% 35 

20% 1% 5% 9% 1150 

ED [d) SFP (e] 

1 1.3E-01 

1 1.0E-01 

1 3.0E-03 

[b] Calculated by summing the products of individual prey type concentrations and percent in diet, multiplying by the SFF and ingestion rate, and then dividing by body weight. 

( c] Documentation of exposure parameters presented in: Appendix Q, Table Q-1 
[d] ED = Exposure Duration (percentage of year receptor is expected to be found at study area). 

[ e] Site Foraging Frequency (SFF). Calculated by dividing site area by receptor home range and multiplying by the ED ( cannot exceed 1 ). 
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Ingestion Body Weight 

Rate ( kg) 

{kg!'.dal':) 
0.065 1.25 
o.os 0.8 
0.22 1.95 

CSBNEWAl.wkl 



TABLER-to 
ESTIMATION OF A VERA GE RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY S1UDY FOR GROUP lA SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

.. 

CHEMlCAL Maliard Gteat Blue Heron 
TBD RTV HQ .. TBD RTY tib 

DDT 7.SE-04 1.4E-01 S.4E-03 4.0E-05 2.SE-01 1.6E-04 

DOE 4.3E-04 1.4E-01 3.lE-03 9.lE-05 2.SE-01 3.7E-04 

DOD 1.lE-03 1.4E-01 7.7E-03 1.6E-04 2.SE-01 6.4E-04 

anthracene 1.lE-03 3.3E+03 3.3E-07 2.2E-0S 3.3E+03 6.7E-09 

bis(2-ethylhexyl) phthalate 1.2E-03 1.9E+0l 6.2E-0S 1.lE-04 1.9E+0l 6.0E-06 

benzo( a )a nthracene 7.8E-04 2.0E+0O 3.9E-04 4.2E-0S 2.0E+00 2.lE-05 

benzo( a )pyrene 1.3E-03 1.3E+00 1.0E-03 9.0E-05 1.3E+00 7.2E-0S 

dibenzofuran 6.0E-04 1.3E+02 4.SE-06 1.2E-0S 1.3E+02 9.8E-08 

benzo(b )fluoranthene 7.SE-04 4.0E+Ol 1.9E-0S S.2E-0S 4.0E+0l 1.3E-06 

benzo(k)fluoranthene 1.lE-03 7.2E+Ol 1.SE-05 7.4E-0S 7.2E+0l 1.0E-06 

chrysene 9.6E-04 9.9E+Ol 9.7E-06 S.2E-0S 9.9E+0l S.2E-07 

fluoranthene 3.0E-03 2.SE+02 1.2E-0S 1.3E-04 2.SE+02 S.2E-07 

phenanthrene 3.lE-03 1.2E+02 2.6E-0S 6.3E-0S 1.2E+02 S.2E-07 

pyrene 8.8E-03 1.3E+02 7.lE-05 1.SE-04 1.3E+02 1.4E-06 

aroclor 1254 3.3E-04 2.3E+O0 1.4E-04 . 4.3E-0S 2.3E+00 1.9E-OS 

aluminum 4.SE+00 4.3E+02 1.lE-02 3.4E-0l 4.3E+02 8.0E-04 

arsenic 6.lE-01 6.SE+00 9.4E-02 S.9E-03 S.lE+00 1.2E-03 

barium 4.0E-02 1.0E+0l 3.9E-03 2.4E-03 1.0E+0l 2.4E-04 

beryllium 8.9E-04 2.2E-01 4.0E-03 3.3E-0S 2.2E-01 l.SE-04 

iron 1.2E+0l 2.4E+03 5.0E-03 8.7E-0l 2.4E+03 3.6E-04 

chromium 1.6E-02 3.SE+00 4.SE-03 1.lE-03 3.SE+00 3.lE-04 

cobalt S.9E-03 1.3E+0l 4.7E-04 2.9E-04 1.3E+0l 2.3E-0S 

copper 2.4E-02 2.9E+0l 8.4E-04 1.0E-03 2.9E+0l 3.SE-05 

lead 6.9E-02 1.8E+00 3.9E-02 3.9E-03 4.4E+00 8.9E-04 

manganese 7.8E-01 3.7E+02 2.lE-03 4.SE-02 3.7E+02 1.2E-04 

mercury 9.4E-04 2.2E-01 4.3E-03 2.3E-04 1.0E-01 2.3E-03 

nickel 4.0E-02 1.0E+0l 4.0E-03 1.0E-03 1.0E+0l 1.0E-04 

selenium 9.9E-03 1.8E+00 S.6E-03 3.6E-04 1.8E+00 2.0E-04 

silver l.7E-02 1.8E+0l 9.6E-04 1.4E-04 1.8E+0l 7.7E-06 

vanadium 2.3E-02 2.0E+00 l.2E-02 l.lE-03 2.0E+00 S.SE-04 

zinc 2.2E+00 l.6E+02 !.4E-02 7.3E-03 1.6E+02 4.6E-05 

SUMMARY HAZARD INDEX I 2.2E-01 I 8.6E-03 

0 Green Frog 
TBD RTV flQ 
2.4E-03 7.6E+00 3.2E-04 

7.SE-03 7.6E+00 9.9E-04 

1.3E-02 7.6E+00 1.7E-03 

1.7E-03 3.3E+03 S.lE-07 

7.3E-03 1.9E+0l 3.9E-04 

2.8E-03 2.0E+00 1.4E-03 

S.9E-03 1.3E+00 4.7E-03 

9.4E-04 1.3E+02 7.SE-06 

3.4E-03 4.0E+0l 8.6E-0S 

4.8E-03 7.2E+0l 6.7E-0S 

3.4E-03 9.9E+0l 3.SE-05 

8.9E-03 2.SE+02 3.6E-0S 

4.8E-03 1.2E+02 4.0E-05 

1.4E-02 1.3E+02 1.lE-04 

3.2E-03 2.3E+00 1.4E-03 

1.9E+0l 4.3E+02 4.4E-02 

9.9E-01 S.lE+00 1.9E-01 

1.SE-01 1.0E+0l 1.SE-02 

2.6E-03 2.2E-0l 1.2E-02 

4.9E+0l 2.4E+03 2.0E-02 

6.8E-02 3.SE+00 2.0E-02 

2.0E-02 1.3E+0l 1.6E-03 

7.6E-02 2.9E+0l 2.6E-03 

2.2E-01 4.4E+00 S.0E-02 

2.8E+00 3.7E+02 7.6E-03 

1.9E-02 8.6E-01 2.2E-02 

7.8E-02 1.0E+0l 7.7E-03 

2.9E-02 1.8E+00 1.7E-02 

1.6E-02 1.8E+0l 8.8E-04 

7.6E-02 2.0E+00 3.8E-02 

l.lE+00 1.6E+02 7.2E-03 

I 4.7E-Ol 



TABLE R-10 
ESTIMATION OF AVERAGE RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILI1Y STUDY FOR GROUP lA SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

CHEMICAL Muskrat Mink 
TBD RlV HQ TBD R1V HQ 

DDT l.9E-04 4.8E-01 3.9E-04 1.SE-04 5.0E+OO 2.9E-05 
DDE 8.3E-05 4.8E-01 1.7E-04 5.lE-04 5.0E+OO 1.0E-04 
DDD 2.3E-04 4.8E-01 4.8E-04 8.SE-04 5.0E+OO 1.7E-04 
anthracene 2.3E-04 3.3E+03 6.BE-08 9.2E-05 3.3E+03 2.8E-08 
bis(2-ethylhexyl) phthalate 3.2E-04 1.9E+0l 1.7E-05 4.7E-04 1.9E+0l 2.SE-05 
benzo(a)anthracene 1.8E-04 2.0E+OO 9.2E-05 1.7E-04 2.0E+OO 8.6E-05 
benzo( a )pyrene 3.2E-04 l.3E+OO 2.SE-04 3.7E-04 l.3E+OO 3.0E-04 
diienzofuran 1.3E-04 3.0E+0l 4.2E-06 5.lE-05 3.0E+0l 1.7E-06 
benzo(b) fluoranthene 1.9E-04 4.0E+Ol 4.8E-06 2.2E-04 4.0E+Ol 5.4E-06 
benzo(k)fluoranthene 2.7E-04 7.2E+0l 3.BE-06 3.lE-04 7.2E+0l 4.2E-06 
chrysene 2.3E-04 9.9E+0l 2.3E-06 2.lE-04 9.9E+0l 2.2E-06 
fluoranthene 6.8E-04 2.5E+02 2.7E-06 5.4E-04 2.5E+02 2.2E-06 
phenanthrene 6.4E-04 1.2E+02 5.4E-06 2.6E-04 1.2E+02 2.2E-06 
pyrene 1.8E-03 1.3E+02 1.SE-05 7.SE-04 1.3E+02 6.0E-06 
aroclor 1254 8.0E-05 3.8E+OO 2.lE-05 2.lE-04 3.8E+OO 5.6E-05 

aluminum 1.3E+OO 4.3E+02 3.0E-03 l.lE+OO 4.3E+02 2.7E-03 
arsenic 1.2E-01 7.SE+OO 1.6E-02 2.SE-02 2.5E+02 1.0E-04 
barium 1.0E-02 1.0E+0l 1.0E-03 9.lE-03 1.0E+0l 9.0E-04 
beryllium l.8E-04 2.2E-01 8.3E-04 l.6E-04 2.2E-01 7.4E-04 
iron 3.4E+OO 2.4E+03 1.4E-03 3.0E+OO 2.4E+03 l.3E-03 
chromium 4.0E-03 4.lE+0l 9.9E-05 4.3E-03 4.lE+0l l.lE-04 
cooalt 1.4E-03 1.3E+0l 1.lE-04 1.2E-03 5.0E+OO 2.4E-04 
copper 5.2E-03 7.7E+0l 6.9E-05 4.7E-03 7.7E+0l 6.lE-05 
lead 1.8E-02 2.lE+OO 8.6E-03 1.3E-02 3.0E+OO 4.4E-03 
manganese 1.9E-01 3.7E+02 5.2E-04 1.7E-01 2.SE+0l 6.9E-03 
mercury l.7E-04 5.0E-01 3.4E-04 l.3E-03 9.0E-02 1.5E-02 
nickel 8.SE-03 5.0E+0l l.7E-04 4.4E-03 6.3E+0l 7.lE-05 
selenium 2.0E-03 1.2E-01 1.7E-02 1.BE-03 1.2E-01 1.5E-02 
silver 3.4E-03 1.8E+0l l.9E-04 7.lE-04 1.8E+0l 3.9E-05 
vanadium 5.3E-03 2.SE+OO 2.lE-03 4.7E-03 2.SE+OO 1.9E-03 
zinc 4.2E-01 1.6E+02 2.6E-03 3.lE-02 1.6E+02 2.0E-04 

SUMMARY HAZARD INDEX I 5.5E-02 I 5.0E-02 
NOIES: TBD = Total Body Dose ( mg/kgBW -day) BW = Body Weight (kg) 

nm 
3.2E-06 
4.8E-06 
9.lE-06 
2.2E-06 
7.BE-06 
3.lE-06 
6.4E-06 
12E-06 
3.8E-06 
5.3E-06 
3.9E-06 
1.0E-05 
6.3E-06 
1.8E-05 
2.6E-06 

2.6E-02 
9.4E-04 
1.9E-04 
2.SE-06 
6.6E-02 
8.0E-05 
2.2E-05 
7.7E-05 
3.lE-04 
3.4E-03 
1.2E-05 
9.3E-05 
2.7E-05 
2.2E-05 
8.3E-05 

2.2E-03 

RTV = Reference Toxicity Value (mg/kgBW-day) HQ = Hazard Quotient (calculated by dividing TBD by RTV) 
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Racco~n 
RTY HQ 
5.0E+OO 6.3E-07 
5.0E+OO 9.7E-07 
5.0E+OO 1.8E-06 
3.3E+03 6.7E-10 
1.9E+0l 4.lE-07 
2.0E+OO 1.6E-06 
1.3E+OO 5.lE-06 
3.0E+0l 4.lE-08 
4.0E+0l 9.4E-08 
7.2E+0l 7.4E-08 
9.9E+0l 3.9E-08 
2.5E+02 4.lE-08 
1.2E+02 5.3E-08 
1.3E+02 1.4E-07 
3.8E+OO 6.9E-07 

4.3E+02 6.lE-05 
2.5E+02 3.7E-06 
1.0E+0l 1.8E-05 
2.2E-01 l.lE-05 
2.4E+03 2.BE-05 
4.lE+0l 2.0E-06 
5.0E+OO 4.4E-06 
7.7E+0l 1.0E-06 
3.0E+OO 1.0E-04 
2.SE+0l l.4E-04 
1.0E-01 1.2E-04 
6.3E+0l 1.5E-06 
1.2E-01 2.3E-04 
1.8E+0l 1.2E-06 
2.5E+OO 3.3E-05 

1.6E+02 1.4E-05 

I 7.SE-04 
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TABLER-10 
ESTIMATION OF A VERA GE RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STIJDY FOR GROUP lA SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

.. 

€ HEMICAL Painted Turtle 
T,BD ,JCTV }:{Q _ 

DDT 5.SE-04 7.6E+00 7.3E-05 

DDE 7.SE-04 7.6E+00 9.8E-05 

ODD 1.4E-03 7.6E+00 l.9E-04 
anthracene 4.lE-04 3.3E+03 1.2E-07 

bi-;(2-ethylhexyl) phthalate 1.3E-03 l.9E+01 6.9E-05 

benzo( a )anthracene 5.4E-04 2.0E+0O 2.7E-04 

benzo( a )pyrene 1.lE-03 1.3E+00 8.8E-04 

dibenzofuran 2.3E-04 1.3E+02 1.8E-06 

benzo(b )fluoranthene 6.SE-04 7.2E+0l 9.0E-06 

benzo(k)fluoranthene 9.lE-04 7.2E+01 1.3E-0S 

chrysene 6.7E-04 9.9E+01 6.8E-06 

fluoranthene 1.8E-03 2.SE+02 7.2E-06 
phenanthrene l.2E-03 l.2E+02 9.7E-06 

pyrene 3.3E-03 1.3E+02 2.6E-0S 
aroclor 12S4 4.2E-04 2.3E+00 t.SE-04 

aluminum 4.5E+00 4.3E+02 1.0E-02 

arsenic 2.0E-01 5.lE+00 4.0E-02 

barium 3.2E-02 1.0E+0l 3.2E-03 

beryllium 4.3E-04 2.2E-01 2.0E-03 

iron t.2E+01 2.4E+03 4.8E-03 
chromium 1.4E-02 3.5E+00 3.9E-03 

cobalt 3.8E-03 l.3E+01 2.9E-04 

copper 1.3E-02 2.9E+01 4.6E-04 

lead 5.SE-02 4.4E+00 l.2E-02 

manganese 5.9E-01 3.7E+02 1.6E-03 

mercury 1.8E-03 8.6E-01 2.lE-03 

nickel t.7E-02 1.0E+0l 1.7E-03 
selenium 4.7E-03 1.8E+00 2.6E-03 

silver 4.3E-03 1.8E+01 2.4E-04 

vanadium 1.4E-02 2.0E+00 7.2E-03 

zinc 4.6E-01 1.6E+02 2.9E- 03 

SU MMARY HAZARD INDEX I 9.SE-02 

NOTES: TBD = Total Body Dose (mg/kgBW-day) BW = Body Weight (kg) 

RTV = Reference Toxicity Value (mg/kgBW-day) HQ= Hazard Quotient (calculated by dividing TBD by RTV) 

.... 



TABLER-11 
ESTIMATION OF RME EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 
REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP IA SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

EXPOSURE CONCENTRATION DATA ESTIMATED TISSUE LEVELS IN PRIMARY PREY ITEMS BAF VALUES FOR OTHER PREY ITEMS 
MAXIMUM Tiss ue T ,ssu.e Small Small Reptile/ 

CHEMICAL CONCE-NTRATION Invert Level ,Plaut Level Mammal B.i:rd Amphib. 

BAF(a] _[m_g[_kg) BAF [al (ml/kR.) 
DDT 1.5E+0l 7.0E-03 1.lE-01 1.3E-02 2.0E-01 7.0E-03 7.0E-03 7.0E-03 7.0E-03 
DDE 7.2E-01 9.lE-01 6.6E-0l 1.3E-02 9.4E-03 9.lE-01 9.lE-01 9.lE-01 9.lE-01 
DDD 6.2E+00 2.SE-01 1.6E+00 1.3E-02 8.lE-02 2.SE-01 2.SE-01 2.SE-01 2.SE-01 
anthracene 3.0E+00 2.SE-02 7.5E-02 1.0E-01 3.0E-01 2.SE-02 2.5E-02 2.SE-02 2.SE-02 
br;(2-ethylhexyl)phthalate 2.0E+00 2.SE-02 S.0E-02 3.8E-04 7.6E-04 2.SE-02 2.5E-02 2.SE-02 2.SE-02 
benzo( a )anthracene 4.0E+00 2.SE-02 1.0E-01 2.2E-02 8.8E-02 2.SE-02 2.5E-02 2.SE-02 2.SE-02 
benzo( a )pyrene 6.0E+00 2.SE-02 l.SE-01 1.0E-02 6.0E-02 2.SE-02 2.5E-02 2.5E-02 2.SE-02 
dibenzofuran 6.lE-01 2.SE-02 1.SE-02 1.0E-01 6.lE-02 2.SE-02 2.5E-02 2.5E-02 2.5E-02 
benzo(b )fluoranthene 5.0E+00 2.SE-02 1.3E-01 1.2E-02 6.0E-02 2.SE-02 2.SE-02 2.SE-02 2.SE-02 
benzo(k)fluoranthene 1.0E+0l 2.SE-02 2.SE-01 1.2E-02 1.2E-01 2.SE-02 2.SE-02 2.SE-02 2.SE-02 
chrysene 8.0E+00 2.SE-02 2.0E-01 2.2E-02 1.8E-01 2.SE-02 2.SE-02 2.SE-02 2.SE-02 
fluoranthene 1.0E+0l 2.SE-02 2.SE-01 3.2E-02 3.2E-01 2.5E-02 2.SE-02 2.5E-02 2.SE-02 
phenanthrene 6.0E+00 2.SE-02 1.SE-01 1.0E-01 6.0E-01 2.5E-02 2.5E-02 2.SE-02 2.SE-02 
pyrene 2.0E+0l 2.SE-02 S.0E-01 1.0E-01 2.0E+00 2.SE-02 2.5E-02 2.SE-02 2.SE-02 
aroclor 1254 2.7E-01 1.0E-01 2.7E-02 2.9E-03 7.8E-04 1.0E-01 1.0E-01 1.0E-01 1.0E-01 

aluminum 1.7E+04 1.0E-04 1.7E+00 1.0E-04 1.7E+00 1.0E-04 1.0E-04 1.0E-04 1.0E-04 
arsenic 3.9E+02 1.lE-01 4.lE+0l 2.lE-01 8.2E+0l 1.3E-03 1.3E-03 l.3E-03 1.3E-03 
barium 1.ZE;+- 02 1.0E-02 1.2E+00 1.0E.-02 1.2E+00 1.0E-02 1.0E-02 1.0E-02 1.0E-02 
beryllium 4.lE-01 1.lE-01 4.5E-02 1.lE-01 4.SE-02 t.lE-01 l.lE-01 1.lE - 01 1.lE-01 
iron 4.SE+04 1.6E-03 7.2E+0l 1.6E-03 7.2E+0l 1.6E-03 1.6E-03 t.6E-03 1.6E-03 
chromium 6.SE+0l t.6E-02 1.0E+00 7.SE-03 4.9E-01 1.6E-02 1.6E-02 1.6E-02 1.6E-02 
cobalt 2.0E+0l 2.8E-02 S.SE-01 2.8E-02 5.SE-01 2.8E-02 2.8E-02 2.8E-02 2.8E-02 
copper 4.3E+0l 6.0E-02 2.6E+00 6.0E-02 2.6E+00 6.0E-02 6.0E-02 6.0E-02 6.0E-02 
lead S.7E+02 7.0E-04 4.0E-01 8.0E-03 4.6E+00 7.0E-04 7.0E-04 7.0E-04 7.0E-04 
manganese 3.0E+03 1.4E-02 4.2E+0l 1.4E-02 4.2E+01 1.4E-02 1.4E-02 1.4E-02 1.4E-02 
mercury 7.2E-01 2.8E+00 2.0E+00 7.0E-03 5.0E-03 2.8E+00 2.8E+00 2.8E+00 2.8E+00 
nickel S.4E+0l 3.7E-02 2.0E+00 9.0E - 02 4 .9E+00 3.7E-02 3.7E-02 3.7E-02 3.7E-02 
selenium S.8E+00 1.2E-01 6.9E-0l 1.2E-01 6.9E-01 1.2E-01 t.2E-01 t.2E-01 1.2E-01 
silver 6.4E+00 1.SE-01 9.SE-01 8.0E-01 5.lE+00 1.SE-01 1.5E-0l 1.5E-01 t.SE-01 
vanadium 4.9E+0l 3.3E-02 1.6E+00 3.3E-02 1.6E+00 3.3E-02 3.3E-02 3.3E-02 3.3E-02 
zinc 6.9E+02 3.2E-02 2.2E+0l 8.0E- 01 5.SE+02 3.2E-02 3.2E -02 3.2E-02 3.2E -02 

!sITB AREA: 3.5 acres 
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TABLER-11 
ESTIMATION OF RME EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

TOTAL BODY DOSE (mg/tgBW-cby) [b] 

CHEMICAL llitlllird GtilJtd Blue Hett!,n GrHnFrog Pafnied Turli• 

DDT 1.76E-02 2.09E-03 8.09E-02 1.57E-02 

DDE 3.46E-03 7.30E-04 6.0lE-02 5.97E-03 

DDD 1.33E-02 1.98E-03 1.56E-01 1.78E-02 

anthracene 1.20E-02 2.45E-04 1.88E-02 4.54E-03 

bis(2-ethylhexyl) phthalate 1.69E-03 1.64E-04 1.0SE-02 1.88E-03 

benzo( a )anthracene 6.12E-03 3.27E-04 2.19E-02 4.26E-03 

benzo(a )pyrene 6.89E-03 4.91E-04 3.21E-02 S.98E-03 

dibenzofuran 2.4SE-03 4.99E-OS 3.82E-03 9.23E-04 

benzo(b)fluoranthene 6.06E-03 4.09E-04 2.68E-02 S.04E-03 

benzo(k)fluoranthene 1.21E-02 8.18E-04 S.37E-02 1.0lE-02 

chrysene 1.22E-02 6.SSE-04 4.37E-02 8.53E-03 

Ouoranthene 1.85E-02 8.18E-04 S.57E-02 1.12E-OZ 

phenanthrene Z.41E-OZ 4.91E-04 3.76E-02 9.08E-03 

pyrene 8.0ZE-02 1.64E-03 1.ZSE-01 3.03E-02 

aroclor 1254 3.31E-04 4.34E-OS 3.ZlE-03 4.ZSE-04 

aluminum l.2SE+Ol 9.4SE-01 S.19E+Ol 1.25E+Ol 

arsenic 3.0SE+OO 2.93E-02 4.93E+OO 1.02E+OO 

barium 1.ZSE-01 7.59E - 03 4.63E-01 1.0lE-01 

beryllium 1.91E-03 7.03E-05 S.68E-03 9.30E-04 

iron 3.SSE+Ol 2.57E+OO 1.44E+02 3.41E+Ol 

chromium 6.70E-02 4.69E-03 2.93E-01 5.89E-02 

cobalt 3.40E-OZ 1.67E-03 1.14E-01 2.21E-OZ 

copper 1.24E-01 5'.09E-03 3.83E-01 6.74E-02 

lead 5.63E-01 3.20E-OZ 1.81E+OO 4.48E-Ol 

manganese 3.70E+OO Z.llE-01 1.33E+Ol 2.79E+OO 

mercury 8.79E-03 Z.16E-03 1.80E-01 1.71E-OZ 

nickel 2.03E-Ol 5.13E-03 3.9ZE-01 8.44E-02 

selenium 2.90E-02 1.0SE-03 8.56E-02 1.39E-02 

silver 1.70E-01 1.36E-03 1.SSE-01 4.16E-02 

vanadium 9.29E-02 4.39E-03 3.0SE-01 5.81E-OZ 

zinc L.81E+Ol 6.15E-02 9.64E+OO 3.85E+OO 



TABLER-11 
ESTIMATION OF RME EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

TOTAL BODY DOSE (mg/tgBW-day} (bj 

CHEMICAL Muskrat Mink Raccoon 

DDT 4.41E-03 3.45E-03 7.43E-0S 

DDE 6.67E-04 4.llE-03 3.88E-0S 

DDD 2.88E-03 1.06E-02 l.12E -04 

anthracene 2.SlE-03 1.02E-03 2.46E-0S 

bis (2 -ethylhexyl)phthalate 4.60E-04 6.78E-04 1.12E-0S 

benzo( a )anthracene 1.45E-03 1.36E-03 2.46E-0S 

benzo( a )pyrene 1.73E-03 2.03E-03 3.SlE-0S 

dibenzofuran S.l0E-04 2.07E-04 S.0lE-06 

benzo(b )fluoranthene 1.S0E-03 1.70E-03 2.95E-0S 

benzo(k)fluoranthene 3.0lE-03 3.39E-03 S.90E-0S 

chrysene 2.89E-03 2.71E-03 4.93E-0S 

fluoranthene 4.22E-03 3.39E-03 6.42E-0S 

phenanlhrene S.02E-03 2.03E-03 4.92E-0S 

pyrene 1.67E-02 6.78E-03 1.64E -04 

aroclor 12S4 8.04E-0S 2.14E-04 2.62E-06 

aluminum 3.S8E+00 3.20E+00 7.21E-02 

arsenic S.95E-01 1.27E - 01 4.68E-03 

barium 3.20E-02 2.85E-02 S.79E-04 

beryllium 3.92E-04 3.S0E-04 S.36E-06 

iron 9.94E+00 8.87E+00 1.96E-01 

chromium 1.73E-02 1.84E-02 3.43E-04 

cobalt 7.84E-03 7.00E-03 1.27E-04 

copper 2.65E-02 2.36E-02 3.88E-04 

lead 1.48E-01 1.09E-01 2.S5E-03 

manganese 9.15E-01 8.17E-0l 1.61E-02 

mercury 1.S9E-03 1.23E-02 1.12E-04 

nickel 4.26E-02 2.24E-02 4.67E-04 

selenium S.91E-03 5.28E-03 8.0lE-0S 

silver 3.29E-02 6.97E-03 2.12E-04 

vanadium 2.llE-02 1.88E-02 3.34E-04 

zinc 3.52E+00 2.63E - 0 t 1.86E -02 
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TABLER-11 
ESTIMATION OF RME EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

EXPOSUREPARAMETERSffi 

Tndicator 

Species 
""'.-- -'- --- ~--- Percent Prey in Diei -'-------- -- ----- Hoine Range 

Mallard 
Great Blue Heron 

Green Frog 
Painted Turtle 

NOIBS: 

(Waterfowl) 

(Pred Bird) 

(Amphibian) 

(Reptile) 

Inverts 

11% 

16% 

70% 

43% 

Plaiilll Small 

Mammals 

87% 0% 

0% 5% 

10% 0% 

39% 0% 

[a] Bioaccumulation data presented in: AppendixQ, Table Q-2b 

Herpeto- Bitds Seditneiit Fish (acres) 
fauna 

0% 0% 2% 0% 3.5 

4% 0% 5% 70% 100 

7% 0% 3% 10% 0.5 

0% 0% 5% 13% 12 

Ingestion 

ED [dj SFF[e] Rate 

(kglda}'} 

0.5 5.0E-01 0.086 
0.5 1.8E-02 0.187 

0.75 7.5E-0l 0.01 

0.75 2.2E-01 0.056 

[b] Calculated by summing the products of individual prey type concentrations and percent in diet, multiplying by the SFF and ingestion rate, and then dividing by body weight. 

[ c] Documentation of exposure parameters presented in: Appendix Q, Table Q-1 

[d] ED = Exposure Duration (percentage of year the receptor is expected to be found at the study area). 

[ e] Site Foraging Frequency (SFF). Calculated by dividing site area by receptor home range and multiplying by the ED ( cannot exceed 1 ). 

Body Weigbl 

(kg) 

1.177 

2.95 

0.037 

0.834 



TABLER-11 
ESTIMATION OF RME EXPOSURE TO ORGANISMS VIA FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

EXPOSURE PARAMETERS [cl 

lndica19r - -------,.--~---Percent Prey in Diet " -- - ----- - ---• J{ome .Rang_e 

Species Inverts Plants Smalt Herpeto- Bir.ds Sediment Pish (aaes) .ED (d] 

Mammals fa una 
Muskrat (Small Mammal) 5% 87% 0% 0% 0% 3% 5% 26 

Mink (Carn. Mammal) 20% 0% 25% 0% 0% 3% 52% 35 

Raccoon (Omniv. Mammal) 25% 31% 9% 20% 1% 5% 9% 1150 

NOTES: 

[a] Bioaccumulation data presented in: Appendix Q, Table Q-2b 

l ngesli.on 

SPP [eJ Rate 

(kg!'.dal) 

1 1.3E-01 0.065 

1 1.0E-01 0.05 

1 3.0E-03 0.22 

[b] Calculated by summing the products of individual prey type concentrations and percent in diet, multiplying by the SPF and ingestion rate, and then dividing by body weight. 

[c] Documentation of exposure parameters presented in: Appendix Q, Table Q-1 

(d] ED = Exposure Duration (percentage of year the receptor is expected to be found at the study area). 

[ e] Site Foraging Frequency (SPF). Calculated by dividing site area by receptor home range and multiplying by the ED ( cannot exceed 1 ). 

13 -Dec - 93 ; 

Body WeJghl 
(kg) 

1.25 

0.8 

7.95 

CSBNEWRl.wkl 



TABLER-12 
ESTIMATION OF RME RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

CHEMICAL Mallard Great Blue Heron 
TBD RTV HQ TBD RTV HQ 

DDT 1.8E-02 1.4E-01 1.3E-01 2.lE-03 2.SE-01 8.4E-03 
DDE 3.SE-03 1.4E-01 2.SE-02 7.3E-04 2.SE-01 2.9E-03 
DDD 1.3E-02 1.4E-01 9.SE-02 2.0E-03 2.SE-01 7.9E-03 

anthracene 1.2E-02 3.3E+03 3.6E-06 2.SE-04 3.3E+03 7.4E-08 

bis(2-ethylhexyl) phthalate 1.7E-03 1.9E+Ol 8.9E-05 1.6E-04 1.9E+Ol 8.6E-06 

benzo( a )anthracene 6.lE-03 2.0E+OO 3.lE-03 3.3E-04 2.0E+OO 1.6E-04 

benzo( a )pyrene 6.9E-03 1.3E+OO 5.SE-03 4.9E-04 1.3E+OO 3.9E-04 

dibenzofuran 2.4E-03 1.3E+02 2.0E-05 5.0E-05 1.3E+02 4.0E-07 

benzo(b )fluoranthene 6.lE-03 4.0E+Ol 1.SE-04 4.lE-04 4.0E+Ol 1.0E-05 

benzo(k)fluoranthene 1.2E-02 7.2E+Ol 1.7E-04 8.2E-04 7.2E+Ol 1.lE-05 

chrysene 1.2E-02 9.9E+Ol 1.2E-04 6.SE-04 9.9E+Ol 6.6E-06 

fluoranthene 1.SE-02 2.5E+02 7.4E-05 8.2E-04 2.5E+02 3.3E-06 

phenanthrene 2.4E-02 1.2E+02 2.0E-04 4.9E-04 1.2E+02 4.lE-06 

pyrene 8.0E-02 1.3E+02 6.4E-04 1.6E-03 1.3E+02 1.3E-05 

aroclor 1254 3.3E-04 2.3E+OO 1.4E-04 4.3E-05 2.3E+OO 1.9E-05 

aluminum 1.2E+Ol 4.3E+02 2.9E-02 9.4E-01 4.3E+02 2.2E-03 

arsenic 3.lE+OO 6.5E+OO 4.7E-01 2.9E-02 5.lE+OO 5.SE-03 

barium 1.3E-01 1.0E+Ol 1.2E-02 7.6E-03 1.0E+Ol 7.4E-04 

beryllium 1.9E-03 2.ZE-01 8.7E-03 7,0E-05 2.2E-01 3.2E-04 

iron 3.5E+Ol 2.4E+03 1.SE-02 2.6E+OO 2.4E+03 1.lE-03 

chromium 6.7E-02 3.5E+OO 1.9E-02 4.7E-03 3.5E+OO 1.3E-03 

cobalt 3.4E-02 1.3E+Ol 2.7E-03 1.7E-03 1.3E+Ol 1.3E-04 

copper 1.2E-01 2.9E+Ol 4.3E-03 5.lE-03 2.9E+Ol 1.SE-04 

lead 5.6E-01 1.SE+OO 3.2E-01 3.2E-02 4.4E+OO 7.3E-03 

manganese 3.7E+OO 3.7E+02 1.0E-02 2.lE-01 3.7E+02 5.7E-04 

mercury 8.SE-03 2.2E-01 4.0E-02 2.2E-03 1.0E-01 2.2E-02 

nickel 2.0E-01 1.0E+Ol 2.0E-02 5.lE-03 1.0E+Ol 5.lE-04 

selenium 2.9E-02 1.SE+OO 1.7E-02 1.0E-03 1.SE+OO 6.0E-04 

silver 1.7E-01 1.SE+Ol 9.4E-03 1.4E-03 1.SE+Ol 7.SE-05 

vanadium 9.3E-02 2.0E+OO 4.6E-02 4.4E-03 2.0E+OO 2.2E-03 

zinc 1.8E+Ol 1.6E+02 1.lE-01 6.2E-02 1.6E+02 3.8E-04 

SUMMARY HAZARD INDEX I 1.4E+00 I 6.SE-02 

Green Frog. 
TBD RTV HQ 
8.lE-02 7.6E+OO 1.lE-02 

6.0E-02 7.6E+OO 7.9E-03 
1.6E-01 7.6E+OO 2.lE-02 

1.9E-02 3.3E+03 5.7E-06 

1.0E-02 1.9E+Ol 5.SE-04 
2.2E-02 2.0E+OO 1.lE-02 

3.2E-02 1.3E+OO 2.6E-02 

3.SE-03 1.3E+02 3.lE-05 

2.7E-02 4.0E+Ol 6.7E-04 

5.4E-02 7.2E+01 7.SE-04 

4.4E-02 9.9E+Ol 4.4E-04 

5.6E-02 2.5E+02 2.2E-04 

3.SE-02 1.2E+02 3.lE-04 

1.3E-01 1.3E+02 1.0E-03 

3.ZE-03 2.3E+OO 1.4E-03 

5.2E+Ol 4.3E+02 1.2E-01 

4.9E+OO 5.lE+OO 9.7E-01 

4.6E-01 1.0E+Ol 4.SE-02 

5.7E-03 2.2E-01 2.6E-02 

1.4E+02 2.4E+03 6.0E-02 

2.9E-01 3.5E+OO 8.4E-02 

1.lE-01 1.3E+Ol 9.lE-03 

3.SE-01 2.9E+Ol 1.3E-02 

1.SE+OO 4.4E+OO 4.lE-01 

1.3E+Ol 3.7E+02 3.6E-02 

1.SE-01 8.6E-01 2.lE-01 

3.9E-01 1.0E+Ol 3.9E-02 

8.6E-02 1.SE+OO 4.9E-02 

1.5E-01 1.8E+Ol 8.6E-03 

3.lE-01 2.0E+OO 1.5E-01 

9.6E+OO 1.6E+02 6.0E-02 

I 2.4E+OO 



TABLER-12 
ESTIMATION OF RME RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

CHEMICAL Muskrat Mink 
TBD RTV HQ TBD RTV HQ 

DDT 4.4E-03 4.8E-01 9.2E-03 3.4E-03 5.0E+OO 6.9E-04 
DDE 6.7E-04 4.8E-01 t.4E-03 4.lE-03 5.0E+OO 8.2E-04 
DOD 2.9E-03 4.8E-01 6.0E-03 1.lE-02 5.0E+OO 2.tE-03 
anthracene 2.SE-03 3.3E+03 7.6E-07 1.0E-03 3.3E+03 3.lE-07 
bis (2 -ethylhexyl)phthalate 4.6E-04 1.9E+Ol 2.4E-05 6.8E-04 1.9E+Ol 3.6E-05 
benzo(a )anthracene 1.4E-03 2.0E+OO 7.2E-04 1.4E-03 2.0E+OO 6.SE-04 
benzo( a )pyrene 1.7E-03 1.3E+OO 1.4E-03 2.0E-03 1.3E+OO 1.6E-03 
dibenzofuran ' 5.lE-04 3.0E+Ol 1.7E-05 2.lE-04 3.0E+Ol 6.9E-06 
benzo(b )fluoranthene 1.SE-03 4.0E+Ol 3.8E-05 1.7E-03 4.0E+Ol 4.2E-05 
benzo(k)fluoranthene 3.0E-03 7.2E+Ol 4.2E-05 3.4E-03 7.2E+Ol 4.7E-05 
chrysene 2.9E-03 9.9E+01 2.9E-05 2.7E-03 9.9E+Ol 2.7E-05 
fluoranthene 4.2E-03 2.5E+02 1.7E-05 3.4E-03 2.5E+02 1.4E-05 
phenanthrene 5.0E-03 1.2E+02 4.2E-05 2.0E-03 1.2E+02 1.7E-05 
pyrene 1.7E-02 1.3E+OZ t.3E-04 6.8E-03 1.3E+OZ 5.4E-OS 
aroclor 1254 8.0E-05 3.8E+OO 2.lE-05 2.lE-04 3.8E+OO S.6E-OS 

aluminum 3.6E+OO 4.3E+02 8.4E-03 3.2E+OO 4.3E+02 7.SE-03 
arsenic 6.0E-01 7.5E+OO 7.9E-02 l.3E-01 2.5E+02 5.tE-04 
barium 3.2E-02 1.0E+Ol 3.lE-03 2.9E-02 1.0E+Ol 2.8E-03 
beryllium 3.9E-04 2.2E-01 1.8E-03 3.SE-04 2.2E-01 1.6E-03 
iron 9.9E+OO 2.4E+03 4.lE-03 8.9E+OO 2.4E+03 3.7E-03 
chromium 1.7E-02 4.tE+Ol 4:3E-04 1.8E-02 4.lE+Ol 4.SE-04 
cobalt 7.8E-03 1.3E+Ol 6.3E-04 7.0E-03 S.OE+OO t.4E-03 
copper 2.6E-02 7.7E+Ol 3.SE-04 2.4E-02 7.7E+Ol 3.lE-04 
lead 1.SE-01 2.lE+OO 7.0E-02 1.lE-01 3.0E+OO 3.6E-02 
manganese 9.ZE-01 3.7E+OZ 2.SE-03 8.2E-01 2.SE+Ol 3.3E-02 
mercury 1.6E-03 S.OE-01 3.2E-03 1.2E-02 9.0E-02 1.4E-01 
nickel 4.3E-02 S.OE+Ol 8.SE-04 2.2E-02 6.3E+Ol 3.6E-04 
selenium S.9E-03 1.2E-01 4.9E-02 S.3E-03 1.ZE-01 4.4E-02 
silver 3.3E-02 1.8E+Ol ' 1.8E-03 7.0E-03 1.8E+Ol 3.8E-04 
vanadium 2.lE-02 2.SE+OO 8.4E-03 1.9E-02 2.SE+OO 7.SE-03 
zinc 3.5E+OO 1.6E+02 2.2E-02 2.6E-01 1.6E+02 1.6E-03 

SUMMARY HAZARD INDEX I 2.8E-Ol I 2.8E-Ol 

NOTES: TBD = Total Body Dose (mg/kgBW-day) BW = Body Weight (kg) 

TBD 
7.4E-05 
3.9E-05 
1.lE-04 

2.SE-05 

1.lE-05 
2.SE-05 
3.SE-05 
5.0E-06 

2.9E-05 
5.9E-05 
4.9E-05 
6.4E-05 
4.9E-05 
1.6E-04 

2.6E-06 

7.2E-02 
4.7E-03 
5.8E-04 

5.4E-06 
2.0E-01 
3.4E-04 
l.3E-04 
3.9E-04 
2.6E-03 
1.6E-02 
1.lE-04 
4.7E-04 
8.0E-05 

2.lE-04 
3.3E-04 
1.9E-02 

RTV = Reference Toxicity Value (mg/kgBW-day) HQ = Hazard Quotient (calculated by dividing TBD by RTV ) 

13-Dec-93 

....... 

Ra"CCOon 
RTV HQ 
5.0E+OO 1.SE-05 
5.0E+OO 7.8E-06 
5.0E+OO 2.2E-05 

3.3E+03 7.SE-09 

1.9E+Ol 5.9E-07 
2.0E+OO 1.2E-05 
1.3E+OO 2.8E-05 
3.0E+Ol 1.7E-07 

4.0E+Ol 7.4E-07 
7.2E+Ol 8.2E-07 
9.9E+Ol 5.0E-07 
2.5E+02 2.6E-07 
t.2E+02 4.lE-07 
1.3E+02 1.3E-06 

3.8E+OO 6.9E-07 

4.3E+02 1.7E-04 
2.5E+02 1.9E-05 
1.0E+Ol 5.7E-05 

2.ZE-01 2.4E-05 
2.4E+03 8.2E-05 
4.lE+Ol 8.4E-06 
S.OE+OO 2.SE-05 
7.7E+Ol S.lE-06 
3.0E+OO 8.SE-04 
2.SE+Ol 6.4E-04 
1.0E-01 1.lE-03 
6.3E+Ol 7.SE-06 
1.2E-Oi 6.7E-04 

1.8E+Ol 1.2E-05 
2.5E+OO 1.3E-04 
1.6E+02 1.2E-04 

I 4.0E-03 

CSBNEWRl.wkl 



TABLER-12 
ESTIMATION OF RME RISK TO ORGANISMS FROM FOOD AND SEDIMENT INGESTION 

REMEDIAL INVESTIGATION ADDENDUM REPORT - FEASIBILITY STUDY FOR GROUP lA SITES 
COLD SPRING BROOK LANDFILL - FORT DEVENS, MA 

CHEMICAL Painted Turtle 
TBD .Rtv HQ. 

DDT 1.6E-02 7.6E+OO 2.lE-03 

DDE 6.0E-03 7.6E+OO 7.9E-04 

DDD 1.8E-02 7.6E+OO 2.3E-03 

anthracene 4.SE-03 3.3E+03 1.4E-06 

bis(2-ethylhexyl) phthalate 1.9E-03 1.9E+Ol 9.9E-05 

benzo( a )anthracene 4.3E-03 2.0E+OO 2.lE-03 

benzo( a )pyrene 6.0E-03 1.3E+OO 4.8E-03 

dibenzofuran 9.2E-04 1.3E+02 7.4E-06 

benzo(b)fluoranthene 5.0E-03 4.0E+Ol t.3E-04 

benzo( k)fluoranthene 1.0E-02 7.2E+Ol 1.4E-04 

chrysene 8.SE-03 9.9E+Ol 8.6E-05 

fluoranthene 1.lE-02 2.SE+02 4.SE-05 

phenanthrene 9.lE-03 1.2E+02 7.6E-05 

pyrene 3.0E-02 1.3E+02 2.3E-04 

aroclor 1254 4.2E-04 2.3E+OO 1.8E-04 

aluminum 1.3E+Ol 4.3E+02 2.9E-02 

arsenic 1.0E+OO 5.lE+OO 2.0E-01 

barium 1.0E-01 1.0E+Ol 1.0E-02 

beryllium 9.3E-04 2.2E-01 4.2E-03 

iron 3.4E+Ol 2.4E+03 1.4E-02 

chromium 5.9E-02 3.SE+OO 1.7E-02 

cobalt 2.2E-02 1.3E+Ol 1.7E-03 

copper 6.7E-02 2.9E+Ol 2.3E-03 

lead 4.SE-01 4.4E+OO 1.0E-01 

manganese 2.8E+OO 3.7E+02 7.SE-03 

mercury l.7E-02 8.6E-Ol 2.0E-02 

nickel 8.4E-02 1.0E+Ol 8.4E-03 

selenium 1.4E-02 1.8E+OO 7.7E-03 

silver 4.2E-02 1.8E+Ol 2.3E-03 

vanadium 5.8E-02 2.0E+OO 2.9E-02 

zinc 3.9E+OO 1.6E+02 2.4E-02 

SUMMARY HAZARD INDEX I 4.9E-01 

NOTES: TBD = Total Body Dose (mg/kgBW-day) BW = Body Weight (kg) 

RTV = Reference Toxicity Value (mg/kgBW-day) HQ = Hazard Quotient (calculated by dividing TBD by RTV) 
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APPENDIX S 

UNCERTAINTIES ASSOCIATED WITH THE USEPA 
SEDIMENT QUALITY CRITERIA FOR DDE AT FORT DEVENS 

The sediment RTV for DDE was derived from the mean SQC for DDT, 
0.828 µ,g/ gC (USEP A, 1988), which was then normalized to the specific site 
conditions by multiplying by the average total organic carbon (TOC). Therefore, 
at Plow Shop Pond the carbon-normalized SQC is 0.272 µ,g/ g, and at Cold Spring 
Brook Pond the carbon-normalized SQC is 0.152 µ,g/g. 

The SQC for DDT was derived by USEPA (1988) to represent the sediment 
concentration that, based on equilibrium partitioning assumptions, is not expected 
to result in a pore water concentration in excess of the chronic freshwater A WQC 
(0.001 µ,g/L) for DDT. The DDT AWQC was derived by USEPA (1984) as a 
Final Residue Value (FRV) based on the following assumptions, which may be 
overly conservative with regard to the Fort Devens Group lA sites: 

• The maximum permissible tissue concentration in wildlife was 
selected by USEPA (1984) as the Lowest Observed Adverse Effect 
Level (LOAEL) based on a study which found that the brown 
pelican (Pelecanus occidentalis) suffered "reduced productivity" at a 
tissue residue concentration of 0.15 mg/kg. Another study using this 
same species found that eggshell thinning occurred at a tissue 
residue concentration of 0.5 mg/kg. Based on available tissue 
residue effect data, the pelican is a particularly sensitive species to 
DDT exposure. The average tissue concentration shown to result 
in adverse effects in the studies summarized in the USEPA (1984) 
document (including various birds, and salmonid fish) was 

W0069310.M80 

4.1 mg/kg. Exclusive of the two pelican endpoints, the lowest tissue 
concentration associated with an adverse effect was a finding that 
Na+ - K+ ATPase _was inhibited in the rainbow trout (Salmo 
gairdneri.) at a tissue concentration of 2. 75 mg/kg. Tissue residue 
concentrations of 2.8 mg/kg were associated with reduced duckling 
survival in black duck (Anas rubri.pes ), reduced survival in sparrow 
hawks (Falco sparveri.us), and eggshell thinning in screech owls (Otus 
asio ). Consequently, the brown pelican appears to be generally an 
order of magnitude more sensitive to DDT body burdens than other 
birds and fish evaluated by USEPA (1984). 

ABB Environmental Services, Inc. 
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APPENDIX S 

• The DDE FRV was derived with the assumption that fish prey 
consumed by piscivores contain 8 percent lipid, based on reported 
values for the northern anchovy; this contrasts with the findings of 
the fish sampling program which found that the maximum lipid 
content of the analyzed fish samples was 4.16 (bullhead) and the 
average lipid content was typically 2 to 3 percent. 

The Freshwater FRV derived in USEPA (1984) was calculated as follows: 

FRV = (LOAEL/((BCF)*(lipid concentration) 

(0.15)/((17,870)*(8)) = 0.001 µg/1. 

A revised FR V derived using the above outlined site-specific assumptions would 
be calculated as follows: 

(2.75)/((17870)*(4)) = 0.038 µg/1, 

This Fort Devens FRV is approximately two orders of magnitude greater than 
that used by USEPA (1984) in the derivation of the chronic freshwater FRV. 
Because the site-specific FRV is higher than the value used in developing the 
freshwater chronic A WQC for DDT, the procedure used by USEPA to develop 
the AWQC was reexamined in order to derive a more appropriate AWQC, 
specific to the Group 1A sites. 

As defined in the "Guidelines for Deriving Numerical National Water Quality 
Criteria for the Protection of Aquatic Life and its Uses" (USEPA, 1983), the 
Criterion Average Concentration (i.e., the chronic AWQC) is equal to "the lowest 
of the Criterion Maximum Concentration, Final Chronic Value, the Final Plant 
Value, and the Final Residue Value unless other data from tests in which the 
concentrations of test material were measured show that a lower value should be 
used". The appropriate terms are presented in the following table: 

ABB Environmental Services, Inc. 
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APPENDIX S 

TERM VALUE (µ,g/L) 

Final Acute Value (FA V) ' l.la 

Criterion Maximum Concentration (CMC) 0.55b 

Final Chronic Value (FCV) 0.017c 

Final Plant Value (FPV) 0.3d 

Final Residue Value (Fort Devens) (FRV) 0.038e 

Notes: 

a 

b 

C 

d 

C 

As presented in the AWQC document for DDT (USEPA, 1984). 
Derived by dividing the PAV (1.1 µg/L) by 2. 
No Final Chronic Value presented, the value presented was derived by dividing the PAV by 
65, the only species mean acute/chronic ratio data available (USEPA, 1984) for the fathead 
minnow (Pimepha/es promelas). 
No Final Plant Value presented due to a lack of available data, the value presented is a 
LOAEL based on effects on growth and morphology in Ch/orel/a sp. 
Derived based on site-specific information and likely ecological receptors for Fort Devens, 
as described above. 

Based on the assumption that the FRY is overly conservative and that the site­
specific adjustments made are appropriate, the lowest value (i.e., the site-specific 
chronic A WQC) is the Final Chronic Value of 0.017 µg/1, which is approximately 
17 times greater than the national freshwater chronic criterion of 0.001 µg/1. 

Therefore, for Plow Shop Pond, use of the adjusted A WQC would result in the 
carbon-normalized SQC (0.272 µg/g) being increased to 4.62 µg/g. At Cold 
Spring Brook Pond, the adjusted carbon-normalized SQC would increase from 
0.152 µg/g to 2.58 µg/g. These adjusted values may be viewed as site-specific 
sediment quality criteria for ODE. 

ABB Environmental Services, Inc. 
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To: 

From: 

Date: 

Paul Exner 

Kate Kuebler 

March 9, 1993 

1\ffi.'10&\J.'IDUM 

Subject: Validation : Plow Shop Pond and Cold Spring Brook Pond 
Project: Fort Devens Feasibility Study for Group IA Sites 
Sampling Dates: October 20 - 23, 1992 

Review is complete for the pesticide/PCB organic data packages generated by Aquatec 
Laboratory pertaining to fish tissue samples collected at Plow Shop Pond and Cold Spring Brook 
Pond. Analytical results of forty (40) samples were submitted for review, with the following 
four samples chosen for complete validation: PSP07F, PSP 17F, PSP02W, and CSB 12F. 
Additionally, results were submitted for five (5) duplicate fillets. These were treated as "Field 
Duplicates" and reviewed for duplicate precision. Review was performed following USEPA 
Region I guidelines. Package documentation was complete with no resubmissions requested. 
The following is a list of general criteria examined during the validation procedure: 

Data Completeness Field Duplicate Precision 
Calibrations Pesticide Inst. Performance 
Blanks Compound Quantitation 
Surrogate Recoveries Compound Identification 
Matrix Spike Recoveries 

General Comments 

Samples were analyzed by Method 8080 for the Target Compound List (TCL) pesticides and 
PCBs contained in the USEPA Statement of Work for the Contract Laboratory Program, March 
199Q. Extracts of the fish tissues were analyzed at 6%, 15 % , and 50% dilutions. Analytical 
results were reported for the 6 % aliquots. Due to GPC mechanical problems, several samples 
had to be re-extracted. These samples were re-named with 'RE' following the original 
identification. 

The data tables referred to in this memo are comprised of the following: 

Table l : Laboratory Report of Analysis 
Table 2 : Validation Report 

Several samples had analytical results that exceeded the calibration range. These results were 
flagged 'X' on Table 1. The samples were. diluted and the diluted results were flagged 'D' on 
Table 1. On Table 2, the diluted result for any compound exceeding calibration was inserted 
into the initial results and the rest of the diluted results were deleted. 

1 



The following subsections summarize the qualifications and comments th~t have been determined 
by validation. All criteria listed above were examined and found to be within the specified 
quality control limits unless discussed below. 

Plow Shop Pond - Qualifications 

l. Because of contamination of the extraction blank, 4,4'-DDT should be negated in sample 
PSP05W. This result was qualified as not detected (U) on Table 2. 

Plow Shop Pond - Comments 

The result for 4,4'-DDE exceeded calibration range in the initial analysis of PSP17WRE. The 
sample was diluted 5X. Although DDE was not detected in PSP07F and was detected in the 
duplicate, PSP07F2, duplicate precision criteria were met and no qualification was necessary . 

Cold Spring Brook Pond - Qualifications 

1. The recovery of the surrogates was less than 10% in the initial analysis of CSB12F. An 
aliquot of the extract reserved for the laboratory archive was analyzed without GPC 
cleanup and the surrogate recoveries were acceptable. The results of the initial analysis 
were rejected and deleted from Table 2. The results of the second analysis were 
presented on Table 2. The sample was identified by the laboratory as CSB12FRE 
although it is not a re-extraction. 

Cold Spring Brook - Comments 

The result for 4,4'-DDD exceeded calibration range in the initial analysis of CSB03W and 
CSB07W. CSB03W was diluted 2X and CBS07W was diluted 5X. CSB15W was diluted 3X 
to get the results of both DOE and DDD within calibration range . 

.., 



To: 

From: 

Date: 

Paul Exner 

Kate Kuebler 

March 09, 1993 

MEL"10RANDUM: 

Subject: Validation : Plow Shop Pond and Cold Spring Brook Pond 
Project: Fort Devens Feasibility Study for Group lA Sites 
Sampling Dates: October 20 - 23, 1992 

Review is complete for the inorganic data packages generated by Aquatec Laboratory pertaining 
to fish tissue samples collected at Plow Shop Pond and Cold Spring Brook Pond. Analytical 
results of forty ( 40) samples were submitted for review, with the following four samples chosen 
for complete validation: PSP07F, PSP 17F, PSP02W, and CSB 12F. Additionally, results were 
submitted for five (5) duplicate fillets. These were treated as "Field Duplicates" and reviewed 
for duplicate precision. Review was performed following USEPA Region I guidelines. Package 
documentation was complete with no resubmissions requested. The following is a list of general 
criteria examined during the validation procedure: 

Data Completeness Lab Control Samples 
Calibrations Furnace AA Results 
Blanks Detection Limit Results 
ICP Interference Check Results Sample Quantitation 
Matrix Spike Recoveries Field Duplicate Results 
Laboratory Duplicates 

General Comments 

Samples were prepared for inorganic analyses in accordance with procedures outlined in 
"Methods for the Determination of Metals in Environmental Samples", EPA/600/4-1/010. 
Method 245.6 was used for the preparation of samples analyzed for mercury. Method 200.3 
was used for the preparation of samples for the remaining elemental analytes with a modification 
to the final digestion step, substituting nitric acid for hydrochloric acid. This was done to allow 
for the analysis of arsenic, cadmium, and lead by graphite furnace atomic absorption 
spectrometry to meet the required sample quantitation limits (SQLs). The samples were 
analyzed for Target Analyte List (T AL) inorganics according to the USEPA Statement of Work 
for the Contract Laboratory Program, March 1990. 

The data tables referred to in this memo are comprised of the following: , 

Table 1 : Laboratory Report of Analysis 
Table 2 : Validation Report 

1 



The following subsections summarize the qualifications that have been determined by validation. 
All criteria listed above were examined and found to be within the specified quality control limits 
unless discussed below. 

Plow Shop Pond - Qualifications 

1. The matrix spike percent recovery for selenium was below QC limits. Selenium results 
in all PSP samples were estimated (J) on Table 2. 

2. In sample PSP07F, the analytical spike recovery for lead was below QC limits. The 
nondetect lead result in this sample was estimated (UJ) on Table 2. 

3. In sample PSP02W, the analytical spike recovery for lead was less than 10%. The 
nondetect lead result in this sample was rejected (R) on Table 2. 

4. In sample PSP02W, the analytical spike recovery for thallium was below QC limits. The 
nondetect thallium result in this sample was estimated (UJ)on Table 2. 

Cold Spring Brook Pond - Qualifications 

1. The matrix spike percent recoveries for manganese and mercury were below QC limits. 
Results for these analytes in all CSB samples were estimated (J) on Table 2. 

2. In sample CSB 12F, the analytical spike recovery for lead was below QC limits. The 
nondetect lead result in this sample was estimated (UJ) on Table 2. 

2 



Plow Shop l'ond Fish '!issue Analysis 

Feasibili1y S1u,ly for Group IA Siles 

Inorganic Analysis (mg/kg, wet weight) 
Fort Devens, Massachusells 

I .aboratory Report of Analysis 

Table I 

!!l.!!!c&ill !!l!!!c&ill !!!!!.!c&ill muegill !!l!!.!c&!! Bullhead Bullhead Bullhead Bullhead Bullhead Bullhead Bullhead Bullhead 

SAMl'I .E II>: PSl'02W PSl'OJW l'Sl'O-IW l'SPIOW PSPI IW l'SPOW PSP05W PSP06F PSP06W 1'S1'12F PSPl2W PSl'22F PSP22W 

IAII NUMIIER: 17J(Xl9 l 7JOIO 17Jllll 173012 17JOIJ 173001 17J(Xl2 I 7J(X)3 173004 173007 173008 173022 173023 

l>A'IE SAMl'I ED: HV20/92 IIV20/92 IIV20/92 11V20/92 IIV20/92 IIV20/92 10'20/92 llV20/92 ICVl0/92 ICV20/92 1CV20/92 ICV22/92 HV22/92 

Aluminum 1.8 1.8 1.6 3.2 4.5 1.3 u 2.4 I.JU 2.9 1.3 u 1.7 1.3 u I.] u 
Arsenic 1.3 0.2 U 0.19 U 0.16 U 0.16 U 0.04 U 0.16 U 0.()9 0.16 U O.Q4 U 0.19 U O.Q4 U 0.16 U 

llcryllium 0 .0-1 U O.o-tU 0.0-1 U 0.0-1 U O.Q4 U O.o-t U 0.04 U 0.0-I U 0.0-1 U 0.04 U 0.0-1 U 0.0-1 U 0.04 U 

C',1ilmi11111 o.m u 0.07 lJ 0.06 U 0.06 U 0.07 U 0.o7 lJ 0.07 U 0.07 U 0.06 U 0.07 U 0.(l6 U 0.o7 U 0.o7 U 

Copper 0.-18 0.54 0.47 0.4-1 0.6 0.22 1.3 0.21 0.81 0.19 0.69 0.22 0 . .56 

Chromium 0.49 0.48 0 . .59 0.93 0.79 0.2 U 0.31 0.24 0.99 0.2 U 0.-13 0.19 U 0.2 U 

Iron 130 42.-1 61.5 75.2 89.5 4 . .5 22.3 9 . .5 43.6 6.7 32.1 21 2.5.9 

I cad 0.1 U 0.1 U 0.1 U 0.16 0.1 U 0.1 U 0.18 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 

Manganese 39.1 40.2 .58.8 94.7 83.2 0.3 U 6.5 0.29 U I0.6 0.3 16 0.28 U 6.2 

t.kn:ury 0.4 0.19 0 . .5-1 0.47 0.24 0 .31 0.36 0.4-1 0.28 0.03 U 0.4 0.51 0.28 

Nid,cl 0.8 U 0.78 U 0.76 U 08 U 0.77 U 0.8 U 0.8 U 0.78 U 0.8 U 0.77 U 0.8 U 0.7.5 U 0.78 U 

Sckninm 0 .52 0.52 0.67 0.62 0.-12 0.16 0.28 0.16 0.24 0.17 Cl.JI 0.13 0.29 

'lllallium 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0 I U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 

Vanadium 0.8 U 0.78 U 0.76 U 0.8 U 0.77 U 0.73 U 0.8 U 0.78 U 0.8 U 0.77 U 0.8 U 0.75 U 0.78 U 

Zinc 25.1 22.2 25.6 29.6 22.6 4.3 14.1 4.9 18.8 .5.7 22.3 6.1 14.1 

llarinm 1.9 1.3 2.4 4.4 3.8 0.24 U 0.5 0.24 U 0.83 0.24 U 1 0.23 U 0.33 

C.1ki11111 3-1600 23300 282(X) 48800 248(Xl 10.5 8020 137 14600 1.53 165m 138 32.50 

('.ohah 0.12 0.11 0.16 0.1 0.1 U 0.1 U 0.17 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 

Magnesium 525 496 536 7.54 529 260 296 253 427 252 -1.'i9 277 · 249 

Silver 0.2 U . 0.2 U 0.19 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.19 U 0.2 U 

Sodium 1820 1530 1850 2290 1-180 41-1 1190 500 1230 474 1-110 502 1080 

.-\nlimony ___________ l.l_U I.I U I.I u I.I lJ I.I lJ 1.1 u I.I lJ 1.1 u I.I u I.I u I.I u I.I u I.I u 
% l.ipiJ1: 0.28 I.OJ 0.46 0.16 0.37 0.27 0 .62 0.65 0.72 0.48 0.98 0.44 1.56 

% Solid ■: 2-1 25 27.5 28.3 26.6 18.9 20.4 19.6 23.6 14.2 22 26.2 23.2 

lJ = nul delected 
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Plow Shop PonJ Fish Tissue Analysis 

Feasibilily S1uJy for Group I A Siles 

Inorganic Analysis (mg/kg, wet weight) 
Forl Devens, Massachusclls 

I ..iboralory Report or Analysis 

Tab!.: I 

DullheaJ DullheaJ Bass Bass Dass Dass Dass Bass Dass Dass Bass 
SA~ll'I EID: l'S1'2JF PSl'2JW l'Sl'07F PS07F2 PSP07W PSl'l7F 1'S17F2 rsr11W PSl'l8F PS18F2 PSPl8W 

I.All NUMlll!R: 173014 1730:?S 1731X)5 178820 173006 173014 178821 173015 173016 178822 173017 

l>,\'IESAMl'I.ED: 11V22/92 11V22/92 HV20/92 HVlll/92 10'20/92 HY22/92 HY22/92 10'22/92 lfY22/92 l<Y22/92 HY22/92 

Aluminum 1.3 u 1.3 u 1.3 U 1.3 u 2.9 1.3 u 1.3 u 1.3 U 1.3 U 1.3 u 1.3 u 
Arsenic 0.15 0.3 0 ,04 U 0.08 U 0.2 U 0.04 U 0.16 U 0.19 U O.Q.I U 0.15 U 0.2 U 

llcryllium 0,04 U 0,04 U 0,04 U 0.04 U 0,04 U 0,04 U 0,04 U 0.04 U O.Q.I U 0.04 U 0.0-1 U 

("aJmium 0.07 U 0.(16 U 0.07 U 0 .07 U 0,09 O.o? U O.o?U 0.06 U 0,(16 U 0.06 U 0.07 U 

Copper 0.17 0 .43 0.1 l 0.19 0.4-1 0.15 0.13 0.45 0.08 0.17 0.55 
('hromium 0.19 0.25 0.2 U 0.2 U 0.65 0.2 U 0.2 U 0.42 0.2 U 0.2 U 0.44 

lr1111 27 71.2 7.5 2 12.6 2.7 1.9 11.l 2 1.7 13.3 

I .eaJ 0.1 U 0.1 U 0 .1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 

Manganese 0.29 U 8 0.3 U 0.3 U 5.1 0.3 U 0.3 U 5.5 0.3 U 0.29 U 8.8 

Mercury 0.12 0.09 3.8 3.4 2.2 4 2.1 2.7 1 1.16 0 .65 

Nici.cl 0 .77 U 0 .8 U 0 .8 U 0 .78 U 0 .78 U 0 .79 U 0.79 U 0.79 U 0.8 U 0.77 U 0 .78 U 

Selenium 0.11 0.25 0.17 0.18 0.54 0.12 0.2 0.38 0.1 U 0.11 0.39 

' l11alli11111 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 

Vanmlium 0.77 U 0.8 U 0 .8 U 0.78 U 0.78 U 0.79 U 0.79 U 0.79 U 0.8 U 0.77 U 0.78 U 

Zinc 3.4 12.1 4.3 4.1 17.9 3.7 3.5 13 4.3 4 16.3 

llarium 0.23 U 1.3 0.24 U 0.24 U 0.-11 0.24 U ,0.24 U 0.27 0.24 U O.B U 0.6 

Calcium 82.8 7870 118 113 359m 130 350 19400 97 627 18800 

C'.11hal1 0 .1 U 0.1 U 0.1 U 0 .1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.11 0.1 U 

Magnesium 264 303 336 290 671 3H 29-1 508 269 300 .522 

Silver 0 .2 U 0.2 U 0.2 U 0.2 U 0.2 U 0 .2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 

Srnlium 343 1120 396 503 2020 290 391 1340 351 439 1-160 

1\111i1!!~~!1.f - 1.1 u I.I lJ I.I u I.I u I.I u I.I u I.I u I.I u I.I u I.I u I.I u 
% 1.ipiJs: 0.31 0.48 0.18 0.2 2.-19 0.3-1 0.-1 3.27 0.21 0.3 2.4.S 

% SoliJ1: 17.6 18.8 2-1.1 20.6 27.3 21.8 21.8 34 21.1 23.3 26.l 

lJ c: 1101 llclecteJ 
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Plow Shop PonJ Fish ·tissue Analysis 

Feasibility StuJy for Group I A Sites 

Inorganic Analysis (mg/kg, wet weight) 
Fort Dc:vc:ns, Massachusetts 

Laboratory Report or Analysis 

Tahlc I 

Dass Bass Hass Bass Bass Bass 
S.'\Ml'I .E ID: l'Sl'l9F 1'S19F2 l'SPl9W l'SPlOF l'S20F2 PSl'20W 

I .All NUt.lllER: 173018 178823 173019 173020 178824 173011 

I >All: S.'\Ml'I ED: HV12/92 11Yl2/92 HV22/92 llt'22/92 Ht'22/92 11V22/92 

Aluminum l.] u 1.3 U l.] u l.] u l.] u 2.1 

Arn:nic 0.04 U 0.16 U 0.19 U 0.04 U 0.04 U 0.19 U 

lleryllium 004 U 0.Q4U 0,04 U 0.04 U 0.Q4 U 0.04 U 
('a,lmium 0.Q7 U 0.06 U 0.Q7 U 0.07 U 0.06 U 0.(l6 U 

Copper 0 ,09 0.18 0.9 0.12 0.24 0.54 

('hromium 0.2 U 0.2 U 0.32 0.2 U 0.2 U 0.33 

Iron 1.7 2.2 24.6 2.9 1.9 19.9 

1.eail 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 

Ma11g,111csc (l.] u 0.3 U 7.2 0.3 U 0.3 U .5.1 

Mercury I.I 0.89 0.6.5 1.4 1.23 0.72 

Nidcl 0.8 U 0.8 U 0.76 U 0.8 U 0.79 U 0.78 U 

Selenium 0.1 U 0.1 U 0.32 0.1 U 0.1 U 0.26 

·111alliu111 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 

V,111ailium 0.8 U 0.8 U 0.76 U 0.8 U 0.79 U 0.78 U 

Zinc 3.8 3.8 15.7 4.5 4.8 18.9 

llarium 0.24 U 0.24 U 0.99 0.24 U 0.24 U 0.63 

Calcium 92 222 123(0 88.7 343 14100 

Cohah 0.1 U 0.1 U 0.1 U 0.1 U 0.11 0.1 U 

t.hgncsium 278 306 420 284 270 431 

Silver 0.2 U 0.2 U 0.19 U 0.2 U 0.2 U •0.2 U 

SoJium 283 446 lH0 343 509 1460 

!~!!!!11101!1'. I.I u I.I u I.I u I . I U I.I u I.I u 
% l.ipiJ1: 0.13 0.29 1.25 0.27 0.1 1.79 

% SoliJ1: 20.1 21.1 25.'.'i 19 20 24.4 

U = not JetectcJ 

1•lu-.11.I wkl 09-Mor-Gl 



Plow Shop Pond Fish Tissue Analysis 

Feasibility Study for Group IA Sites 

Inorganic Analysis (mg/kg, wet weight) 
Fort Devens, Massachusells 

Validation Report 

Table 2 

Bluegill Bluegill flluegill Bluegill Bluegill Bullhead Bullhead Bullhead Bullhead Bullhead Bullhead Bullhead Bullhead 

SAMPLEU): PSP02W PSP03W PSP04W PSPIOW PSPllW PSP05F PSP05W PSP06F PSP06W PSP12F PSP12W PSP22F PSP22W 

IADNUMBER: 173009 # 173010 173011 173012 173013 173001 173002 173003 173004 173007 173008 173022 173023 

DA lll SAM Pl.ED: 10'20/92 llY20/92 10'20/92 10'20/92 10'20/92 10'20/92 10'20/92 10'20/92 10'20/92 10'20/92 10'20/92 10'22/92 10'22/92 

Aluminum 1.8 1.8 1.6 3.2 4.5 1.3 u 2.4 1.3 U 2.9 1.3 U 1.7 I.JU 1.3 U 

Arsenic 1.3 0.2 U 0.19 U 0.16 U 0.16 U 0.04 U 0.16 U 0.09 0.16 U 0.04 U 0.19 U 0.04 U 0.16 U 

Ueryllium 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 

Cailmium 0.07 U 0.o7 U 0.06 U 0.06 U 0.07 U 0.07 U 0.07 U 0.07 U 0.06 U 0.07 U 0.06 U 0.07 U O.Q7U 

Copper 0.48 0.54 0.47 0.44 0.6 0.22 1.3 0.21 0.81 0.19 0.69 0.22 0.56 

Chromium 0.49 0.48 0.59 0.93 0.79 0.2 U 0.31 0.24 0.99 0.2 U 0.43 0.19 U 0.2 U 

Iron 130 42.4 61.5 75.2 89.5 4.5 22.3 9.5 43.6 6.7 32.l 21 25.9 

Lead 0.1 R 0.1 U 0.1 U 0.16 0.1 U 0.1 U 0.18 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 

Manganese 39. l 40.2 58.8 94.7 83.2 0.3 U 6.5 0.29 U 10.6 0.3 16 0.28 U 6.2 

Mercury 0.4 0.19 0.54 0.47 0 .24 0.31 0.36 0.44 0.28 0 .03 U 0.4 0.51 0.28 

Nickel 0.8 U 0.78 U 0 .76 U 0.8 U 0.77 U 0.8 U 0.8 U 0.78 U 0.8 U 0.77 U 0.8 U 0.75 U 0.78 U 

Selenium 0.52 J 0.52 J 0.67 J 0.62 J 0.42 J 0.16 J 0.28 J 0.16 J 0.24 J 0.17 J 0.31 J 0.13 J 0.29 J 

Thallium 0.1 J 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.t U 

Vanadium 0.8 U 0.78 U 0.76 U 0.8 U 0.77 U 0.73 U 0.8 U 0.78 U 0.8 U 0.77 U 0.8 U 0.75 U 0.78 U 

Zinc 25.1 22.2 25.6 29.6 22.6 4.3 14.1 4.9 18.8 5.1 22.3 6.1 14.l 

llarium 1.9 1.3 2.4 4.4 3.8 0.24 U 0.5 0.24 U 0.83 0.24 U I 0.23 U 0.33 

Calcium 34600 23300 28200 48800 24800 105 8020 137 14600 153 16500 138 3250 

Cobalt 0.12 0.11 0.16 0.1 0.1 U 0.1 U 0.17 0.1 U 0.1 U 0.1 U 0.1 U 0.t U 0.1 U 

Magnesium 525 496 536 754 529 260 296 253 427 252 459 277 249 

Silver 0.2 U 0.2 U 0.19 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0 .2 U 0.2 U 0.2 U 0.19 U 0.2 U 

SoJium 1820 1530 1850 2290 1480 414 1190 500 1230 474 1410 502 1080 

1\111imon:t 1.l u 1.1 u I.I u I.I u I.I u I.I u I.I u 1.1 u 1.1 u I.I u 1.1 u l.lU I.I u 
% Lipids: 0.28 1.03 0.46 0.16 0.37 0.27 0.62 0.65 0.72 0.48 0.98 0.44 1.56 

% Solids: 24 25 27.5 28.3 26.6 18.9 20.4 19.6 23.6 14.2 22 26.2 23.2 

U = not detected W = whole fish 

N = validateil sample F = fillet 

J = estimated value F2 = duplicate fillet 

R = rejected 

plowvr ,wkl 09-Mor-9J 



Plow Shop Pond Fish Tissue Analysis 

Feasibility Study for Group IA Sites 

Inorganic Analysis (mg/kg, wet weight) 
Fort Devens, Massachusetts 

Validation Report 

Table 2 

Bullhead Bullhead Bass Bass Bass Bass Bass Bass Bass Bass Bass 

SAMl'tEID: l'SP23F l'SP23W PSP07F PS07F2 PSP07W PSP17F PS17F2 PSP17W PSPl8F PS18F2 PSP18W 

lADNUMDER: 173024 173025 173005 # 178820 173006 173014 # 178821 173015 173016 178822 173017 

DAlESAMl'LED: 10'22/92 10'22/92 10'20/92 10'20/92 10'20/92 10'22/92 10'22/92 10'22/92 10'22/92 10'22/92 10'22/92 

Aluminum 1.3 U 1.3 u 1.3 u 1.3 u 2.9 1.3 u 1.3 u 1.3 u 1.3 u 1.3 u 1.3 u 
Arsenic 0.15 0.3 0.04 U 0.08 U 0.2 U 0.04 U 0.16 U 0.19 U 0.04 U 0.15 U 0.2 U 

Beryllium 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 

Cadmium 0.07 U 0.06 U 0.o7 U 0.o7U 0.09 0.o7 U 0.o7 U 0.06 U 0.06 U 0.06 U 0.07 U 

Copper 0.17 0.43 0.11 0.19 0.44 0.15 0.13 0.45 0.08 0.17 0.55 

Chromium 0.19 0.25 0.2 U 0.2 U 0.65 0.2 U 0.2 U 0.42 0.2 U 0.2 U 0.44 

Iron 27 71.2 1.5 2 12.6 2.7 1.9 11.1 2 1.7 13.3 

Lead 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 

Manganese 0.29 U 8 0.3 U 0.3 U 5.1 0.3 U 0.3 U 5.5 0.3 U 0.29 U 8.8 

Mercury 0.12 0.09 3.8 3.4 2.2 4 2.1 2.7 1 1.16 0.65 

Nickel 0.77 U 0.8 U 0.8 U 0.78 U 0.78 U 0.79 U 0.79 U 0.79 U 0.8 U 0.77 U 0.78 U 

Selenium 0.11 J 0.25 J 0.17 J 0.18 J 0.54 J 0.12 J 0.2 J 0.38 J 0.1 UJ 0.11 J 0.39 J 

'lhallium 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 

Vanadium 0.77 U 0.8 U 0.8 U 0.78 U 0.78 U 0.79 U 0.79 U 0.79 U 0.8 U 0.77 U 0.78 U 

Zinc 3.4 12.1 4.3 4.1 17.9 3.7 3.5 13 4.3 4 16.3 

Barium 0.23 U 1.3 0.24 U 0.24 U 0.41 0.24 U 0.24 U 0.27 0.24 U 0.23 U 0.6 

Calcium 82.8 7870 118 113 35900 130 . 350 19400 97 627 18800 

Cobalt 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.11 0.1 U 

Magnesium 264 303 336 290 671 344 294 508 269 300 522 

Silver 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 

Sodium 343 1120 396 503 2020 290 391 1340 351 439 1460 

Antimony I.I u I.I U 1.1 u I.I u I.I u I.I u I.I u I.I u I.I u I.I u I.I u 
% 1.ipids: 0.31 0.48 0.18 0.2 2.49 0.34 0.4 3.27 0.21 0.3 2.45 

% Solidi: 17.6 18.8 24.1 20.6 27.3 21.8 21.8 34 21.1 23.3 26.1 

U = not detected W = whole fish 

# = validated sa!11ple F = fillet 

J = estimated value F2 = duplicate fillet 

R = rejected 

pl=·vrwkl 09-Mar-93 



Plow Shop Pond Fish Tissue Analysis 

Feasibilicy ScuJy for Group IA Sites 

Inorganic Analysis (mg/kg, wet weight) 
Forl Devens, Massachusells 

ValiJalion Reporl 

Table 2 

Bass Bass Bass Bass Bass Bass 

SAMl'LEID: PSP19F PS19F2 PSP19W PSP20F PS20F2 PSP20W 

I.AB NUMBER: 173018 178823 173019 173020 178824 173021 

DA TE SAM Pl.ED: HV22/92 10'22/92 10'22/92 10'22/92 10'22/92 10'22/92 

Aluminum I.JU 1.3 U l.J u 1.3 u l.J u 2.1 

Arsenic 0.04 U 0.16 U 0.19 U 0.04 U 0.04 U 0.19 U 

Beryllium 0.04 U 0.04 U 0.04 U 0.04 u 0.04 U 0.04 U 

Cadmium 0.07 U 0.06 U 0.07 U 0.07 U 0.06 U 0.06 U 

Copper 0.09 0.18 0.9 0.12 0.24 0.54 

Chromium 0.2 U 0.2 U 0.32 0.2 u 0.2 u 0.33 

Iron 1.7 2.2 24.6 2.9 1.9 19.9 

I.cad 0.1 U 0.1 U 0.1 U 0.1 u 0.1 u 0.1 U 

Manganese 0.3 U 0.3 U 7.2 0.3 u 0.3 u 5.1 

Mercury 1.1 0.89 0.65 1.4 1.23 0.72 

Nickel 0.8 U 0.8 U 0.76 U 0.8 u 0.79 U 0.78 U 

Selenium 0.1 UJ 0.l UJ 0.32 J 0.1 UJ 0.1 UJ 0.26 J 

lliallium 0.1 U 0.1 U 0.l U 0.1 u 0.1 u o.i' u 
Vanadium 0.8 U 0.8 U 0.76 U 0.8 u 0.79 U 0.78 U 

Zinc 3.8 3.8 15.7 4.5 4.8 18.9 

Barium 0.24 U 0.24 U 0.99 0.24 U 0.24 U 0.63 

Calcium 92 222 12300 88.7 343 14100 

Cobalt 0.1 U 0.1 U 0.1 U 0.1 u 0.11 0.1 U 

Magnesium 278 306 420 284 270 431 

Silver 0.2 U 0.2 U 0.19 U 0.2 u 0.2 u 0.2 U 

Sodium 283 446 1530 343 509 1460 

Anlimon)'. 1.1 u l.lU I.I u I.I u I.I u I.I u 
9', l.ipida: 0.13 0.29 1.25 0.27 0.1 1.79 

9', Salida: 20.1 21.l 25.5 19 20 24.4 

U = noc de1cc1ed W = whole fish 

# = validated sample F = fillet 

J = eslimated value F2 = duplicale fillcc 

R = rejcclcd 

rluwvr .wkl 09-Mar-9) 



l'low Shop l'onJ Fish 'lissuc Analysis 
l;casibility StuJy for Oroups I A Siles 

Pesticide/PCB Organics Analysis (ug/kg, wet weight) 
Fort Devens, Massachusetts 

L1borah>ry Report of Analysis 
Tahk I 

!!!m,si!! !!.!~till! !_!lucgil! !Hy~gi!! lllucgi!! HullhcaJ Bullhead UullheaJ BullheaJ DullheaJ UullhcaJ SAt.11'1 E Ill: l'.SP02W PSl'03W l'SP0-4W PSPIOW PSPllW PSP05F PSP05W PSP06F PSl'06W l'SP12F PSPl2W I.All NllMIIElt 173!09 II 173010 173011 173012 173013 I 73ml 173002 17J(XlJ 17300-4 173(07 173018 l>:\'I E S:\MPl 1:D: HV23/92 llVZJ/112 IIVB/92 HVB/92 HVB/92 IIVB/92 HVB/92 IIVB/92 HVB/92 l!VZJ/92 HVH/92 I >ATE 1\NALY:t.Ell: 02'18/93 0!/18/93 02'18/93 12/18/93 01/18/93 01/23/93 02/17/93 OVB/93 01/17/93 01/23/93 02/17/93 

alpha- Ill IC 4.8 U 4.9 U .s u 4.8 U SU 10 U 4.9 U 9.8 U 4.9 U 9.3 U s u he ta- Ill IC 4.8 U 4.9 U .s u 4.8 U s u 10 U 4.9 U 9.8 U 4.9 U 9.3 U .s u dclla- llllC 4.8 U 4.9 U .s u 4.8 U .SU 10 U 4.9 U 9.8 U 4.9 U 9.3 U .s u g;1111111a- Ill IC (I foJane) 48 U 4.9 U .s u 4.8 U s u 10 U 4.9 U 9.8 U 4.9 U 9.3 U s u I lcptachlor 4.8 U 4.9 U .s u 4.8 U .SU 10 U 4.9 U 9.8 U 4.9 U 9.3 U .s u Aldrin 4.8 U 4.9 U .s u 4.8 U .s u 10 U 4.9 U 9.8 U 4.9 U 9.3 U ' u I lcp1ad1lor cpoxiJe 4.8 U 4.9 U .s u 4.8 U .s u 10 U 4.9 U 9.8 U 4.9 U 9.3 U .s u 1'.nJosulfan I 4.8 U 4.9 U .s u 4.8 U .s u IOU 4.0 U 9.8 U 4.9 U 9.3 U .s u llicldrin 9.6 U 9.7 U 9.9 U 96 U IOU 20 U 9.7 U 20 U 9.7 U 19 U 9.9 U ·U'-lll>E 9.6 U 29 21 9.6 U IO U 20 U IS 20 U 9.7 U 19 U 17 
1:nJrin 9.6 U 9.7 U 9.9 U 9.6 U 10 U 20 U 9.7 U 20 U 9.7 U 19 U 9.9 U 
E11Josulfa11 II 9.6 U 9.7 U 9.9 U 9.6 U 10 U 20 U 9.7 U 20 U 9.7 U 19 U 9.9 U -IA'- l>l>D 9.6 U 9.7 U 9.9 U 9.6 U 10 U 20 U 9.7 U 20 U 9.7 U 19 U 9.9 U 
1 ;mlusnlfan sulfate 9.6 U 9.7 U 9.9 U 9.6 U 10 U 20 U 9.7 U 20 U 9.7 U 19 U 9.9 U -1.-l'-l>l>T 9.6 U 9.7 U 9.9 U 9.6 U to u 20 U 13 B 20 U 14 B 19 U 9.9 U 
Mcthnxychlor 48 U 49 U .sou 48 U .sou 100 U 49 U 98 tJ 49 U 93 U .sou 
Emlrin Ketone 9.6 U 9.7 U 9.9 U 9.6 U 10 U 20 U 9.7 U 20 U 9.7 U 19 U 9.9 U 
Emlrin aldchyJe 9.6 U 9.7 U 9.9 U 9.6 U 10 U 20 U 9.7 U 20U 9.7 U 19 U 9.9 U 
illpha- C.hlorJane 4.8 U 4.9 U .s u 4.8 U .s u IOU 4.9 U 9.8 U 4.9 U 9.3 U .s u 
gamma -ChlurJane 4.8 U 4.9 U .s u 4.8 U .s u to u 4.9 U 9.8 U 4.9 U 9.3 U .s u 
T11xapl11:11c 96 U 97 U 99 U 96 U 100 U 200 U 97 U 200 U 97 U 190 U 99 U 
Aroclor- Hll6 48 U 49 lJ 50 U 48 U .sou 100 U 49 U 98 U 49 U 93 U .sou 
,\roclor- lZ21 48 U 49 U .sou 48 U 50 lJ 100 U 49 U 98 U 49 U 93 U 50 U 
1\ruclur-1232 48 U 49 U .sou 48 U .sou 100 U 49 U 98 U 49 U 93 U .sou 
,\rnclur-1142 48 U 49 U .sou 48 U 50 U 100 U 49 U 98 U 49 U 93 U ."iO U 
,\rodor- lH8 48 U 49 U .sou 48 U .sou IOO U 49 U 98 U 49 U 93 U .sou 
Aroclor- I 2."i4 48 lJ -19 U .sou 48 U ."iO U 100 U 49 U 98 U 49 U 93 U .sou 
Arodur- 1!60 48 U 49 U .sou 48 U .sou 100 U 49 U 98 U 49 U 93 U .sou 
lJ = 1101 JctcctcJ W = whole fish RE= re-extraction 
II = valiJateJ sample F = fillet DL = Jilutcd 
II = compounJ present in extraction blank F2 = duplicate fillet 
X = cxcccJs calibration range 
I> = diluted result 

flOWrESI.WKI 
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Plow Shop PonJ Fish Tissue Analysis 
Fcasihili1y S1uJy for Groups I A Siles 

Pcstiddc/PCB Organics Analysis (ug/kg, wet weight) 
Fort Ocvcns, Massachusclls 

J .abora1ory Report or Analysis 
Table I 

BullheaJ Dulllu:aJ DullheaJ DullheaJ Bass Dass Bass Dass Hass Dass Dass 
S,\Ml'I E Ill: 1'S1'22F l'SP22W PSPBF l'Sl'BW PSl'07F PSl'07F2 PSP07WRE PSP17F PSP17F2 PSPl7WRE PSPl7WRErn. 
lAII NllMIIER: 173022 173023 173024 17302.S l73CXI.S # 178820 173006Rl 173014 fl 178821 17301.SRI 17301.SIU 
l>J\'11: SAMl'I.ED: 11rnm 11rnm 11¥23/92 IIYB/92 10'23/92 IIY23/IJ2 10'23/92 IIYB/92 urn/92 HYBNZ HYB/92 
ll,\.11: ANAI.Y1'J:D: 01/23/93 02/18/93 OV2J/93 01/18/93 0-1/17/93 02/24/93 02/19/93 01/18/93 02'25/93 0!/19/93 02/25/93 

alpha- llllC: 10 ll SU .5 u s u 4.8 U 4.9 U 4.9 U .s u 4.8 U .5 u 2.5U 
hc1a- llllC: 10 U SU .5 u s u 4.8 U 4.9 U 4.9 U .s u 4.8 U s u 2.5 lJ 
dcha-llllC. 10 U s u .s u .s u 4.8 U 4.9 U 4.9 U SU 4.8 U s u 2.S U 
gamma- DI IC (I foJanc) 10 U .s u .SU .s u 4.8 U 4.9 U 4.9 U .s u 4.8 U .s u 2.S U 
I le plachlor 10 U s u .5 u s u 4.8 U 4.9 U 4.9 U s u 4.8 U .5 u 2.S U 
t\l<lrin 10 U s u .5 u .5 u 4.8 U 4.9 U 4.9 U 5 U 4.8 U s u 2.5U 
l lcplachlor cpoxiJc 10 U .SU .5 u .s u 4.8 U 4.9 U 4.9 U 5U 4.8 U s u 2.S U 
En<losulfan I 10 U SU 5 lJ .s u 4.8 U 4.9 U 4.9 U SU 4.8 U SU 2.5 U 
l>icl<lrin 21 U IOU IOU 9.9 U 9.6 U 9,8 U 9.8 U 9 .9 U 9 . .S U 9.9 U .sou 
4,r-l>l>E 21 U 33 10 U 14 9.6 lJ l.~ I.SO 23 JI 380 X 416 I> 
1'11,lrin 21 U

1 
ICIU l(J u 9.9 U 9.6 U 9.8 U 9.8 U 9,9 U 9.S U 9.9 U sou 

I :111losnlfan II 21 U 10 U 10 U 9.9 U 9.6 U 9.8 U 9.8 U 9.9 U 9 . .S U 9.9 U .sou 
H'-IH>ll 21 U 12 JO u 9.9 U 9.6 U 9.8 U 3.5 9.9 U 9 . .S U 110 89 l> 
b1,losulran sulfale 21 U 10 U to u 9.9 U 9.6 U 9.8 U 9.8 U 9.9 U 9.S U 9.9 U sou 
H'-lll>T 21 U 10 U to u 9.9 U 9.6 U 9.8 U 9.8 U 9.9 U 9.S U 12 .so lJ 
~lc1hoxyd1lor 100 U sou .sou sou 48 U 49 U 49 U .sou 48 U .sou 250 U 
1'11,lr in Kc lone 21 U 10 U 10 II 9.9 U 9.6 U 9.8 U 9.8 U 9.9 U 9 . .5 U 9.9 U 50 U 
l:nJ,in aldchyJe 21 U IOU to u 9.9 U 9.6 U 9.8 U 9.8 U 9.9 U 9 . .5 U 9.9 U .sou 
alpha- ChlorJanc JO u .5 u 5 U .5 u 4.8 U 4.9 U 4.9 U SU 4.8 U .s u 2.5 U 
gamma -ChlorJanc 10 U s u .5 u .s u 4.8 U 4.9 U 4.9 U .5 u 4.8 U .s u 2.5 U 
T11xaphc11e 2IO U 100 U 100 U 99 U 96 U 98 U 98 U 99 U 9.5 U 99 U .500 U 
Aroclor-1016 I()() u .sou 50 U 50 U 48 lJ 49 U 49 U 50 U 48 U .sou 250 IJ 
Aroclor - 12.!I 100 U sou sou sou 48 U 49 U 49 U 50 U 48 U sou 2SO U 
Aroclur-1232 1011 lJ 50 U · 50 lJ 50 U 48 U 49 U 49 U 50 U 48 U sou rn1 u 
Aroclor -1242 I()() u sou .sou .sou 48 U 49 U 49 U SIi U 48 U sou 250 U 
Aroclor- ll-18 100 U sou 50 U .sou 48 U 49 U 49 U :mu 48 U sou 250 U 
Aroclor-1254 100 U .sou 50 U .sou 48 U 49 U 49 U 50 U 48 U sou 2511 U 
Aroclor - 1260 l!Xl U 50 U 50 U .sou 48 U 49 U 130 .sou 48 U 330 250 U 

II = 1101 <lcleclcJ W "' whole fish RE"' rc-cxlraction 
II "' vali,la1cJ sample F"' Cillel DL"' diluled 
II = compounJ prescnl in cxtraclion blank 1:2 "' Juplicale Cillcl 
X = cxcc:c:Js calibra1ion range 
ll "' JihucJ rc:sull 

r1owrEsr.wt.:1 09-Mar-91 



Plow Shop PoncJ Fish lissue Analysis 
h:asihili1y S1uJy Cur Groups I A Siles 

Pesticide/PCB Organics Analysis (ug/kg, wet weight) 
Forl Dc:vc:ns, Massachusells 

l..aboralory Reporl of Analysis 
Tahlc: I 

Dass Dass Bass Dass Bass Bass Bass Dass Bass 
St\t,tl'I E IO: PSP18F PSPl8F2 PSPl8WRE PSl't9F PSPl9F2 PSPl9WRE PSP20F PSP20F2 PSP20WRE 
l.-\11 NllMlll'R: 173016 178822 17JOl7RI 173018 178823 173019Rt 173020 178824 173021RI 
l>A'll: SAMl'IH): HYB/92 HYB/92 HY23/92 IIVB/92 ICV23/92 10'13/92 10'23/92 10'23/92 ICVB/92 
l>:\'IE AN:\I.YZED: 0]/18/9] O'l/1.5/93 02/19/9] 02/18/93 02/25/9] Ol/19/93 02/18/93 02/2.S/9] 02/20/93 

alpha- Ill IC .SU .s u 4.9 U 4.8 U 4.9 U 4.9 U 5 U .SU 4.7 U 
hc1a- llllC 5 U .s u 4.9 U 4.8 U 4.9 U 4.9 U .s u .s u 4.7 U 
Jclla-111 IC .s u .s u 4.9 U 4.8 U 4.9 U 4.9 U .SU .SU 4.7 U 
gamma- Ill IC: (UnJane) .5 u .s u 4.9 U 4.8 U 4.9 U 4.9 U .s u .5 u 4.7 U 
I le plachlor .s u .5 u 4.9 U 4.8 U 4.9 U 4.9 U .SU .s u 4.7 U 
Aldrin .s u .5 u 4.9 U 4.8 U 4.9 U 4.9 U 5 U .s u 4.7 U 
I lcp1achlor epoxiJe .s u .s u 4.9 U 4.8 U 4-9U 4.9 U .s u .s u 4.7 U 
l:nJosulf.111 I .s u .s u 4.9 U 4 .. 8 U 4.9 U 4.9 U .s u 5U 4.7 U 
f)icldrin 10 U 9.9 U 9.7 U 9.6 U 9.8 U 9.7 U 9.9 U 9.9 U 9.5 U 
4,-f-l>DE 10 U 9.9 U 82 9.6 U 9.8 U 84 9.9 U 9.9 U 140 
l :mlrin 10 lJ 9.9 U 9.7 U 9.6 U 9.8 U 9.7 U 9.9 U 9.9 U 9.5 U 
hulosulfan II 10 U 9.9 U 9.7 U 9.6 U 9.8 U 9.7 U 9.9 U 9.9 U 9 . .S U 
4,-1'-l)l)I) 10 U 9.9 U 21 9.6 U 9.8 U 32 9.9 U 9.9 U JO 
l:mlosulfan sulfale 10 lJ 9.9 U 9.7 U 9.6 U 9.8 U 9.7 U 9.9 U 9.9 U 9.5 lJ 
4A'-l>DT 10 U 9.9 U 9.7 U 9.6 U 9.8 U 9.7 U 9.9 U 9.9 U 9 . .S U 
Mc1hoxychlor 50 U 50 U 49 U 48 U 49 U 49 U 50 U .sou 47 U 
l:11Jri11 Kc:tune 10 U 9.9 U 9.7 U 9.6 U 9.8 U 9.7 U 9.9 U 9.9 U 9 . .S U 
1:n,lrin alJchyJe 10 U 9.9 U 9.7 U 9.6 U 9.8 U 9.7 U 9.9 U 9.9 U 9 . .S lJ 
alpha - ChlorJane .s u .s u 4.9 U 4.8 U 4.9 U 4.9 U .s u .s u 4.7 U 
g.1111111a- ChlurJanc .s u .5 u 4.9 U 4.8 U 4.9 U 4.9 U 5 U .5 u 4.7 U 
Tuxaphcnc: 100 U 99 U 99 U 96 U 98 U 97 U 99 U 99 U 9.S U 
Aroclor-1016 .sou 50 U 49 U 48 U 49 U 49 U .sou .sou 47 U 
i\roclor-1221 50 U .50 U 49 U 48 U 49 U 49 U 50 U .~OU 47 U 
A111d11r- 12.J2 50 U .Sil u 49 U 48 lJ 49 lJ 49 U .sou .sou 47 U 
t\roclor-12-42 50 U .sou 49 U 48 U 49 U 49 U .sou .50 U 47 U 
Arodor- 12-18 .sou .sou 49 U 48 U 49 U 49 U .sou 50 U 47 U 
Aruclor- l.?5-1 50 lJ .50 U 49 U 48 U 49 U 49 U 50 U .sou 47 U 
,\rudur-1!60 .sou .50 U 63 48 U 49 U 61 .sou .sou 100 

lJ = not Jc:tc:clcJ W = whole fish RE= rc-extraclion RE= rc-cx1rac1ion 
# = valiJatcJ sample F = fillet DL= dilu1eJ Di=-= dilutcJ 
II = compouuJ present in cxlraclion blank F2 = duplicate fillet 
X = c:xcc.:Js calihral ion range: 
I> = llihuc:J result 

~I l lWrl,S I' WKI 
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Plow Shop Pond Fish ·r.ssue Analysis 
Feasibility Study for Groups I A Sites 

Pesticide/PCB Organics Analysis (mg/kg, wet weight) 
Fort lkvcus, Massachusclls 

Validation Report 
Table 2 

SAt.11'1.E II); l'SP02W PSP03W l'SP04W PSPIOW PSl'llW PSPOSF PSPOSW PSP06F PSP06W l'SPl2F PSl'l2W 
IAII NUt.lllER: 1731X'l9 II 1730IO 173011 173012 173013 173001 173002 173003 173004 173007 l73lll8 
l>A'IE SAMPLED: HV23/92 HVB/92 HV23/92 HV23/92 HV23/92 IIVB/92 l0'23/92 l0'23/92 IIV23/92 l0'23/92 HV23/92 
l>A'IE ANALYZJ!D: 02/18/93 02/18/93 02/18/93 l2'18/93 0]/18/93 OUB/93 02'17/93 OU2J/93 01/17/93 OUB/93 0'}/17/93 

alpha - Ill Ir. 4.8 U 4.9 U 5 U 4.8 U 5 U 10 U 4.9 U 9.8 U 4.9 U 9.3 U 5 U 
hcta-111 IC 4.8 U 4.9 U s u 4.8 U 5 U IOU 4.9 U 9.8 U 4.9 U 9.3 U SU 
dclla-llllC 4.8 U 4.9 U s u 4.8 lJ s u 10 U 4.9 U 9.8 U 4.9 U 9.3 U 5 U 
gamma- IIIIC (l.indane) 4.8 lJ 4.9 U s lJ 4.8 lJ 5 U IOU 4.9 U 9.8 U 4.9 U 9.3 U s u 
llcptachlor 4.8 U 4.9 U s u 4.8 lJ 5 U Ill lJ 4.9 U 9.8 U 4.9 lJ 9.3 lJ s u 
Aldrin 4.8 U 4.9 U s u 4.8 U s u IO U 4.9 U 9.8 U 4.9 U 9.3 U s u 
I lcptachlor epoxide 4.8 U 4.9 U 5 U 4.8 U 5 U JO u 4.9 U 9.8 U 4.9 U 9.3 U 5 U 
En,losulfon I 4.8 U 4.9 U s u 4.8 U SU JO u 4.9 U 9.8 U 4.9 U 9.3 U 5 U 
I >iclJrin 9.6 U 9.7 U 9.9 U 9.6 U 10 U 20 U 9.7 U 20 U 9.7 U 19 U 9.9 U 
4,4'-l>DE 9.6 U 29 21 9.6 U 10 U 20 U l.'.1 20 U 9.7 U 19 U 17 
l:11Jri11 9.6 U 9.7 U 9.9 U 9.6 U IOU 20 U 9.7 U 20 U 9.7 U 19 U 9.9 U 
l'mlosulfon II 9.6 U 9.7 U 9.9 U 9.6 U JO u 20 U 9.7 U 20 U 9.7 U 19 U 9.9 U 
4.4'-1)1)1) 9.6 U 9.7 U 9.9 U 9.6 U IOU 20 U 9.7 U 20 U 9.7 U 19 U 9.9 U 
h1Jusulra11 sulfate 9.6 U 9.7 U 9.9 U 9.6 U IOU 20 U 9.7 U 20 U 9.7 U 19 U 9.9 U 
4,4'-DDT 9.6 U 9.7 U 9.9 U 9.6 U IOU 20 U 13 U 20U 14 D 19 U 9.9 U 
t.lcthoxyd1lor 48 U 49 U 50 U 48 U sou JI)() u 49 U 98 U 49 U 93 U 511 U 
l'n,lrin Ketone 9.6 U 9.7 U 9.9 U 9.6 U IOU 20 U 9.7 U 211 U 9.7 U 19 U 9.9 U 
En,lrin aldehyde 9.6 U 9.7 U 9.9 U 9.6 U IOU 20 U 9.7 U 20 U 9.7 U 19 U 9.9 U 
alpha- Chlordane 4.8 U 4.9 U s u 4.8 U 5 U IOU 4.9 U 9.8 U 4.9 U 9.3 U s u 
gamma - Chlordane 4.8 U 4.9 U SU 4.8 U SU IOU 4.9 U 9.8 U 4.9 U 9.3 U 5 U 
Toxaphcnc 96 U 97 U 99 U 96 U I()() u 200 U 97 U 200 U 97 U 190 U 99 U 
Aroclor- IOl6 48 U 49 U 50 U 48 U 50 U 100 U 49 U 98 U 49 U 93 U 50 U 
Arodor-12ll 48 U 49 U 50 U 48 U sou JOO U 49 U 98 U 49 U 93 U .'.10 U 
Aroclor-1232 48 U 49 U 50 U 48 U .'.10 U JOO U 49 U 98 U 49 U 93 U 50 U 
:\roclur-1242 48 U 49 U sou 48 U sou 100 U 49 U 98 U 49 U 93 U 50 U 
Aruclor-1248 48 U 49 U sou 48 U sou 100 U 49 U 98 U 49 U 93 U 50 U 
Arocl11r-12H 48 U 49 U 50 U 48 U sou 100 U 49 U 98 U 49 U 93 U 50 lJ 
Arodur- 1!60 48 U 49 U 50 U 48 U 50 U IIKJ U 49 U 98 U 49 U 93 U 50 U 

U = not detected 
II = validated sample 
D = diluted result 

fl'l:SIVR.WKJ 09-M•r-91 



Plow Shop Pond Fish lissue Anal)·sis 
Fcasihili1y Sludy for Oroups IA Siles 

Pesticide/PCB Organics Analysis (mg/kg, wet weight) 
F,irt Devens, Massachusclls 

ValiJalion l{eporl 

Tahlc 2 

S,\I\IPI EID: PSP22F f'SP22W PSl'23F rsrnw PSP07F PSP07F2 PSP07WRE PSP17F PSl'l7F2 PSP17WRE PSl'l!IF 
I All NlJMIIER: 173022 1730.B 173024 17311.!5 1731Xl5 N 1711820 173006Rl 1730!4 N 1781121 173015Rl 1730!6 
l>,\'11! SAM Pl.ED: l<YB/92 HVB/92 l<YB/92 11¥23/92 HY23/92 HY23/92 1(}'23/92 11}'23/92 HV23/92 l<Y23/92 IIY23/9l l>,\"11: ANALYZED: 01/23/93 0!/18/9] OV23/93 01/111/93 02/17/93 02/24/93 02/19/93 02/18/93 02/2'.l/9] 0!/19/9] 02/111/9] 

alpha-Bill: IO lJ 5 U 5 U .5 u 4.8 U 4.9 U 4.9 U 5 U 4.8 U .5 u s u hcla-llllC: 10 U 5U s u 5 U 4.8 U 4.9 U 4.9 U 5U 4.8 U 5 U 5 U dcha-llllC. 10 U s u .5 u .5 u 4.8 U 4.9 U 4.9 U .5 u 4.8 U .5 u .5 u 
gamma- llllC (I fodane) 10 U .5 u .5 u .5 u 4.8 U 4.9 U 4.9 U 5 U 4.8 U .5 u SU 
llcptachlor 10 lJ SU .5 lJ 5 U 4.8 U 4.9 U 4.9 U 5U 4.8 U 5 U .5 u ,\hhin 10 U 5 U .5 u 5 U 4.8 U 4.9 U 4.9 U 5 U 4.8 U 5 u 5 ll 
lh:plachlor cpoxiJc to u 5 U 5 U 5 lJ 4.8 U 4.9 U 4.9 U 5 U 4.8 U 5 U .5 ll 
l:nJosulfan I to u 5 U 5 u 5U 4.8 U 4.9 U 4.9 U SU 4.8 U .5 u 5 u 
llicl<lrin 21 U 10 U 10 U 9.9 U 9.6 U 9.8 U 9.8 U 9.9 U 9.5 U 9.9 U IOU 4.-1'-l>DE 21 U 33 10 lJ 14 9.6 U. 15 150 23 31 416 10 lJ 
l:nJrin 21 U IOU to u 9.9 U 9.6 U 9.8 U 9.8 U 9.9 U 9.S U 9.9 U IOU 
I =nJosulfan II 21 U IOU 10 U 9.9 U 9.6 U 9.8 U 9.8 U 9.9 U 9 . .5 U 9.9 U Ill U 
-4,4'-1)1)1) 21 U 12 10 U 9.9 U 9.6 U 9.8 U 3.5 9.9 U 9.S U 110 10 U 
l'mlosulfan sulfate 21 U 10 U 10 U 9.9 U 9.6 U 9.8 U 9.8 U 9.9 U 9.5 U 9.9 U 10 U 
H'-Dl>T 21 U IOU 10 U 9.9 U 9.6 n 9.8 U 9.8 U 9.9 U 9.S U 12 IOU 
Mc1hoxyd1lor 100 lJ 50 U 50 U 50 U 48 lJ 49 U 49 U 50 U 48 U sou sou 
En<lrin Ketone 21 U 10 U 10 U 9.9 U 9.6 U 9.8 U 9.8 U 9.9 U 9.S U 9.9 U IOU 
l:11,lrin al<lchy<lc 21 U 10 U 10 U 9.9 U 9 .6 U 9.8 U 9.8 U 9.9 U 9.S U 9.9 U 10 U 
alpha-Chlor<lane to u 5 u s u s lJ 4.8 U 4.9 U 4.9 U 5 u 4.8 U s u s u 
gamma -Chlonlanc 10 lJ .5U 5 U SU 4.8 U 4.9 U 4.9 U 5U 4.8 U .s u .5 ll 
Tuxaphene 2IO U 100 U 100 U 99 U 96 U 98 U 98 U 99 U 95 U 99 U too u 
Aroclur- !016 l00 U .50 U 50 U .sou 48 U 49 U 49 U 50 U 48 U 50 U 50 U 
Aroclor- l:.?21 100 U 50 U 50 U 50 U 411 U 49 U 49 U 50 U 48 U 50 U 50 U 
Aroclur-1.!12 too u 50 U .50 ll 50 lJ 48 U 49 U 49 U 511 U 48 U 50 U 50 U 
Aroclor- 12.U IOO lJ 50 U 50 U 511 U 48 U 49 U 49 U 50 U 48 U .50 U 50 U 
Aroclor-12411 100 U 50 U .50 U 50 U 48 U 49 U 49 U .50 U 48 U 50 U 50 U 
Arodur·-12H HX) lJ 50 U 50 lJ 50 U 48 U 49 U 49 U .50 U 48 U .50 U 50 ll 
Ar,iclor-11611 100 U 50 U .50 U .50 U 48 U 49 U 130 .50 U 48 U 330 50 U 

U = nol Jclcclc:J 
II = vali,lalcJ sample: 
D = JihllcJ result 

rl'l'S l'Vk WK.I 
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Plow Shop 1'011J Fish '(issue Analysis 
Fusibili1y S1uJy for Groups IA Si1c:s 

Pesticide/PCB Organics Analysis (mg/kg, wet weight) 
Furl lk-vc:ns, Massachusc:lls 

ValiJa1io11 Rc:porl 
Table Z 

SAMl'I.E ID: PSP18F2 PSl'l8WRE PSPl9F PSP19F2 PSP19WRE PSP20F PSP20F2 PSP20WRE 
I All NlJMIIER: 178822 173017Rl 173018 178823 173019RI 173020 178824 17301llll 
llA'IE SAMl'l.l:D: 1()'23/92 11)'23/92 10'23/92 HVB/92 11V23/92 1()'23/92 ICVZ3/92 1()'23/92 
D:\'IE ANALYZED: 02/25/93 0.?/19/93 0]/18/93 0'l/2S/93 0]/19/93 01/18/93 01/2S/93 01/20/93 

,1lpha-llllC s u 4.9 U 4.8 U 4.9 U 4.9 U 5 U 5 U 4.7 U 
hcla-llllC 5 U 4.9 U 4.8 U 4.9 U 4.9 U 5 U 5 U 4.7 U 
,le Ila -111 lC 5 U 4.9 U 4.8 U 4.9 U 4.9 U 5 U s u 4.7 U 
gamma-Ill IC (ljnJanc:) 5 U 4.9 U 4.8 U 4.9 U 4.9 U SU s u 4.7 U 
I lcplachlor 5 U 4.9 U 4.8 U 4.9 U 4.9 U SU s u 4.7 U 
Al.lrin 5 U 4.9 U 4.8 U 4.9 U OU 5 U SU 4.7 U 
I lcplachlor cpoxiJc: 5 U 4.9 U 4.8 U 4.9 U 4.9 U SU SU 4.7 U 
hlllosulfon l s u 4.9 U 4.8 U 4.9 U 4.9 U SU SU 4.7 U 
l>icldrin 9.9 U 9.7 U 9.6 U 9.8 U 9.7 U 9.9 U 9.9 U 9.5 U 
4.-f-DDE 9.9 U 82 9.6 U 9.8 U 84 9.9 U 9.9 U 140 
1:mlrin 9 .9 U 9.7 U 9 .6 U 9.8 U 9.7 U 9.9 U 9.9 U 9.5 U 
l'iulosulfan II 9.9 U 9.7 U 9.6 U 9.8 U 9.7 U 9.9 U 9.9 U 9.5 U 
·H'-llDD 9.9 U 21 9.6 U 9.8 U 32 9.9 U 9.9 U JO 
Endosulfon s111fa1c: 9.9 U 9.7 U 9.6 U 9.8 U 9.7 U 9.9 U 9.9 U 9.5 U 
U'-l>DT 9.9 U 9.7 U 9.6 U 9.8 U 9.7 U 9.9 U 9.9 U 9.S U 
Mc1hoxyd1lor 50 U 49 U 48 U 49 U 49 U 50 U sou 47 U 
l'n,lrin Kclunc 9.9 U 9.7 U 9 .6 U 9.8 U 9.7 U 9.9 U 9.9 U 9.5 U 
l :mlrin alJd1yJc 9.9 U 9.7 U 9.6 U 9.8 U 9.7 U 9.9 U 9.9 U 9.5 U 
alpha- ( '.him Jane 5 U 4.9 U 4.8 U 4.9 U 4.9 U SU SU 4.7 U 
gamma - Chlunlanc 5 U 4.9 U 4.8 U 4.9 U 4.9 U s u s u 4.7 U 
li1xaphc:nc: 99 U 99 U 96 U 98 U 97 U 99 U 99 U 95 U 
Aroclor- lOl6 50 U 49 U 48 U 49 U 49 U sou 50 U 47 U 
Aroclor- 1221 50 U 49 U 48 U 49 U 49 U 50 U 50 U 47 U 
1\roclur-1232 50 U 49 U 48 U 49 U 49 U 50 U 50 U 47 U 
Aroclor-1242 50 U 49 U 48 U 49 U 49 U 50 U 50 U 47 U 
Aroclor-1248 50 U 49 U 48 U 49 U 49 U 50 U 50 U 47 U 
Arodur- 1254 50 U 49 U 48 U 49 U 49 U .50 U 50 U 47 U 
t\ruclor-1260 50 lJ 63 48 U 49 U 61 .50 U 50 U 100 

lJ = 1101 Jc 1cc1c:J 
N = valiJa1cJ sample 
ll = Jil111cd rcsull 

1·r1:s IVk WKI 09-Mit.r-9) 



Cold Spring Drook Pond Fish Tissue Analysis 

Feasibili1y S1udy for Group IA Siles 

Inorganic Analysis (mg/kg wet weight) 
Fort Devens, !lfassachusclls 

I .ahoralory llcpurl or Analysis 

Table I 

I'. seed r. seed P. seed Bullhead Bullhead !!ullhead Bullhead !!ullh.£1!4 !!ullhead Pickerel Pickerel Pickerel Pickerel Pickerel Pickerel 

S:\l\ll'I E II): CSDl3W CSUl4W CSBl5W CSD07W CSB08W CSll09W CSlllOF CSBIIF CSll12F CSBOIW CSB02W C.SD03W CSBO-IF CSB05F C.SU06F 

I All Nlll\lllER: 17JC~H 1730-15 1730-16 17WH 1730U 1730U 173032 173034 173036 II 173038 173039 1730-10 173016 1730!8 1730.IO 

l>Arn S,\l\ll'l ,El>: IIY23/92 HV23/92 IIVB/92 HV23/92 11V23/92 1(}'23/92 HY23/92 HYB/92 HY23/92 1(}'23/92 HYB/92 HYB/92 1(}'23/92 HYB/92 HV2J/92 

Aluminum 1.3 u 1.3 u 1.3 u 1.3 U 1.3 u 1.J u 1.6 U 1.3 u 1.J u 1.J u 1.J u 1.3 u 1.J u 1.J u 1.3 U 

Arsenic 0.2 U 0.27 0.16 U 0.19 U 0.2 U 0.16 U 0.04 U 0.22 0.32 0.07 U 0.16 U 0.2 U 0.14 0.18 0.J! 

llcryllium O.D4 U 0.04 U om u 0.04 U 0.04 U 0.04 U 0.05 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0,04 U 0.0-1 U 0.04 U 

c·aitmium 0.06 U 0.06 U 0.07 U 0.06 U 0.07 U 0.07 U 0.07 U 0.D7 U 0.07 U 0.06 U 0.06 U 0.07 U 0.07 U 0,07 U 0.07 lJ 

Copper 0.39 0.41 0.37 0.39 0.68 0.57 0.3 0.33 0.26 0.62 0.67 0.46 0.35 0.18 0.35 

< 'hrnmium 11.JJ 0.33 0.23 0.21 0.43 0.2 U 0.24 U 0.2 U 0.2 U 0.27 0.23 0.2 U 0.2 U 0.19 U 0.2 U 

Iron 41.S 24.6 32.7 35.9 29.3 21.4 8.1 7.1 9.1 11.6 13.4 15.3 7.5 1.83 3 

I.cad 0.1 U 0.1 U 0.1 U 0.1 U Cl.I U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U II.I U 0.1 U 

l\laugancse 12 10.4 7.6 5.8 10.4 S.l 0.36 U 0.29 U 0.3 U 14.1 8.7 6 0.58 I (I.J lJ 

l\lcn:ury (1.15 0.24 0.(18 0 .09 0.14 0.13 0.26 0.23 0.15 0.23 0.47 0.39 0.37 0.46 0.36 

Nickel 0.8 U 0.8 U 0.8 U 0.8 U 0.77 U 0.78 U 0.96 U 0.77 U 0.79 U 0.78 U 0.79 U 0.78 U 0.79 U 0.75 U 0.11 U 

Selenium 0.24 0.1 U 0.45 0.2 0.41 O.N 0.22 0.19 0.15 0.1 U 0.25 0.17 0.16 0.24 0.14 

·111,1llium II.I U 0.1 lJ 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U II.I U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 

Vanadium 0.8 U 0.8 U 0.8 U 0.8 U 0.77 U 0.78 U 0.72 U 0.77 U 0.79 U 0.78 U 0.79 U 0.78 U 0.79 U 0.7.S U 0.8 U 

Zinc 24.1 21.7 17.2 12.8 21.4 12.4 6.1 6.5 5.4 51.J 41.4 37.4 3.6 5.9 5.2 

11.irium 0.64 0.54 0.24 0.24 U 0.41 0.24 0.29 U 0.23 U 0.24 U 0.52 0.39 0.24 U 0.24 U 0.23 U 0.24 U 

('aldum 15-ICO 15500 8510 7820 191[0 8500 110 94 93.3 10600 7940 4940 388 505 114 

C11h,1h 0.11 0.1 U 0.2 0.12 0.1 U 0.16 0.12 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 

l\lagncsium 461 464 325 316 513 305 243 235 229 426 3118 350 305 ·329 274 

Silver 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 0.2 U 

Smlium 11110 12110 1060 997 1370 1040 3.13 354 406 1050 1170 912 375 377 455 

!~~!!!~!Y I . I U I.I U I.I u I.I u I.I u I.I u 1.J u I.I u 1.1 u I.I U I.I u 1.1 u I.I u I.I U I.I u 
% l.ipids 0.119 0.58 2.1 4.16 3.17 0.79 0.39 0.67 0.64 0.38 1.5 1.4 0.17 0.29 0.23 

% Solids 26 .3 25.9 26.7 211.6 22.4 22.2 19.2 22.I 19.3 25.4 23.4 29.7 20.5 20 19.4 

ll = nol dt:1cc1cJ W = whole fish 

# = validah!d sample F = fillet 
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Cold Spring Drook Pond Fish lissue Analysis 
Feasibility Study for Group I 1\ Si tes 

Pcsticidc/PCO Organics Analysis (ug/kg, wet weight) 
Fort Devens, Massachusclls 

Laboratory Report of Analysis 
Table I 

SAMl'I.E II>: CSDl2H\E CSDOIW CSD02W CSD03W C'.SD03WDL CSD04F CSB0SF CSD06F 
IAII NUMBER: l73036RI # 173038 173039 1730-I0 1730-I0DI 1730!6 173028 173030 
l>A'll: SAMPI ED: HV23/92 Hr23/92 1()'23/92 IIV23/92 10'23/92 l(V2J/92 10'23/92 IIY23/92 
DA'm ANAI.YZH>: 0.?/t!l/93 0.?/22/93 0.?/22/93 0"1/22/93 0.?/25/93 01/22/93 01/22/93 01/22/93 

alpha-HIIC 8.6 U 4.8 U .s u 5 U IOU 4.6 U SU SU 
hela- llllC 8.6 U 4.8 U .s u .s u IOU 4.6 U .s u .s u 
tlclla-llllC 8.6 U 4.8 U .s u 5 U IOU 4.6 U 5 U .s u 
g.imma-lll IC (Umlam:) 8.6 U 4.8 U .SU 5 U IOU 4.6 U .s u 5 U 
I lcptachlnr 8.6 U 4.8 U .s u 5 U IOU 4.6 U SU .s u 
Altlrin 8.6 U 4.8 U .s u .s u to u 4.6 U SU .s u 
I lcplachlor epoxide 8.6 U 4.8 U .s u .s u IOU 4.6 U .s u .SU 
Endosulfan I 8.6 U 4.8 U .s u ,. .s u IOU 4.6 U .s u .s u 
lliclJrin 17 U 9.6 U 10 U to u 20U 9.3 U 10 U IOU 
-1,-1'-DDE 21 26 61 150 150 D 9.3 U 12 IOU 
En,lrin 17 U 9.6 U to u IOU 20 U 9.3 U IOU IOU 
h11losulfon II 17 U 9.6 U IOU 10 U 20U 9.3 U IOU IOU 
-1,-1'-l>DD 33 38 67 180 X 160 D 9.3 U to u to u 
l:nJosulran sulfate 17 U 9.6 U IOU IOU 20 U 9.3 U IOU 10 U 
-1,-1'-l)l)T 17 U 9.6 U IOU IOU 20 U 9.3 U 10 U IOU 
Mc1hoxyd1lor 86 U -18 U .sou .sou 100 U 46 U 50 U .sou 
l:11,hin Ketone 17 U 9.6 U 10 U 10 U 20 U 9.3 U to u 10 U 
EnJrin aldehyde: 17 U 9.6 U 10 U 10 U 20 U 9.3 U to u IOU 
alpha-Chlordane 8.6 U 4.8 U .s u .s u IOU 4.6 U .s u .s u 
gamma - Chlordane 8.6 U 4.8 U .s u .s u IOU 4.6 U .s u .s u 
'foxaphe11c: 170 U 96 U 100 U 100 U 200 U 93 U 100 U 100 U 
Arnclor-1016 86 U 48 U .sou 50 U 100 U 46 U .sou .sou 
Arnclor-1221 86 U 48 lJ .sou .sou IO0 U 46 U .sou .sou 
Au-.:l11r- lH2 116 U -18 U .sou 50 U IIKI U 46 U .sou .sou 
Aroclor-12-12 86 U 48 U .sou .sou 100 U 46 U 50 U .sou 
Aroclor-12-18 86 U 48 U .sou .sou 100 U 46 U .sou 50 U 
Arnclor- 1254 86 lJ 411 U .sou .sou 100 U 46 U .sou .sou 
,\rodnr- 1260 86 U 48 U .sou 50 lJ 100 U 46 U .so lJ .sou 

lJ = 1101 Jclcctcd W "' whole fish 
X "' c:xcecJs calibration range F"' fillet 
I) = JiluteJ result Re "' rc-CJlraction 

D"' Jiluh:J 

1'1111)1'1,S l' WKI 09-M.,,-9J 



Cold Spring Brook Pond rish '!issue Analysis 
Feasibili1y Sludy for Group IA Siles 

PcsliciJcn)CB Organics An:llysis (mg/kg wet weight) 
Forl Devens, Massachusclls 

Valillalion Rcporl 
Table 2 

SAMPLE ID: CSBIJW CSU14W CSBI.SW C'.SU07W CSB08W CSB09W CSBIOF CSDllF CSBl2FRE csno1w IAUNUMDER: 173044 17301.S 173016 173011 173012 173013 173032 173034 173036R 1 II 173038 I >A'll! SAM l'I .ED: llt'23/92 l0'23/92 llt'23/92 llt'23/92 1()'23/92 HV23/92 H\'23/92 l(\'23/92 HV.!J/92 l(\'23/92 l>A'IE ANALYZED: 02/23/93 02/24/93 02/24/93 0'!/22/93 02/23/93 02'23/93 01/22/93 01/22/93 0]/18/93 0'1/22/93 

.tlpha-llllC 5 U 4.9 U .s u .s u .s u SU 18 U 11 U 8.6 U 4.8 U be1a-UIIC s u 4.9 U .s u .s u 5 U 5 U 18 U 11 U 8.6 U 4.8 U dd1a-UIIC 5 U 4.9 U 5 U 5 U SU 5 U 18 U 11 U 8.6 U 4.8 U gamma- DI IC (Undane) 5 U 4.9 U s u 5 U 5 U 5 U 18 U 11 U 8.6 U 4.8 U lleplachlor 5 U 4.9 U 5U . s u 5 U SU 18 U II U 8.6 U 4.8 U Aldrin s u 4.9 U s lJ 5 U 5 u s u 18 U 11 U 8.6 U 4.~ U I le plachlor epoxide 5 U 4.9 U 5 U 5 U 5 U 5 U 18 U II U 8.6 U 4.8 U Endosulfan I 5 lJ 4.9 U s u s u .s u s u 18 U 11 U 8.6 U 4.8 U l>icldrin 9.9 U 9.7 U JO u 9.9 U 9.9 U 9.9 U 36 U 22 U 17 U 9.6 U 4,4'-DDE SB 22 170 I.SO 73 31 36 U 22 U 21 26 Endrin 9.9 U 9.7 U JO u 9.9 U 9.9 U 9.9 U 36 U 22 U 17 U 9.6 U Endosulfan II 9.9 U 9.7 U JO u 9.9 U 9.9 U 9.9 U 36 U 22 U 17 U 9.6 U 4,4'-1)()1) 97 19 230 340 130 34 36 U 50 33 38 
Endosulfon sulfate 9.9 U 9.7 U 10 U 9.9 U 9.9 U 9.9 U 36 U 22 U 17 U 9.6 U 4,4'-l}()T 9.9 U 9.7 U 10 U 9.9 U 9.9 U 9.9 U 36 U 22 U 17 U 9.6 U 
Mc lhoxychlor sou 49 U 50 U 50 tJ 50 U 50 U 180 U 110 U 86 U 48 U 
EnJrin Ketone 9.9 U 9.7 U to u 9.9 U 9.9 U 9.9 U 36 U 22 U 17 U 9.6 U 
Endrin aldehyde 9.9 U 9.7 U 10 U 9.9 U 9.9 U 9.9 U 36 U 22 U 17 U 9.6 U 
alpha-Chlordane 5 U 4.9 U 5 U .s u 5 U 5 U 18 U II U 8.6 U 4.8 U 
gamma - ( "hlorJanc 5 (J 4.9 U s u SU s u s u 18 U II U 8.6 U 4.8 U 
Toxaphene 99 U 97 U 100 U 99 U 99 U 99 U 360 U 220U 170 U 96 U 
Aruclor- lfll6 sou 49 U sou sou 50 U 50 U 180 U 110 U 86 U 48 U 
Aroclor-1221 50 U 49 U 50 U .sou 50 U 50 U 180 U 110 U 86 U 48 U 
Aruclor-1232 50 U 49 U 50 U . · 50 U 50 U 50 U 180 U JI() u 86 U 48 U 
Aroclor-1242 sou 49 U .sou .sou ' .sou .sou 180 U 110 U 86 U 48 U 
Aroclor- lH8 sou 49 U .sou .sou .sou .sou 180 U 110 U 86 U 48 U 
Aroclor-125-1 50 U 49 U 50 U 52 50 U 50 U 180 U llOU 86 U 48 U 
Aroclor-1260 50 U 49 U 50 U .sou 50 U .sou 180 U llO U 86 U 48 U 

U "' nol dcleclcd 
II "'valiJa1ed sample 

COIJlPVk.WKI 
09-Mar-91 



Cold Spring Brook l'onJ Fish 1issue Analysis 
Feasibility S1uJy for Group IA Siles 

PcstidJc/PCO Organics Analysis (mg/kg wet weight) 
Fort Devens, Massad111sc:11s 

ValiJa1io11 Report 
Table 2 

SAMPLE to: CS002W CSBOJW CSlJ04F CSOOSF CS006F 
IAII NUMIIEll: 17](D9 171010 173026 173028 17Jll30 
llA'IESAMl'I ED: 10'23/92 HV2l/92 HV2l/92 HV2l/92 HV23/92 
llA'IE ANALYZED: 0'1/22/93 0'!/22/93 OV22/93 OV22/93 OU22/93 

alpha-llllC s u s u 4.6 U s u s u 
bcta-UIIC s u s u 4.6 U s u s u 
Jc:ha-DIIC s u s u 4.6 U s u s u 
gamma-DI IC (Lindane) s u s u 4.6 U s u s u 
I lc:ptachlor s u s u 4.6 U s .u SU 
Altlrin SU SU 4.6 U SU s u 
I lc:ptachlor cpoxiJc: s u SU 4.6 .u SU s u 
EnJosulfon I s u SU 4.6 U s u SU 
Dic:ldrin 10 U 'IOU 9.] U 10 U IOU 
4,f-l>OE 61 ISO 9.] U 12 IOU 
l:nJrin 10 U 10 U 9.] U 10 U 10 U 
I !11dusulfa11 II IO U IOU 9.] U IOU IOU 
4,f-1>1)() 67 160 9.3 U 10 U IOU 
EnJosulfan sulfalc: 10 U IOU 9.] U 10 U IOU 
4,4'-l)()T 10 U 10 U 9.3 U 10 U IOU 
Melhoxychlor sou sou 46 U sou 50 U 
E11Jri11 Ketone 10 U IOU 9.3 U 10 U !OU 
EuJ,in alJd1yJc: 10 U 10 U 9.] U 10 U 10 U 
alpha- Chlordane .s u .s u 4.6 U .s u s u 
gamma - Chlordane .s u .s u 4.6 U .s u SU 
Toxaphcne 100 U 100 U 9] U 100 U 100 U 
Aroclor-1016 .sou sou 46 U sou sou 
Aroclor-1221 sou sou 46 U sou sou 
Aroclor-1232 sou sou 46 U sou sou 
Aroclor- 1242 .sou sou 46 U sou sou 
Aroclor-12-18 sou sou 46 U sou sou 
Aroclor-12S4 sou .sou 46 U sou sou 
Aroclor-1260 sou sou 46 U sou 50 U 

U = not Jctc:cteJ 
II = v.alidalc:J sample: 

l'OIDl'VR.WKI 09-nor-9) 
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APPENDIXV 

USEPA 1992 DERMAL GUIDANCE SUMMARY 

USEPA Region I has recommended that the agency's guidance document entitled 
"Dermal Exposure Assessment: Principles and Applications", Interim Report, 
January 1992 (USEPA, 1992d) be followed in assessing the health risks associated 
with dermal contact with COPCs at Shepley's Hill Landfill and Cold Spring Brook 
Landfill. This appendix contains a description of how information provided in the 
dermal guidance document is used in the Supplemental Human Health Risk 
Assessments for the two sites. 

DEVELOPMENT OF DOSE/RESPONSE VALVES FOR USE IN DERMAL RISK 
CALCULATIONS 

As recommended in the USEP A guidance document, the risks associated with 
calculated absorbed doses for the dermal route of exposure should be evaluated 
using Reference Doses (RIDs) and Cancer Slope Factors (CSFs) which are 
specific to absorbed doses. Most oral RIDs and CSFs are based on administered 
dose rather than absorbed dose (trichloroethylene's CSF is a notable exception). 
It is therefore necessary to adjust toxicity values which are based on administered 
doses so that they can be used for the evaluation of absorbed doses. For dermal 
exposures, the toxicity values are adjusted as follows: 

RID adjusted = RID oral X ABSEFF 

CSF adjusted = CSF oral / ABSEFF 

where: ABSEFF is the absorption efficiency in the study that is the basis of 
the oral toxicity value. 

ABSORBED DOSE CALCULATION· DERMAL EXPOSURE TO WATER 

The permeability constant approach described in Chapter 5 of the dermal 
guidance document is used for dermal exposures to contaminants in water. 

ABB Environmental Services, Inc. 

W0069310.M80 
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APPENDIXV 

For inorganics, the steady state approach is used. The dose absorbed per unit 
area per event is: 

DAevent = PC CW tevent CF1 CFz 

where: 

DAevent 

PC 
cw 

= 

= 
= 
= 
= 
= 

Dose absorbed per unit area per event 
(mg/cm2-event) 
Permeability constant from water (cm/hr) 
Concentration of chemical in water (µg/liter) 
Duration of a single event (hr/event) 
Units conversion factor (liter/ 103 cm3) 

Units conversion factor (mg/ 103 µg) 

For organics, the "unsteady-state approach" is used. The dose absorbed per unit 
area per event is: 

where: 

and 

* tevent < t 

DAevent = PC cw CF5 CF6 ((tevenJ(l + B)) + 2 T ((1 + 3 B) / (1 + B))) 

where: 

where: 

PC 
cw 
T 
Lsc 

W0069310.M80 

= 
= 
= 
= 

* tevent > t 

Permeability constant ( cm/hr) 
Concentration of chemical in water (µg/liter) 
15/ / 6 D sc (hr) 
Thickness of stratum corneum (10 um) 

ABB Environmental Services, inc. 

V-2 
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APPENDIXV 

DSC = Stratum corneum diffusion coefficient ( cm2 /hr) 
tevent = Duration of a single event (hr/ event) 
7r = Pi (dimensionless) 
t* = Time to reach steady state (hr) 
B = Octanol water partition coefficient divided by 104 

(dimensionless) 
CF3 = Units conversion factor (mg/103 µg) 
CF4 = Units conversion factor (liter/103 cm3

) 

CF5 = Units conversion factor (mg/103 µg) 
CF6 = Units conversion factor (liter/103 cm3) 

For a given compound, the values for B, PC, T, and t* can be found in Table 5-8 
of the dermal guidance document (USEP A, 1992d). 

Once the dose per event (DAevenJ is calculated, the dermally absorbed dose 
(DAD) for use in risk calculations can be derived. Dermally absorbed dose for 
use in risk calculations is derived generally (for adults who are no longer growing) 
as follows: -

Intake-Dermal = DAevent EV EF ED SA / BW AT 

For children, to account for changing surface areas and bodyweights, the dermally 
absorbed dose is calculated as follows: 

n 

Intake-Dermal = (DAevent EV EF / AT) E (S~ EDi / BWi) 

where: 

Intake-Dermal 
D~vent 

EV 
EF 

W0069310.M80 

= 
= 

= 
= 

1=m 

Dermally absorbed dose (mg/kg-day) 
Dose absorbed per unit area per event 
( mg/ cm2-event) 
Event frequency (events/day) 
Exposure frequency (days/year) 

ABB Environmental Services, Inc. 

V-3 
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AT 

s~ 
ED-1 

BW-1 

= 

= 
= 
= 

Averaging time (days). For noncarcinogenic 
effects, AT = ED, and for carcinogenic effects 
AT = 70 years or 25,550 days. 
Surface area exposed at age i ( cm2

) 

Exposure duration at age i (years) 
Bodyweight at age i (kg) 

For showering, 50th percentile values for whole body surface area are used to 
represent the skin surface area available for contact with water; these values were 
extracted from Table 8-4 in the dermal guidance document. Estimated 
bodyweights are average weights, as reported in the USEPA Exposure Factors 
Handbook (Table 5-3). 

Values of: 

n 

1=m 

for the age ranges of receptors at the Fort Devens lA Sites (as calculated in 
Table V-1) are as follows: 

SUM OF AREA/DURATION/BODY 
DURATION OF WEIGHT TERMS AVERAGE CASE 

AGE RANGE EXPOSURE TO WATER cm2-yr/kg 

1 to 6 5 yrs 2247.5 

1 through 30 30 yrs 9302.7 

.ABSORBED DOSE CALCULATION - DERMAL EXPOSURE TO SOIL 

The absorbed dose is calculated following the recommendations and methods 
described in Chapter 6 of the dermal guidance document. The calculation of the 
estimated dermally absorbed dose per unit area per event is: 

ABB Environmental Services, Inc. 

W0069310.M80 7005-11 
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where: 

D~vent 

cs 
AF 
ABSd 
CF 

= 

= 
= 
= 
= 

DAevent = CS AF ABSd CF 

Dose absorbed per unit area per event 
(mg/cm2-event) 

APPENDIXV 

Contaminant concentration in soil (mg/kg) 
Adherence factor of soil to skin (mg/cm2-event) 
Absorption fraction (dimensionless) 
Units conversion factor (lo-6 kg/mg) 

Dermally absorbed dose for use in risk calculations is derived generally (for adults 
who are no longer growing) as follows: 

Intake-Dermal = DAevent EF ED SA/ BW AT 

For children, to account for changing surface areas and body weights, the dermally 
absorbed dose is calculated as follows: 

n 

Intake-Dermal = (DAevent EF / AT) E (S~ EDi / BWi) 

where: 

Intake-Dermal 
DAevent 

EF 
AT 

s~ 
ED-1 

BW-
1 

W0069310.M80 

= 
= 

= 
= 

= 
= 
= 

l=m 

Dermally absorbed dose (mg/kg-day) 
Dose absorbed per unit area per event 
(mg/cm2-event) 
Exposure frequency (events/year) 
Averaging time (days). For noncarcinogenic 
effects, AT = ED, and for carcinogenic effects 
AT = 70 years or 25,550 days. 
Surface area exposed at age i ( cm2) 

Exposure duration at age i (years) 
Bodyweight at age i (kg) 

ABB Environmental Services, Inc. 

7005-11 
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For the typical case, USEPA recommends SA for head and hands only and for 
the "reasonable worst case" the SA of the head, hands, forearms, and lower legs as 
the SA available for contact with soil. EPA simplifies these assumptions by saying 
that 25% of the total body surface area would be available for soil contact. For 
children between 6 and 16 years of age, the population potentially exposed to 
sediment at Shepley's Hill and Cold Spring Brook Landfills, the default values for 
each age group are set equal to 25% of the 50th percentile whole body SA values. 
Estimated bodyweights are the average of the 50th percentile female and male 
weights. These values are shown in the attached spreadsheet. 

The value of n 

i=m 

for the age range of the receptors at Fort Devens (as calculated in Table V-1) is 
as follows: 

SUM OF AREA/DURATION/ 
BODY WEIGHT TERMS 

DURATION OF EXPOSURE AVERAGE CASE 
AGE RANGE TO SEDIMENT cm2-yr/kg 

6 to 16 10 yrs 848.6 

ABB Environmental Services, Inc. 

W0069310.M80 7005-11 
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Table V-1 - Exposure parameters for dermal contact 

AVAILABLE FOR WATER AVAILABLt: FOR SOIL 
CONTACT CONTACT 

AGE 50%ILE WHOLE 25% x 50%ILE 50%ILE(2) 50%ILE (2) EST50%ILE (EDi X SAi)/BWi (EDi X SAi)/BWi 
BODY SA (1) BODY SA BODYWEIGHT BODYWEIGHT BODYWEIGHT AVG AVG 

AVG OF M/F CASE CASE 
CMSQ CMSQ KG MALE KG FEMALE KG WATER SEDIMENT 
AVG AVG AVG AVG 

1 < 2 (3) 5398 1350 11.5 10.5 11 490.7 122.7 
2 <3 6030 1508 13.4 12.6 13 463.8 116.0 
3<4 6640 1660 15.3 14.6 14.95 444.1 111 .0 
4<5 7310 1828 17.4 16.4 16.9 432.5 108.1 
5<6 7930 1983 19.3 18.8 19.05 416.3 104.1 
6<7 8660 2165 21 .9 21 21.45 403.7 100.9 
7<8 9360 2340 24.4 23.5 23.95 390.8 97.7 
8<9 10000 2500 27.3 27.3 27.3 366.3 91.6 
9 < 10 10700 2675 29.7 29.6 29.65 360.9 90.2 
10 < 11 11800 2950 34.5 34.3 34.4 343.0 85.8 
11 < 12 12300 3075 36.4 40 38.2 322.0 80.5 
12 < 13 13400 3350 42.1 45.2 43.65 307.0 76.7 
13 < 14 14700 3675 47.7 48.6 48.15 305.3 76.3 
14 < 15 16100 4025 55.5 52.8 54.15 297.3 74.3 
15 < 16 17000 4250 60.2 53.9 57.05 298.0 74.5 
16 < 17 17600 NA 63.6 55.3 59.45 296.0 NA 
17 < 18 18000 NA 65.7 58.3 62 290.3 NA 
18 < 75 19400 NA 75.9 61.5 70 2n.1 NA 

(1) DERMAL t:"'-t'OSURE ASSES;,,Mt:N 1; PRINCIPLES AND At'PUCAn ONS, INTERIM HEPORI CHILD: 5YRS AGt: 1 < 6SUM 2247.5 561.9 
(2) EXPOSURE FACTORS HANDBOOK TABLE 5-3 
(3) SAs BASED ON EQUATION SA= K X BWA 2/3. K CALCUI.ATED FROM AGE 2-3 DATA CHILD: 10 YRS AGE6 < 16SUM 3394.3 848.6 

CHILD/ADULT; 30 YRS AGE 1 < 31 9302.7 NA 

DERMCHLD 14-Dec-93 PER 1992 EPA DERMAL GUIDANCE 
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T/\BLE W-- 1 

CALCULATION (?F PERMEABILITY CONSTANTS PER EVENT 
SIIEPLEY' S IIILL LANDFILL 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FE/\SIBILITY STUDY FOR GROUP IA SITES 
FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAMETER SYMBOL 
Pci-mea.bility per Event PCevenl 
Permeability Constant PC 
Duration of a Single Event tevent 
Thickness of Stratum Coroeum ½c 
Octanol-water Partition Coefficient/104 B 
Pi Pi 

T . 
Time to Rea.ch Steady-State t 
Stratum Corocum Diffusion Coefficient Dsc 

REFERENCES 

VALUE ., 
chemical specific 
chemical specific 

0.2 
10 

chemical specific 
3.14 

½c:l/6Dsc 
chemical specific 
chemical specific 

USEP A, 1992d. Dermal Exno<ure Assessment: Princip les and A11olications. 

!
-····· -- ... -·----- .. -. 
Slll'Ccvcn_l __ l 14::_ D~ _:-93 j 

EQUATIONS 

. UNITS SOURCE INORGANICS 
cm/event PCevent = PC x 1event 

cm/hr USEPA, 1992d 
hr ORGANICS 
um USEPA, 1992d PCevent = 2PCx (6T~ teventfPi)U.5 

dimensionless USEPA, 1992d Where 'event < t'"' 
dimensionless USEPA. 1992d 

hr USEPA, 1992d and: PCevcnt = PCx(~teventl(l+B)) +(2Tx((1+3B)/(l+B)))) 
hr USEPA, 1992d Where tevent > t 

cm2/hr USEPA, 1992d 



T/\BI.E W-1 
CALCULATION OF PERMEABILITY CONSTANTS PER EVENT 
SIIEPLEY'S HILL LANDFILL 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP IA SITES 
FORT DEVENS, MA 

COMPOUND PC 
(cmlhr) . 

ORGANICS 
Benzene 1.lE-01 
Chloroelhane 8.0E-03 
Dich lorobenzenes ( 1) 8.7E-02 
1.1- Dichloroethane 8.9E-03 
1,2- Dichloroethane 5.0E-03 
1,2-Dichloroethene (total) J.0E-02 
1,2-Dichloropropane J.0E-02 
Trichloro0uoromethane J.7E-02 
INORGANICS 
Aluminum J.0E-03 
Antimony J.0E-03 
Arsenic 1.0E-03 
Barium J.0E-03 
Calcium J.0E-03 
Chromium J.0E-03 
Cobalt J.0E-03 
Copper t.0E-03 
Iron t.0E-03 
Lead t.0E-03 
Magnesium t.0E-03 
Manganese 1.0E-03 
Nickel t.0E-03 
Potassium J.0E-03 
Sodium J.0E-03 
Vanadium t.0E-03 
Zinc 1.0E-03 

T 
(hr) 

2.6E-01 
22E-01 
6.9E-01 
3.SE-01 
3.SE-01 
3.4E-01 
4.3E-01 
6.0E-01 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

(I) Values for l .3-dich lorobenzene used as surrogates for dichlorobenzenes. 

[ SHPCcvcnl 14-Dcc-fil 

l B l'Ccvent 
(hr) . (unitless-) (cm/~veot) 

6.3E-01 1.3E-02 6.93E-02 
5.2E-01 2.7E-03 5.13E-03 
4.tE+OO 4.0E-01 8.94E-02 
8.4E-01 62E-03 6.51E-03 
8.4E-01 3.0E-03 3.66E-03 
8.2E-01 7.2E-03 8.BBE-03 
1.0E+OO 1.0E-02 8.ttE-03 
1.4E+OO 3.4E-02 J.63E-02 

- - 2.00E-04 
- - 2.00E-04 

- - 2.00E-04 
- - 2.00E-04 
- - 2.00E-04 
- - 2.00E-04 
- - 2.00E-04 
- - 2.00E-04 
- - 2.00E-04 
- - 2.00E-04 
- - 2.00E-04 
- - 2.00E-04 
- - 2.00E-04 
- - 2.00E-04 
- - 2.00E-04 
- - 2.00E-04 
- - 2.00E-04 



T/\111.E W - 2 

CALCUI.ATION OF PERMEABILITY CONSTANTS PER EVENT 
COLD SPRING BROOK LANDFILL 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP IA SITES 
FORT DEVENS, MA 

EXPOSURE PARAMETERS 

PARAME'FER SYMBOL 
Permeability per Event PCevent 
Permeability Constant PC 
Duration of a Single Event 1event 
Thickness of Stratum Corneum ½c 
Octanol-water Partition Coefficient/104 B 
Pi Pi 

T 
Time to Reach Steady-State I 

. 
Stratum Corneum Diffusion Coefficient Dsc 

REFER ENCES 

VALUE 
chemical specific 
chemical specific 

0.2 
10 

chemical specific 
3.14 

½c:l/6Dsc 
chemical specific 
chemical specific 

USEPA. 1992d. Dermal Exposure Assessment: Principles and Applications. 

[csiifc~;i -r - ••=u~-93.J 

EQUATIONS 

UNITS. SOURCE IN ORGANICS 
cm/event PCevent = PC x levent 

cm/hr USEPA. 1992d 
hr ORGANICS 
um USEPA.1992d PCevent = 2PC x ( 6T x leventfPi)U.5 

dimensionless USEP A. 1992d Where tevent < t • 
dimensionless USEPA. 1992d 

hr USEPA. 1992d and: PCe,-enl = PCx(tlevent/(1+B)) + (2Tx((1+3B)/(1+B)))) 
hr USEPA.1992d Where •event > t 

cnhhr USEPA. 1992d 



TABLE W-2 
CALCULATION OF PERMEABILITY CONSTANTS PER ~VENT 
COLD SPRING BROOK LANDFILL 
REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP IA SITES 
FORT DEVENS, MA 

COMPOUND 

ORGANICS 
bis(2-ethylhexylphthalate) 
INORGANICS 
Aluminum 
Arsenic 
Barium 
Calcium 
Chromium 
Coball 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Selenium 
Sodium 
Vanadium 
Zinc 

PC 
(cm/br } 

DE-~ 

1nE~ m 
1nE-m 
tnE-m 
tnE-m 
1nE-m 
tnE-m 
tnE-m 
1nE-m 
1nE-m 
1nE-m 
1nE-m 
tnE-m 
1nE-m 
1nE-m 
1nE-m 
1nE-m 
1nE- m 

T 
"lbr) 

2.tE+Ol 

t - c.B J:'Ceveol 
<b..r.l (uoidessl L l~~cj10 

I.OE+~ 1.3E+Ol 1.87E-01 

2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 
2.00E-04 

f CS HPCcvco-t ] 14-Dcc-fil 
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APPENDIXX 
NONACOICUS BROOK AREA 

PRELIMINARY RISK EVALUATION 

1.0 Preliminary Risk Evaluations 

APPENDIXX 

This section contains Public Health and Ecological Preliminary Risk Evaluations 
(PREs) for Nonacoicus Brook area shallow groundwater and soil. These PREs 
are based on the analytical data compiled in the RI Addendum Report for the 
Group 1A sites. The PREs are screening-level evaluations of potential risks that 
environmental contaminants may pose to human and ecological receptors in the 
area of Nonacoicus Brook. 

1.1 Introduction 

The PRE Methodology has been described in detail in previous Fort Devens Site 
Investigation (SI) Reports for the Groups 3, 5, and 6 Study Areas (ABB-ES, 
1993a) and the Groups 2, 7, and Historic Gas Stations Study Areas (ABB-ES, 
1993b). An abbreviated summary of the methodology used for the Public Health 
and the Ecological PREs follows in Subsections 1.2 and 1.3. 

Shallow groundwater and surface soil samples collected in the vicinity of the 
N onacoicus Brook area (Figure X-1) were analyzed for parameters that could be 
indicative of environmental medium contamination. These analytical data, 
presented in Tables 4-14 and 4-15 of the RI Addendum Report, were used in this 
PRE. The analytical data were compared to established Fort Devens analyte 
background concentrations when background data were available. The 
methodology used to calculate analyte background concentrations is provided in 
Section 4.0. Analytes which exceeded background concentrations were considered 
contaminants which could pose potential risk to ecological and human receptors. 
Therefore, these analytes were retained for comparison to human health and 
ecological guidelines. 

1.2 Public Health PRE 

For the Public Health PRE, the analytical data were compared to readily 
available public health guidelines for soil and groundwater. Soil guidelines used 

ABB Environmental Services, Inc. 
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in this PRE are contained in the USEPA Region III Risk-Based Concentration 
Table, Fourth Quarter 1993 (Smith, 1993) and the Massachusetts Department of 
Environmental Protection (MADEP) Massachusetts Contingency Plan (MADEP, 
1993). Groundwater guidelines are contained in the USEPA Drinking Water 
Regulations and Health Advisories (USEPA, 1993); the Massachusetts Drinking 
Water Standards and Guidelines (West, 1993); and the USEPA Region III Risk­
Based Concentration Table, Fourth Quarter 1993 (Smith, 1993). 

The Region III Risk-Based Concentration Table is used by USEP A Region III 
toxicologists as a risk-based screening tool for Superfund sites, and as a 
benchmark for evaluating preliminary site investigation data and preliminary 
remediation goals. Although it has no official status either as regulation or 
guidance, it is useful as a screening tool. The risk-based concentrations are based 
on toxicity constants and "standard" exposure scenarios and they correspond to 
fixed levels of risk (i.e., a Hazard Quotient (HQ) of 1, or lifetime cancer risk of 
lxl0-6, whichever occurs at a lower concentration) in water, air, fish tissue, and 
soil. The MADEP MCP soil guidelines are intended to represent soil 
concentrations of hazardous materials that would allow the attainment of a 
permanent solution at a disposal site. These guidelines are based on either a risk­
based soil concentration, the practical quantitation limit of the contaminant, or 
the background concentration of the contaminant, and are derived via 
methodology described in MADEP's draft regulations (MADEP, 1993a). 

For soil, Region III risk-based concentrations have been developed for 
commercial/industrial soil exposure and residential soil exposure. The 
commercial/industrial concentrations are based on an assumption that a worker 
ingests soil 250 days per year for 25 years, at an ingestion rate of 100 milligrams 
per day (mg/day). The residential concentrations are based on an assumption 
that children 1 to 6 years of age ingest 200 milligrams of soil per day, 350 days 
per year, for 6 years, and that residents 7 to 30 years of age ingest 100 milligrams 
of soil per day, 350 days per year, for 24 years. Residential risk-based soil 
concentrations for non-carcinogens are based on childhood exposure and, for 
carcinogens, are based on combined childhood and adult exposure. MADEP 
MCP soil guidelines have been developed for three soil types, each of which 
represents different exposure/use assumptions. Soil category S-1 standards 
represent soil concentrations designed to protect sensitive receptors ( e.g., 
children) from exposure to easily accessible soil ( e.g. surface soil). Soil categories 
S-2 and S-3 standards represent soil concentrations designed to protect less-
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sensitive receptors ( e.g., adults, utility workers) from exposure to surface and 
subsurface soils. The S-1 soil standards are used in this PRE and represent the 
most conservative or health-protective standards. 

N onacoicus Brook area shallow groundwater contaminant concentrations were 
compared to criteria chosen preferentially from ( 1) USEP A Drinking Water 
Regulations; (2) Massachusetts Drinking Water Standards and Guidelines; and (3) 
USEPA Region III Risk-based Concentration Table, Fourth Quarter. 

USEP A Drinking Water Regulations are issued as the Maximum Contaminant 
Level (MCL), which is the maximum allowable contaminant concentration in tap 
water (USEPA, 1993). Both final and proposed guidelines were used for 
comparison to study area analytical data. Massachusetts Drinking Water 
Standards and Guidelines have been promulgated by MADEP (West, 1993). For 
some contaminants, guidelines are more stringent than the federal standards. 
Additionally, MADEP has developed drinking water guidelines for contaminants 
for which no federal standards exist. Risk-based concentrations in the USEPA 
Region III table are based on combined child and adult exposure and the 
assumption that a resident will consume 2 liters of water per day, 350 days per 
year, for 30 years. 

Future use of land in the area of Nonacoicus Brook is undetermined at this time. 
The area is a forested area which routinely floods and has a shallow groundwater 
table. It is therefore unlikely that the land would have commercial/industrial or 
residential use in the future. However, because the exposure assumptions 
associated with residential use are more conservative than those associated with 
commercial/industrial use, the Region III residential soil risk-based concentrations 
are used for comparison to the analytical data in this study area. Similarly, 
MADEP MCP S~l/GW-1 soil guidelines (MADEP, 1993) were used for 
comparison to the analytical data because they are designed to protect the most 
sensitive receptors ( e.g., residential children) under conditions of the most 
frequent soil use and contact. 

The Region III table does not include lead, an analyte present in Nonacoicus 
Brook area soil. However, the USEPA has published an interim soil cleanup 
level for total lead which is protective for direct contact exposure in residential 
settings (USEPA, 1989). This interim cleanup level is used in the Public Health 
PRE. 
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1.3 Ecological PRE 

The Ecological PRE includes a preliminary ecological characterization of the 
Nonacoicus Brook area and a comparison of the analytical data to ecological 
PCLs estimated for this appendix. The purpose of the ecological characterization 
is to identify ecological receptors potentially exposed to contamination identified 
in this study area. A brief description of the vegetative cover in the vicinity of 
Nonacoicus Brook is provided along with identification of potential faunal 
receptors. The evaluation of exposure to ecological receptors was conducted 
through compadson of the concentrations of detected analytes to Protective 
Contaminant Levels (PCLs ). Soil PCLs were used for comparison to analytical 
data because (1) soil at the Nonacoicus Brook site is the primary ecological media 
of concern; and (2) no state or federal ecological-based standards, guidelines, or 
threshold criteria exist for surface soil exposure. 

Nonacoicus Brook soil PCLs were derived through a computer-generated chronic 
exposure food web model, as described in detail in Appendix H of the SI Report 
for Groups 2, 7, and Historic Gas Stations Study Areas (ABB-ES, 1993b); the 
chronic exposure food web model differs only in the site area used in the PCL 
calculations and the ecological receptors chosen for the food web. In order to 
better reflect actual site conditions, the Nonacoicus Brook site area (1.8 acres) 
was used in the PCL calculations, rather than the value (0.5 acres) chosen for 
Groups 2, 7 and Historic Gas Stations Study Areas PCL calculations (ABB-ES, 
1993b ). Because the primary habitat in the vicinity of Nonacoicus Brook is a 
forested region, PCLs for Nonacoicus Brook soil were developed for the following 
ecological receptors, whose life-history requirements (detailed in Section 7.0 of 
the RI Addendum Report) are summarized below: 

• Short-tailed Shrew (Blarina brevicauda). The preferred habitat of 
this carnivorous small mammal includes woody regions with moist 
conditions. The shrew's small body size, limited home range, and 
voracious appetite are factors which tend to maximize potential 
contaminant uptake. This receptor has been used to represent the 
primary and secondary consumer small mammal community in the 
food web model. 

• American woodcock (Scolopax minor). This small bird is often 
found in forested wetlands and forages primarily on invertebrates 
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such as earthworms, crickets, and beetles; plant consumption varies 
seasonally. The American woodcock was used to represent the 
small avian receptor trophic level for the food web model. This 
receptor was added to the existing list of Group lA avian receptors 
(osprey, mallard duck, and great blue heron) because its life history 
habitat requirements (summarized in Attachment A, Table A-1) 
better match the wooded habitat in the area of N onacoicus Brook. 
Additionally, the American woodcock is known to occur in Fort 
Devens habitats similar to the one in the vicinity of Nonacoicus 
Brook. 

• Green frog (Rana clamitans ). This receptor is typically found in 
shallow waters, brooks, and swamps, and forages on shoreline 
vegetation, small fish, and insects. The green frog has been used to 
represent the amphibian community in the food web model. 

• Raccoon (Procyon lotor). The habitat and diet of this mammal are 
varied, as it is known to inhabit woodlands, agricultural fields, and 
floodplains, and forage for crayfish, insects, vegetation, fruits, and 
garbage. The raccoon has been used to represent the omnivorous 
mammal community in the food web model. 

2.0 Public Health PRE 

The purpose of the public health PRE is to provide a screening-level evaluation 
of actual and potential risks to humans if exposed to contaminants detected in the 
samples collected in the Nonacoicus Brook area. For this PRE, the future use of 
the Nonacoicus Brook area is assumed to be residential. As previously stated, it 
is unlikely that land in this area would have commercial/industrial or residential 
use in the future. In fact, it is likely that use of the N onacoicus Brook area for 
these purposes is prohibited under the Massachusetts Floodplain Protection Act 
(MGL 131.40 and 310.10 CMR). The use of the residential soil screening criteria 
and drinking water standards represents the most conservative (i.e., health 
protective) approach. Tables X-1 and X-2 present summary statistics and human 
health guidelines used in the PRE. 
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2.1 Shallow Groundwater 

Four groundwater samples (SHW-92-01X-through-SHW-92-04X) were collected 
from shallow, 2.5-to-3-foot deep pits in the study area and analyzed for PAL 
VOCs, pesticides, PCBs, and inorganics (Figure X-1). Due to the high TSS, both 
unfiltered and filtered samples were analyzed. A discussion of sample collection 
and analysis is presented in Section 4.0 of the RI Addendum Report; analytical 
data for each sample collected are provided in Table 4-14 of Report. Inorganics 
were the only analytes identified ~ the shallow groundwater samples; Table X-1 
presents summary statistics and a comparison to screening guidelines. In 

. unfiltered samples, all but the maximum detected concentration of sodium 
exceeded Fort Devens background concentrations. In filtered samples, the 
maximum concentrations of six analytes exceeded Fort Devens background 
concentrations. Chromium, copper, mercury, and vanadium were not identified in 
filtered samples. 

The maximum detected concentrations of aluminum, iron, lead and manganese in 
unfiltered water, and the maximum detected concentrations of aluminum, iron, 
and manganese in filtered water, exceeded their respective drinking water 
standards or guidelines. The exceedances for three analytes ( aluminum, iron, and 
manganese) involve secondary MCLs. Secondary MCLs are federal standards 
promulgated for aesthetic or economic reasons, not health reasons. Although an 
MCL does not exist for manganese at this time, the maximum concentration of 
manganese exceeds the Maximum Contaminant Level Goal for manganese of 
200 µg/L, which is a health based goal. The Fort Devens background 
concentrations of aluminum, iron, and manganese also exceeded the drinking 
water standards. Although the maximum detected concentrations of aluminum 
and iron in filtered groundwater exceeded their respective standards, they did not 
exceed their respective Fort Devens background concentrations. 

2.2 Surface Soil 

Table X-2 presents a comparison of maximum detected analyte concentrations of 
the eight surface soil samples collected in the Nonacoicus Brook area to USEP A 
residential soil concentrations and MADEP MCP S-1 soil guidelines, which 
represent the most health-protective set of soil standards developed by MADEP 
(MADEP, 1993). Soil data are represented by sample locations SHD-92-29X­
througb-SHD-92-32X (Figure X-1), each sampled at 0- and 2-foot depths (to 

ABB Environmental Services, Inc. 

W0069310.M80 7005-11 

X-6 



APPENDIX X 

equal eight samples total). Analytical data for each sample collected is provided 
in Table 4-15 of the RI Addendum Report. Two pesticides (DDT and DDE), one 
volatile organic compound (trichlorofluoromethane) and twenty inorganics were 
identified in Nonacoicus Brook region soil (Table X-2). The maximum 
concentrations of all inorganics except aluminum, iron, potassium, magnesium, 
and vanadium exceeded Fort Devens background concentrations. The maximum 
concentrations of arsenic and beryllium exceeded their respective Region III 
residential soil concentrations. While the maximum concentration of beryllium 
slightly exceeded the MADEP MCP S-1/GW-1 soil guideline, the maximum 
detected concentration of arsenic did not exceed the S-1/GW-1 soil guideline. 
The maximum detected concentration of trichlorofluoromethane was well below 
the USEPA Region III risk-based concentration for residential soil. 

3.0 Ecological PRE 

The purpose of the Ecological PRE at Nonacoicus Brook is to provide a 
screening-level evaluation of actual and potential risks that environmental 
contaminants may pose to the resident and migratory ecological receptors in the 
Nonacoicus Brook area. As discussed in Section 4.3 of the RI Addendum Report, 
the shallow groundwater is not believed to be discharging to the surface soil in the 
Nonacoicus Brook region. Because there is little potential for ecological receptor 
contact with groundwater in the Nonacoicus Brook area, shallow groundwater has 
not been evaluated in this ecological PRE. 

3.1 Ecological Habitat Characterization 

The Nonacoicus Brook site area primarily consists of a forested region with a 
moderately thick understory. It is likely that portions of this region contain 
jurisdictional wetlands. A sloping hillside is located upgradient of the brook area 
and is dominated by white oak (Quercus alba), red oak (Quercus rubra) and white 
pine (Pinus strobus ), with an understory consisting primarily of lowbush blueberry 
(Vaccinium angustifolium), sweet fern (Comptonia peregrina), bracken fern 
(Pteridium aquilinum ), and common juniper (Juniper communis ), interspersed with 
oak and pine saplings. 

The tree layer in the Nonacoicus Brook forested region is dominated by red 
maple (Acer rubrum) and white oak, and is interspersed with grey birch (Betula 
populifolia ), white pines and occasional large silver maple (Acer saccharinum ). 
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The shrub community in this region is dominated by nannyberry (Viburnum 
lentago ), high bush blueberry (Vaccinium co,ymbosum ), red maple, and white pine 
saplings. Occasional northern arrowwood (Viburnum recognitum ), grape (Vitis sp. ), 
honeysuckle (Lonicera sp. ), black cherry (Prunus serotina ), wood fern (D,yopteris 
sp.), and red osier dogwood (Camus stolonifera) are interspersed throughout the 
area. The understory within the forested area is dominated by various fern 
species such as royal fern ( Osmunda regalis ), sensitive fern ( Onoclea sensibilis ), 
and cinnamon fern ( Osmunda cinnamomea ), grass species, soft rush (Juncus 
effusus), sphagnum moss (Sphagnum sp.), princess pine (Lycopodium obscurum), 
wool grass (Scirpus cyperinus), goldemod (Solidago sp.), bramble (Rubus sp.), and 
alder (Alnus rugosa). 

Although less than two acres in size, the Nonacoicus Brook area may provide a 
suitable habitat for a number of terrestrial and semi-aquatic faunal species 
including the short-tailed shrew, mink, beaver, green frog, painted turtle, 
American woodcock, and white-tailed deer. 

Potential contaminant exposure pathways exist in the N onacoicus Brook area for 
terrestrial and semi-aquatic receptors via incidental surface soil ingestion and 
terrestrial food web exposure. In addition, due to the close proximity of 
Nonacoicus Brook to Plow Shop Pond, terrestrial and semi-terrestrial receptors 
associated with Plow Shop Pond may be exposed to soil contaminants in the 
Nonacoicus Brook area. A detailed ecological risk assessment of Plow Shop Pond 
is provided in Section 7.0 of the RI Addendum Report. 

3.2 Surface Soil 

Table X-3 presents a comparison of summary statistics on the eight surface soil 
samples collected in the Nonacoicus Brook area to surface soil PCLs. Soil data 
are represented by sample locations SHD-92-29X-through-SHD-92-32X (Figure X-
1 ), each sampled at 0- and 2-foot depths. Analytical data for each sample 
collected are provided in Table 4-15 of the RI Addendum Report. Two pesticides 
(DDT and DOE), one volatile organic compound (trichlorofluoromethane), and 
twenty inorganics were identified in the Nonacoicus Brook region surface soil. 
The maximum detected concentrations of all inorganics except aluminum, iron, 
potassium, magnesium, and vanadium exceeded Fort Devens background soil 
concentrations. These inorganics, in addition to the essential nutrients calcium 
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and sodium, were not retained as COPCs and therefore were excluded from 
comparison to PCL values. 

With the exception of lead, the maximum detected concentrations of all COPCs 
were well below their respective PCL values. The maximum detected 
concentration of lead exceeded its PCL value by a factor of approximately two 
(82 versus 48.2 µg/g). Uncertainties associated with use of the lead PCL value 
are discussed in Section 4.0 of this appendix. 

·4.0 SUMMARY OF PREs 

Four analytes in shallow groundwater exceeded drinking water guidelines, two 
analytes in surface soil exceeded public health soil guidelines, and one analyte in 
surface soil exceeded its ecological PCL concentration. 

Although four inorganics detected in shallow groundwater exceeded their 
respective drinking water guidelines ( aluminum, iron, lead, and manganese), only 
the drinking water guideline for lead and the MCLG for manganese are based on 
health-protective endpoints. Analyte concentration exceedances of aluminum and 
iron guidelines, which are derived for aesthetic or economic reasons, may not be 
indicative of a health risk. In addition, because the groundwater was obtained 
from test pits at two-to-three foot depths, it is not representative of groundwater 
that would be used for drinking water, thereby making drinking water guidelines 
conservative standards for comparison. 

Arsenic and beryllium both exceeded Region III risk-based soil concentrations; 
however, arsenic did not exceed the MADEP S-1/GW-1 standard and beryllium, 
which was detected in only one sample, only slightly exceeded the S-1/GW-1 
standard. As previously stated, these standards are for a residential setting with 
soil frequently being contacted by sensitive receptors. It is likely that the 
Nonacoicus Brook forested area will not be used for residential (or commercial) 
purposes. Evaluation of Nonacoicus Brook analytical data with these guidelines 
represents a conservative approach. 

There are · numerous uncertainties and assumptions associated with the ecological 
PRE including: ecological receptor exposure assumptions and toxicity dose­
response data used in PCL calculations; lack of quantitative evaluation of dermal 
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and inhalation exposure pathways, lack of consideration of additive or antagonistic 
effects of exposure to multiple chemicals; and, lack of evaluation of population­
level risks. These uncertainties are described in more detail in Appendix H of the 
Groups 2, 7 and Historic Gas Stations report (ABB-ES, 1993b) and in Section 7.3 
of the RI Addendum Report. 

Due to these multiple uncertainties, the calculated ecological PCL for lead was 
below the Fort Devens established background lead concentration. Therefore, as 
described in ABB-ES (1993b), the lead PCL was set equal to the Fort Devens 
established background lead concentration. 

One variable which accounts for the lower-than-background calculated lead PCL 
values is the bioaccumulation factor (BAF) for invertebrates (2.4) that was used in 
the food web model. A recent study conducted by Corp and Morgan (1991) 
indicates that a more appropriate invertebrate BAF value for lead may be 
approximately two orders of magnitude lower than the one used in the food web 
modeL Regression equations developed by Corp and Morgan (1991) express the 
relationships between earthworm tissue concentrations measured in their study 
and soil lead concentrations, soil calcium concentrations, and soil pH. This study 
suggests that increased soil calcium concentrations generally result in decreased 
lead bioaccumulation. The Corp and Morgan regression equation is: 

log (tissue concentration) .: 1.16 
+ 0.916 log (soil concentration) 

- 0.326 log (soz1 calcium concentration) 

Using the regression equation to express earthworm tissue concentration in 
relation to the average Nonacoicus Brook area soil lead and calcium 
concentration results in a lead BAF of 0.095 ( assuming 90 % dry weight to weight 
wet conversion). Use of this BAF as the invertebrate BAF for lead results in a 
calculated lead PCL of 207 mg/kg (for the shrew). Therefore, exceedance of the 
lead PCL ( 48 mg/kg) by the maximum detected surface soil lead concentration 
(82 mg/kg), may result in a considerable overestimate of ecological risk. Use of 
the invertebrate BAF value developed by the method of Corp and Morgan (1991) 
results in no ecological risk at the N onacoicus Brook area. 
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In summary, the PREs conducted for the detected contaminants indicate some 
exceedances of public health standards or guidelines for soil and groundwater and 
one exceedance of an ecological PCL. However, these exceedances are based on 
comparisons of detected concentrations to conservative standards and are not 
considered to represent a significant public health or ecological risk. 
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TABLE X-1 
HUMAN HEALTH PRE OF SHALLOW GROUNDWATER 

Analyte Groundwater 

Background 

Concentration [a[ 

(uJ!/1) 

lnorRanics - Un£iltered 

aluminum 6870 

arsenic 10.5 

barium 39.6 

calcium 14,700 

chromium 14.7 

copper 8.09 

iron 9.100 

lead 4.25 

mercury 0.243 

potassium 2.370 

magnesium 3,480 

manganese 291 

sodium 10.800 

vanadium 11 

zinc 21.1 

lnorRanics - Filtered 

aluminum 6.870 

arsenic 10.5 

barium 39.6 

calcium 14,700 

iron 9,100 

lead 4.25 

potassium 2.370 

magnesium 3.480 

manganese 291 

sodium 10.800 

zinc 21.1 

NOTES: 

NONACOICUS BROOK FLOODPLAIN AREA 
FEASIBILITY STUDY FOR GROUP IA SITES 

FORT DEVENS, MA 

Maximum · Frequency Maximum Exceeds 

Coocentralion o( Exceeds 

Detected Detection (bJ Background? 
(u2'1) (Y/N) 

18.800 3/4 YES 

24.9 3/4 YES 

136 4/4 YES 

28.300 4/4 YES 

32.7 2/4 YES 

19.0 1/4 YES 

14.700 3/4 YES 

81.7 4/4 YES 

0.886 2/4 YES 

3,440 4/4 YES 

3,790 4/4 YES 

541 4/4 YES 

2.590 4/4 NO 

23.9 2/4 YES 

251 2/4 YES 

1,220 2/4 NO 

2.98 1/4 NO 

67 4/4 YES 

25,900 4/4 YES 

566 4/4 NO 

5.53 2/4 YES 

2.530 4/4 YES 

3.410 4/4 NO 

417 4/4 YES 

2.340 4/4 NO 

160 1/4 YES 

[a) Fort Devens background groundwater concentrations (ABB-ES. 1993b). 

Drinking Water 

Guideline 

(u2'1) 

200 [c] 

50 [d] 

2,000 {d) 

NA 

100 (d] 

J.000 [c] 

300 [c) 

15 [e) 

2 {d] 

NA 

NA 

50 [c] 

20.000 [f] 

260 [g] 

5.000 !cl 

200 [c) 

50 (d] 

2.000 (d] 

NA 

300 [c) 

15 [e] 

NA 

NA 

50 [c) 

20,000 [f) 

5.000 fc l 

Maximum &ceeds 

Guideline 

Conccntl'ation? 

(YIN) 

YE$ 
NO 

NO 

NA 
NO 

NO 

YES 

YES 

NO 

NA 

NA 

YES 

NO 

NO 

NO 

YES 
NO 
NO 
NA 
YES 

NO 
NA 
NA 
YE.s 
NO 
NO 

(b) Shallow groundwater samples include SHW-92-0IX. SHW-92- 02X. SH\V-92-03X, and SHW-92-04X (filtered and unfiltered for each sample); 

analytical data presented in Table 4-11 of this report. 

[c) USEPAsecondaryMCL(USEPA.1993). 

[d] USEPA primary MCL (USEPA. 1993). 
[e) No US EPA MCL exisl.5 for this contaminant; value used is US EPA Action Level (USEPA. 1993). 

[f) USEPA Drinking Water Equivalent Level guideline (USEPA. 1993). 

JQ] lJSEPA Re~ion Ill risk-based concentrat ion table - tao waler. fo"•!h ouarter 1993 /Smith . 1993\. 



Analyt.e Soii-, ::: ;.M~mum 
Background , Concen.tntion 

Concentralion [a) Detected 

"" 
(ual<>\ , (uola\ 

Organics (u<>/.,\ 

DDT NA 0.042 

DDE NA 0.17 

trichloro0uoromethane NA 0.008 

lnorganics (u2/2l 

aluminum 15.000 14,500 

arsenic 21 28.0 

barium 42.5 55 

beryllium 0.347 1.25 

calcium 1.400 2.850 

cobalt NA 6.5 

chromium 31 89.5 

copper 8.39 17.6 

iron 15.000 14.600 

lead 48.4 82 

mercury 0.22 1.9 

potassium l.700 1150 

magnesium 5.600 3.230 

manganese 300 340 

sodium 131 364 

nickel 14 18.7 

selenium NA 0.679 

silvc1 0.086 1.22 

vanadium 28.7 21.7 

zinc 35.5 77.7 

NOTES: 

[a I Fort Devens background soil concentrations (ABB-ES. 1993b). 

TJ\BLE X-2 
HUMAN HEALTH PRE OF SOlL 

NONAffiICUS BROOK FLOODPLAIN AREA 
FEASIBILITY STUDY FOR GROUP lA SITES 

FORT DEVENS, MA 

Frequency Maxjmom Ex.cceds Region iii 
··of Exceeds Residential 

Detection [bl Background? Soil C~ncentratioo (cl 
.. , tY/N\ .·. lue./11.\ 

3/8 NA 1.9 

3/8 NA 1.9 

1/8 NA 23.000 

8/8 NO 230,000 

8/8 YES 0.36 

7/8 YES 5.500 

1/8 YES 0.15 

8/8 YES NA 

6/8 NA NA 

8/8 YES 390 [e) 

8/8 YES 2.900 

8/8 NO NA 

8/8 YES 500 [f] 

6/8 YES 23 

8/8 NO NA 

8/8 NO NA 

8/8 YES 390 

8/8 YES NA 

7/8 YES L600 

2/8 NA 390 

1/8 YES 390 

7/8 NO 550 

7/8 YES 23.000 

MADl{i> !J,fcP. ~uimuiii,Ex~-
S'-l Soil . /1:t-cil'rin 1.p,, rF 

' Guidelines [d) :·· Conceotratioil? 

t:YIN'I (uolo\ · 

2 NO 

2 NO 

NA NO 

NA NO 

30 YES. 

NA NO .. 
0.4 . , )'.ES. 

NA NA 

NA NA 

200 [e] NO 

NA NO 

NA NA 

300 NO 

10 NO 

NA NA 

NA NA 

NA NO 

NA NA 

300 NO 

300 NO 

JOO NO 

NA NO 

2.500 NO 

(bl Soil samples include SHD-92-29X. SHD-92-30X. SIID-92-3lX. and SHD-92-32X (0 and 2 ft. intcn·als for each sample): analytical data presented in Table 4-12 of this report. 

[c I USEl'A Region Ill Risk-based concentration table. fourth quarter l 993 (Smith. I 993) 

[di Massachusclls lv!Cl'(MADEI'. 1993) 

[e] For hcxavalcnt chwmium 

[f] USEPA Interim Soil Cleanup Level fo1 Superfund sites (OSWER. 93S5.4-02) 

NA= not available or not applicable 

. ~ijm E;x,uMs 
M.ADEP"MCP 

Coountration? 
., 

;.-~- ,•=·· . ,. ~: • 

lYOO ,a- .. 

NO 

NO 

NA 

NA 

NO 

NA 

YES . 
NA 

NA 

NO 

NA 

NA 

NO 

NO 

NA 

NA 

NA 

NA 

NO 

NO 

NO 

NA 

NO 



TABLEX-3 
ECOLOGICAL PRE OF SOIL 

NONACOICUS BROOK FLOODPLAIN AREA 
FEASIBILI1Y STUDY FOR GROUP 1A SITES 

FORT DEVENS, MA 

Maximum • 

0 

i rcqu';;ncy· 
. . . . . .. Maxim.um i!fc"' Jts · !\,na.lytc Soil Mui.mum mc.eeds ···- ~ -:::; 

Background Concenl rati&n ' . ·of Exceeds Ecolo'gic::'al Benchmarl : 
. Conccntf ation [a) Detected Detection (bl Bat:tground7 Benchiii"art (c] Concentration? 

(..u~h.) (USUI!) , .. .. (YJN) <iisu2) lY/Nl . 
Orfl,anics (u,/g) 

DDT NA 0.042 3/8 NA 0.96 NO 

DDE NA 0.17 3/8 NA 0.96 NO 

trichlorofluoromethane NA 0.008 1/8 NA 3880 NO 

lnorJ1,an.ics (u,/g) 

aluminum 15,000 14~'i00 8/8 NO NA(d) NA 

arsenic 21 28.0 8/8 YES 44 NO 

barium 42.5 55.4 7/8 YES 81 NO 

beryllium 0.347 1.25 1/8 YES 1.75 NO 

calcium 1,400 2.850 8/8 YES NA(e) NA 

cobalt NA 6.5 6/8 NA 100 NO 

chromium 31 89.5 8/8 YES 154 NO 

copper 8.39 17.6 8/8 YES 26 NO 

iron 15,000 14,600 8/8 NO NA(d) NA 

lead 48.4 82 8/8 YES 48.4 Ye.$ 
mercury 0.22 1.9 6/8 YES 16.5 NO 

potassium 1,700 1,150 8/8 NO NA[e] NA 

magnesium 5,600 3,230 8/8 NO NA[e] NA 

manganese 300 340 8/8 YES 2,940 NO 

sodium 131 364 8/8 YES NA(eJ NA 

nickel 14 18.7 7/8 YES 41 NO 

selenium NA 0.679 2/8 NA 1.73 NO 

silver 0.086 1.22 1/8 YES 144 NO 

vanadium 28.7 21.7 7/8 NO NA[d[ NA 

zinc 35.5 i7.7 7/8 YES 1,270 NO 

NO~S: 

[aJ Fort Devens background soil concentrations (ABB-ES, I 993b). 

(bl Soil samples include SHD-92-29X, SI ID-92-30X. Sl-lD-92-3\X. and SHD-92-32X (0 and 2 ft. in1crvals for each sample): analytical data provided in 

Table 4-12 of 1his report. 
[c[ Benchmark values derived via methodology presented in Groups 2.7 and Historic Gas Stations Study 1\rcas RI (ABB-ES, 1993b). 

[dJ Analyte was excluded as a COPC because the maximum detected concentration was less than the background concentration. 

[e[ Analyte is an essential nutrient and therefore was excluded a~ a COl'C as described in Appendix X. 

NA = not available or 1101 applicable 

.. 
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TABLEA-1 
EXPOSURE PARAMETERS FOR TI-IE AMERICAN WOODCOCK 

RECEPTOR EXPOSURE R EPORTED VALUES 'SELECTED FOR 
SPECIES PARAMETER VALt,JES REFERENCE ECOLOGICAL RISK 

,. 
American Woodcock Home Range (acres) 0.25 to 100 acres territory size DeGraaf and Rudis, 1986 50 [a] 
(Scolopax minor) 

Percent Prey Items 50 to 90 % earthworms; rest is beetles, mes, DeGraafand Rudis, 1986 Invertebrates: 85% 
insects, and occasionally plants Plants: 10% 

Soil:5% 
60% earthworms, 30% insects, 10% plants Martin et al., 1951 
shrews, rabbits, some small birds, caterpillars of large moths, 
grasshoppers, crickets, beetles, dragonflies, ants, spiders, 
crayfishes, earthworms, etc. The percentage of plant material 
in diet varies seasonally as shown below: 

Season No. Months Percent 
Winter 5 9% 
Spring 2 13% 
Summer 3 2% 
Fall 2 6% 
Estimated Year-round Averal!;e 7% 

Ingestion Rate 100% of body weight/day or more Terres, 1987 0.22 kg/day 
(kl!/day) 
Body Weight (kg) Males average 6.2 oz (0.18 kg); females average 7.7 oz (0.22 kg) Terres, 1987 0.22kg 

[a] Average of range of values. 
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EVALUATION OF GROUNDWATER IRRIGATION EXPOSURE PATHWAY 

One of the comments made by the Massachusetts Department of Environmental 
Protection (MADEP) on the Draft Supplemental Risk Assessments for Shepley's 
Hill Landfill and Cold Spring Brook Landfill (July 1993) questioned the relative 
contribution of the exposure pathway involving the irrigation of fruits and 
vegetables with contaminated groundwater to the total groundwater risks. In the 
July 1993 draft risk assessments, this pathway was not evaluated. This was 
because the health risks associated with this pathway ( as estimated in the RI Risk 
Assessment of April 1993) represented approximately one to three percent of the 
total risk from groundwater exposures. In addition, confidence in the risk 
estimates generated for the other three groundwater exposure pathways was 
considered much higher than for the irrigation pathway. 

In response to MADEP's comment, ABB-ES performed an independent 
evaluation of the potential for exposure to contaminants as a result of 
consumption of produce that has been watered with contaminated groundwater. 

The analytical data from Well Group 1 at Shepley's Hill Landfill (as summarized 
in Table 6-5) were used in this evaluation. Only volatile organic compounds and 
inorganics were detected in groundwater. Consistent with MADEP risk 
assessment guidance (MADEP, 1992), volatile organics were not evaluated here 
because significant levels of these compounds are not expected to accumulate in 
plants due to their volatile characteristics. To estimate concentrations of 
inorganic contaminants that would occur in soil as a result of irrigation with 
contaminated groundwater, an approach developed by the California EPA and 
presented in their document CalTOX, A Multimedia Total Exposure Model for 
Hazardous Waste Sites (CalEPA, 1993) was used. The CalTOX approach uses 
the following factors: 

Where: 

= concentration in soil (mg/kg) 

ABB Environmental Services, Inc. 
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rvq 

Ko 
~ 

cgw 

= 

= 
= 

= 

fraction of water needs provided by groundwater (unitless) = 
0.8 (CalEPA, 1993) 
soil/soil-water partition coefficient (kg water/kg solids) 
fraction of the chemical concentration in irrigation water 
retained in soil water (unitless) = 0.25 (CalEPA, 1993) 
concentration in groundwater (mg/1) 

Values for K0 were obtained from Baes et al. (1984), A Review and Analysis of 
Parameters for Assessing Transport of Environmentally Released Radionuclides 
Through Agriculture. 

Once a concentration in soil was obtained, the Food Chain Multipliers listed in 
the Short Form Documentation (MADEP, 1992) were used, in concert with 
appropriate dose/response values, to estimate hazard indices (His) and excess 
lifetime cancer risks (ELCRs). For those inorganics that MADEP has not 
developed a food chain multiplier, the highest multiplier listed by MADEP (for 
silver) was used as a default value. While this assumption adds additional 
uncertainty to this assessment, it is unlikely that it results in a significant 
underestimate of risk. This is because it is likely that the inorganics behave in a 
somewhat similar manner, as evidenced by the food chain multipliers for all the 
metals evaluated by MADEP ( except silver, which is the highest) being within 
about two orders of magnitude of each other. 

Using this approach, the total HI for maximum groundwater concentrations was 
estimated at 0.2. The ELCR associated with arsenic exposure ( the only 
carcinogen) was 1.9 x 10-6• In comparison, the total HI for exposure to 
groundwater via ingestion and while showering was estimated to be 90, while the 
ELCR was 8 x 10·3• Thus, this brief analysis confirms the assertion that the 
produce irrigation pathway is not an important contributor to the risk estimates 
for groundwater exposure. Using this approach, the irrigation pathway represents 
about 0.2 and 0.02 percent of the noncancer and cancer risk estimates from 
exposure to groundwater at the maximum detected concentrations. 

ABB Environmental Services, Inc. 

W0069310.M80 7005-11 

Y-2 



APPENDIXY 

References 

Baes, C.F. et al. 1984. "A Review and Analysis of Parameters for Assessing 
Transport of Environmentally Released Radionuclides through Agriculture". Oak 
Ridge National Laboratory, ORNL•5786. September 1984. 

California Environmental Protection Agency (CalEPA, 1993. "CalTOX, A 
Multimedia Total Exposure Model for Hazardous Waste Sites"; Office of Toxic 
Substances Control, California Environmental Protection Agency; Sacramento, 
California; June 1993. 

MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, 
Version l.611

; Policy #WSC/ORS·142·92; Office of Research and Standards and 
the Bureau of Waste Site Cleanµp, Boston, MA; September 1992. 

ABB Environmental Services, Inc. 

W0069310.M80 7005-11 
y.3 



TABLEY-1 
ESTIMATION OF HEALIB RISK FOR GROUNDWAIBR IRRIGATION PATIIWAY 

USING CALTOX MODEL AND MADEP FOOD CHAIN MULTIPLIERS 

REMEDIAL INVESTIGATION ADDENDUM REPORT 
FEASIBILITY STUDY FOR GROUP IA SITES 

FORT DEVENS, MA 

ANALYTE CONC • Kd CONC HIM RfD HI 
GW SOIL ( 1/day) (mg/kg/day) 
(mg/I) (1111!./kl'.') 

NONCARCINOGENS 
Aluminum 75.5000 1500 22650.00 5.5E-05 NA 
Antimony 0.0033 45 0.03 5.5E-05 0.0004 0.00408375 
Arsenic 0.3900 200 15.60 2.6E-07 O.OC)(JJ 0.01352 
Barium 0.3500 60 4.20 5.5E-05 0.07 0.0033 
Chromium 0.1150 850 19.55 6.8E-06 0.005 ll.026588 
Copper 0.0922 35 0.65 5.5E-05 NA 
Lead 0.0668 900 12.02 3.4E-07 NA 
Manganese 9.6500 65 125.45 5.SE-05 0.14 0.04928392 
Nickel 0.1770 150 5.31 9.5E-06 0.()2 0.00252225 
Vanadium 0.0791 1000 15.82 5.SE-05 0.007 0.1243 
Zinc 0.2200 40 1.76 4.3E-06 0.3 0.00002522 

TOTAL 0.2236'.:!J I.~ 
ANALYTE CONC Kd CONC CRM SLOPE ELCR 

GW SOIL FACTOR 
(ml!/1) (ml!./k!"!) 

CARCINOGENS 
Arsenic 0.3900 200.00 15.60 7.00E-08 1.75 1.91E-06 

TOTAL 1.91E-06 
Notes: 
HIM=Chronic Hazard Index Multiplier (I/day); values extracted from Table 8-23 of MAl)El',199~ 
Values in bold are set al the default value for silver. 
CRM = Cancer Risk Multiplier (I/day); values extracted from Table 8-23 of MADEi', 1992. 
HI = (HIM x CONC. SOIL)/RID 
ELCR = CRM x CONC. SOILx Slope Factor 
NA = Not available 



APPENDIX Z 

TOXICITY PROFILES 

ABB Environmental Services, Inc. 

W0069310.M80 7005-11 



APPENDIX Z 

TOXICITY PROFILES 

Aluminum 

Aluminum is the third most abundant element in the earth's crust, and it is 
ubiquitous in air and water, as well as soil. High soil concentrations are 
associated with industries, which bum coal and aluminum mining and smelting. 
Speculation exists that aluminum may be an essential nutrient. Human exposures 
to aluminum occur primarily through ingestion of foods grown in soil that contains 
aluminum, ingestion of water used in food preparation, food additives, 
contamination by aluminum utensils and containers and use of ·antacids, 
antiperspirants, and other drug store items. Daily aluminum intake from food and 
water is estimated at 2-25 mg. 

Aluminum is poorly absorbed from the gastrointestinal tract. However, humans 
and animals accumulate excess levels of aluminum in tissues following continued 
exposure. Aluminum may accumulate in all tissues, with bone and lung tissue 
generally having the highest concentrations and blood having the lowest 
concentrations. Excretion occurs through urine and feces. 

Many of the toxic effects of aluminum are due to its interactions with nutrients, 
such as phosphorus, calcium, fluoride, magnesium, iron, and Vitamin D. 
Aluminum toxicity is documented to occur following infusion of aluminum­
contaminated dialysate fluids and parenteral nutrition solutions as well as by 
ingestion of aluminum-containing pharmaceutical products. Aluminum in 
antiperspirants can cause skin rashes in some people. Factory workers who inhale 
large amounts of aluminum dust may develop lung problems, such as pulmonary 
fibrosis. Aluminum exposure has caused lower birth weights in some animals. 
Studies have shown that aluminum accumulates in the brains of individuals with 
Alzheimer's disease. However, any causal link between aluminum exposure and 
this disease is yet to be demonstrated. Both human epidemiological studies and 
animal experiments strongly suggests that aluminum is not a carcinogen. 

References: 
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Agency for Toxic Substances and Disease Registry (ATSDR), 1989. "Toxicological 
Profile for Aluminum"; Agency for Toxic Substances and Disease Registry, 
U.S. Public Health Service, October 1989. 

Greger, J.L., 1993. Aluminum Metabolism. Annu. Rev. Nutr. 13: 43-63. 

Antimony 

Antimony may have a tri- or pentavalence and it belongs to the same periodic 
group as arsenic. Antimony enters the environment during the mining and 
processing of its ores and other related compounds. Small amounts of antimony 
are also released into the environment by incinerators and coal burning power 
plants. Antimony will strongly adhere to soil which contains iron, manganese, or 
aluminum. Exposure for the general population is largely from food. 

The absorption and distribution of antimony within the body is thought to 
resemble that of arsenic. Absorption is slow and incomplete with accompanying 
gastrointestinal irritation when elevated levels are consumed. Trivalent antimony 
compounds concentrate in red blood cells and liver while pentavalent forms 
concentrate mostly in plasma. Excretion occurs through urine and feces. 

Antimony was used for medicinal purposes to treat individuals infected with 
parasites. Chronic exposure to airborne antimony may cause eye, skin, and lung 
irritation. Chronic occupational exposures are associated with transient skin 
eruptions termed "antimony spots". High level oral exposures have been linked 
with heart problems, and severe vomiting with diarrhea. The oral RID is based 
on an oral drinking water study in rats which showed changes in glucose and 
cholesterol metabolism. Antimony has not been evaluated by the USEP A for 
evidence of human carcinogenic potential. Oral feeding of antimony to rats has 
not produced evidence of tumorigenicity. However, in vitro mutagenicity tests 
have demonstrated a possible link of antimony to chromosome defects. 
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Benzo(a)anthracene 

Benzo(a)anthracene is a member of the polycyclic aromatic hydrocarbons (PAH) 
class of compounds which contain two or more aromatic rings. P AHs are 
ubiquitous in nature and are also manmade. Benzo(a)anthracene occurs naturally 
in coal tar, crude oil, and is formed from incomplete combustion of organic 
material. It is also product of pyrolysis in tobacco smoke. 

Benzo(a)anthracene has produced skin tumors in laboratory animals after dermal 
application. Benzo(a)anthracene produced mutations in bacteria and in 
mammalian cells, and transformed mammalian cells in culture. Although there 
are no human data that specifically link exposure to benzo(a)anthracene to human 
cancers, benzo(a)anthracene is a component of mixtures that have been associated 
with human cancer. As such, benzo(a)anthracene has been classified by USEPA 
as a B2, probable human carcinogen. 

References: 

MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, 
Version 1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards 
and the Bureau of Waste Site Cleanup, Boston, MA; September 1992. 

Benzo(a)pyrene 

Benzo(a)pyrene is a member of the polycyclic aromatic hydrocarbons (PAH) class 
of compounds which contain two or more aromatic rings. P AHs are ubiquitous in 
nature and are also manmade. Benzo(a)pyrene occurs naturally in coal tar, crude 
oil, and is formed from incomplete combustion of organic material. 
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Human data demonstrating a causal relationship linking benzo(a)pyrene to 
carcinogenicity are lacking. However, multiple animal studies in many species 
demonstrate benzo(a)pyrene to be carcinogenic following administration by a 
variety of routes. The mechanism through which benzo(a)pyrene elicits its 
carcinogenic potential is well understood. Benzo(a)pyrene has produced positive 
results in numerous genotoxicity assays. Benzo(a)pyrene has been classified by 
the USEP A as a B2, probable human carcinogen. 

References: 

MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, 
Version 1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards 
and the Bureau of Waste Site Cleanup, Boston, MA; September 1992. 

Benzo(b)fluoranthene 

Benzo(b )fluoranthene is a member of the polycyclic aromatic hydrocarbons 
(P AH) class of compounds which contain two or more aromatic rings. P AHs are 
ubiquitous in nature and are also manmade. Benzo(b )fluoranthene occurs 
naturally in coal tar, crude oil, and is formed from incomplete combustion of 
organic material. 

Although there are no human data that specifically link exposure to 
benzo(b )fluoranthene to human cancers, benzo(b )fluoranthene is a component of 
mixtures that have been associated with human cancer. These include coal tar, 
soots, coke oven emissions and cigarette smoke. Benzo(b )fluoranthene produced 
tumors in mice after lung implantation, intraperitoneal, or subcutaneous injection, 
and skin painting. Benzo(b )fluoranthene has produced positive results in several 
genotoxicity assays. It has been classified as a B2, probable human carcinogen, by 
the USEPA. 

References: 

MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, 
Version 1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards 
and the Bureau of Waste Site Cleanup, Boston, MA; September 1992. 
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Benzo(g,h,i)perylene 

Benzo(g,h,i)perylene is a member of the polycyclic aromatic hydrocarbons (P AH) 
class of compounds which contain two or more aromatic rings. P AHs are 
ubiquitous in nature and are also man made. They occur naturally in coal tar, 
crude oil, and are formed from incomplete combustion of organic material. 

There are no available data regarding human exposures. There are inadequate 
animal data from lung implant, skin-painting and subcutaneous injection bioassays. 
The USEP A has determined that benzo(g,h,i)perylene is not classifiable as to 
human carcinogenicity, and has assigned it to class D. 

References: 

MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, 
Version 1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards 
and the Bureau of Waste Site Cleanup, Boston, MA; September 1992. 

Benzo(k)fluoranthene 

Benzo(k)fluoranthene is a member of the polycyclic aromatic hydrocarbons 
(P AH) class of compounds which contain two or more aromatic rings. P AHs are 
ubiquitous in nature and are also manmade. Benzo(k)fluoranthene occurs 
naturally in coal tar, crude oil, and is formed from incomplete combustion of 
organic material. 

Although there are no human data that specifically link exposure to 
benzo(k)fluoranthene to human cancers, benzo(k)fluoranthene is a component of 
mixtures that have been associated with human cancer. These include coal tar, 
soots, coke oven emissions and cigarette smoke. Benzo(k)fluoranthene produced 
tumors after lung implantation in mice and when administered with a promoting 
agent in skin-painting studies. Benzo(k)fluoranthene is mutagenic in bacteria. 
Benzo(k)fluoranthene has been classified by USEPA as a B2, probable human 
carcmogen. 

References: 
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MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, 
Version 1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards 
and the Bureau of Waste Site Cleanup, Boston, MA; September 1992. 

Bis(2-ethylhexyl)phthalate (DEHP) 

DEHP is used industrially as a plasticizer for resins to make plastic materials 
more flexible, thus it is found in many plastic materials. It is also used in 
manufacturing organic pump fluids in electrical capacitors. 

Human exposure to DEHP has produced eye irritation, nausea, and diarrhea. 
Most of the toxicity data for DEHP are obtained from animal studies. DEHP 
targets the liver, causing morphological and biochemical changes, as well as the 
testes, producing damage to the seminiferous tubules. DEHP has produced 
developmental and reproductive effects in laboratory animals including spina 
bifida and reduced fertility. The overall evidence from many studies indicates 
that DEHP is not mutagenic. DEHP has been shown to cause a dose-related 
increase in liver tumors in mice and rats. Thus, the USEP A has designated 
DEHP as a B2, probable human carcinogen. 

References: 

MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, 
Version 1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards 
and the Bureau of Waste Site Cleanup, Boston, MA; September 1992. 

Calcium 

Calcium is a naturally occurring element which exists as an ubiquitous constituent 
of natural waters and soils. Human activities also contribute calcium ions to 
natural waters. Calcium or calcium-containing products are used in a wide variety 
of manufacturing operations and as chemical intermediates. Calcium is an 
essential nutrient to humans. It plays important roles in blood coagulation, 
maintenance of muscle tone, and excitability of nervous and muscle tissue. 
Because of large amounts of storage within bone tissue, calcium is the most 
abundant ion in the body. 
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Calcium levels within the body are controlled through the regulation of absorption 
and excretion dependent on serum calcium levels, Vitamin D, parathyroid 
hormone, and calcitonin levels. Excess oral intake typically does not result in 
toxicity since excess calcium will not be absorbed in otherwise normal individuals. 
Minimal gastrointestinal irritation, accompanied by nausea and vomiting, may 
result from the presence of large amounts of unabsorbed calcium within the 
intestines. If abnormally high level of calcium are present within the blood, a 
condition termed hypercalcemia, lethargy, weakness, anorexia, polyuria, bone pain, 
paresthesia, confusion, and coma have been reported. No evidence of 
carcinogenicity in humans or animals exists. 

References: 

Tortora, J.T. and Grabowski, S.R., 1993. Principles of Anatomy and Physiology, 
7th edition. Harper Collins College Publishers, New York, NY. p. 910 

Chrysene 

Chrysene is one of the polycyclic aromatic hydrocarbons (P AH) compounds which 
are formed during the combustion of organic material. Although there are no 
human data that specifically link exposure to chrysene to human cancers, chrysene 
is a component of mixtures that have been associated with human cancer. These 
include coal tar, soots, coke oven emissions and cigarette smoke. Chrysene 
produced chromosomal abnormalities in hamsters and mouse germ cells after 
gavage exposure, positive responses in bacterial gene mutation assays and 
transformed mammalian cells exposed in culture. Due to its similarities with 
benzo(a)pyrene and other carcinogenic PAHs, chrysene has been classified as a 
B2, probable human carcinogen. 

References: 

MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, 
Version 1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards 
and the Bureau of Waste Site Cleanup, Boston, MA; September 1992. 

Cobalt 
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Cobalt is an essential metal as a component of Vitamin B12. It is a relatively rare 
metal produced primarily as a by-product of other metals, chiefly copper. Cobalt 
has been used in the manufacture of cobalt salts, permanent magnets, tools, cars, 
electrical components, and aircraft; in alloys as dental materials; in cutting 
materials, water-resistant materials, lacquers, varnishes, and paint driers; and in 
the production of inks, enamels, glazes, glass decolorizer, and catalysts. 

Cobalt salts are relatively well absorbed after oral administration. Excretion 
through urine and feces tends to parallel absorption. Therefore, elevated intakes 
tend to not cause significant body accumulation. Fat and muscle contain the 
highest levels followed by the liver, the heart, and hair. 

Toxicity following excess therapeutic administration has been reported to include 
vomiting, diarrhea, increased blood pressure, slowed respirations, and tinnitus 
progressing to deafness. An epidemiological association between high endemic 
soil and water cobalt levels and goiter has been reported. Cardiomyopathy has 
been caused by excessive intake of cobalt in beer. Occupational exposure to 
airborne cobalt has produced irritation to the eyes and skin. Chronic exposure 
has resulted in human lung fibrosis in some cases. There is no evidence of 
carcinogenicity in humans or animals from any naturally occurring route of 
exposure. 
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Dibenzofuran 
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Dibenzofuran is an unsubstituted organic compound that contains two benzene 
rings fused to a central furan ring. Dibenzofuran is a manmade chemical which 
may be introduced into the environment as a contaminant of commonly used 
pesticides ( e.g., 2,4,5-T). Extensive toxicological information exists on the 
chlorinated species of dibenzofuran ( chlorodibenzofurans ), but minimal 
information is available concerning the unsubstituted parent molecule. 
Dibenzofuran, with no chlorine substituents, is believed to have minimal toxicity 
compared to the chlorinated forms due to its lack of solubility and biological 
activity. A toxicity equivalency factor for dibenzofuran has been set by USEPA 
equal to zero, relative to the chlorinated isomers. Dibenzofuran is not mutagenic, 
with or without metabolic activation, in several in vitro mutagenicity tests. There 
are no data on the possible carcinogenicity of dibenzofuran alone in animals or 
humans. 

References: 

Agency for Toxic Substances and Disease Registry (ATSDR), 1993. "Toxicological 
Profile for Chlorodibenzofurans"; Agency for Toxic Substances and Disease 
Registry, U.S. Public Health Service, February 1993. 

Integrated Risk Information System (IRIS), 1993. United States Environmental 
Protection Agency. 

Dichlorobenzene 

Dichlorobenzene is a semivolatile organic compound which exists in three 
isomeric forms; 1,2- , 1,3- and 1,4-dichlorobenzene. The chemical and physical 
properties of the three forms vary extensively with 1,2-dichlorobenzene existing as 
a pale yellow liquid to 1,4-dichlorobenzene which exists as a white solid with a 
mothball odor. The solid sublimates directly into a vapor form. Dichlorobenzene 
does not exist naturally, but is produced as a chemical intermediate, a household 
and agricultural deodorizer, insecticide, and a component of resins. It may be 
present in air, water, soil, and foods such as pork, chicken, fish, eggs, and milk. 

Dichlorobenzene may be absorbed following any route of exposure. Inhalation 
appears to be the most important human exposure pathway even though oral 
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exposures are absorbed more efficiently. The predominant route of excretion is 
through urine, however, elimination may also occur through feces. 

Following exposure in air, dichlorobenzene causes irritation to eyes, mucous 
membranes and the upper respiratory tract. After systemic absorption via any 
route of exposure, hematological effects, including hemolytic anemia and 
methemoglobinemia have been reported. Other systemic effects include mild 
CNS depression with the liver and kidney as additional target organs. Limited 
animal studies raise the possibility that dichlorobenzene may adversely affect 
reproductive/developmental success. Results of mutagenicity tests have been 
generally negative except for systems examining DNA replication in liver and 
kidney in vivo following oral exposure to 1,4-dichlorobenzene. Carcinogenicity 
studies in laboratory animals have demonstrated an increase in liver tumors 
following chronic oral dosing. 1,4-Dichlorobenzene has been classified into 
Category C as a suspected human carcinogen by USEP A. 

References: 

Agency for Toxic Substances and Disease Registry (ATSDR), 1992. "Toxicological 
Profile for 1,4-Dichlorobenzene"; Agency for Toxic Substances and Disease 
Registry, U.S. Public Health Service, February 1992. 

Mycroft, F.J., Jones, J.R., and Olson, K.R., 1990. Environmental and Occupational 
Toxicology. In: Poisoning and Drug Overdose. Ed. K.R. Olson. Appleton 
& Lange, CT. pp. 395-6. 

1,2-Dichloroethene (cis & trans) 

1,2-Dichloroethene is a volatile organic compound which exists as cis- and trans­
isomers. The commercially used material is usually a mixture of the two isomers. 
In the past, it was used as a general inhalation anesthetic. It is currently used as 
an extraction solvent or as a component of dyes, perfume oils, waxes, resins, and 
plastics. It is also used as an intermediate in the synthesis of polymers. 

1,2-Dichloroethene is absorbed by all routes of administration. Distribution is 
rapid and, due to its lipophilic nature, occurs to all organ systems. It is 
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extensively metabolized to dichloroacetaldehyde and chloroacetic acids which are 
excreted primarily through urine. 

Dermal contact to 1,2-dichloroethene may result in defatting of the skin and 
dermatitis. Exposure to airborne 1,2-dichloroethene causes irritation to eyes, 
mucous membranes and the upper respiratory tract. Systemically, the trans­
isomer is believed to be more toxic than the cis-isomer. However, both have been 
reported to produce central nervous system depression and toxicity to liver and 
lungs. No data on the reproductive toxicity of 1,2-dichloroethene exists. Both 
isomers have tested negative for mutagenicity in vitro tests. Cancer effects have 
not been studied in humans or animals. 

References: 

Agency for Toxic Substances and Disease Registry (ATSDR), 1990. "Toxicological 
Profile for 1,2-Dichloroethene"; Agency for Toxic Substances and Disease 
Registry, U.S. Public Health Service, February 1990. 

Mycroft, F.J., Jones, J.R., and Olson, K.R. 1990. Environmental and Occupational 
Toxicology. In: Poisoning and Drug Overdose. Ed. K.R. Olson. Appleton 
& Lange, CT. p. 397. 

1,2-Dichloropropane 

1,2-Dichloropropane is a volatile organic compound which exists as a colorless 
liquid with a mild fruity odor. Currently, it is used only in research and in 
industrial applications as a chemical intermediate and solvent. Previously, it was 
used agriculturally as a soil fumigant, and in paint strippers, varnishes and finish 
removers. Releases to the environment are as a result of human activities and 
result in air, soil and groundwater contamination. 

Absorption occurs following exposure by any route. However, absorption is most 
efficient following oral exposures. Due to its lipid solubility, distribution occurs 
rapidly to all organ systems. Excretion occurs via expired air, urine and feces. 

Inhalation exposures may result in central nervous system depression, eye 
irritation, chest discomfort, dyspnea, cough and pulmonary edema. Additionally, 
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nausea, vomiting and effects on the liver, kidney and hematological systems have 
been noted. Liver and kidney effects are characterized as primarily fatty 
degeneration. Oral exposures produce similar toxic symptoms. Mutagenicity tests 
in bacteria, mammalian and non-mammalian cells, and Drosophila predict that 
1,2-dichloropropane may pose a genotoxic threat to humans. Carcinogenicity 
studies in animals have yielded equivocal data resulting in no USEP A 
classification as to carcinogenicity. 

References: 

Agency for Toxic Substances and Disease Registry (ATSDR), 1989. "Toxicological 
Profile for 1,2-Dichloropropane"; Agency for Toxic Substances and Disease 
Registry, U.S. Public Health Service, April 1989. 

Fluoranthene 

Fluoranthene is one of the polycyclic aromatic hydrocarbons (P AH) compounds 
which are formed during the combustion of organic material. Although there are 
no human data that specifically link exposure to chrysene to human cancers, 
fluoranthene is a component of mixtures that have been associated with human 

· cancer. It is a constituent of coal tar and petroleum-derived asphalt. No data 
regarding human exposure are available, and animal data suggest that 
fluoranthene is not carcinogenic. Fluoranthene has been shown to be mutagenic 
when metabolically activated. Fluoranthene has been classified by USEP A as D, 
not classifiable as to human carcinogenicity. 

References: 

MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, 
Version 1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards 
and the Bureau of Waste Site Cleanup, Boston, MA; September 1992. 

Indeno(l,2,3-cd)pyrene 

Indeno(l,2,3-c,d)pyrene is one of the polycyclic aromatic hydrocarbons (PAH) 
compounds which are formed during the combustion of organic material and is a 
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component of cigarette smoke and smoke stack emissions. No carcinogenicity 
data specifically f9r indeno(l,2,3-c,d)pyrene are available in humans, however, 
toxic effects are attributable to mixtures of P AHs. Animal studies indicate that 
indeno(l,2,3-c,d)pyrene can induce skin tumors in mice, and may have some 
immunosuppressive effects. In mammalian cell cultures, indeno(l,2,3-c,d)pyrene 
was found to be genotoxic. It has been classified by the USEP A as a B2 
carcmogen. 

References: 

MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, 
Version 1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards 
and the Bureau of Waste Site Cleanup, Boston, MA; September 1992. 

Iron 

Iron is a metal which is required for a variety of physiological functions such as 
heme biosynthesis, oxidative phosphorylation and mixed-function oxidase-mediated 
metabolic reactions. Only divalent forms of iron are absorbed. As absorption 
occurs, divalent iron is biochemically converted to trivalent iron, the biologically 
active form. Under normal conditions, absorbed dietary iron is complexed to 
hemoglobin and transported to the liver for storage until needed for physiological 
reactions. The balance of iron is regulated only by the amount of dietary intake 
and the degree of intestinal absorption. Intestinal absorption tends to be low (2 -
15%) except during periods of increased iron need when absorption efficiency 
increases dramatically. 

Acute iron toxicity has been well characterized following the accidental ingestion 
of iron-containing preparations by children. Shortly after ingestion, the corrosive 
effects of iron cause vomiting and diarrhea, often bloody. Later signs include 
shock, metabolic acidosis, seizures, liver and/ or kidney failure, coma, and death. 
Chronic iron overload manifests as disturbances in liver function, diabetes 
mellitus, and endocrine and cardiovascular effects. Inhalation of iron containing 
dust or fumes in occupational settings may result in deposition of iron particles in 
the lungs leading to interstitial fibrosis. Autopsies of hematite miners noted an 
increase in lung cancer. However, the etiology of the lung cancer may be related 
to factors other than iron exposure such as cigarette, silica or P AH exposures. 
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References: 

Aisen, P., Cohen, G. and Kang, J .O., 1990. Iron Toxicosis. Int. Rev. Exp. Pathol. 
31:1-46. 

Goyer, R.A., 1991. Toxic Effects of Metals. In: Casarett and Doull's Toxicology: 
The Basic Science of Poisons, 3rd edition. Eds. C.D. Klaassen, M.O. 
Amdur and J. Doull. Macmillan Publishing Co. N.Y. 

Magnesium 

Magnesium is the eighth most common element in the earth's crust. It is a 
divalent cation required for a variety of enzymatic reactions involving protein 
synthesis and carbohydrate metabolism. It is also an essential ion for proper 
neuromuscular function. Magnesium is used in lightweight alloys, as an electrical 
conductive material, and for incendiary devices such as flares. Human exposure 
occurs largely through the ingestion of drinking water, foods containing high levels 
of magnesium, such as nuts, cereals, seafood and meats, and through the use of 
magnesium-containing antacids and cathartics. 

Magnesium is moderately absorbed (50%) from the gastrointestinal tract. Once 
absorbed, excess magnesium is rapidly excreted through urine. The majority of 
body magnesium is localized in bone and muscle . . 

Intoxication following oral administration of magnesium is rare, occurring largely 
in patients with pre-existing renal insufficiency. Large amounts of orally 
administered magnesium cause diarrhea that can result in major fluid and 
electrolyte losses. Following absorption, lethargy, weakness, and central nervous 
system depression are noted which may progress to hypotension, bradycardia, 
conduction defects, and respiratory arrest. Inhaled magnesium in industrial 
settings can cause metal fume fever, conjunctivitis, and coughing. No evidence of 
carcinogenicity in humans or animals exists. 

References: 

Buchanan, J.F., 1990. Magnesium. In: Poisoning and Drug Overdose. Ed. K.R. 
Ols<?n. Appleton & Lange, CT. 4pp. 194. 
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Goyer, R.A., 1991. Toxic Effects of Metals. In: Casarett and Doull's Toxicology: 
The Basic Science of Poisons, 3rd edition. Eds. C.D .. Klaassen, M.O. 
Amdur and J. Doull. Macmillan Publishing Co. N.Y. 

Speich, M. and Bousquet, B., 1991. Magnesium: Recent Data on Metabolism, 
Exploration, Pathology and Therapeutics. Magnesium-Bull. 13:116-121. 

Methyl Butyl Ketone (2-Hexanone) 

Methyl butyl ketone (2-hexanone) is a waste product of wood pulping, coal 
gasification and oil shale operations. It was formerly used in paint and paint 
thinner. MBK is an irritant of mucous membranes and eyes. It is a narcotic and 
in high concentrations causes CNS effects including weakness, numbness and 
tingling in the skin of the hands and feet. It is absorbed by the skin. It has been 
shown to cause liver and kidney effects in laboratory rats. There is no USEP A 
evidence to demonstrate carcinogenicity. 

References: 

Agency for Toxic Substances and Disease Registry (ATSDR), 1990. "Toxicological 
Profiles for 2-Hexanone". Agency for Toxic Substances and Disease 
Registry, US Public Health Services, October 1990. 

Health Effects Summary Tables (HEAST), United States Environmental 
Protection Agency, November, 1992. 

Methyl Ethyl Ketone (2-Butanone) 

Methyl ethyl ketone (2-Butanone) has been used as a solvent for coatings, 
adhesives, and cements; and in the lacquer and varnish industries. Human 
exposure to MEK has produced irritation to mucous membranes and conjunctiva; 
prolonged exposure to high concentrations has caused CNS depression. MEK has 
a low toxicity following acute and chronic human exposures. Exposure studies in 
animals indicate the liver and the kidney as target tissues of MEK. MEK can 
potentiate the neurotoxicity of other solvents such as n-hexane, methyl butyl 
ketone, and ethyl butyl ketone. Mild but significant developmental effects have 
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been produced in rats by exposure to MEK. MEK has been classified by USEP A 
as D, not classifiable as to human carcinogenicity. Results of in vitro tests for 
genotoxicity have proved negative. 

References: 

MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, 
Version 1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards 
and the ~ureau of Waste Site Cleanup, Boston, MA; September 1992. 

Phenanthrene 

Phenanthrene is a member of the polycyclic aromatic hydrocarbons (P AH) class 
of compounds which contain two or more aromatic rings. P AHs are ubiquitous in 
nature and are also man made. Phenanthrene occurs naturally in coal tar, crude 
oil, and is formed from incomplete combustion of organic material. 

Phenanthrene has been shown to be a skin photosensitizer in humans. 
Intraperitoneally injection in rats produced liver effects. Although limited 
evidence exists that phenanthrene is a mutagen, the majority of tests have proved 
negative. Equivocal evidence exists for cancer after dermal application of 
phenanthrene in rats. Ingestion of 200 mg of phenanthrene produced no tumors 
in rats after two months. 

References: 

MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, 
Version 1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards 
and the Bureau of Waste Site Cleanup, Boston, MA; September 1992. 

Potassium 

Potassium is a naturally occurring element which exists as an ubiquitous 
constituent of natural waters and soils. Human activities also contribute 
potassium ions to natural waters. Potassium or potassium-containing products are 
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used in a wide variety of manufacturing operations and as chemical intermediates. 
Potassium is an essential nutrient to humans. 

Tissue and blood potassium levels are dependent upon potassium intake and 
excretion. Little information exists concerning the direct toxicity of excessive 
potassium intake. However, the presence of elevated serum potassium levels 
(hyperkalemia) in humans is common and well characterized. Elevated serum 
potassium levels produce muscular weakness and interfere with normal cardiac 
electrical function. Ventricular fibrillation and cardiac arrest may result. There is 
no evidence for carcinogenicity by potassium. 

References: 

Olson, K.R., 1990. Emergency Evaluation and Treatment. In: Poisoning and Drug 
Overdose. Ed. K.R. Olson. Appleton & Lange, CT. pp. 32. 

Pyrene 

Pyrene is a member of the polycyclic aromatic hydrocarbons (P AH) class of 
compounds which contain two or more aromatic rings. P AHs are ubiquitous in 
nature and are also. man made. Pyrene occurs naturally in coal tar, crude oil, and 
is formed from incomplete combustion of organic material. 

Pyrene is reported to be a skin irritant to humans. Rats dosed with pyrene 
showed blood chemistry changes, as well as liver and kidney damage. Pyrene tests 
positive for mutagenicity in vitro mammalian systems. Pyrene has been classified 
as D, not classifiable as to human carcinogenicity. 

References: 

MADEP, 1992. "Risk Assessment Shortform Residential Exposure Scenario, 
Version 1.6"; Policy #WSC/ORS-142-92; Office of Research and Standards 
and the Bureau of Waste Site Cleanup, Boston, MA; September 1992. 

Selenium 
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Selenium is a trace metal considered an essential element in the human diet, with 
multiple roles in metabolic chemistry. It exists as multiple chemical forms 
including selenate (Se +6), selenite (Se +4), elemental selenium (Se +0) and selenide 
(se-2). Selenium is used in the electronics industry in photoelectric cells and solar 
batteries; in glass, rubber, steel and ceramic manufacturing; and in some paints, 
varnishes, fungicides, and insecticides. Food sources of selenium include seafood, 
especially shrimp, meat, milk products, and grains. 

Absorption and toxicity of selenium are largely dependent on the chemical form. 
Selenates are relatively soluble and well absorbed in contrast to the other 
chemical species which are virtually insoluble. Once absorbed, selenates widely 
distribute within the body. Excretion occurs through urine and feces. 

Inhalation of selenium gases may cause burning eyes and throat, coughing, 
wheezing, chemical pneumonitis, and pulmonary edema. Acute ingestion may 
cause vomiting, hypersalivation, a garlic-like odor of the breath, and central 
nervous system effects including nervousness and drowsiness. Hypotension, coma 
and convulsions have also been reported. Chronic intoxication is associated with 
impairment of vision, peripheral weakness, discoloration and loss of hair and 
nails, polyneuritis, fatigue, garlicky breath, liver damage, dermatitis, nausea and 
vomiting. Animal studies suggest that chronic excessive selenium exposure is 
embryotoxic and teratogenic, causes hepatic cirrhosis and may be carcinogenic. 
Human epidemiological studies suggest an apparent protective effect of elevated 
dietary selenium against some carcinogenic agents. 

References: 

Tweig, M. and Olson, K.R., 1990. Selenium. In: Poisoning and Drug Overdose. 
Ed. K.R. Olson. Appleton & Lange, CT. pps. 267-8. 

Goyer, R.A., 1991. Toxic Effects of Metals. In: Casarett and Doull's Toxicology: 
The Basic Science of Poisons, 3rd edition. Eds. C.D. Klaassen, M.O. 
Amdur and J. Doull. Macmillan Publishing Co. N.Y. 

Sodium 
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Sodium is an ubiquitous constituent of natural waters. Human activities also 
contribute sodium ions to natural waters. Sodium has been used in the 
manufacture of other sodium compounds, tetraethyl lead, in organic synthesis, in 
alloys, and as a chemical intermediate. Sodium is a naturally occurring element 
and an essential nutrient to humans. 

Sodium is toxic only at very high concentrations. Chronic ingestion of elevated 
sodium levels may result in or aggravate hypertension in humans. Hypertension 
has also been demonstrated in animals chronically exposed to sodium in their 
diets. Sodium can be an eye irritant. There is no evidence for carcinogenicity by 
sodium. 

References: 

National Academy of Sciences, 1977. "Drinking Water and Health"; Safe 
Drinking Water Committee, Washington, D.C. 

Thallium 

Thallium is a naturally occurring soft metal that is a minor constituent in a variety 
of ores and is obtained as a by-product of the refining of iron, cadmium, and zinc. 
It is used as a catalyst, in certain alloys, jewelry, thermometers, semiconductors, 
dyes and pigments, and optical lenses. It has been used medically as a depilatory 
agent. Additionally, it is used as a rodenticide and insecticide. 

Thallium is efficiently absorbed from the gastrointestinal tract. Excretion occurs 
primarily through urine and feces. Following absorption, distribution occurs to 
kidney tissue to a large extent, with lesser distribution to thyroid, intestines, testes, 
pancreas, skin, bone, and spleen. 

Thallium is one of the more toxic metals. Acute toxicity results in gastrointestinal 
irritation, shock, ascending paralysis, seizures, and psychic disturbances. Signs of 
subacute or chronic thallium poisoning include hair loss, nail dystrophy, cataracts, 
peripheral muscular weakness and atrophy, chorea, peripheral neuropathy, and 
kidney damage. Loss of vision have been related to industrial thallium exposures. 
No information is available which addresses the carcinogenic potential of thallium. 
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The Basic Science of Poisons, 3rd edition. Eds. C.D. Klaassen, M.O. 
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Tweig, M., 1990. Thallium. In: Poisoning and Drug Overdose. Ed. KR. Olson. 
Appleton & Lange, CT. pp. 276-7. 

Trichlorofluoromethane 

Trichlorofluoromethane, also called Freon 11, belongs to a group of structurally 
related volatile chemicals called chlorofluorocarbons (CFCs). Little specific 
information is available for trichlorofluoromethane. However, information 
available for structurally similar CFCs is probably applicable to 
trichlorofllioromethane. As a group, CFCs are used as aerosol propellants, 
refrigerants, foaming agents in the manufacture of styrofoam, and as cleaners of 
electrical components. CFCs are reported to be responsible for the depletion of 
the ozone layer due to their long atmospheric half-life and subsequent 
dechlorination which occurs within the stratosphere. 

CFCs have been reported to possess a relatively low order of human toxicity. 
Even though relatively inert, they have been demonstrated to produce health 
effects following inhalation, oral and dermal contact. Following contact, CFCs are 
rapidly absorbed into the blood stream and are distributed throughout the body. 
High level exposure in humans produces primarily central and peripheral nervous 
system effects such as impaired performance, dizziness, tingling, tremors, EKG 
and speech disturbances, unconsciousness and cardiac arrhythmias. CFCs also 
have direct irritant effects upon contact with skin, eyes and mucous membranes. 
Chronic exposures in laboratory animals have been reported to produce liver 
pathology. No information is available concerning the mutagenicity or 
carcinogenicity of trichlorofluoromethane. 

References: 
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