
704 707~
File: 541.460.000n
C.H.

THE MEMPHIS DEPOT
TENNESSEE

ADMINISTRATIVE RECORD
COVER SHEET

AR File Number ’/OL/



704 708

Z

000000

~ww~wwwwww~~0 ~0~

Ooommmmom°

z W W ~WZw z ~z
~ ~ Z~W~ ~--
O<W~ ~w~

~ZZ 0 ~--

mO O~ O~
=~000~. ~00~

--~O0o~O~z~=

- ,~mO~m~ ,
~0~ ~

)

g
0o.

0

J~

?

w--

0
J

0



Pnnted on 10/24/2001 2"47 PM

Disposal Area (Potable Use) (N Plume) - Hypothetical Future Residential Adult Scenario
Dunn Field, Defense Distribution Depot Memphis, Tennessee

Carcinoqenic N oncarcmoqenic
Ingestion:
Intake for non-carcinogenic compounds
CDI = Co. * IR * EF * ED

Age-specific intake (for carcinogenic compounds only):
CDI,~ = C..= * EF * CF * IR...

BW * AT AT
Cgw = Concentration In groundwater (rag/L) EPC
IR -- Ingestion Rate (L/day) N/A
IRaai = Age-adjusted Ingestion Rate (L-year/kg~day) 1 1 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 30 a
BW = Body Werght (kg) 70 a
AT = Averaging Time (days) 25550 a

EPC
2a

N/A
350 a
30 a
70 a

10950 a

Dermal.
Intake for non-caranogenlc compounds.
CDI = Cow *SA * PC * ET * EF * ED * CF

Age-specific intake (for carcinogenic compounds only).
CDladi = C_ *SA... * PC * ET * EF * CF

BW * AT AT
C~, = Concentration in groundwater (mg/L) EPC EPC
$A = Surface Area (cm2) N/A 20000 b,c
SA~I = Age-adjusted Surface Area (cmZ-yr/kg) 9480 b,c N/A
PC = Dermal Permeability Constant (cm/hr) (Chemical SpecJfic) (Chemical Specific) 
ET = Exposure Time (hr/day) 0 607 b.e 0.007 b.e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
CF = Conversion Factor (L/cm3) 1 00E-03 1.00E*03
BW = Body Wevght (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U.S. EPA, Human Health EvaluatJon Manual, Supplemental Guidance. "Standard Default Exposure Factors"

OSWER Directwe 9285 6-03, March 25, 1991
b = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogemc exposure

IRadj = IRc x EDc + IRa x (EOa-EDc) = lx6 + 2xt30-6)
BWc BWa 15 70

1.09 (L-year)/(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of male & female adults).
f = Age-adjusted surface area for adults, adjusted for body weight and hme for cerclnogenlc exposure

SAadj = SAc x EDc + SAa x (EDa-EDc = 6557x6 + 20000x(30-6)
BWc BWa 15 70

9460 (cm ~-year)/(kg)
d = Dermal Permeabd=ty Constant for water (0.001) used for consbtuents wqthout a PC value; all values adapted

from EPA, Dermal Exposure Assessment: Priac~ples and Apphcations, January 1992.
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = O 007 day per event.
f = follows EPA Regron IV guidance (i.e., inhalahon of groundwater volatiles while shawenng/bathtng

is accounted for by doubling the ingestion volume), USEPA Supplemental Guidance to RAGS: Region 
Bulletins, Human Health Pdsk Assessment, Interim. November 1995

GNV/N Plurne_ResA_]ngest xls / Intake
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704 712

Disposal Area - Onslte - N Flume, indoor Air - Hypothetical Future Residential Child Scenario
Dunn Field, Defense Distnbution Depot Memphis, Tennessee

Inhalation
Intake for noncarcmogen~c compounds

CDI= Cair * IR *EF * ED * CF
BW * AT

Carcinogenic Noncarcinogenic
Cal, = Estimated Indoor Air Concentration (ug/m3)

NA EPC
IR = Inhalation Rate (m3/day) NA 15
EF = Exposure Frequency (days/year) NA 350
ED = Exposure Duration (years) NA 6
CF = Conversion Factor (mg/ug) NA 1 00E-03
BW = Body Weight (kg) NA 15
AT = Averaging Time (days) NA 2190

Sources:
a = U S. EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure Factors"
OSWER Directive 9285.6-03, March 25, 1991
b = Indoor air concentrations estimated using the Johnson - Ettmger Model (1991) for Subsurface Vapor Intrusion
into Buildings. Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
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70, 714
Pnnted on 10/25/2001 8 32 AM

Disposal Area (Potable Use) (N Plume) Hypothetical Fu ture Re sidential Ch ild Sc enario
Dunn Fie~d, Defense Distribution Depot Memphist Tennessee

ingestion"
Careinoqenie

Intake for non-carcmogen=c and carcinogenic compounds.
CDI= Cow*lR* EF*ED

BW * AT
Cgw = Concentration In groundwater (mg/L) EPC
IR = thgest4on Rate (L/day) 1 a
EF -- Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 6 a
BW= Body Weight (kg) 15 a
AT = Averaging Time (days) 25550 a

Dermal:

Noncarcinoqenic

EPC
la

350 a
6a

15 a
2190 a

Intake for non-carcmogemc and carcinogenic compounds
CDI= C~,*SA* PC* ET* EF* ED* CF

BW*AT
Cgw = Concentraiton in groundwater (mg/L) EPC EPC
SA = Surface Area (cm2) 6557 b, c 6557 b. c
PC = Dermal Permeabflfly Constant (cm/hr) (Chem=cal Specific) (Chemical Spec=fic) 
E’r = Exposure Time (hr/day) 0 007 b,e 0 007 b.eEF = Exposure Frequency (day/year) 350 a 350 aED = Exposure Durahon (year) 6 a 6 a
CF = Convers=on Factor (L/cm3) 1 00E-03 1 00E-03
BW = Body Weight (kg) 15 a 15 a
AT = Averaging Time (days) 25550 a 2190 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U S. EPA, Human Health Evaluation Manual. Supplemental Guidance "Standard Default Exposure Factors"

OSWER O=rechve 9265 6-03, March 25, 1991
b = US EPA Exposure Factors Handbook, August 1997

Manual. Supplemental Gu=dance, Dermal Risk Assessment, Interim Guidance. May 1998
c = Total Body Surface Area represents whole body (average of male & female children (1-6 years old))
d = Dermal Permeabthty Constant for water (0.001) used for constituents without a PC value, all values adapted

from EPA, Dermal Exposure Assessment: Princ=ples and Applfcahons, January 1992
e = 10 mlnule event x 1 hour/60 minutes x 1 day124 hours = 0 007 day per event.
f = follows EPA Region IV gutdance (= e, inhalation of groundwater volafites while showering/bathm9

is accounted for by doubling the ingestion volume). USEPA Supplemental Gurdance to RAGS: Region 
Bullehns, Human Health R=sk Assessment. Intenm, November 1995

GNV/N Piurne_ResC_lngest xls I Intake
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7O4 ?1’7

Disposal Area - Onsite - NW Plume, Indoor Air - Hypothetical Future Industrial Worker Scenario
Dunn Fteld, Defense Distribution Depot Memph;s, Tennessee

Inhalation
intake for noncarcmogemc and carcmogemc compounds:

CDI-- C~r * IR *EF * ED * CF
BW * AT

Carcinogenic Noncarcinogenic
Calt= Estimated Indoor Air Concentration (ug/m3) EPC b EPC b
IR = Inhalation Rate (m3/day) 20 a,c 20 a,c
EF = Exposure Frequency (days/year) 250 a 250 a
ED = Exposure Duration (years) 25 a 25 a
CF = Conversion Factor (mg/ug) 1.00E-03 1.00E-03
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 25550 a

Sources:
a = U,S EPA, Human Health EvaTuatioo Manual, Supplemental Guidance: "Standard Default Exposure Factors"
OSWER Directive 9285 6-03, March 25, 1991
b = Indoor air concentrations estimated using the Johnson - Ettmger Model (1991) for Subsurface Vapor Intrusion
into Buildings Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
c = Based on an eight hour workday
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704 7 ].9
Pnnted on 10/25/2001 837AM

Disposal Area (Potable Use) (NW Plume) - Hypothetical Future Industrial Worker Scenario
Dunn Field, Defense Dmtnbuhon Depot Memphm, Tennessee

Carcinoqenic Noncarcinoqenic
Ingestion:
Intake for non-~carslnogenlc and carcinogenic compounds:
CDI= Co.,* IR * EF*ED

BW * AT
C~,, = Concenlration m groundwater (mg/L) EPC EPC
IR = Ingesbon Rate (L/day) 1 a 1 a
EF = Exposure Frequency (day/yearl 250 a 250 a
ED = Exposure Duration (year) 25 a 25 a
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 9125 a

Dermal:
intake for non--carcinogenic and carcinogenic compounds:
CDI = Cow *SA * PC * ET * EF * ED * CF

BW * AT
C~ = Concentration in groundwater (mg/L)
SA = Surface Area (cm2)
PC = Dermal Penneablhty Constant (cm/hr)
ET = Exposure Time (hr/day)
EF = Exposure Frequency (day/year}
ED = Exposure Duration (year)
CF = Conversion Factor (I./cm3)
BW = Body Wetght (kg)
AT = Averaging Time (days)

EPC EPC
2679 b,c 2679 b,c

(Chemical Speafic) (Chemical Specific) 
0.007 b,e O 007 b,e

250 a 250 a
25 a 25 a

1 .OOE-03 1.00E-03
7Oa 70a

25550 a 9125 a

Inhalation:
CDI -- Ingestion CDI from above g

References:
a = U S, EPA, Human Health Evaluabon Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Direcbve 9285 6~)3, March 25, 1991.
b = Default factors adapted from EPA Exposure Factors Handbook, August 1997.
c = Surface area represents 1/2 head, I/2 arms, and the hands of an adult worker
d = Dermal Permeabddy Constant for water (0 001 ) used for consbtuents without a PC value, all values adapted

from EPA, Dermal Exposure Assessment: Pdnciples and Apphcabons, January 1992
a = 10 minute event x 1 hour/60 mtnutes x 1 day/24 hours = 0.007 day per event
g = follows EPA Region IV guidance (i e., inhalation of groundwater volatiles while showenng/bathin£

is accounted for by doubhn9 the ingestion volume), USEPA Supplemental Guidance to RAGS: Region 
Bulletins, Human Health Risk Assessment, Intedrs, November 1995.

GNV/NW Plume IndW IngesLxls I Intake
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Disposal Area - Onsite - NW Plume, Indoor Air - Hypothetical Future Residential Adult Scenario
Dunn Field, Defense DletribuOon Depot Memphis, Tennessee

Inhalation
Intake for noncarclnogenic compounds Intake for carcinogenic compounds:

CDI= Calr * IR *EF * ED * CF C=t. * IR..~ *EF * * CF
BW * AT AT

Carcinogenic Noncarcinogenic
Ca, = Estimated Indoor Air Concentration (ug/m3)

EPC b EPC
IR = Inhalation Rate (m3/day) NA 20
IRadj = Adjusted Inhalation Rate (m3-yr)/(kg-day) 13 a,c NA
EF = Exposure Frequency (days/year) 350 a 350
ED = Exposure Duration (years) NA a 30
CF = Conversion Factor (mg/ug) 1.00E-03 1 00E-03
BW = Body Weight (kg) NA a 70
AT = . Averaging Time (days) 25550 a 10950

b
a

a
a

a
a

Sources:
a = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance" "Standard Default Exposure Factors*
OSWER Dtrective 9286 6-03, March 25, 1991.
b = Indoor air concentrations estimated using the Johnson - Ettinger Model (1991) for Subsurface Vapor Intrusion
into Buildings. Calculat=ons were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
c = Age adjusted
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Data

704 724

0 00016 MGIL
0 00016 MG/[.
000016 MG/L
0 00016 MG/L

0 001 MG/L
0 001 MG/L

0 0004 MG/L
0 00016 MG/L

0 000004 MG/L
0 00016 MG/L

0 001 MG/L
0 0001 MG/L

ALUMINUM
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CHROMIUM, TOTAL
COBALT
COPPER
LEAD
MANGANESE
MERCURY
NICKEL

Page 1



Pnntedon 10/25/2001 840AM

Disposal Area (Potable Use) (NW Plume) - Hypothetical Future Residential Adult Scenado
Dunn Field, Defense DIstdbuhon Depot Memphis, Tennessee

Carcinoqenic Noncarcinoqenic
Ingestion:
Intake for non-carcinogen=c compounds
CDI = Cow * IR * EF * ED CDla~j = C~ * EF * CF * IRo.,

BW * AT AT
C~. = Concentration in groundwater (rag/L) EPC
IR = Ingestion Rate (L/day) N/A
IR,,~I = Age-adjusted Ingestion Rate (L-year/kg-day) 1.1 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 30 a
BW = Body Weight (kg) 70 a
AT = Averaging Time (days) 25550 a

Dermal:
Intake for non-carcinogenic compounds:
CDI = Ce~ *SA * PC * ET * EF * ED * CF

Age-specific intake (for carcinogenic compounds only):

EPC
2a

N/A
350 a
30 a
70 a

10950 a

Age-specific intake (for carcinogenic compounds only)"
CDI~= C~*S/~* PC * ET* EF * CF

BW * AT AT
C~w = Concentration in groundwater (mg/L) EPC EPC
SA = Surface Area (cm2) N/A 20000 b,c
SA~| = Age-adjusted Surface Area (cmZ-yr/kg) 9480 b,c N/A
PC = Dermal Permeability Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0 007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 39 a 30 a
CF = Conversion Factor (L./cm3) 1 00E~)3 100E-03
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure Factors"

OSWER Directwe 9285.6-93, March 25, 1991.
b = Age-adjusted Ingest=on rate for adults, adjusted for body weight and time for carcthogenlc exposure.

IRadj = IRc x EDc + IRa x (EDa-EDc) = lx6 + 2x(30-6)
BWc BWa 15 70

1.09 (L-year)/(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of male & female adults).
f = Age-adjusted surface area for adults, adjusted for body weight and time for caronogenlc exposure

SAadj = SAc x EDI + SAa x (EDa-EDc’ = 6557x6 + 20000 x (30-6)
BWc BWa 15 70

9480 (cm 2.year)/(kg)
d = Dermal PermeabdJty Constant for water (0 001) used for constituents without a PC value, all values adapted

from EPA, Dermal Exposure Assessment. Pdnc4ples and Applicabons, January 1992
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event.
f = follows EPA Region IV guidance 0.e-, mhatatJen of groundwater volatiles whde showenng/bathlng

is accounted for by doubling the ingestion volume), USEPA Supplemental Guidance to RAGS. Region 
Bulletins, Human Health Risk Assessment, thtedm, November 1995.

GNV/NW Plume ResA_lngest xls / Intake
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728

Disposal Area - Onsite * NW Plume, Indoor Air - Hypothetical Future Residential Child Scenario
Dunn Field, Defense Distrlbutton Depot Memphis, Tennessee

Inhalation
Intake for noncarcJnogemc compounds"

CDI= Calr * IR *EF * ED * CF
BW*AT

C=~, = Estimated Indoor Air Concentration (ug/m3)
NA EPC

IR = Inhalation Rate (m3/day) NA 15
EF = Exposure Frequency (days/year) NA 350
ED = Exposure Duration (years) NA 6
CF = Conversion Factor (mg/ug) NA 1 00E-03
BW = Body Weight (kg) NA 15
AT = Averaging Time (days) NA 2190

Carcinogenic Noncarcinogenic

Sources:
a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance" "Standard Default Exposure Factors"
OSWER Direchve 9285 6-03, March 25, 1991
b = Indoor air concentrations estimated using the Johnson - Ettinger Model (1991) for Subsurface Vapor Intrusion
into Buildings. Calculations were performed using the Groundwater T=er II Model m excel format provided by the
USEPA Office of Emergency and Remed=al Response
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Data

,0 .o 730

0 00016 MG/L
0 00016 MG/L
0 00016 MG/L
0 00016 MG/L

0 001 MG/L
0 001 MG/L

0 0004 MG/L
0 00016 MG/L

0 000004 MG/L
0 00016 MG/L

0 001 MG/L
0 0001 MG]L

ALUMINUM
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CHROMIUM, TOTAL
COBALT
COPPER
LEAD
MANGANESE
MERCURY
NICKEL

Page 1



Printed on 10/25/2001 8 43 AM

Disposal Area (Potable Use) (NW Plume) - Hypothetical Future Residential Child Scenario
Dunn Fteld, Defense Distribution Depot Memphis, Tennessee

Carcinoaenic Noncarcinoqenic
Ingestion:
Intake for non-carcmogemc and carcinogenic compounds
CDI= Cow * IR* EF*ED

BW * AT
Cgw = Concentration in groundwater (mg/L)
IR = Ingeshon Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC
la la

350 a 350 a
6a 6a

15 a 15 a
25550 a 2190 a

Dermal-
Intake for non-carcinogenic and carcinogenic compounds:
CDI = Cow *SA * PC * ET * EF * ED * CF

BW*AT
Cs~, = Concentrabon in groundwater (mg/L) EPC EPC
SA = Surface Area (cm2) 6557 b, c 6557 b, c
PC = Dermal Permeability Constant (em/hr} (Chemical Specific) (Chem=cal Specific) 
ET = Exposure Time (hr/day) 0 007 b,e 0.007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 6 a 6 a
CF = Convers=on Factor (L/cm3) 1.00E-03 1.00E-03
BW= Body Wmght (kg) 15 a 15 a
AT = Averaging Time (days) 25550 a 2190 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directive 9285,6-03, March 25, 1991.
b = US EPA Exposure Factors Handbook, August 1997.

Manual, Supplemental Guidance, Dermal Risk Assessment, Interim Guidance, May 1998
c = Total Body Surface Area represents whole body (average of male & female chddren (1-6 years old))
d = Dermal Permeability Constant for water (0 001) used for constituents without a PC value; all values adapted

from EPA, Dermal Exposure Assessment: Principles and Applications, January 1992
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0.007 day per event.
f = follows EPA Region IV guidance (i e., inhalation of groundwater votatdes while showedng/bathmg

is accounted for by doubling the ingestion volume), USEPA Supplemental Guidance to RAGS Region 
Bulletins, Human Health Risk Assessment, Interim, November 1995

GNV/NW Plume_ResC_lngest xls / Intake
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704 734

Scenario Titles

AOC:
Exposure media:
Receptor:
Report title:

Disposal Area - Onsite - SW Plume
Indoor Air
Hypothetical Future Industrial Worker
Dunn Field, Defense Distnbution Depot Memphis, Tennessee

Inhalation: CDI = (Cair * IR * ET * EF * ED * CF) / (BW * 
Calr (ug/m3)"
IR (m3lday)
EF (days/year)
ED (years)
CF (mg/ug)
BW (kg)
AT (days)

Carc

250
25

1.00E-03
70

25550

Noncarc

9125

ug/m3

ug/m3

ug/m~

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m~

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

uglm3

Units Chemical WOE SFi RfDi Mean
1,1,2,2-TETRAC C 0.203 3 391E-05
1,1,2-TRICHLOF C 0.056 9 421 E-05
BROMODICHLO B2 9.07E-05
CARBON TETPJ B2 0.0525 0 003307
CHLOROFORM B2 0.0805 0.0004883
cis-I,2-DICHLOF D 0 01 0 0004318
TETRACHLORO C-B2 0.002 0.171 0.00173
trans-l,2-DICHU 0.02 0.0009935
TRICHLOROET~" B2 0 006 0 0010894



704 735

Disposal Area - Onsite - SW Plume, Indoor Air - Hypothetical Future Industrial Worker Scenario
Dunn Fie~c~, Defense Distribution Depot Memphis, Tennessee

Inhalation
Intake for noncarcinogenlc and carcinogenic compounds:

CDI= Cal, * IR *EF * ED * CF
BW*AT

Carcinogenic Noncarcinogenic
Ce, = Estimated Indoor Air Concentration (ug/m3)

EPC b EPC b
IR = Inhalation Rate (m3/day) 20 a,c 20 a,c
EF = Exposure Frequency (days/year) 250 a 250 a
ED = Exposure Duration (years) 25 a 25 a
CF = Conversion Factor (mg/ug) 1 00E-O3 1 00E-03
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 25550 a

Sources:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance" "Standard Default Exposure Factors"
OSWER Directive 9285 6-03, March 25, 1991
b = Indoor air concentrations estimated using the Johnson - E~nger Model (1991) for Subsurface Vapor Intrusion
into Buildings. Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
c = Based on an eight hour workday
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Data

O 00016 MG/L ALUMINUM
0 00016 MG/L ARSENIC
0 00016 MG/L BARIUM
O 00016 MGIL BERYLLIUM

0 001 MG/L CADMIUM
0 001 MG/L CHROMIUM, TOTAL

0.0004 MG/L COBALT
0.00016 MG/L COPPER

0.000004 MG/L LEAD
0 00016 MG/L MANGANESE

0 001 MG/L MERCURY ; ’ ~ ~"
00001 MG/L NICKEL

Page 1



704 738

Pnnted on 1012512001 8"45 AM

Disposal Area (Potable Use) (SW Plume) Hypothetical Fu ture In dustrial Wo rker Scenario
Dunn Fie~d. Defense Distnbution Depot Memphis, Tennessee

Carcinoqenie
Ingestion,
Intake for non-carcmogemc and carcinogenic compounds.
CDI = Cm, * IR * EF * ED

BW * AT
Cow = Concentration In groundwater (mg/L) EPC
IR = Ingesbon Rate (L/day) 1 a
EF = Exposure Frequency (day/yearI 250 a
ED -- Exposure Duration (year) 25 a
BW = Body Weight (kg) 70 a
AT = Averaging Time (days) 25550 a

Dermal:
Intake for non-carcmogentc and carcmogenic compounds
CDI= C~*SA* PC* ET* EF* ED* CF

BW*AT
C¢~, = Concentration In groundwater (mg/L)
SA = Surface Area (cmz)
PC = Dermal Permeability Constant (cm/hr)
ET = Exposure Time (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (L/cm3)
BW = Body Weight (kg)
AT = Averaging Time (days)

Noncarcinoqenic

EPC
la

250 a
25 a
70a

9125 a

EPC EPC
2679 b.c 2679 b.c

(Chemical Specific) (Chemical Specific) 
0 007 b.e 0 007 b.e

250 a 250 a
25 a 25 a

1 O0E-03 1 00E-03
70a 70a

25559 a 9125 a

Inhalation,
CDI = Ingestion CDI from above 0

References-
a = U S EPA. Human Health Evaluation Manual Supplemental Guidance" "Standard Default Exposure Factors"

OSWER Dlrectwe 9285 6-03. March 26. 1991
b = Default factors adapted from EPA Exposure Factors Handbook. August 1997
c = Surface area represents 1/2 head, 1/2 arms. and the hands of an adult worker
d = Dermal Permeability Constant for water (0.001) used for constduents without a PC value, all values adapted

from EPA. Dermal Exposure Assessment: Pnnciples and Apphcahons. January 1992
e = 10 manure event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event
g = folTows EPA Region IV guidance (i e.. inhalation of groundwater volatdes while showerlng/bathin(

is accounted for by doubhng the ingestion volume). USEPA Supplemental Guidance to RAGS Region 
Bulletins. Human Health Risk Assessment. Intenm. November 1995

GNV/SW Plume_fndW_lngest xls / Intake
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704

Disposal Area - Onsite - SW Plume, Indoor Air - Hypothetical Future Residential Adult Scenario
Dunn Fie~d, Defense Distribution Depot Memphis, Tennessee

Inhalation
Intake for noncarcmogenlc compounds: Intake for carcinogenic compounds:

CDI= C==r * IR *EF * ED * CF C.,. * IR..! *EF * * CF
BW * AT AT

Carcinogenic Noncarcinogenic
Cair = Estimated Indoor Air Concentration (ug/m3)

EPC b EPC
IR = Inhalation Rate (m3/day) NA 20
IRadj = Adjusted Inhalation Rate (m3-yr)/(kgElay) 13 a,c NA
EF = Exposure Frequency (days/year) 350 a 350
ED = Exposure Duration (years) NA a 30
CF = Conversion Factor (mg/u9) 1.00E-03 1.00E-03
BW = Body Weight (kg) NA a 70
AT = Averaging Time (days) 25550 a 10950

Sources:
a = U S. EPA, Human Health Evaluation Manual, Supplemental Guidance: *Standard Default Exposure Factors"
OSWER Dlractive 9285.6-03, March 25, 1991.
b = Indoor air concentrations estimated using the Johnson - Etbnger Model (1991) for Subsurface Vapor Intrusion
into Buddmgs Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
e = Age adjusted

b
a

a
a

a
a
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743
Pnntedon 10/25/2001 848AM

Disposal Area (Potable Use) (SW Plume) - Hypothetical Future Residential Adult Scenario
Dunn Field, Defense Dtstnbubon Depot Memphis, Tennessee

Carcinoqenic Noncarclnoqenic
Ingestion:
Intake for non-carcinogenic compounds
CDI = Cow * IR * EF * ED

Age-specific intake (for carcinogenic compounds only):
CDladI = C.= * EF * CF * IR...

BW * AT AT
C~, = Concentratton in groundwater (mg/L) EPC
IR = Ingestion Rate (L/day) N/A
IR~I = Age-adNsted Ingestion Rate (L-year/kg-day) 1.1 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 30 a
BW = Body Weight (kg) 70 a
AT = Averaging Time (days) 25550 a

EPC
2s

N/A
350 a
30 a
70 a

10950 s

Dermal:
Intake for non-caranogentc compounds
CDI = Co., *SA * PC * ET * EF * ED * CF

Age-speafic intake (for cercinogenlc compounds only)’
CDI~i = C__ *SA.~ * PC * ET * EF * CF

BW * AT AT
Co.,, = Concentration in groundwater (rag/L) EPC EPC
SA = Surface Area (cm2) N/A 20000 b.c
SA~i = Age-adjusted Surface Area (cmZ-yr/kg) 9480 b.c N/A
PC -- Derma] Permeabihty Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0.007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 350 s 350 a
ED = Exposure Duration (year) 30 a 30 a
CF = Conversion Factor (L/cm3) 1 0OE-03 1 00E-03
BW = Body Weight (kg) 70 a 70 a
AT -- Averaging Time (days) 25550 a 10950 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directive 9285.6-03, March 25, 1991
b = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure

IRadI = IRc x EDc + IRa x (EDa-EDc) = lx6 + 2x(30-6)
BWc BWa 15 70

1.09 (L-year)/(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of male & female adults)
f = Age-adjusted surface area for adults, adjusted for body werght and time for carcinogenic exposure

SAadl = SAc x EDc ÷ SAa x (EDa-EDc = 6557x6 + 20000x(30-6)
BWc BWa 15 70

9480 (cm 2 -year)/(kg)
d = Dermal Penneablhty Constant for water (0.001) used for constituents without a PC vatue; all values adapted

from EPA. Dermal Exposure Assessment Pdnciples and Applications. January 1992.
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event
f = follows EPA Region IV guidance (i e, inhalation of groundwater volatlles while showering/bathing

is accounted for by doubling the ingestion volume). USEPA Supplemental Guidance to RAGS: Region 
Bulletins, Human Health Risk Assessment, Intenm, November 1995.

GNV/SW Plume_ResA_lngest x~s / tntake
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Disposal Area - Onsite - SW Plume, Indoor Air - Hypothetical Future Residential Child Scenario
Dunn Field, Defense Distribution Depot Memphis, Tennessee

inhalation
Intake for noacarclnogenlc compounds.

CDI= Cair * iR *EF * ED * CF
BW*AT

Calr = Estimated Indoor Air Concentration (ug/m3)
NA EPC

IR = Inhalation Rate (m3/day) NA 15
EF = Exposure Frequency (days/year) NA 350
ED = Exposure Duration (years) NA 6
CF = Conversion Factor (mg/ug) NA t.00E-03
BW = Body Weight (kg) NA 15
AT = Averaging Time (days) NA 2190

Sources:

Carcinogenic Noncarcinogenic

a = U,S EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors"
OSWER DtractJve 9285,6-03, March 25, 1991
b = Indoor air concentrations estimated using the Johnson - Ettmger Model (1991) for Subsurface Vapor Intrusion
into Buildings Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
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704 748

Prmtedon 10/25/2001 850AM

Disposal Area (Potable Use) (SW Plume) - Hypothetical Future Residential Child Scenario
Dunn Field, Defense Distribution Depot Memphis, Tennessee

Carcinoqenic
Ingestion:
Intake for non-cercmogeme and carcinogemc compounds
CDI= C._* IR* EF*ED

BW * AT
Cg~, = Concentrahon in groundwater (rag/L) EPC
IR = Ingestion Rate (L/day) 1 a
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 6 a
BW = Body Weight (kg) 15 a
AT = Averaging Time (days) 25550 a

Dermal:

Noncarcinooenic

EPC
la

350 a
6a

15 a
2190 a

Intake for non-carcinogemc and cercmogemc compounds
CDI= C..*SA* PC * ET * EF * ED * CF

BW*AT
Cg,, = Concentration in groundwater (mg/L) EPC EPC
SA = Surface Area (cm2) 6557 b, c 6557 b, c
PC = Dermal Permeabll=ty Constant (cm/hr) (Chem=cal Specific) (Chem=cal Specific) 
ET = Exposure T~me (hr/day) 0 007 b,e 0.007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 6 a 6 a
CF = Conversion Factor (L/cm3) 1 00E~I3 1.00E-03
BW = Body Wetght (kg) 15 a 15 a
AT = Averaging T=me (days) 25550 a 2190 a

Inhalation:
CDI = Ingestion CDI from above f

References;
a = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Daectwe 9285 6-03, March 25, 1991.
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Guidance, Dermal Rink Assessment, Interim Gutdance, May 1998
c = Total Body Surface Area represents whole body (average of male & female chddren (1-6 years old)).
d = Dermal Permeabdlty Constant for water (0.001) used for constituents wdhout a PC value, all values adapted

from EPA, Dermal Exposure Assessment Pnnciples and Apphcafions, January 1992.
e = 10 minute event x 1 hour/60 mtnutes x 1 day/24 hours = 0.007 day per event.
f = follows EPA Region IV guidance (i e, inhalation of groundwater volahles whtle showenng/bathJng

ts accounted for by doubling the ingestion volume), USEPA Supplemental Guidance to RAGS Region 
Bulletins, Human Health Rtsk Assessment, Interim, November 1995

GNV/SW Plume ResC_lngest xls I Intake
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704 751
Printed on 10/25/2001 3 01 PM

Offsite Groundwater (MW30) (Potable Use) - Hypothetical Future Residential Adult Scenario
Dunn Fre/d, Defense Distnbuhon Depot Memphis, Tennessee

Ingestion:
Intake for non-caremogenm compounds.
CDI = C,,, * IR * EF * ED CDI°dj = C~ * EF * CF * IR..,

BW * AT AT
Caw = Concentration in groundwater (mg/L) EPC
IR = Ingestion Rate (L/day) N/A
IRadl = Age-adjusted Ingestion Rate (L-year/kg-day) 1 1 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 30 a
BW = Body Weight (kg) 70 a
AT = Averaging Time (days) 25550 a

Dermal:

Carcinoqemc Noncarcmoqenic

Age-spec4fic intake (for carcinogenic compounds only)

EPC
2a

N/A
350 a
30 a
70 a

10950 a

Intake for non-carctnogemc compounds
CDI= Cm,*SA*PC*ET*EF*ED*CF CDl=dl= C~*SA..,*PC*ET*EF*CF

BW * AT AT
Caw = Concentration in groundwater (rag/L) EPC EPC
SA = Surface Area (cmz) N/A 20000 b,c
SA=dj = Age-adjusted Surface Area (cmZ-yr/kg) 9480 b,c N/A
PC = Dermal Permeability Constant (cnVhr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0 007 b.e 0.007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
CF = Conversion Factor (IJcm3) 100E-03 1 00E-03
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Age-specific intake (for carcinogenic compounds only):

Inhalation
CDI = Ingestion CDI from above f

References.
a = U S EPA, Human Health Evaluation Manual. Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991.
b = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure

IRad) IRc x EDc + IRa x (EDa-EDc) = lx6 + 2x(30-6)
BWc BWa 15 70

1.09 (L-year)/(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of male & female adults)
f = Age-adjusted surface area for adults, adjusted for body weight and ttme for carcinogenic exposure.

SAadj = SAc x EDI + SAa x (EDa-EDc = 6557x6 + 20000x(30-6i
BWc BWa 15 70

9480 (cm =-year)/(kg)
d = Dermal PermeabJltty Constant for water (0 001) used for constituents without a PC value; all values adapted

from EPA, Dermal Exposure Assessment Pnncfples and Apphcottons, January 1992
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event.
f = follows EPA Region IV guidance (Le, mhalatJon of groundwater votatlles whde sbowenog/bathmg

=s accounted for by doubitog the ingestion volume), USEPA Supplemental Guidance to RAGS: Region 
Bulletins, Human Health Risk Assessment, leteem, November 1995

GNV/MW30_ResA Ingest xls / Intake
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70,1 754
Pnnted on 10/25/2001 3 04 PM

Offsite Groundwater (MW30) (Potable Use) Hypothetical Fu ture Residential Ch ild Scenario
Dunn Fie~d, Defense Drstnbutlon Depot Memphis, Tennessee

Carcinoqenic Noncarcinoqenic
Ingestion"
Intake for non-careinogenic and carcinogenic compounds
CDI = Cow * IR * EF * ED

BW * AT
Caw = Concentrstlon in groundwater (mg/L)
IR = Ingestion Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body We=ght (kg)
AT = Averaging Time (days)

EPC EPC
la la

350 a 350 a
6a 6a

15 a 15 a
25550 a 2190 a

Dermal:
Intake for non-carcinogenic and carcinogenic compounds-
CDI = Cow *SA * PC * ET * EF * ED * CF

BW * AT
Caw = Concentration In groundwater (mg/L)
SA = Surface Area (cmz)

PC = Dermal Permeablhty Constant (cm/hr)
ET = Exposure T=me (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (L/cm3)
BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC
6557 b, c 6557 b, c

(Chemtcal Specific) (Chemical Specific) 
0.007 b,e 0 007 b,e

350 a 350 a
6a 6a

1 00E-03 I 00E-g3
15 a 15 a

25550 a 2190 a

Inhalation:
CDI = Ingestion CDI from above r

References:
a = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure Factors"

OSWER D=rective 9285.6~03, March 25, 1991.
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Guidance, Dermal Risk Assessment, letenm Gu=dance, May 1998.
c = Total Body Surface Area represents whole body (average of male & female chtldren (1-6 years old)).
d = Dermal Permeabddy Constant for water (0.001) used for constduents w=thout a PC value, all values adapted

from EPA, Dermal Exposure Assessment. Pnnc=ples and Applicabons, January 1992.
e = 10 m=nute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event
f = follows EPA Region IV guidance (= e., =nhalation of groundwater volatiles whde showenng/bath=eg

=s accounted for by doubhng the ingestion volume), USEPA Supplemental Gu=dance to RAGS: Region 
Bulletins, Human Health Risk Assessment, Intenm, November 1995.

GNV/MW30_ResC/ngest xls / Intake
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Offsite Monitoring Well (MW31), Indoor Air - Hypothetical Future Residential Adult Scenario
Dunn Field, Defense Depot Memphts, Tennessee

Inhalation
Intake for noncarcmogemc compounds’ Intake for carcinogemc compounds:

CDI= C.ir * IR *EF * ED * CF C... * IR..~ *EF * * CF
BW * AT AT

Carcinogenic Noncarcinogenic
C,=r = Estimated Indoor Air Concentration (ug/m3)

EPC b EPC b
IR = Inhalation Rate (m3/day) NA 20 a
IRadj = Adjusted Inhalation Rate (m3-yr)/(kg-day) 13 a,c NA
EF = Exposure Frequency (days/year) 350 a 350 a
ED = Exposure Duration (years) NA a 30 a
CF = Conversion Factor (mg/ug) 1.00E-03 1 00E-g3
BW = Body Weight (kg) NA a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Sources:
a = U S. EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors"
OSWER Directive 9285 6°03, March 25, 1991
b = Indoor air concentrations estimated using the Johnson - Ettmger Model (1991) for Subsurface Vapor Intrusion
into Buildings. Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
c = Age adlusted
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7O4 759

Prmted on 1012512001 3 07 PM

Offsite Groundwater (MW31) (Potable Use) - Hypothetical Future Residential Adult Scenario
Dunn Fie~d, Defense Distnbutlon Depot Memphis, Tennessee

Ingestion:
Intake for non-caranogenlc compounds
CDI = Ca= * IR * EF * ED CDladj -- C~_ * EF * CF * IR~IBW * AT AT
Ca. = Concentration In groundwater (rag/L) EPC
IR = Ingest=on Rate (L/day) N/A
IR=d~ = Age-adjustod Ingestion Rate (L-year/kg-day) 1.1 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 30 a
BW = Body Weight (kg) 70 a
AT = Averaging Time (days) 25550 a

Dermah
Intake for non-carcthogenlc compounds
CDI= Cor~ *SA * pc * ET* EF * ED* CF

Carcinogenic Noncarcinoqenic

Age-specific mtake (for carcinogenic compounds only)

EPC
2a

N/A
350 a
30 a
70 a

10950 a

Age-specific Intake (for carcinogentc compounds only)’
CDI.dj = C.,. *SA...* PC * ET * EF * CF

BW * AT AT
Ca,, = Concentration In groundwater (mg/L) EPC EPC
SA = Surface Area (cm2) N/A 20000 b,c
SAodj = Age-adjusted Surface Area (cm~-yr/kg) 9480 b,c N/A
PC = Dermal Permeabiltty Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0 007 b,e O 007 b,eEF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
CF = Conversion Factor (L/cm3) 1.00E-03 1.00E-03
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991
b = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcmogemc exposure

IRadj = IRc x EDc + IRa x (EDa-EDc} = lx6 + 2x(30-6)
BWc BWa 15 70

1.09 (L.year)/(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of mate & female adults)
f = Age-adJustod surface area for adults, adjusted for body weight and time for carcinogenic exposure.

SAadi = SAc x EDI + SAa x (EDa-EDc = 6557x6 + 20000xJ30-6~
BWc BWa 15 70

9480 (cm 2.year)/(kg)
d = Dermal Permeablhty Constant for water (0.001) used for constituents w~thout a PC value; all values adapted

from EPA, Dermal Exposure Assessment. Principles and Apphcabons, January 1992
e = 10 minute event x 1 bour/60 minutes x 1 day/24 hours = 0 007 day per event
f = follows EPA Region IV gutdanca (Le., inhalation of groundwater volatdes while showermg/bathmg

is accounted for by doubling the ingesbon volume), USEPA Supplemental Guidance to RAGS Region 
Bullefins, Human Health Risk Assessment, Intedm, November 1995

G NV/MW31 ResA_lngest.xls / Intake
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Offsite Monitoring Well (MW31), Indoor Air - Hypothetical Future Residential Child Scenario
l)unn Field, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarc]nogenlc compounds.

CDI= C_=ir * IR *EF * ED * CF
BW * AT

Carcinogenic Noncarcinogenic

Calf : Estimated Indoor Air Concentration (ug/m3) NA EPC
IR = Inhalabon Rate (m3/day) NA 15
EF = Exposure Frequency (days/year) NA 350
El) Exposure Duration (years) NA 6
CF = Convers=on Factor (mg/ug) NA 1.00E-03
BW = Body Weight (kg) NA 15
AT = Averaging Time (days) NA 2190

Sources:
a = U.S EPA, Human Health Evaluat=on Manual, Supplemental Guidance: "Standard Default Exposure Factors"
OSWER Directwe 9285.6-03, March 25, 1991
b = Indoor a=r concentrations estimated using the Johnson - Ettinger Model (1991) for Subsurface Vapor fntrusion
into Buildings. Calculations were performed using the Groundwater Taer II Model m excel format provided by the
USEPA Office of Emergency and Remedial Response
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704 764
Printed on 10125/2001 3 07 PM

Offsite Groundwater (MW31) (Potable Use) - Hypothetical Future Residential Child Scenario
Dunn Field, Defense Distribution Depot Memphis, Tennessee

Carcinoqenic Noncarcinoqenic
Ingestion:
Intake for non-carcinogenic and carcmogemc compounds"
CDI = C~, ’ IR * EF * ED

BW * AT
Ca. = Concentration in groundwater (mg/L)
IR = fngestion Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC
la la

350 a 350 a
6a 6a

15 a 15 a
25550 a 2190 a

Dermal:
Intake for non-carcinogenic and carcinogenic compounds:
CDI= C¢,, *SA* PC * ET* EF * ED * CF

BW * AT
C~w = Concentration in gmundwatar (mg/L)
SA = Surface Area (cm2)
PC = Dermal Permeability Constant (cm/hr)
ET = Exposure Time (br/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (Ucm3)
BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC
6557 b, c 6557 b, c

(Chemical Specific) (Chemical Specific) 
0.007 b,e 0 007 b,e

350 a 350 a
6a 6a

1.00E-03 1 00E-03
15 a 15 a

25550 a 2190 a

Inhalation.
CDI = Ingestion CDI from above f

References:
a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance" "Standard Default Exposure Factors"

OSWER Directwe 9285 6-03, March 25, 1991.
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Guidance, Dermal Risk Assessment, Interim Guidance, May 1998
c = Total Body Surface Area represents whole body (average of male & female chddren (1-6 years old))
d = Dermal Permeability Constant for water (0 001) used for consbtuents without a PC value, all values adapted

from EPA, Dermal Exposure Assessment. Pnnciples and Applications, January 1992.
e = 10 minute event x 1 houri60 minutes x 1 day/24 hours = 0.007 day per event
f = follows EPA Region IV guidance (i.e, inhalation of groundwater volatlles whde showenng/bathing

is accounted for by doubling the ingestion volume), USEPA Supplemental Guidance to RAGS Region 
Bulletins, Human Health Risk Assessment, Interim, November 1995.

GNV/MW31_ResClngest xls / Intake
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Offsite Monitoring Well (MW32), Indoor Air * Hypothetical Future Residential Adult Scenario
Dunn Field, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarcinogen=c compounds Intake for carcinogemc compounds:

CDI= Ca,r * IR *EF * ED * CF C=~. * IR..! *EF * * CF
BW * AT AT

Carcinogenic Noncarcinogenic
Cal r = Esttmated Indoor Atr Concentration (ug/m3)

EPC b EPC
IR = Inhalahon Rate (m3/day) NA 20
IRadj = Adjusted Inhalation Rate (m3-yr)/(kg-day) 13 a,c NA
EF = Exposure Frequency (days/year) 350 a 350
ED = Exposure Duration (years) NA a 30
CF = Conversion Factor (mg/ug) t 00E-03 1 00E-03
BW = Body Weight (kg) NA a 70
AT = Averaging Time (days) 25550 a 10950

Sources:
a = U.S. EPA, Human Health Evaluatton Manual, Supplemental Gutdance: "Standard Default Exposure Factors"
OSWER Directive 9285 6-03, March 25, 1991
b = Indoor air concentrahons estimated using the Johnson - Ettinger Model (1991) for Subsurface Vapor Intrusion
into Buildings. Calculattons were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
c = Age adjusted
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704 769
Pnnted on 10/25/2001 3 09 PM

Offsite Groundwater (MW32) (Potable Use) - Hypothetical Future Residential Adult Scenario
Dunn Field. Defense Dlstnbutlon Depot Memphis, Tennessee

Ingestion:
Intake for non-carcinogenic compounds
CDI = Co.,, * IR * EF * ED CDI=dj = C~ * EF * CF * IR.,,,

BW * AT AT
Ca. = Concentration In groundwater (mg/L) EPC
IR = Ingestion Rate (L/day) N/A
IR=dl = Age-adjusted Ingestion Rate (L-year/kg-day) 1.1 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 30 a
BW = Body Weight (kg) 70 a
AT = Averaging Time (days) 25550 a

Dermal:

Carcinoqenic Noncarcinoqenic

Age-specific intake (for carcinogenic compounds onty)

EPC
2a

N/A
350 a
30 a
70 a

10950 a

Intake for non-carcinogenic compounds Age-specific intake (for carcinogenic compounds only)
CDI= C~w*SA*PC*ET*EF*ED*CF CDladl= C~.*SA..~*PC*ET*EF*CF

BW * AT AT
Cg.. = Concentration In groundwater (mg/L) EPC EPC
SA = Surface Area (cmz) N/A 20000 b.c
SA~j = Age-adjusted Surface Area (cmZoyr/kg) 9480 b,c N/A
PC = Dermal Permeability Constant (cnVhr) (Chemical Spec=fic) (Chemical Specific) 
ET -- Exposure Time (hr/day) 0 007 b,e 0.007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
CF = Converston Factor (L/cm3) 1 00E-03 1 00E-O3
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Inhalation:
CDI = Ingestion CDI from above f

References,
a = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance" "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991
b = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure

IRadt = IRc x EDc + IRa x /EDa-EDc) = lx6 + 2x(30-6)
BWc BWa 15 70

1.09 (L-year)/(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of male & female adults)
f = Age-adjusted surface area for adults, adjusted for body weight and brae for caronogenlc exposure

SAadl = SAc x ED~ + SAa x (EDa-EDc’ = 6557x6 + 20000xL30-6~
BWc BWa 15 70

9480 (cm Z.year)/(kg)d = Dermal Permeabdlty Constant for water (0 001) used for constituents without a PC value, all values adapted
from EPA, Dermal Exposure Assessment Pnnciples and Applications, January 1992

e = 10 minute event x I hour/60 minutes x 1 day/24 hours = 0,007 day per event,
f = follows EPA Region IV guidance (i e., inhalat=on of groundwater volatdes wh~le showenog/bathmg

Is accounted for by doubling the ingest=on volume), USEPA Supplemental Guidance to RAGS: Region 
Bulletins, Human Health Risk Assessment, Intenm, November 1995.

GNV/MW32_ResA Ingest xls / Intake
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Offsite Monitoring Well (MW32), Indoor Air - Hypothetical Future Residential Child Scenario
Dunn Fie~d, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarcinogen=c compounds:

CDI= Calr * IR *EF * ED * CF
BW * AT

Carcinogenic Noncarcinogenic
Cair = Estimated Indoor Air Concentration (ug/m3) NA EPC
IR = Inhalation Rate (m3/day) NA 15
EF = Exposure Frequency (days/year) NA 350
ED = Exposure Duration (years) NA 6
CF = Conversion Factor (mg/ug) NA 1.O0E-03
BW = Body Wetght (k9) NA 15
AT = Averaging Time (days) NA 2190

Sources:
a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors"
OSWER Directtve 9285.6-03, March 25, 1991.
b = Indoor air concentrations esttmated usmg the Johnson - Ettlnger Model (1991) for Subsurface Vapor Intruston
tnto Butldmgs Calculations were performed using the Groundwater Tter II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
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Pnnted on- 10/25/2001 3 16 PM

Offsite Groundwater (MW32) (Potable Use) - Hypothetical Future Residential Child Scenario
Dunn Fie~d, Defense Distnbution Depot Memphis, Tennessee

Carcinoqenic Noncarcinoqenic
Ingestion:
Intake for non-carcinogenic and carcinogenic compounds"
CDI = Cow * IR * EF * ED

BW*AT
Cgw = Concentration m groundwater (mg/L)
IR = Ingestion Rate (L/day)
EF = Exposun.= Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC
la la

350 a 350 a
6a 6a

15 a 15 a
25550 a 2190 a

Dermal:
Intake for non-carcinogenic and carcinogenic compounds"
CDI = Cow *SA * PC * ET * EF * ED * CF

BW * AT
C0w = Concentration in groundwater (mg/L)
SA = Surface Area (cm2)
PC = Dermal Permeability Constant (cm/hr)
El" = Exposure Time (br/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (L/cm~)
BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC
6557 b, c 6557 b, c

(Chemical Specific) (Chemical Specific) 
0.007 b,e 0.007 b,e

350 a 350 a
6a 6a

1.00E-03 1.00E-03
15 a 15 a

25550 a 2190 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991.
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Guidance, Dermal Risk Assessment, Interim Gu=dance, May 1998.
c = Total Body Surface Area represents whole body (average of male & female children (1-6 years old))
d = Dermal Permeability Constant for water (0.001) used for constituents without a PC value, all values adapted

from EPA, Dermal Exposure AssessmenL Pnnclples and Applications, January 1992
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event.
f = follows EPA Region IV guidance (i e., inhalation of groundwater volatdes while showenng/bathmg

Is accounted for by doubling the ingestion volume), USEPA Supplemental Guidance to RAGS Region 
Bulletins, Human Health Risk Assessment, Interim, November 1995.

GNV/MW32_ResC_lngest xls / Intake
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Offsite Monitoring Well (MW33), Indoor Air - Hypothetical Future Residential Adult Scenario
Dunn Fie~d, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarcinogenlc compounds: Intake for carcinogenic compounds:

CDI= C.=r * IR *EF * ED * CF C.,. * IR..! *EF * * CF
BW * AT AT

Carcinogenic Noncarcinogenic
C.i, = Estimated Indoor Air Concentration (ug/m3)

EPC b EPC
IR = Inhalation Rate (m3/day) NA 20
IRadj = Adjusted Inhalation Rate (m3-yr)/(kg-day) 13 a,c NA
EF = Exposure Frequency (days/year) 350 a 350
ED = Exposure Duration (years) NA a 30
CF = Conversion Factor (mg/ug) 1 00E-03 1.00E-03
BW = Body Weight (kg) NA e 70
AT -- Averaging Time (days) 25550 a 19950

Sources:
a = U S. EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors"
OSWER Directive 9285 6-03, March 25, 1991.
b = Indoor air concentrations estimated using the Johnson - Ettmger Model (1991) for Subsurface Vapor Intrusion
Into Buildings Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
c = Age adjusted

b
a

a
a

a
a
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Pnnted on 1012512001 3 17 PM

Offsite Groundwater (MW33) (Potable Use) o Hypothetical Future Residential Adult Scenario
Dunn Field, Defense Dlstnbutlon Depot Memphis, Tennessee

Ingestion:
Intake for non-carcinogenic compounds
CDI = Co,,, * IR * EF * ED CDladj = C~ * EF * CF * IR..,,

BW * AT AT
Ci. = Concentration in groundwater (mg/L) EPC
IR = Ingestion Rate (L/day) N/A
IR=di = Age-adjusted Ingestion Rate (L-year/kg-day) 1 1 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 30 a
BW = Body Weight (kg) 70 a
AT = Averaging Time (days) 25550 a

Dermal:

Carcino,qen c Noncarcinoqenic

Age-specific mtake (for carcinogenic compounds only).

EPC
2a

N/A
350 a
30 a
70 a

10950 a

Intake for non-caranogenlc compounds.
CDI= Co=*SA*PC*ET*EF*ED*CF CDI.di = C.=*Sk..*PC*ET*EF*CF

BW * AT AT
Cgw = Concentration m groundwater (rag/L) EPC EPC
SA = Surface Area (cm2) N/A 20000 b,c
SAadI -- Age-adjusted Surface Area (cmZ-yr/kg) 9480 b,c N/A
PC = Dermal Permeabddy Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0 007 b,e 0.007 b,e
EF = Exposure Frequency (day/year) 950 e 950 a
ED = Exposure Duration (year) 30 a 30 a
CF = Conversion Factor (IJcm3)

1 O0E-03 1 00E-03BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Age-specific intake (for carcinogenic compounds only)

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U S. EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Drrectwe 9285 6-03, March 25, 1991
b = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcmogemc exposure.

IRadj = IRc x EDc + IRa x (EDa-EDc) = lx6 + 2x(30-6)
BWc BWa 15 70

1.09 (L-year)/(kg.day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whore body (average of male & female adults)
f = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure

SAadj = SAc x EDI + SAa x {EDa-EDc = 6557x6 + 20000x(30-6~
BWs BWa 15 70

9480 (can z-year)/(kg)d = Dermal Permeablhty Constant for water (0 001) used for constituents without a PC value, all values adapted
from EPA, Dermal Exposure Assessment: Pnnciples and Apphcations, January 1992

e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = O 007 day per event
f = follows EPA Region IV guidance (I e, inhalation of groundwater volatdes whde showering/bathing

is accounted for by doubling the ingestion volume), USEPA Supplemental Guidance to RAGS: Region 
Bulletins, Human Health Risk Assessment, Intenm, November 1995

GNV/MW33_ResA_)ngest xls / Intake
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Offsite Monitoring Well (MW33), Indoor Air - Hypothetical Future Residential Child Scenario
Dunn Field, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarcinogenic compounds:

CDI= C~rr * IR *EF * ED * CF
BW * AT

Carcinogenic Noncarcinogenic
Ca~r = Est=mated Indoor Air Concentration (ug/m3)

NA EPC
IR = Inhalation Rate (m3/day) NA 15
EF = Exposure Frequency (days/year) NA 350
ED = Exposure Duration (years) NA 6
CF = Conversion Factor (mg/ug) NA 1.00E-03
BW = Body Weight (kg) NA 15
AT = Averaging T=me (days) NA 2190

Sources:
a = U S EPA, Human Health Evaluation Manual, Supplemental Gufdance: "Standard Default Exposure Factors"
OSWER Direct=re 9285.6-03, March 25, 1991
b = Indoor air concentrations estimated using the Johnson - Ettinger Model (1991) for Subsurface Vapor Intrusion
into Buildings. Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response

b
a
a
a

a
a
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70,I 784
Prmtedon 10125/2001 347PM

Offsite Groundwater (MW33) (Potable Use) - Hypothetical Future Residential Child Scenario
Dunn Field, Defense Distnbuhon Depot Memphis, Tennessee

Carcinoqenic Noncarcinoqenic
Ingestion:
intake for non-carclnogemc and ceroinogenlc compounds"
CDI= C~’ IR* EF*ED

BW * AT
Cg. = Concentration In groundwater (mg/L)
IR = Ingestion Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC
la la

350 a 350 a
6a 6a

15a 15a
25550 a 2190 a

Dermal:
Intake for non-carcinogen=c and carcinogenic compounds
CDI= C0=*SA* pC * ET* EF* ED * CF

BW*AT
Cg,,, = Concentration in groundwater (mg/L)
SA = Surface Area (cm2)
PC = Dermal Permeability Constant (cm/hr)
ET = Exposure Time (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (L/cm3)
BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC
6557 b, c 6557 b, c

(Chemical Specific) (Chemical Specific) 
0 007 b,e 0.007 b,e

350 a 350 a
6a 6a

1 00E-03 1.00E-03
15 a 15 a

25550 a 2190 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991
b = US EPA Exposure Factors Handbook, August 1997.

Manual, Supplemental Guidance, Dermal Risk Assessment, Intenm Guidance, May 1998.
c = Total Body Surface Area represents whole body (average of male & female children (1-6 years old)).
d = Dermal Permeabddy Constant for water (0 001) used for consbtuenta without a PC value; all values adapted

from EPA, Dermal Exposure Assessment Pnnc~ples and Applications, January 1992,
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0.007 day per event.
f = follows EPA Region IV guidance 0.e, inhalation of groundwater volatlles while showedng/bathing

is accounted for by doubling the ingest=on volume), USEPA Supplemental Gmdance to RAGS Region 
Bulletins, Human Health Risk Assessment, Intenm, November 1995.

GNV/MW33_ResC Ingest xls / Intake
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Posted on 10/25/2001 4 O0 PM

Offsite Groundwater (MW37) (Potable Use) - Hypothetical Future Residential Adult Scenario
Dunn Fie~d, Defense Distribution Depot Memphis, Tennessee

Ingestion:
Intake for non-carcinogenm compounds
CDI = Cm= * IR * EF * ED CD|adI = C.z~ * EF * CF * IR..,

BW * AT AT
Cow = Concentratton tn groundwater (mg/L) EPC
IR = Ingestion Rate (L/day) N/A
IR,dj : Age-adjusted Ingestion Rate (L-year/kg-day) 1 1 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Durattoe (year) 30 a
BW = Body Werght (kg) 70 a
AT = Averaging T=me (days) 25550 a

Dermal.

Carcinoqenic Noncarcinoqenic

Age-specific intake (for carcmogenm compounds only)

EPC
2a

N~
350 a
30 a
70 a

10950 a

intake for non-cardnogemc compounds. Age-spe~flc intake (for carcmogenlc compounds only):
CDI= Cow*SA * PC * ET* EF* ED* CF CDI.dj = C.. *SA.~,* PC * ET * EF * CF

BW * AT AT
Co. = Concentration m groundwater (rag/L) EPC EPC
SA = Surface Area (cm2) N/A 20000 b,c
SA=dt = Age-adjusted Surface Area (cm~-yr/kg) 9480 b,c N/A
PC = Dermal Permeabddy Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0 007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
CF = Conversion Factor (tJcm3) 1 00E-03 100E-O3BW = Body Wetght (kg) 70 a 70 aAT = Averaging Time (days) 25550 a 10950 a

Inhalation:
CDI = Ingestion CDI from above r

References:
a = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Olrectwe 9285 6-03. March 25, 1991.
b = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure

IRadj = IRc x EDc + IRa x (EDa-EDc) = lx6 + 2x(30~5)
BWc BWa 15 70

1.09 (L-year)/(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of male & female adults)
f = Age-adjusted surface area for adults, adjusted for body werght and ttme for carcinogenic exposure

SAadj = SAc x ED( + SAa x (EDa-EDc = 6557x6 + 20000 x (30-6)
BWc BWa 15 70

9480 (cm 2.year)/(kg)d = Dermal Permeabdlty Constant for water (0.001) used for constttuents without a PC value, all values adapted
from EPA, Dermal Exposure Assessment. Pnnciples and Apphcafions, January 1992.

e = 10 minute event x 1 hour/60 mrnutes x 1 day/24 hours = 0.007 day per event.
f = follows EPA Reg=on IV gutdance (~ e, mhalabon of grouodwater volatdes whtle showenngroathmg

Js accounted for by doubhng the ingestion volume), USEPA Supplemental Guidance to RAGS Regton 
Bulletms. Human Health R=sk Assessment. Intenm. November 1995

GNV/MW37 ResA Ingest xls / Intake
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Pnnted on 10/25/2001 4 01 PM

Offsite Groundwater (MW37) (Potable Use) - Hypothetical Future Residential Child Scenario
Dunn Fie~d, Defense Distribution Depot Memphis, Tennessee

Carcinogenic Nonearcinoqenic
Ingestion:
Intake for non-carcinogemc and carcinogenic compounds,
CDI = C0= * IR * EF * ED

BW * AT
Cgw = Concentration In groundwater (mg/L)
IR = Ingestion Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (k9)
AT = Averaging Time (days)

EPC EPC
la la

350 a 350 a
6a 6a

15 a 15 a
25550 a 2190 a

Dermal:
Intake for non-carcinogenic and carcinogenic compounds
CDI= C~*SA* PC * ET* EF* ED* CF

BW*AT
Cgw = Concentration in groundwater (mg/L) EPC EPC
SA = Surface Area (cm2) 6557 b, c 6557 b, c
PC = Dermal Permeability Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0.007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 6 a 6 a
CF = Conversion Factor (IJcm3) 1 00E-03 1 00E~3
BW = Body Weight (kg) 15 a 15 a
AT = Averaging Time (days) 25550 a 2190 a

Inhalation:
CDI = Ingestion CDI from above f

References;
a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991
b = US EPA Exposure Factors Handbook, August 1997.

Manual, Supplemental Guidance, Dermal Risk Assessment, Interim Guidance, May 1998.
c = Total Body Surface Area represents whole body (average of male & female children (1~ years old))
d = Dermal Permeability Constant for water (O 001) used for constituents without a PC value; all values adapted

from EPA, Dermal Exposure Assessment: Principles and Apphcetions, January 1992.
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event
f = follows EPA Region IV guidance (i e, mhalahon of groundwater volatiles while showenng/bathlng

is accounted for by doubling the ingestion volume), USEPA Supplemental Guidance to RAGS Region 
Bulletins, Human Health Risk Assessment, Interim, November 1995.

GNV/MW37_ResC_In gesLxls / Intake
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793

Offsite Monitoring Well (MW40), Indoor Air - Hypothetical Future Residential Adult Scenario
Dunn Field, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarcmogenic compounds Intake for carcmogenzc compounds.

CDI= C.ir * IR *EF * ED * CF C.,. * IR..~ *EF * * CF
BW * AT AT

Carcinogenic
C=lr = Eshmated Indoor Air Concentration (ug/m3)

EPC
IR = inhalation Rate (m3/day) NA
IRadj = Adjusted Inhalation Rata (m3-yr)/(kg-day) 13
EF = Exposure Frequency (days/year) 350
ED = Exposure Durat=on (years) NA
CF = Conversion Factor (mg/ug) 1.00E-03
BW = Body Weight (kg) NA
AT = Averaging Time (days) 25550

Noncarcinogenic
b EPC b

2O a
a,c NA
a 350 a
a 30 a

1 60E-03
a 70 a
a 10950 a

Sources;
a = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Defauit Exposure Factors"
OSWER Directive 9285 6-03, March 25, 1991
b = Indoor air concentrations estimated using the Johnson - Ettmger Model (1991) for Subsurface Vapor intrusion
into Buildings Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
c = Age adjusted
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Printed on 10/25/2001 4 0t PM

Offsite Groundwater (MW40) (Potable Use) - Hypothetical Future Residential Adult Scenario
Dunn Field, Defense Dtstnbuhon Depot Memphis, Tennessee

Ingestion:
Intake for eon-carc~nogenlc compounds
CDI = Cow * IR * EF * ED CDl=di = C.. * EF * CF * IR.~}

BW * AT AT
Cgw = Concentration in groundwater (rag/L) EPC
IR = Ingestion Rate (L/day) N/A
IR,,ol = Age-adJustod Ingestion Rate (L-year/kg-day) 1.1 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 30 a
BW = Body Weight (kg) 70 a
AT = Averaging Time (days) 25550 a

Dermal:

Carcinoflenic Noncarcino,qenic

Age-specific intake (for caromogenlc compounds only)

EPC
2a

N/A
350 a
30 a
70 a

10950 a

Intake for non-carcmogen=c compounds,
CDI= C0w*SA* PC * ET* EF * ED * CF CDladl= C.. *SA~,* PC * ET * EF * CF

BW * AT AT
Ca. = Concentration in groundwater (mg/L) EPC EPC
SA = Surface Area (cm2) N/A 20000 b,c
SA~dj = Age-adjusted Surface Area (cmZ-yr/kg) 9480 b,c N/A
PC = Dermal Permeablhty Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0 007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
CF = Conversion Factor (L/cm3) 1 .O0E-03 1.00E-03
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Age-specific intake (for carcinogenic compounds only).

Inhalation:
CDI= Ingestion CDI from abovef

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991,
b = Age-adjusted ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure

IRadl = IRc x EOc + IRa x (EDa-EDc} = lx6 + 2xf30-6)
BWc BWa 15 70

1.09 (L-yaar)/(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of male & female adults)
f = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure.

SAadl = SAc x ED( + SAa x ~’EDa. EDc’ = 6557x6 + 20000x(30-6)
BWc BWa 15 70

9480 (cm z-year)/(kg)d = Dermal Permeablldy Constant for water (0 001) used for constituents without a PC value; all values adapted
from EPA, Dermal Exposure Assessment: Pnnc~ples and Appltcafions, January 1992

e = 10 minute event x 1 houd6O minutes x I day/24 hours = 0 007 day per event.
f = follows EPA Region IV guidance (i e, mhalahon of groundwater volatJles whde showeeng/bathmg

is accounted for by doubling the ingestion volume), USEPA Supplemental Guidance to RAGS Region 
Bullefins, Human Health Risk Assessment, Intenm, November 1995.

GNWMW40_ResA_fngest xls / Intake
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704 798

Offsite Monitoring Well (MW4O), Indoor Air - Hypothetical Future Residential Child Scenario
Dunn Fie~d, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarcmogenic compounds:

CDI= C=i, * IR *EF * ED * CF
BW * AT

Carcinogenic Noncarcinogenic
Calr = Estimated Indoor Air Concentration (ug/m3) NA EPC
IR = Inhalation Rate (m3/day) NA 15
EF = Exposure Frequency (days/year) NA 350
ED = Exposure Duration (years) NA 6
CF = Conversion Factor (mg/ug) NA 1.00E-03
BW = Body Weight (kg) NA 15
AT = Averaging Time (days) NA 2190

Sources:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factom"
OSWER Directive 9285.6-03, March 25, 1991.
b = Indoor air concentrations estimated using the Johnson - Ettmger Model (1991) for Subsurface Vapor Intrusion
into Buildings Calculations were performed using the Groundwater Taer II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
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Printed on- 10/25/2001 4 02 PM

Offsite Groundwater (MW40) (Potable Use) - Hypothetical Future Residential Child Scenario
Dunn Field, Defense Distnbutron Depot Memphis, Tennessee

Carcinoqenic Noncarcinoqenic
Ingestion:
Intake for non-carcinogenic and carcinogenic compounds"
CDI= C~* IR* EF*ED

BW * AT
Caw = Concenlration In groundwater (mg/L)
IR = Ingest=on Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Durat=on (year)
BW = Body We=ght (kg)
AT = Averaging Time (days)

EPC EPC
la la

350 a 350 a
6a 6a

15 a 15 a
25550 a 2190 a

Dermal:
Intake for non-carcmogenlc and carcinogenic compounds
CDI = Cow *SA * PC * ET * EF * ED * CF

BW * AT
Cgw = Concentration tn groundwater (mg/L)
SA = Surface Area (cm2)
PC = Dermal Permeabdlty Constant (cm/hr)
ET = Exposure Time (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (L/cm3)
BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC
6557 b, c 6557 b, c

(Chemical Spectfic) (Chemical Specific) 
0.007 b,e 0 007 b,e

350 a 350 a
6a 6a

1.00E-03 1 00E-03
15a 15a

25550 a 2190 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors"

OSWER DJrectwe 9285 6-03, March 25, 1991
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Guidance, Dermal Risk Assessment, Intenm Gu=dance, May 1998.
c = Total Body Surface Area represents whole body (average of male & female chddren (1-6 years old))
d = Dermal Permeabtltty Constant for water (0 001) used for constituents wtthout a PC value; all values adapted

from EPA, Dermal Exposure Assessment. Pnnc~ples and Apphcations, January 1992.
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event
f = follows EPA Region IV guidance (Le, inhalation of groundwater volatiles while showenng/bathing

is accounted for by doubhng the ingestion volume), USEPA Supplemental Guidance to RAGS" Region 
Bultatms, Human Health Risk Assessment, Intenm, November 1995

GNV/MW40_ResC_lngest xls / Intake
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Pnntedon t0125/2001 403PM

Offsite Groundwater (MW42) (Potable Use) - Hypothetical Future Residential Adult Scenario
Dunn Field, Defense Distribution Depot Memphis, Tennessee

Ingestion:
Intake for non-carcinogenic compounds
CDI = C.. * IR * EF * ED CDladj = C._ * EF * CF * IR..!

BW * AT AT
C0. = Concentration in groundwater (rag/L) EPC
IR = Ingestion Rate (L/day) N/A
IR~I = Age-adjusted Ingestion Rate (L-year/kg-day) 1.1 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 30 a
BW = Body Weight (kg) 70 a
AT = Averaging Time (days) 25550 a

Dermal:

Caroinoqenic Noncarcinoqenic

Age-specific intake (for carcinogenic compounds only):

EPC
2a

N/A
350 a
30 a
70 a

10950 a

Intake for non-carcinogenic compounds:
CDI= Cn=*SA*PC*ET*EF*ED*CF CDI.a,= C..*SA~.,*PC*ET*EF*CF

BW * AT AT
Caw = Concentration m groundwater (mg/L) EPC EPC
SA = Surface Area (cm2)

N/A 20000 b,c
Shad] = Age-adlusted Surface Area (cm~-yr/kg) 9480 b,c N/A
PC = Dermal Permeabihty Constant (cnghr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0 007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
CF = Conversion Factor (l./cm3) 1 00E-g3 1 00E-g3
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Age-specific intake (for carcinogenic compounds only)

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directive 9285 6-03. March 25, 1991.
b = Age-adjusted Ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure

IRadj = IRc x EDc + IRa x (EDa-EDc) = Ix6 + 2x(30-6)
BWc BWa 15 70

1.09 (L-year)/(kg-day)
b = USEPA Exposure Factors Handbook. August 1997
c = Total Body Surface Area represents whole body (average of male & female adults)
f = Age-adjusted surface area for adults, adlusted for body weight and fime for carcinogenic exposure.

SAadj = SAc x ED( + SAa x IEDa-EDc’ = 6557x6 + 20000x(30-6)
BWc BWa 15 70

9480 (cm Z.year)/(kg)
d = Dermal Permeability Constant for water C0 001) used for constituents without a PC value, all values adapted

from EPA, Dermal Exposure Assessment. Pnnclples and Apphcabons, January 1992
e = 10 minute event x 1 hour/6O minutes x 1 day124 hours = 0 007 day per event
f = follows EPA Region IV guidance (Le. inhalation of groundwater velatiles while showenng/bathmg

is accounted for by doubling the ingestion volume), USEPA Supplemental Guidance to RAGS- Region 
Bulletins, Human Health Risk Assessment, Intenm, November 1995.

GNV/MW42_ResA Ingest xls / Intake



704 804

II

O
Z



II
LU

?O4 8O5



?04 806
Printed on 10/25/2001 4 04 PM

Offsite Groundwater (MW42) (Potable Use) - Hypothetical Future Residential Child Scenario
Dunn Field, Defense Distribution Depot Mernphls, Tennessee

Carcinoaenic Noncarcinoqenic
Ingestion:
Intake for non-carcinogenic and carcinogenic compounds:
COl= C~" IR* EF*ED

BW * AT
Caw = Conc.entration In groundwater (mg/L)
IR = Ingestion Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Wo=ght (kg)
AT = Averaging Time (days)

EPC EPC
la la

350 a 350 a
6a 6a

15 a 18 a
25550 a 2190 a

Dermal:
Intake for non-careinogemc and carcinogenic compounds"
CDI= Cow*SA* PC * ET * EF * ED * CF

BW*AT
C~, = Concentrahon =n groundwater (mg/L)
SA = Surface Area (cm2)

PC = Dermal Permeahddy Constant (cm/hr)
ET = Exposure Time (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (L/cm3)
BW = Body Weight (kg)
AT = Averegmg Time (days)

EPC EPC
6557 b, c 6557 b, c

(Chemical Specific) (Chemical Specific) 
0.007 b,e 0.007 b,e

350 a 350 a
6a 6a

1 00E-03 1 00E-63
15 a 15 a

25550 a 2190 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U S EPA, Human Health Evaluation Manual. Supplemental Guidance "Standard Default Exposure Factors"

OSWER Dtrecgve 9285.6-03, March 25, 1991
b = US EPA Exposure Factors Handbook, August 1997.

Manual, Supplemental Gu=dance, Dermal R=sk Assessment, Intenm Guidance, May 1998.
c = Total Body Surface Area represents whole body (average of male & female children (1-6 years old))
d = Dermal Perrneablhty Constant for water (0,001) used for constituents without a PC value, all values adapted

from EPA, Dermal Exposure Assessment" Principles and Applications, January 1992.
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 097 day per event
f = follows EPA Region IV guidance (i e., inhalation of groundwater volahles while showenng/bathing

is accounted for by doubling the ingeshon volume), USEPA Supplemental Guidance to RAGS Region 
Bulletins, Human Health Risk Assessment, Interim, November 1995

G NV/MW42_Res C/n gest.xls I Intake
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Offsite Monitoring Well (MW44), Indoor Air - Hypothetical Future Residential Adult Scenario
Dunn Field, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarctnogen=c compounds- Intake for carcinogenic compounds

CDI= Calr * IR *EF * ED * CF C.,. * IR..~! *EF * * CF
BW * AT AT

Carcinogenic
Cair = Estimated Indoor Air Concentration (ug/m~)

EPC
IR = Inhalation Rate (m3/day) NA
IRadj = Adjusted Inhalation Rate (m3-yr)/(kg-day) 13
EF = Exposure Frequency (days/year) 350
ED = Exposure Duration (years) NA
CF = Convers=on Factor (mg/ug) 1.00E-03
BW = Body We=ght (kg) NA
AT = Averaging T=me (days) 25550

Noncarcinogenic
b EPC b

20 a
a,c NA
a 350 a
a 30 a

1 00E-03
a 70 a
a 10950 a

Sources:
a = U S. EPA, Human Health Evaluation Manual, Supplemental Guidance" ~Standard Default Exposure Factors"
OSWER Direchve 9285 6-03, March 25, 1991
b = Indoor air concentrations est=mated umng the Johnson - Ettmger Model (1991) for Subsurface Vapor Intrusion
into Buildings Calculations were performed using the Groundwater T=er II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
c = Age adjusted
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Prlnted on 10/25/2001 4 04 PM

Offsite Groundwater (MW44) (Potable Use) - Hypothetical Future Residential Adult Scenario
Dunn Field, Defense Distdbubon Depot Memphis, Tennessee

Ingestion:
Intake for non-carcinogenic compounds.
CDI = C~, * IR * EF * ED CDI.dj = C~ * EF * CF * IRa.,

BW * AT AT
Co. = Concentration in groundwater (rag/L) EPC
IR = Ingesboo Rate (L/day) N/A
IR°dI = Age-adjusted Ingestion Rate (L-year/kg-day) 1 1 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 30 a
BW = Body Weight (kg) 70 a
AT = Averaging Time (days) 25550 a

Dermal:

Carcinogen c Noncarcinoqenic

Age-specific retake (for carcmogentc compounds only)

EPC
2a

N/A
350 a
30 a
70 a

10950 a

Intake for non-carcLnogemc compounds Age-specific intake (for carcinogenic compounds only).
CDI= C~*SA* PC* ET* EF* ED* CF CDl=dj = C *SA=dl* pc * ET* EF* CF

BW * AT AT
Ca. = Concentration in groundwater (rag/L) EPC Epc
SA = Surface Area (cm2)

N/A 20000 b,c
SAMj = Age-adjusted Surface Area (cmZ-yr/kg) 9480 b,c N/A
PC = Dermal Permeabd~ty Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
ET = Exposure T=me (hr/day) 0 007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
CF = Conversion Factor (L/cm~) 1 00E-g3 1.OOE-03
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Inhalation.
CDI = Ingestion COl from above f

References:
a = U S EPA. Human Health Evaluahoo Manual. Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directive 9285 6-03. March 25, 1991.
b = Age-adjustod ingestion rate for adults, adjusted for body weight and time for carcmogemc exposure.

IRadl = IRc x EDc + IRa x (EDa-EDc) = lx6 + 2x(30-6)
BWc BWa 15 70

1.09 (L-year)/(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of male & female adults)
f = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure

SAadj = SAc x EDI + SAa x (EDa-EDc = 6557x6 + 20000x(30-6)
SWc BWa 15 70

9460 (cm 2 -year)/(kg)
d = Dermal Permeabffdy Constant for water (0.001) used for constttuents without a PC value, all values adapted

from EPA, Dermal Exposure Assessment’ Principles and Applications, January 1992
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0.007 day per event
f = follows EPA Regton IV gmdance 0 e., inhalabon of groundwater volatdes whde showermgfoathmg

is accounted for by doubling the mgesbon volume), USEPA Supplemental GuMance to RAGS. Region 
Sullebns, Human Health R=sk Assessment. Intedm, November 1995

GNWMW44_ResAJngest xls / Intake
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Offsite Monitoring Well (MW44), Indoor Air- Hypothetical Future Residential Child Scenario
Dunn Field, Defense Depot Memphis, Tennessee J

Inhalation
Intake for noncarcinogenic compounds:

CDI= C~lr * IR *EF * ED * CF
BW * AT

Carcinogenic Noncarcinogenic

Calf = Eshmated Indoor Air Concentrahon (ug/m3) NA EPC

IR = Inhalation Rate (m3/day) NA 15
EF = Exposure Frequency (days/year) NA 350
ED = Exposure Duration (years) NA 6
CF = Conversion Factor (mg/ug) NA 1.00E-03
BW = Body Weight (kg) NA 15
AT = Averaging Time (days) NA 2190

b
a
a
a

a
a

Sources:
a = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure Factors"
OSWER Directive 9285 6-03, March 25, 1991
b = Indoor air concentrations estimated using the Johnson - Ettlnger Model (1991) for Subsurface Vapor Intrusion
into Buildings Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
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Printed on 10/25/2001 4 07 PM

Offsite Groundwater (MW44) (Potable Use) - Hypothetical Future Residential Child Scenario
Dunn Field, Defense Dtstnbutlon Depot Memphis, Tennessee

Carcinoqenic Noncarcinoqenic
Ingestion’
Intake for non-carcinogenic and carcinogemc compounds
CDI = Co= * IR * EF * ED

BW * AT
C~, = Concentratton m groundwater (rag/L)
IR = Ingestion Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Durst=on (year)
BW = Body We=ght (kg)
AT = Averaging Time (days)

EPC EPC
la la

350 a 350 a
6a 6a

15 a 15 a
25550 a 2190 a

Dermal:
Intake for non-carcmogenic and carcinogenic compounds
CDI = Co= *SA * PC * ET * EF * ED * CF

BW * AT
Cgw = Concentration in groundwater (rag/L)
SA = Surface Area (cm2)
PC = Dermal Permeabddy Constant (cm/hr)
ET = Exposure Time (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Durabon (year)
CF = Convers=on Factor (l_/cm3)
BW = Body Weight (kg)
AT = Averaging T=me (days)

EPC EPC
6557 b, c 6557 b, c

(Chemical Specific) (Chemical Spec4fic) 
0.007 b,e 0 007 b,e

350 a 359 a
6a 6a

1 00E.63 1 00E.63
15a 15a

25550 a 2190 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure Factors"

OSWER DJrective 9285.6-03, March 25, 1991
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Guidance, Dermal Risk Assessment, Interim Guidance, May 1998.
e = ToLl Body Surface Area represents whole body (average of male & female children (1-6 years old)).
d = Dermal Permeabdlty Constant for water (O.001) used for constituents wdhout a PC value, all values adapted

from EPA, Dermal Exposure Assessment Pnnciples and Apphcations, January 1992
e = t0 minute event x t houri60 minutes x 1 day/24 hours = 0 007 day per event.
f = follows EPA Region IV guidance (= e, inhalation of groundwater volatiles while showenng/bathing

is accounted for by doubhng the ingestion volume), USEPA Supplemental Guidance to RAGS: Region 
Bulletins, Human Health Risk Assessment, Interim, November 1995

GNV/MW44 ResC_lngest.xfs / Intake
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Indoor Air Inhalation Pathway when the estimated indoor air concentration is known

Scenario Titles

AOC:
Exposure media:
Receptor:
Report title:

Offsite Momtoring Well (MW51)
Indoor Air
Hypothebcal Future Residential Adult
Dunn Fteld, Defense Depot Memphis, Tennessee

Inhalation: CDI = (Calr * IR * ET * EF * ED * CF) / (BW * 
Cair (ug/m3).
IR (m3/day)
EF (days/year)
ED (years)
CF (mg/ug)
BW (kg)
AT (days)

Carc

25550

Noncarc

,3O

70
10950

Units
ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

Ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

ug/m3

Chemical WOE SFi
1,1-DICHLOROE C 0.175
TETRACHLORO C-B2 0 002
TRICHLOROETF B2 0,006

RfDi Mean
0.0049243

0.171 0 0026332
0.0016321
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Offsite Monitoring Well (MW51), Indoor Air - Hypothetical Future Residential Adult Scenario
Dunn Fie~d, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarcmogemc compounds Intake for carcinogenic compounds.

CDI= Cair * IR *EF * ED * CF C.,. * IR..~ *EF * * CF
BW * AT AT

Carcinogenic Noncareinogenic
Calr= Estimated Indoor Air Concentration (ug/m3)

EPC b EPC
IR = Inhalation Rate (m3/day) NA 20
IRadj = Adjusted Inhalation Rate (m3-yr)/(kg-day) 13 a.c NA
EF = Exposure Frequency (days/year) 350 a 350
ED = Exposure Duration (years) NA a 30
CF = Conversion Factor (mg/ug) 1.00E-03 1.00E-03
BW = Body Weight (kg) NA a 70
AT = Averaging Time (days) 25550 a 10950

Sources:
a = U S EPA, Human Health Evaluatroa Manual. Supplemental Gutdance" "Standard Default Exposure Factors"
OSWER Directive 9285.6-03, March 25, 1991.
b = Indoor air concentrations estimated using the Johnson - Ettinger Model (1991) for Subsurface Vapor Intrusion
into Buildings Calculations were performed using the Groundwater Tier II Model m excel format provided by the
USEPA Office of Emergency and Remedial Response
c = Age adjusted
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Pnnted on 1012512001 4 08 PM

Offsite Groundwater (MW51) (Potable Use) - Hypothetical Future Residential Adult Scenario
Dunn Field, Defense Distribution Depot Memphis, Tennessee

Ingestton:
Intake for non-cardnogen~c compounds
CDI = Co.,, * IR * EF * ED CDlad~ = C,:= * EF * CF * IR..,.

BW * AT AT
Gin,, = ConcentratJon in groundwater (rag/L) EPC
IR = Ingest=on Rate (L/day) N/A
IR~I = Age-adjusted Ingest=on Rate (L-year/kg-day) 1 1 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 30 a
BW = Body Weight (k9) 70 a
AT = Averaging Time (days) 25550 a

Dermal;
Intake for non-carcinogenic compounds
CDI= C..*SA* PC * ET* EF* ED * CF

Carcinoqenic Noncarcmo,qenic

Age-spec;fic retake (for carcinogenic compounds only)

EPC
2a

N/A
350 a
30 a
70 a

10950 a

Age-specific intake (for carcinogenic compounds only).
CDl=dJ = C~ *SA..! * PC * ET * EF * CF

BW * AT AT
Caw = Concentration m groundwater (rag/L) EPC EPC
SA = Surface Area (cm2)

N/A 20000 b,c
SA,,al = Age-adjusted Surface Area (cmZ-yr/kg) 9480 b,c N/A
PC = Dermal Permeabihty Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0.007 b,e 0.007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Durabon (year) 30 a 30 a
CF = Convers=on Factor (IJcm3)

1 00E-03 1.00E-03
BW = Body We=ght (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U S EPA, Human Health Evaluat=on Manual, Supplemental Guidance. "Standard Default Exposure Factors"

OSWER Dlrectwe 9285 6-03, March 25, 1991
b = Age-adjusted ingestion rate for adults, adjusted for body weight and t=me for caremogemc exposure.

IRadj = IRc x EDc + IRa x (EDa-EDc) = lx6 + 2x(30-6)
BWc BWa 15 70

1.09 (L-year)/(kg-day)
b = USEPA Exposure Factors Handbook. August 1997
c = Total Body Surface Area represents whole body (average of male & female adults).
f = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure.

SAadj = SAc x ED( + SAa x (EDa-EDc = 6557x6 + 20000x(’30-6~
BWc BWa 15 70

9480 (cm 2-year)/(kg)
d = Dermal Permeab=hty Constant for water (0.001) used for constituents wdhout a PC value; all values adapted

from EPA, Dermal Exposure Assessment Pnnc~ples and Apphcabons, January 1992
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event.
f = follows EPA Reg on IV gutdance 0.e, inhalation of groundwater volatdes whde showenng/bathmg

(s accounted for by doubling the mgesbon volume), USEPA Supplemental Guidance to RAGS Region 
Bulletins, Human Health Risk Assessment, Intenm, November 1995.

GNV/MW5 l_ResA_lngest xts I tntake
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Offsite Monitoring Well (MW51), Indoor Air - Hypothetical Future Residential Child Scenario
Dunn Fie~d, Defense Depot Memphm, Tennessee

Inhalation
Intake for noncarsmogonic compounds

CDI= Cai r * IR *EF * ED * CF
BW*AT

Carcinogenic Noncarcinogenic
Ca. = Est=mated Indoor Air Concentration (ug/m3) NA EPC
IR = Inhalation Rate (m3/day) NA 15
EF = Exposure Frequency (days/year) NA 350
ED = Exposure Duration (years) NA 6
CF = Conversion Factor (mg/ug) NA 1.00E-03
BW = Body Weight (kg) NA 15
AT = Averaging Time (days) NA 2190

b
a
a
a

a
a

Sources:
a = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors"
OSWER D=rective 9285 6-03, March 25, 1991.
b = Indoor air concentrat=ons eshmated using the Johnson - Ettinger Model (1991) for Subsurface Vapor Intrusion
into Buildings. Calculations were performed using the Groundwater T=er II Model m excel format provided by the
USEPA Office of Emergency and Remedml Response
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Printed on 10125/2001 553PM

Offsite Groundwater (MW51) (Potable Use) - Hypothetical Future Residential Child Scenario
Dunn Field, Defense Distribution Depot Memphis, Tennessee

Carcinoeenic Noncarcinoqenic
Ingestion:
Intake for non-carcinogenic and carcinogenic compounds.
CDI = C.e~* IR * EF * ED

BW * AT
Cm,, = Concentration In groundwater (mg/L)
IR = Ingestion Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposule Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC
la la

350 a 350 a
6a 6a

15 a 15 a
25550 a 2190 a

Dermal:
Intake for non-carcmogersc and carcinogenic compounds.
CDI = Co= *SA * PC * ET * EF * ED * CF

BW*AT
Cgw = Concentration In groundwater (mg/L) EPC EPC
SA = Surface Area (crn2) 6557 b, c 6557 b, c
PC = Dermal Permeab=hty Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0 007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 6 a 6 a
CF = Conversion Factor (L/cm3) 1.00E-03 1.OOE-03
BW = Body Weight (kg) 15 a 15 a
AT = Averaging Time (days) 25550 a 2190 a

Inhalation;
CDI = Ingestion CDI from above f

References;
a = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance" "Standard Default Exposure Factors"

OSWER Direcbve 9285 6-03, March 25, 1991
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Guidance, Dermal Risk Assessment, Interim Guidance, May 1998
c = Total Body Surface Area represents whole body (average of male & female children (1-6 years old))
d = Dermal Permeability Constant for water (0 001} used for constituents without a PC value, all values adapted

from EPA, Dermal Exposure Assessment. Pnnciples and Applications, January 1992.
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0.007 day per event.
f = follows EPA Region IV guidance (i e, inhalation of grouedwater volatdes while showerlng,tbathing

is accounted for by doubling the ingest=on volume), USEPA Supplemental Guidance to RAGS: Reg=on 
Bulletins, Human Health Risk Assessment, Interim, November 1995

GNV/MW51_ResC_lngest xls I Intake
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Offsite Monitoring Well (MW54). Indoor Air - Hypothetical Future Residential Adult Scenario
Dunn Field, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarclnogenic compounds: Intake for carcinogenic compounds:

CDI= Ca. * IR *EF * ED * CF C=,. * IR.~! *EF * * CF
BW * AT AT

Carcinogenic
Cai~ = Eshmatad Indoor Air Concentration (ug/m3)

EPC
IR = Inhalation Rate (m3/day) NA
IRadj = Adjusted Inhalation Rate (m3-yr)/(kg-day) 13
EF = Exposure Frequency (days/year) 350
ED = Exposure Duration (years) NA
CF = Conversion Factor (mg/ug) 1 O0E-03
BW = Body Weight (kg) NA
AT = Averaging Time (days) 25550

Noncarcinogenic
b EPC b

20 a
a,c NA
a 350 a
a 30 a

1 00E-g3
a 70 a
a 10950 a

Sources:
a = U,S EPA, Human Health EvaIuahon Manual, Supplemental Guidance: "Standard Default Exposure Factors"
OSWER Directive 9285 6-03, March 25, 1991
b = Indoor arr concentrahons estimated using the Johnson - Ettmger Model (1991) for Subsurface Vapor Intrusion
into Buildings Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
c = Age adjusted
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Pnnted on 10/25/2001 4 11 PM

Offsite Groundwater (MW54) (Potable Use) - Hypothetical Future Residential Adult Scenario
Dunn Field, Defense Distribution Depot Memphis, Tennessee

Ingestion:
Intake for non-carcinogenic compounds:
CDI= Co~*IR* EF*ED

BW * AT
C=w = Concentrat=on In groundwater (mg/L)
IR = Ingest=on Rate (L/day)
IR,di = Age-adlusted Ingestion Rate (L-year/kg-day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averegmg Time (days)

Dermal:
Intake for non-carcinogen=c compounds
CDI = Cew *SA * PC * ET * EF * ED * CF

BW * AT
C~w = Concentrabon m groundwater (mg/L)
BA = Surface Area (cm2)
SA~j = Age-adlusted Surface Area (cmZ-yr/kg)
PC = Dermal Permeabd=ty Constant (crn/hr)
ET = Exposure T~me (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (L/cm3)
BW = Body We=ght (kg)
AT = Averaging T=me (days)

Carcinoqemc Noncarcinoqenic

Age-specific retake (for carcinogenic compounds only)
CDladj = C.= * EF * CF * IR..,

AT
EPC EPC
N/A 2 a
1.1 b N/A

350 a 350 a
30 a 30 a
70 a 70 a

25550 a 10950 a

Age-specific intake (for carcinogenic compounds only):
CDI,dj = C~ *S/L,,,* PC * ET * EF * CF

AT
EPC EPC
N/A 20000 b,c

9480 b,c N/A
(Chemical Specific) (Chemical Specific) 

0.007 b,e 0.007 b,e
350 a 350 a
30 a 30 a

1 00E-g3 1 00E-03
70 a 70 a

25550 a 10950 a

Inhalation:
CDI = Ingestion CDI from above f

References.
a = U.S EPA. Human Health Evaluatmn Manual, Supplemental Gu=dance. "Standard Default Exposure Factors"

OSWER Directwe 9285 6-03, March 25, 1991
b = Age-adjusted mgesbon rate for adults, adjusted for body weight and t~me for carcinogenic exposure

IRadj = IRc x EDc + IRa x (EDa-EDc) = lx6 + 2x(30-6~
BWc BWa 15 70

1.09 (L-year)/(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of male & female adults)
f = Age-adjusted surface area for adults, adjusted for body weight and hme for earemogemo exposure

SAadj = SAc x EDc + SAa x (EDa-EDc 6557x6 + 20000x(30-6~
BWc BWa 15 70

9480 (cm Z-yearJ/(kg)
d = Dermal Permeabtbty Constant for water (0,001) used for canst=tuents without a PC value, all values adapted

from EPA, Dermal Exposure Assessment" Principles and Applications, January 1992
e = 10 minute event x 1 hour/50 minutes x 1 day/24 hours = 0 007 day per event.
f = follows EPA Regron IV guldanca 0 e, inhalabon of groundwater volatdes whde showenng/bathing

=s accounted for by doubling the ingest=on volume). USEPA Supplemental Gu=dance to RAGS: Region 
Bulletins. Human Health R=sk Assessment, Interim. November 1995

GNVIMW54_ResA_lngest xls / Intake
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70,; 836

Offsite Monitoring Well (MW54), Indoor Air - Hypothetical Future Residential Child Scenario
Dunn Field, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarcmogenic compounds"

CDI= Catr * IR *EF * ED * CF
BW * AT

Carcinogenic Noncarcinogenic
Cair = Estimated Indoor Air Concentration (ug/m3)

NA EPC
IR = Inhalation Rate (m3/day) NA 15
EF = Exposure Frequency (days/year) NA 350
ED = Exposure Duration (years) NA 6
CF = Conversion Factor (mg/ug) NA 1 00E-03
BW = Body Weight (kg) NA 15
AT = Averaging Time (days) NA 2190

Sources:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors"
OSWER Directive 9285 6-03, March 25, 1991
b = indoor air concentrations esttmated using the Johnson - Ettmger Model (1991) for Subsurface Vapor Intrusion
into Buildings. Calculations were performed using the Groundwater Tier II Model ~n excel format provided by the
USEPA Office of Emergency and Remedial Response
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7O4 838
Printed on 10/25/2001 4 13 PM

Offsite Groundwater (MW54) (Potable Use) - Hypothetical Future Residential Child Scenario
Dunn Fie~d, Defense Distnbuhon Depot Memphis, Tennessee

Carcinoqenic Noncarcinoqenic
Ingestion:
Intake for non-carcinogenic and carcinogenic compounds
CDI= C~* IR* EF*ED

BW * AT
Dr = ConcentraSon in groundwater (mg/L)
IR = Ingestion Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Werght (kg)
AT = Averaging Time (days)

EPC EPC
la la

350 a 350 a
6a 6a

15 a 15 a
25550 a 2190 a

Dermal:
Intake for non-carcmogemc and carcinogenic compounds:
CDI= C~*SA* PC* ET* EF* ED* CF

BW * AT
Cg. = Concentration in groundwater (mg/L) EPC EPC
SA = Surface Area (cm2) 6557 b, c 6557 b, c
PC = Dermal Permeability Constant (cm/hr) (Chem=cal Spec=fic) (Chemical Specific) 
ET = Exposure Time (hr/day) O 007 b,e 0.007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 6 a 6 a
CF = Convers=on Factor (L/cm3) 1.00E~13 1 00E~03
BW= Body Weight (kg) 15 a 15 a
AT = Averagm9 T=me (days) 25550 a 2190 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991.
b = US EPA Exposure Factors Handbook, August 1997.

Manual, Supplemenlal Guidance, Dermal Risk Assessment, Interim Guidance, May 1998.
c = Total Body Surface Area represents whole body (average of male & female cbldren (1-6 years old))
d = Dermal Permeability Constant for water (0 001) used for constituents wdhout a PC value; all values adapted

from EPA, Dermal Exposure Assessment Pnnclples and Apphcatlons, January 1992
e = 10 manute event x 1 hour/60 minutes x 1 day/24 hours = 0.007 day per event
f = follows EPA Region IV guidance (i e., inhalation of groundwater volatdes whde showenng/bathing

is accounted for by doubling the ingestion volume), USEPA Supplemental Guidance to RAGS: Region 
Bullefins, Human Health Risk Assessment, Interim, November 1995.

GNV/MW54_ResC Ingest xls / Intake
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Offsite Monitoring Well (MW71), Indoor Air - Hypothetical Future Residential Adult Scenario
Dunn Fie~d, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarcmogemc compounds" Intake for carcinogenic compounds:

CDI=

Cal r = Estimated Indoor Air Concentratpon (ug/m3)
EPC b EPC

IR = Inhalation Rate (m3/day) NA 20
IRadj = Adjusted Inhalation Rate (m3-yr)/(kg-day) 13 a,c NA
EF = Exposure Frequency (days/year) 350 a 350
ED = Exposure Duration (years) NA a 30
CF = Conversion Factor (mg/ug) 1 00E-03 1 00E-O3
BW = Body Weight (kg) NA a 70
AT = Averaging Time (days) 25550 a 10950

C~l r * IR *EF * ED * CF C.,r * IR*.~ *EF * * CF
BW * AT AT

Carcinogenic Noncarcinogenic
b

a

a

a

a
a

Sources;
a = U.S EPA, Human Health Evaluat=on Manual, Supplemental Guidance "Standard Default Exposure Factors"
OSWER Directive 9285 6-03, March 25, 1991
b = Indoor air concentrations estimated using the Johnson - Ettmger Model (1991) for Subsurface Vapor Intrusion
into Buildings Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
c = Age adjusted
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70, 843

Printed on 10/25/2001 4 14 PM

Offsite Groundwater (MW71) (Potable Use) - Hypothetical Future Residential Adult Scenario
Dunn Fie~d, Defense Distribution Depot Memphis, Tennessee

Ingestion:
Intake for non-carcinogenic compounds
CDI = Co,. * IR * EF * ED CDI.di = C._ * EF * CF * IR..,

BW * AT AT
C~, = Concentration in groundwater (rag/L) EPC
IR = Ingest=on Rate (L/day) H/A
IR=dj = Age-adjusted Ingest=on Rate (L-year/kg-day) 1.1 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 30 a
BW = Body Weight (kg) 70 a
AT = Averaging Time (days) 25550 a

Dermal:

Carcinoqenic Noncaroinoqenic

Age-specific intake (for carcinogenic compounds only):

EPC
2a

N~
3~ a
30 a
70 a

10950 a

Intake for non-carcJnogemc compounds:
CDI= Co=*SA*PC*ET*EF*ED*CF CDIoaj= C_*SA..,*PC*ET*EF*CF

BW * AT AT
C=w = Concentration In groundwater (mg/L) EPC EPC
SA = Surface Area (cmz) N/A 20000 b.c
SA~j = Age-adjusted Surface Area (cmZ-yr/kg) 9480 b,c N/A
PC = Dermal Permeabtldy Constant (cm/hr) (Chemical Specific) (Chemical Specific) 
ET = Exposure Time (hr/day) 0 007 b,e 0 007 b,e
EF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
CF = Conversion Factor (L/cm3) 1 00E-03 1.00E-03
BW = Body Weight (kg) 70 a 70 a
AT = Averaging Time (days) 25550 a 10950 a

Age-specific intake (for carcrnogenic compounds only).

Inhalation.
CDI = Ingestion CDI from above r

References:
a = U S EPA, Human Health Evaluat=on Manual, Supplemental Guidance- "Standard Default Exposure Factors"

OSWER Directive 9285 8-03, March 25, 1991
b = Age-adjusted Ingestion rate for adults, adjusted for body weight and time for carcinogenic exposure.

IRadj = IRe x EDc + IRa x (EDa-EDc) = lx6 + 2x(30-6)
8Wc 8Wa 15 70

1.09 (L-year)/(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
c = Total Body Surface Area represents whole body (average of male & female adults)
f = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure

SAadl = SAc x ED~ + SAa x IEDa-EDc = 6557x6 + 20000x/30-6~
BWc BWa 15 70

9480 (cm 2-year)/(kg)
d = Dermal Permeability Constant for water (0.001) used for const}tuents w~thout a PC value; all values adapted

from EPA. Dermal Exposure Assessment Pnnciples and Apphcatlons, January 1992
e = 10 minute event x 1 hour/60 mmutas x 1 day/24 hours = 0 007 day per event.
f = follows EPA Region IV guidance (i e. inhalation of gmundwatar volahles whde showenng/bathmg

aa accounted for by doubhng the ingestion volume). USEPA Supplemental Guidance to RAGS Roglon 
Bulletins, Human Health Risk Assessment. Intenm. November 1995.

GNV/MW7 l_ResA_lngest xls I Intake
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704 846

Offsite Monitoring Well (MW71), Indoor Air - Hypothetical Future Residential Child Scenario
Dunn Field, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarcmogenic compounds"

CDI= C~l, * IR *EF * ED * CF
BW * AT

Carcinogenic
Ca=r = Estimated Indoor Atr Concentratton (ug/m3) NA
IR = Inhalation Rate (m3/day) NA
EF = Exposure Frequency (days/year) NA
ED = Exposure Duration (years) NA
CF = Convers=on Factor (mg/ug) NA
BW = Body Weight (kg) NA
AT = Averaging T=me (days) NA

Noncarcinogenlc
EPC

15
35O
6

1.00E-03
15

2190

Sources:
a = U.S. EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors"
OSWER Directive 9285 6-03, March 25, 1991
b = Indoor air concentrations eshmated using the Johnson - Effinger Model (1991) for Subsurface Vapor Intrus=on
into Bu=ldings Calculat=ons were performed using the Groundwater Tier II Model in excel format prev=ded by the
USEPA Office of Emergency and Remedml Response
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Pnnted on. 1012512001 4 14 PM

Offsite Groundwater (MW71) (Potable Use) - Hypothetical Future Residential Child Scenario
Dunn Fie~d, Defense Distribution Depot Memphis, Tennessee

CarcinoRenic Noncarcinoqenic
Ingestion:
Intake for non-carcinogenic and carcmogentc compounds
CDI = C0w * IR * EF * ED

BW * AT
C~r. = Concentration in groundwater (mg/L)
IR = Ingestion Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC
la la

350 a 350 a
6a 6a

15 a 15 a
25550 a 2190 a

Dermal:
Intake for non-carcinogenic and carcinogenic compounds:
CDI= Co. *SA* PC * ET* EF * ED * CF

BW*AT
Cg. = Concentration in groundwater (mg/L)
SA = Surface Area (cm2)
PC = Dermal Permeability Constant (crrdhr)
ET = Exposure Time (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Durahon (year)
CF = Conversion Factor (L/cm3)
BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC
6557 b, c 6557 b, c

(Chemical Specific) (Chemical Specific) 
0.007 b,e 0 007 b,e

350 a 350 a
6a 6a

1.06E-03 1.09E-03
15 a 15 a

25550 a 2190 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors"

OSWER Directive 9285 6-63, March 25, 1991.
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Guidance, Dermal Risk Assessment, Interim Guidance, May 1998
c = Total Body Surface Area represents whole body (average of male & female children (1-6 years old))
d = Dermal Permeability Constant for water (0 001) used for constituents without a PC value; all values adapted

from EPA, Dermal Exposure Assessment: Pnnciples and Applications, January 1992
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per evenL
f = follows EPA Region IV guidance 0 e., ~nhalation of groundwater volatdes whde showedng/bathing

is accounted for by doubling the mgesbon volume), USEPA Supplemental Guidance to RAGS: Region 
Bulletins, Human Health Rink Assessment, thtenm, November 1995,

GNVIMW71_ResC_lngest xls / Intake
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70,! 851

Offsite Monitoring Well (MW76/77), Indoor Air - Hypothetical Future Residential Adult Scenario
Dunn Field, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarcmogen~c compounds" Intake for carcmogemc compounds:

CDI= C.ir * IR *EF * ED * CF C.,. * IR..~ *EF * * CF
BW * AT AT

Carcinogenic Noncarcinogenic
Cal, = Estimated Indoor Air Concentrahon (ug/m3)

EPC b EPC
IR = inhalation Rate (m3/day) NA 20
IRadj = Adjusted inhalation Rate (m3-yr)/(kg-day) 13 a,c NA
EF = Exposure Frequency (days/year) 350 a 350
ED = Exposure Duration (years) NA a 30
CF = Conversion Factor (mg/ug) 1 00E-03 1 00E-03
BW = Body Weight (kg) NA a 70
AT = Averaging Time (days) 25550 a 10950

Sources:
a = U S. EPA. Human Health Evaluation Manual. Supplemental Guidance. "Standard Default Exposure Factors"
OSWER Directwe 9285 6-03, March 25. 1991
b = Indoor air concentrations estimated using the Johnson - Ettinger Model (1991) for Subsurface Vapor Intrusion
into Buildings Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
c = Age adjusted
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?O.t 853
Pnnted on 10/25/2001 4 17 PM

Offsite Groundwater (MW76_77) (Potable Use) - Hypothetical Future Residential Adult Scenario
Dunn Fie~d, Defense Distnbuhon Depot Memphis, Tennessee

Ingestion:
Intake for non-carcinogenic compounds.
CDI= C~*IR* EF*ED CDI,dj= C~*EF*CF*IR..~

BW * AT AT
Cow = Concentration in groundwater (rag/L) EPC
IR = Ingestion Rate (L/day) N/A
IR=~I = Age-adjusted Ingestion Rate (L-year/kg-day) 1 1 b
EF = Exposure Frequency (day/year) 350 a
ED = Exposure Duration (year) 30 a
BW = Body Weight (kg) 70 a
AT = Averaging Time (days) 25550 a

Dermal:

Carcinoqenic Noncarc no,qen c

Age-specific intake (for carcinogenic compounds only)

EPC
2a

N/A
350 a
30 a
70 a

10950 a

Intake for non-c..arclnogenic compounds: Age-specific Intake (for carcinogenic compounds only)"
CDI= C~*SA*PC*ET*EF*ED*CF CDladj= C~*SA..,*PC*ET*EF*CF

BW * AT AT
Cg., = Concentration In groundwater (mg/L) EPC EPC
SA = Surface Area (cm2)

N/A 20000 b,c
SA~I = Age-adjusted Surface Area (cm~-yr/kg) 9480 b,c N/A
PC = Dermal Permeability Constant (cm/hr) (Chemical Specific) (Chemical SpecJfic) 
ET = Exposure Time (hr/day) 0 007 b,e 0.007 b,eEF = Exposure Frequency (day/year) 350 a 350 a
ED = Exposure Duration (year) 30 a 30 a
CF = Conversion Factor (L/cm3) 1 00E-03 100E-03
BW = Body Weight (kg) 70 a 70 aAT = Averaging Time (days) 25550 a 10950 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U B EPA, Human Health Evaluabon Manual, Supplemental Guidance "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991
b = Age-adjusted ingestion rate for adults, adlusted for body weight and tcme for carcinogenic exposure

IRadj = IRc x EDc + IRa x (EDa-EDc) = lx6 + 2x(30-6~
BWc BWa 15 70

1 09 (L-year)/(kg-day)
b = USEPA Exposure Factors Handbook. August 1997
c = Total Body Surface Area represents whole body (average of male & female adults)
f = Age-adjusted surface area for adults, adjusted for body weight and time for carcinogenic exposure.

BAadj = SAc x ED( + SAa x (EOa-EOc = 6557x6 + 20000x(30-6)
BWc BWa 15 70

9480 (cm 2-year)/(kg)d = Dermal Permeabdlty Constant for water (0 001) used for constituents without a PC value, all values adapted
from EPA, Dermal Exposure Assessment. Pnnctples and Applicebons, JanuaP/1992

e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0.007 day per event
f = follows EPA Region IV guidance (= e, inhalation of groundwater volahles while showenng/bathmg

is accounted for by doubhng the mgesbon volume), USEPA Supplemental Guidance to RAGS: Region 
Bulletins, Human Health Risk Assessment, Intenm, November 1995.

G NV/MW76_77_ResA_lngest xls I Intake
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Offsite Monitoring Well (MW76/77), Indoor Air - Hypothetical Future Residential Child Scenario
Dunn Fie~d, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarcinogemc compounds

CDI= Ca~r * IR *EF * ED * CF
BW*AT

Carcinogenic Noncarcinogenic
Car = Estimated Indoor Air Concentration (ug/m3)

NA EPC
IR = Inhalabon Rate (m3/day) NA 15
EF = Exposure Frequency (days/year) NA 350
ED = Exposure Duration (years) NA 6
CF = Conversion Factor (mg/ug) NA 1 O0E-03
BW = Body Weight (kg) NA 15
AT = Averaging Time (days) NA 2190

Sources:
a = U S. EPA, Human Health Evaluation Manual, Supplemental Guidance "Standard Default Exposure Factors"
OSWER Directive 9285.6~03, March 25, 1991.
b = Indoor air concentrations estimated using the Johnson - Effinger Model (1991) for Subsurface Vapor Intrusion
into Buddmgs Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response
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70 858
Pnnted on 10/25/2001 4 18 PM

Offsite Groundwater (MW76/77) (Potable Use) - Hypothetical Future Residential Child Scenario
Dunn Field, Defense Distribution Depot Memphis, Tennessee

Carcinoqenic Noncarcinoqenic
Ingestion:
Intake for non-carcrnogemc and carcinogenic compounds:
CDI= C..’ IR* EF*ED

BW * AT
C~, = Concentration in groundwater (mg/L)
IR = Ingestion Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Durahon (year)
BW = Body Weight (kg)
AT = Averagmg Time (days)

EPC EPC
la la

350 a 356 a
6a 6a

15 a 15 a
25550 a 2190 a

Dermal:
Intake for non-carcmogemc and carcinogenic compounds:
CDI= C.=*SA* PC * ET* EF * ED * CF

BW * AT
Ca. = Concentration in groundwater (mg/L)
SA = Sun~aca Area (cm2)
PC = Dermal Permeabddy Constant (cnVhr)
ET = Exposure Time (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Durst=on (year)
CF = Convers=on Factor (L/cm3)
BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC
6557 b, c 6557 b, c

(Chemical Specific) (Chemical Spectfic) 
0 007 b,e 0.007 b,e

350 a 350 a
6a 6a

1 00E-03 1.00E-g3
15 a 15 a

25550 a 2190 a

Inhalation.
CDI = Ingestion CDI from above r

References:
a = U S. EPA, Human Health Evaluation Manual, Supplemental Guidance- "Standard Default Exposure Factors"

OSWER D=mctlve 9285.6-03, March 25, 1991
b = US EPA Exposure Factors Handbook, August 1997.

Manual, Supplemental Guidance, Dermal R=sk Assessment, Intenm Guidance, May 1998
c = Total Body Surface Area represents whole body (average of male & female chddmn (1-6 years old))
d = Dermal Permeability Constant for water (0 001) used for consbtuents wdhout a PC value, all values adapted

from EPA, Dermal Exposure Assessment Pdnc=ples and Appllcat=ons, January 1992.
e = 10 minute event x 1 hour/60 m=nutes x 1 day/24 hours = 0 007 day per event
f = follows EPA Reg=on IV guidance (Le, inhalation of groundwater volatdes wh=le showenng/bathmg

is accounted for by doubling the tngest=on volume), USEPA Supplemental Guidance to RAGS" Region 4
Bulletins, Human Health Rtsk Assessment, Interim, November 1995

GNV/MW76_77 ResC_lngest xls / Intake
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70.| 861

Offsite Monitoring Well (MW79), Indoor Air - Hypothetical Future Residential Adult Scenario
Dunn Fie/d, Defense Depot Memphis, Tennessee

Inhalation
Intake for noncarcinogenac compounds Intake for carcinogenic compounds"

CDI= Cal r * IR *EF * ED * CF C.,. * IR..~ *EF * * CF
BW * AT AT

Carcinogenic
C=lr = Estimated Indoor Air Concentration (ug/m3)

EPC
IR = Inhalation Rate (m3/day) NA
IRadj = Adjusted inhalation Rate (m3-yr)/(kg-day) 13
EF = Exposure Frequency (days/year) 350
ED = Exposure Duration (years) NA
CF = Conversion Factor (mg/ug) 1 00E-03
BW = Body Wmght (k9) NA
AT = Averaging Ttme (days) 25550

Noncarcinogenic
b EPC b

20 a
a,c NA
a 350 a
a 30 a

1 00E-03
a 70 a
a 10950 a

Sources:
a = U.S EPA. Human Health Evaluatton Manual. Supplemental Guidance "Standard Default Exposure Factors"
OSWER Directive 9285 6-03, March 25, 1991
b = Indoor air concentrations eshmated using the Johnson - Ettmger Model (1991) for Subsurface Vapor Intrusion
into Buildings Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and RemedJal Response
c = Age adjusted
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70,| 863
Pnnted on 10/25/2001 4 19 PM

Offsite Groundwater (MW79) (Potable Use) - Hypothetical Future Residential Adult Scenario
Dunn Field, Defense Distribution Depot Memphis, Tennessee

Ingestion:
Intake for non-carcmogenm compounds
CDI = Ca,, * IR * EF * ED

BW * AT
Ccw= Concentrat=on In groundwater (mg/L)
IR = Ingest=on Rate (L/day)
IR=dI = Age-adjusted Ingestion Rate (L-year/kg-day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body We=ght (kg)
AT = Averaging Time (days)

Dermal:
Intake for non-carcinogenic compounds
CDI = Cow *SA * PC * ET * EF * ED * CF

BW*AT
Ca,, = Concentration in groundwater (rag/L)
SA = Surface Area (cm2)

SA~j = Age-adjusted Surface Area (cm’Lyr/kg)
PC = Dermal Permeabthty Constant (cm/hr)
ET = Exposure Ttme (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Conversion Factor (L/cm3)
BW = Body Weight (kg)
AT = Averagtng Time (days)

Carcmoqemc Noncarcino,qenic

Age-specific intake (for carcmogen=c compounds only)
CDI,,al = C~ * EF * CF * IR.,,!

AT
EPC EPC
N/A 2 a
1.1 b N/A
350 a 350 a
30 a 30 a
70 a 70 a

25550 a 10950 a

Age-spec=fic retake (for carcinogenic compounds only):
CDladI = C~ *SA.~, * PC * ET * EF * CF

AT
EPC EPC
N/A 20000 b,c

9480 b,c N/A
(Chemical Specific) (Chemical Spectfic) 

0 007 b,e 0 007 b,e
350 a 350 a
30 a 30 a

100E-03 100E-03
70 a 70 a

25550 a 10950 a

Inhalation:
CDI = Ingestion CDI from above r

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Gu=dance" "Standard Default Exposure Factors"

OSWER D=rective 9285 6-03, March 25, 1991.
b = Age-adjusted ingestion rate for adults, adjusted for body we=ght and hme for carctnogenlc exposure.

IRadi = IRc x EDc + IRa x (EDa-EDc) = lx6 + 2x(30-6~
BWc BWa 15 70

1.09 (L-year)/(kg-day)
b = USEPA Exposure Factors Handbook, August 1997
C = Total Body Surface Area represents whole body (average of male & female adults)
f = Age-adjusted surface area for adults, adjusted for body we=ght and time for carcinogenic exposure.

SAadj = SAc x EDI + SAa x (EDa-EDc = 6557x6 + 20000x(30-6~
SWc 8Wa 15 70

9480 (cm 2 -year)/(kg)
d = Dermal Permeablhty Constant for water (0 001) used for constituents without a PC value; all values adapted

from EPA, Dermal Exposure Assessment: Pnnc~p]es and Apphcations, January 1992.
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0 007 day per event
f = follows EPA Region IV guidance (i e, inhalation of groundwater volatiles whde showenng/bathmg

Is accounted for by doubhng the ingestion volume), USEPA Supplemental Guidance to RAGS. Region 
Bullehns, Human Health Rtsk Assessment, Intenm, November 1995.

GNY/MW79_ResA_lngest xls I Intake
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Offsite Monitoring Well (MW79), Indoor Air - Hypothetical Future Residential Child Scenario
Dunn Fie~d, Defense Depot Memphzs, Tennessee

Inhalation
Intake for noncarcmogentc compounds.

CDI= C=~r * IR *EF * ED * CF
BW * AT

Carcinogenic Noncarcinogenic
Calr = Esbmated Indoor Air Concentration (ug/m3)

NA EPC
IR = Inhalation Rate (m3/day) NA 15
EF = Exposure Frequency (days/year) NA 350
ED = Exposure Duration (years) NA 6
CF = Conversion Factor (mg/ug) NA 1 O0E-03
BW = Body Weight (kg) NA 15
AT = Averaging Time (days) NA 2190

Sources:
a = U.S EPA, Human Health Evaluation Manual, Supplemental Guidance. "Standard Default Exposure Factors"
OSWER Dtractive 9285 6-03, March 25, 1991
b = Indoor air concentrahons estimated using the Johnson - Ettinger Model (1991) for Subsurface Vapor Intrusion
into Buildings Calculations were performed using the Groundwater Tier II Model in excel format provided by the
USEPA Office of Emergency and Remedial Response

b

a
a
a

a
a
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Printed on 10/25/2001 4 22 PM

Offsite Groundwater (MW79) (Potable Use) ° Hypothetical Future Residential Child Scenario
Dunn Fneld, Defense Distnbuhon Depot Memphis, Tennessee

Carcinoqenic Noncarcinoqenic
Ingestion:
Intake for non-carcinogenic and carc~nogemc compounds"
CDI= C~* IR* EF*ED

BW * AT
Cgw = Concentration =n groundwater (mg/L)
IR = Ingestion Rate (L/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
BW = Body Weight (kg)
AT = Averaging Time (days)

EPC EPC
la la

350 a 350 a
6a 6a

15 a 15 a
25550 a 2190 a

Dermal:
Intake for non-carcinogenic and careiaogenlc compounds:
CDI= C~*SA* PC* ET* EF* ED* CF

BW*AT
C~r,, = Concentration =n groundwater (mg/L)
SA = Surface Area (cm2)
PC = Dermal Permeabihty Constant (cm/hr)
ET = Exposure T=me (hr/day)
EF = Exposure Frequency (day/year)
ED = Exposure Duration (year)
CF = Convermon Factor (L/cm3)
BW = Body Weight (kg)
AT = Averaging Tame (days)

EPC EPC
6557 b, c 6557 b, c

(Chemical Specific) (Chemical Specific) 
0 007 b,e 0.007 b,e

350 a 350 a
6a 6a

1.00E-03 1.00E-63
15a 15a

25550 a 2190 a

Inhalation:
CDI = Ingestion CDI from above f

References:
a = U S EPA, Human Health Evaluation Manual, Supplemental Guidance" "Standard Default Exposure Factors"

OSWER Directive 9285 6-03, March 25, 1991.
b = US EPA Exposure Factors Handbook, August 1997

Manual, Supplemental Guidance, Dermal Rnsk Assessment, Interim Guidance, May 1998.
c = Total Body Surface Area represents whole body (average of male & female children (1-6 years old)).
d = Dermal Permeability Constant for water (0 001) used for constituents wdhout a PC value, all values adapted

from EPA, Dermal Exposure Assessment Pnnciples and Applications, January 1992.
e = 10 minute event x 1 hour/60 minutes x 1 day/24 hours = 0.007 day per event
f = follows EPA Region IV gu=dance (= e, inhalation of groundwater volatlles whde showenng/bathmg

ts accounted for by doubhng the mgeshon volume), USEPA Supplemental Guldanca to RAGS. Region 
Bulletins, Human Health Risk Assessment, Interim, November 1995

GNV/MW79_ResC Ingest xls / Intake
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Appendix G-6
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APPENDIX H

Supporting Information for Exposure Factors
Development
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TABLE 1t4
9.n’ace keas ~ R0cept~

Mernph~ Oap0t ~nn FJeld RI

Surface Area Calculations for Adult Rw~vtu, ̄
Surface Area for ResidentJal Adults for soil exposure

1i2 Head Hands Arms Forearms Lower legs Legs
602 5 903 5 1805 1172 5 2370 5930

Surface Area for Adultz Workers for soil & wa~r exposure
1/2 Head Hands Arms Forearms Lower legs Legs

6025 9035 1805 11725 N/A N/A

Surface Area far Recreational AduSs for sediment (wading) exposure
1/2 Head Hands Arms Forearms Lower logs Logs

N/A 903 5 1805 1172 5 2370 5930

FOrearms = 45% whole Affns if hal evadable
LOWer legs : 40% entire Leg =f not evadable

Feet

1/2 head. hands, fotear~qs.N/A
& lower legs

Feet
N/A I--~ 1/2 head hands & set,arras

Feet
1225 ~ hands. forearms.

lower legs & feat

All va~es are averages of 50th pemenble Male"Female Adtdts from EPA. Exposure Factors Handbook, 1997 (Tables 6 2 & 6 3)

Mean Total 8ody Surface Area (TBSA) for male/female adults 
TBSA ~s central tendarcy value for Male-Female Adults from EPA. Exposure Factols Handhook‘ 1997 (Table 6 14)

Surface Aftra Calculations for Child Receptors
Total Body Sttrfaca Area rot Male-Female Children
5¢th pementlle Male Female
0>1 6030 5799
1>2 6030 5790
2>3 6030 5790
3>4 6640 6490
4>5 7310 7060
5>6 7930 7799 Mean TIBSA for Child
All values are averages of 50~ percen~la Male-Female CP.Idren (tom EPA Exposure Factors Handbook, 1997 (Tabtes 6 6 & 6 

Percent of Total Body Surface Area for Male-Female Children by 8ody Pa,t
Age 112 Head Hands Feet Forearms Lower legs
0>1 182 53 654 f37 206
1>2 16 5 5 68 6 27 19 29 1
2>3 142 53 707 11 8 232
3>4 136 607 721 144 288
4>5 13 8 5 7 7 29 14 27 8
5>6
Mean % 15 6 7 6

6~1 ~ p~[g¢~500 368 451 395 ntage of TBSA for Child

CalcuJated Surface Area for Child for sediment (wading) exposure 28 %
368 451 395 637 I~l"~’~]Percentago of TBSA for Chdd (sed exposure)

Fat companso~ Arms [entire) Logs (entire)
Mean % 13 24

877 1593
Alt values are mean values of Percentage of TBSA by body pad for Male-Female Ch41dre~ hem EPA. Exposure Feelers Handbook‘ 1997 (Table 6 8)
Foream~ = 45% whole Arms if rmt ava*/able
LOWer legs = 40% enbre Leg d not evadable

(Surface a~as f~ Youth receptor= on next page)
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TABLE H~l
Sud~ce ArEaS ~er Re~r
MemAhts Depot Dunn F~Jd RI

Surface Area Calculations for Youth Recepto~
Toti[ Body ~Jcl~ce ArM for Ma~4~e~ale youths
50th per cer,~ Male Fema~
6>7 ~660 8430
7>8 9360 91T0
8>9 tC~ 10000
9>10 IQ700 10600
10>11 11500 lt7CO
11>12 12300 13000
12>13 13400 14003
13>14 14700 14800
14>15 16100 155~O
15>16 17000 15700
16>17 1~6C0 16000
17>18 IB000 16300

.w~,~w.,thI ,3,. I
A~iva~uesamav’~xagee~f5~:~e~k~sk~Fem~eC~dren~"EPA~s~eFact~Ha~db~k’1~7~6 6 & 6 7)

pement of Tot~ Body Surface An~ ~r Make 4~emaJe yours by Body pa~
Age Head Am~ Hands Lags F~lt
6>7 13 1 13 I 4 71 27 1 6 9
9>10 t2 123 53 287 758
1Z>13 874 347 539 305 703
1:~14 997 3~7 5 11 32 8 02
16>17 796 327 5&B 2,2,6 693
17>18 ~’58 31 ? 5 13 308 728

M~n % 10 26 5 30 7
% ~SA 1298 3437 685 3994 956
All vak:e~ are mean wtlues of percentage of TSSA by body pad for Ma~Ferna~e Chiklmn h~m EpA, Exposure Fac~-s Hand’oook 199T (Table 68)

IQ~d FO~ Hands L~r I~gs Feet

~e649 154T 685 15~ ~A ~ of TBSA for yomt~ (soil)
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TABLE 1t-5
Chemical-specific Dermal Permeabthty Factors
Merr~t~s Depo~ Dunn F~ Rf

DermalAbso~Uon Patmeabill~ Corm~nt
ChemlcalName AB$ PC

1,1,2,2-Tetrachk)roeth ane 1% EPA Reg 4 1995 9 0E-03 EPA 1992
1,1.2 -TrlchJo¢oethane 1% EPA Reg 4 1995 N/A
1.1-O~htoroettmne 1% EPA Reg 4 1995 N/A
1.2oD~chloroethane 1% EPA Reg 4 1995 5 3E~3 EPA 1992
2.4,6-TnchJorophenol 10% EPA Reg 3 1995 5 0E-02 EPA 1992
2*Ndropheno~ N/A 1 0E-01 EPA 1992
hJurnmum 0 1% EPA Reg 4 1995 1 6E-04 EPA 1992
~tlmofly 0 1% EPA Reg 4 1995 1 6E-04 EPA 1992
AP3enk: 3% Wesler 1993 1 6E-O4 EPA 1992
Barium 0 1% EPA Reg 4 1995 1 6E~4 EPA 1992
Benzo(a)anthracene 10% EPA Reg 3 1995 8 1E-01 EPA 1992
Benzo(a)pyrene 13% EPA Reg 3 1995 1 2E~0 EPA 1992
Berco(b)fluozantheno 10% EPA Reg 3 1995 I 2E~O0 EPA 1992
Benzo(k)ttuoranther~ 10% EPA Reg 3 1995 1 6E~4 EPA 1992
Berylhum 0 1% EPA Reg 4 1995 1 6E-04 EPA 1992
Cadmium 1% EPA Reg 4 1995 1 0E-03 EPA 1992
Carbazc4e 10% EPA Reg 3 1995 1 6E~4 EPA 1992
Cart:on tetrac~lodde 1% EPA Reg 4 1995 2 2E~2 EPA 1992
Ctdccoethane 1% EPA Reg 4 1995 8 0E~03 EPA 1992
Chloroform 1% EPA Reg 4 1995 1 3E~91 EPA 1992
Chforomethane 1% EPA Reg 4 1995 4 2E-03 EPA 1992
Chrom=um. total 0 1% EPA R6g 4 1995 1 0E~3 EPA 1992
Chrysone 10% EPA Reg 3 1995 8 1E-01 EPA 1992
Cobalt 0 1% EPA Reg 4 1995 4 0E~4 EPA 1992
Copper 0 1% EPA Reg 4 1995 1 6E-04 EPA 1992
~bonz(a.h)anthracene 10% EPA Reg 3 1995 2 7E+00 EPA 1992
Dieldrin 10% Ryan 1987 1 6E-02 EPA 1992
Heptact’Jex epoxJde 10% EPA Reg 3 1995 1 6E-04 EPA 1992
Indeno(1.2.3~xl)pyn~ne 10% EPA Peg 3 1995 1 9E~)0 EPA 1992
Lead 0 1% EPA Reg 4 1995 4 0E-06 EPA 1992
Manganese 0 1% EPA Reg 4 1995 1 6E~4 EPA 1992
MorcuP/ 0 1% EPA Reg 4 1995 1 0E-03 EPA 1992
Mothy;erie Chloride 1% EPA Reg 4 1995 4 5E-03 EPA 1992
N~C~Ol 0 1% EPA Reg 4 1995 1 0E~04 EPA 1992
Pontach~oropherml 24% Westor 1993 6 5E~)1 EPA 1992
Phenanthrene 1% EPA Reg 4 1995 2 3E-O1 EPA 1992
Sg~con N/A 1 61E-04 EPA 1992
Tetrac~oroeO~ene 1% EPA Reg 4 1995 4 8E-02 EPA 1992
"r tlal[ium 0 I% EPA Reg 4 1995 1 6E*04 EPA 1992
Totat 1,2-Dic~loroether~ 1% EPA Reg 4 1995 1 0E~2 EPA 1992
Xylenes (totat) 1% EPA Reg 4 1995 8 0EJJ2 EPA 1992
Tdc.hloroethone 1% EPA Reg 4 1995 1 6E-02 EPA 1992
Vanadium 0 1% EPA Reg 4 1995 1 6E~4 EPA 1992
V]n’/I Chloride 1% EPA Peg 4 1995 7 3E~3 EPA 1992
RMerencem
EPA Reg 3 1995 EPA Region I1~ Technical G~dance Manuat R~sk Assessment Assessing Dermal Exposure from Sod August 1995
EPA Re0 4 1995 EPA Regzon IV Supplemental Gmdance to RAGS November 1995
EPA 1992 EPA Dewnal Exposure As~ssmont Pnnc~ples and Apphcatzons Inte=qm J anua.3’ 1992

(Default PC for water (1 6e-4) applied d rmssJng from referer*ce)
Ryan. E A.. E ̄  Haw~ns. et al 1987 Asses£Jng Risk from Demzal E~0osure at Hazardous Waste Sites~
Bennett, G and J Bennett. eds Superfund ’87 Proceedings of the E~ghth Nabonal Conference. November 16-18,
Washington. 0 C The Hazan~ous Materials COntrol Research InstJtute. pp 16E-168
Wester. RC.HI Malbactt. L Sed[k. J Melendres. CL ~ao.S DIZio 1992 PeroJtaneous absorptcnof
[14C] chlordane from soil Jouma~ of Toxicological and Environmental Health. Vol 35. pp 269-277
Wester. R C. H I Ma=bach. et a~ 1993 In vivo and in vlko per~ltaneou s at)sorptv~ and skin deco~taw,~bon
ofamen~c fromwatera~dsod Fundame~tala~dApplLedToxicdogy. Vol20, No 3. pp 336-340
West~r. R C. J Meleedres. F Logan. X Hui. H I Malbach. M Wade. K~; Huang 1996 Percutaneo~s absoq3bon of
2,4~lChlorophenoxyacetlc acid (n3¢n sod wt~ respect to scd load and skin contact tune In vtvo absmptlc.r~ ~n Rhesu~
monkey and m VLbO absoPp~on m human skin Journal of Toxicolog¢~d and Envlronme~tal Health. Vol 47. pp 335-344
Not Available

¯ = Value for rn -Xyfe~e used for (IotaS) Xyfenes

Ryan 1987

Wester 1992

Wester 1993

Wester 1996

N/A

P 1146071~Rt REPOR~D U~EPORT~PPEND]CES’~0pG ~s~BS&PC
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TABLE H-6
Soil Loading Informatmn
Memphis Depot Denn F~eld RI

APost-Activity Dermal ,’;oil Loadin~ls (m~l/cmz)

Activdy N Hands
Geo Mean std dev

Arms Legs Faces Feet
Geo Mean std dev Geo. Mean std dev Geo Mean std dev Geo Mean sfo dev

Indoor:
Tae Kwon Do 7 00063 19 00019 4,1 0002 2 00022 21
Greenhouse Worke~, 2 0 043 0 0064 0 0015 0.005
Indoor Fads No 1 4 0 0073 1 9 0 0042 1 9 0 0041 2 3 0 012 1 4
Indoor Fads No 2 6 0014 15 00041 2 00031 15 00091 17
Daycare Kids No la 6 0.11 1.9 0 026 1 9 0.03 1 7 0 079 2 4
Daycare Fads No lb 6 0.15 2 1 0 031 1 8 0 023 1.2 0 13 1 4
Daycare Fads No.2 5 0073 16 0023 14 0011 14 0044 13
Daycare Kids No 3 4 0 036 1 3 0 012 1 2 0 014 3 0 0053 5 1

Outdoor.
Soccer No 1 8 011 18 0011 2 0.031 38 0012 15
Soccer No 2 8 0 035 3 9 0 0043 2 2 0.014 5 3 0 016 1 5
Soccer No 3 7 0 019 1.5 0 0029 2 2 0.0081 1 6 0 012 1 6
Groundskeepers No.1 2 0 15 0 005 0.0021 0 018
Groundskeepers No 2 5 0 098 2 1 0 0021 2 6 0 001 1 5 0 01 2
Groundskeepers No 3 7 0 03 2 3 0 0022 1 9 0 0009 1 8 0 0044 2.6 0 004 2 6
Groundskeepers No 4 7 0 045 1 9 0 014 1 8 0 0008 1.9 0 0026 1 6 0 018 1 5
Groundskeepers No 5 8 0.032 1 7 0 022 2 8 0 001 1 4 0 0039 2 1
Landscape/Rockery 4 0 072 2 1 0 03 2 1 0 0057 1 9
Imgatlon Installers 6 0 19 1 6 0.018 3 2 0 0054 1 8 0 0063 1 3
Gardeners No 1 8 02 19 005 21 0072 14 0058 16 017 16
Gardeners No 2 7 0 18 3 4 0.054 2.9 0 022 2 0 047 1 6 0 26 1 6
Rugby No I 8 0 4 1 7 0 27 1 6 0 36 1 7 0 059 2 7
Rugby No.2 8 014 14 011 16 016 16 0046 14
Rugby No.3 7 0 049 1 7 0 031 1 3 0 057 1 2 0.02 1 5
Archeolog=sts 7 0 14 1 3 0 041 1 9 0 028 4 1 0 05 1 8 0 24 1 4
ConstructJon Workers 8 0 24 1 5 0 098 1 5 0 066 1 4 0 029 1 6
Ubhty Workers No 1 5 0 32 1 7 0 2 2 7 0 1 1 5
Ubhty Workers No 2 6 0 27 2 1 0 3 1 8 0 1 1.5
Equipment Operators No 1 4 0 26 2 5 0 089 1 6 0 1 1 4
Equipment Operators No 2 4 0 32 1 6 0 27 1.4 0.223 1 7
Farmers No 1 4 0 41 1 6 0 059 3.2 0 0058 2.7 0 018 1 4
Farmers No 2 6 0 47 1.4 0 13 2.2 0 037 3 9 0 041 3
Reed Gatherers 4 0 66 1 8 0 036 2.1 0.16 9 2 0 63 7 1
Kids-in-mud No 1 6 35 2 3 11 6.1 36 2 24 3 6
K=ds-{n-roud No 2 6 58 2 3 11 3 8 9 5 2 3 6.7 12 4

= subsbtuted information
N = Number of subjects
Sources.

Kissel et al , 1996b, Holmes et at, 1996 (submitted for pubhcatlon) adapted from EPA, Exposure Factors Handbook, 1997 (Table 8.12)

P~,t480}’1%RI REPORF~DI_REPORP, APPENDICES~ppG JdstSL set,~ G-7
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Appendix I
TOXICOLOGICAL PROFILES FOR COPCs AT DUNN FIELD

ANTIMONY

Antimony is a silvery white metal of medinm hardness that breaks easdy. Antimony is used as a
component of lead and zinc alloys which are used in lead storage batteries, solder, sheet and pipe
metal, bearings, castmgs, type metal, ammunition and pewter. Exposure to antimony may occur
through the ingestion of food or water, via breathing of air or through contact with sod, water or
other substarJces that contain antimony. Skin contact and inhalation are common occupational
exposures, i x. small amount of ingested antimony is absorbed into the bloodstream after a few
hours. An unknown amount of inhaled antimony is absorbed through the lungs within a few days.
Most of the absorbed antimony is transported to the liver, lungs, nitestmes and spleen. Within
several weeks, antimony is excreted in the feces and urine (ATSDR, 1990).

Acute symptoms of antimony exposure include, diarrhea, vomiting, gastric &scomfort and ulcers
following oral ingestion of large quantities (< 19 ppm). Animal studies indicate that acute
exposures may result m lung, heart, liver and kidney damage, eye irritation following inhalation of
antimony, and skin irritation following dermal contact. Subchronic exposure to antimony via
inhalation leads to heart problems, stomach ulcers, pneumoconiosls and eye and skin irritation.
Animal studies in&care that subchronic ingestion of antimony may cause dmrrhea, weight loss,

hver damage and decreased red blood cell count (ATSDR, 1990).

Antimony in the atmosphere is in the form of particulate matter or adsorbed to particulate matter.
Transport to land and surface water occurs through gravitational setthng and other forms of dry and
wet deposition. The fate of antimony in the environment is complicated because tt can exmt in two
oxidation states, 3+ and 5+. In the aquatic environment, antimony is mainly associated with
particulate matter and tends to settle out in areas of active sedimentation. Some forms of antimony
are strongly sorbed to sod, making it relatively imrnobde. Antimony may also adsorb strongly to
colloidal materials in soil which may become mobilized and transported to groundwater. In
general, adsorption is greatest at near neutral pHs. Antimony does not appear to b~oconcentrate ni
fish and aquatic organisms (ATSDR, 1990).

ARSEMC

Arsenic is a naturally occumng element and enters the environment as a result of natural forces
(volcanoes, weathering) and human activities such as metal smelting, glass manufacturmg, pesticide
production and application, and fossd-fuel burning (ATSDR, 1991). In general, inorganic arsenic 
more toxic than organic arsenic. The most common exposure route is ingestion of arsenic in food or
water. Inhalation and skin contact are secondary routes of exposure. Arsenic is quickly absorbed
through the lungs or digestive tract into the bloodstream. Within a few hours most of the absorbed
arsenic is cleared from the blood and is excreted in the urine (ATSDR, 1991).
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Large doses of ingested inorganic arsenic (20 mg/kg or greater) induce death while smaller doses
produce systemic effects such as lmtation of the digestive tract, nausea, vomiting, end diarrhea. In
addition, there are effects on cells that produce blood, abnormal heart function, blood vessel
damage, hver or kidney injury, end impaired nerve functioning The ingestion of arsemc in
drinlong water has been associated with an elevated incidence of slon cancer. Epldemiological data
demonstrate an assocmtion between occupational exposure to inhaled arsenic and lung cancer
(ATSDR, 1991). The USEPA classifies arsemc as a group A carcinogen (sufficient evidence 
carcmogenicity m humans) (IRIS, 1995).

Arsemc is a non-volatile solid. The mobility of arsenic in the environment depends on the
solubility of the particular chemical form present. Most arsemc in the air is adsorbed to parhculate
matter and settles out according to particle size. Arsemc found in the soil is predominantly an
insoluble, adsorbed form. Arsenic in soil end water may be reduced end methylated by soil
orgamsms. Bloconcentration of arsenic occurs primarily m aquatic algae and lower invertebrates.
Biomagnification varies by species with some fish and invertebrates containing elevated levels of
arsenic compounds. Terrestrial plants uptake arsenic from the soil and air (ATSDR, 1991).

1,2-DICHLOROETHANE

1,2-Dichloroethane is used primarily as a starting material in the manufacture of vinyl chloride,
tetrachloroethylene, tnchloroethylene, end other chlorinated organic compounds. It is also used as
a degreasing agent, solvent, fumigant for grain and upholstery, varnish and paint remover, end lead-
scavenging agent m gasoline. Primary routes of exposure include breathing air, drinking water, and
skin absorption (IRP, 1989).

Short-term exposures to vapor concentrations greater than 125 ppm produce irritation of the eyes,
nose and throat. Ingestion or inhalation of the compound causes dizziness, nausea, vomiting,
increasing stupor, cyanosis, rapid pulse, loss of consciousness, and injury to the liver, kidneys end
lungs. The dermal LDso m rabbits is 2800 mg/kg of body weight (IRP, 1989). In addition,
reproductive effects have been noted in rats at an oral dose of 120 mg/kg-day (ATSDR, 1992).

Chromc exposures are assocmted with loss of appetite, nausea, vomiting, gastric pain, neurological
&sturbances, and liver and kadney impairment. In enlmal stu&es, death was outcome for inhalation
exposures greater than 400 ppm The USEPA has classified 1,2-&chloromethane as a Group B2
carcinogen (probable human carcinogen) (IRP, 1989).

1,2-Dichloroethane is expected to be highly mobile in the soil/ground-water system. Adsorption to
soil is low; volatahzation from soils is the primary transport process. Microbial degradation in soil
is not expected to be stgmficent (IRP, 1989)
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1,1-DICHLOROETHENE

1,l-Dlchloroethene (I,1-DCE), also known as 1,1Michloroethylene and viuylidene chloride, is 
clear, colorless liquid that has a mild, sweet chloroform-hke odor. It ts a man-made chemical used
to make copolymers, modacrylic fibers and other chemicals. It evaporates quickly at room
temperature and iS flammable. 1,1-DCE may enter the body by inhalation of contaminated air or
ingestion of contaminated food or water (ATSDR, 1992).

There ha,m been no studies that reported death of humans followmg inhalation exposure to 1,1,-
DCE. Lethahty m laboratory animals after inhalation exposure varies considerably depending on
species, strain, sex and nutritional status When experimental animals were exposed to high
eoncentratiorts of I,I-DCE, damage to the liver, kidney and central nervous system has been
reported. The liquid is moderately irritating to the eyes and skin (ATSDR, 1992).

Long-teml effects of 1,1-DCE Include liver and kidney damage. There is also evidence of
mutagenicity m several test systems. A statistically slgmficant increase m kidney tumors was
observed m mice exposed to 1,1-DCE via inhalation. Other tumor types were also reported m this
study. The USEPA has classified 1,1-DCE as a Group C carcinogen (possible human carcinogen)
(IRP, 1989).

The enviromnental fate of 1,1-DCE is influenced largely by its high volatility; the majority
evaporates to the atmosphere. Because it is water soluble and weakly adsorbed to soil/sediment,
the potential for surface water or ground-water contamination and transport is great.
Transformation processes are not expected to be great in natural sod (1RP, 1989).

DIELDRIN

Dieldrin is a chlorinated hydrocarbon compound that has been widely used as a domestic pesticide.
Its primary use in the past was as an insecticide for corn and for termite control. Human exposure
can result from inhalatmn and ingestion. Dermal exposure is limited to the past for those involved
in manufactunng or apphcatmn of pesticides containing dieldnn. Dermal exposure could occur
when contact at hazardous waste sites or contaminated soils/sediments.

Dieldrin is absorbed into the bloodstream from the gastrointestinal tract after ingestion or from the
lungs after inhalation. It is quickly distributed throughout the body after retake, but is rapidly
concentrated in fatty tissues due to its lipophdic nature where it can remain for years. Other organs
which tend to have high concentrations are the liver, kidneys, brain, and blood. Dieldrin is
excreted, mainly m the feces, in the form of several metabolites that are more polar than the parent
compounds (ATSDR, 1991 ).

Signs of toxicity include effects on the central nervous system with symptoms of headache,
dizziness, nausea, general malaise, and vomiting, followed by muscle twitching, myoclonic jerks,
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and even convulsions. These symptoms are reversible with rime after removal from the source of
exposure. Death may result from anoxemia (ATSDR, 1991)

No chrome effects have been observed in humans exposed to low levels of dieldrin in the
workplace. Animal studies, however, have indicated a decrease in immune function and hver
damage resulting from dieldnn exposure. In adthtion, liver cancer has been observed in mace
chronically exposed to dieldrin (ATSDR, 1991). Dieldrin has been classified by the USEPA as 
probable human carcinogen, class B2. There is sufficient evidence that exposure to dieldnn has
resulted m liver cancer m animal stu&es (IRIS, 1995).

HEPTACHLOR~H[EPTACH LOR EPOXIDE

Heptachlor is a man-made pesticide used m homes, buildmgs, and on food crops, but it is no longer
manufactured in the United States. It is a white powder in its pure form, while technical grade
heptachlor is a tan powder. It is a component of the pesticide, chlordane. Heptachlor epoxlde is a
breakdown product of heptachlor, and is a result of bacterial activity (ATSDR, 1992).

Heptachlor is readily absorbed into the gastrointestinal tract and the slon. It is slowly eliminated via
the bde duct to the feces. Heptachlor epoxide is an oxidation product which is formed by plants
and ammals after exposure to heptachlor. Heptachlor epoxide is often detected m human milk,
blood and other body tissues and is more harmful than heptachlor itself. Other breakdown products
are less harmful (ATSDR, 1992).

Heptaehlor as acutely toxic via the oral and dermal routes No studies are available to show that
inhalation of heptachlor is harmful to humans Hepatotoxlcity as the most sensitive noncancer
endpoint with animal acute and chronic studies describing evidence of severe liver damage,
increased laver weight, and increased levels of serum hver enzymes Central nervous system
disorders are also evident. Long-term oral exposures m animals are also associated wath kidney,
adrenal, and blood defects It as also fetotoxac and caused reduced fertihty in laboratory rodents.
Chronic oral exposure to heptachlor or heptachlor epoxide increased the incidence of laver
carcinomas m several species of mice. Studies of pesticide applicators indicate a slight increased
incidence in cancers of the lung, skin and bladder (ATSDR, 1992) The USEPA classifies
heptachlor and heptachlor epoxide as group B2 carcinogens (probable human carcinogens) (IRIS,
1995).

Heptachlor and its epoxide are persistent in sod with half-lives of two and fourteen years,
respectwely. Heptachlor and its epoxide can evaporate into the mr and ultimately travel long
distances. Heptachlor epoxide &ssolves more easily in water than does heptachlor and evaporates
slowly. Heptachlor does not dissolve easdy in water and will bind to sediments. In soil and water
heptachlor is broken down by bacteria to its epoxtde and other substances. Bioaccumulation of
both heptachlor and heptachlor epoxide occur in aquattc and terrestrial orgatusms, where they are
stored in fatty tissues for long periods of time (ATSDR, 1992).
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LEAD

Lead is a conunonly used, natm’aUy occurring metal which is ubiquitous throughout the
environment. Lead Is found in construction materials, leaded gasohne, radiation protection gear,
paint, ceramics, plastics, anttmonial lead storage batteries, and atmnunition. Lead is well absorbed
from all portions of the respiratory tract including the nasal passages. Absorption from the
gastrointestinal tract is less rapid and complete than from the respiratory tract. Dermal absorption is
a much less significant route of lead absorption than inhalation or ingestion. Absorbed lead is
distributed to the soft tissues of the body with the greatest distribution to the kidneys and the liver.
Lead is eventually transferred to the skeleton where 90% of the body’s long-term burden is stored.
Approximately 70% of the absorbed lead dose Is excreted. The portion of lead that is not absorbed
is excreted m the feces. Most of the absorbed lead is excreted by the kidneys or through bihary
clearance into the gastrointestinal tract (ATSDR, 1988).

Lead intoxication m humans can occur by ingestion and inhalation of dust or fumes. Lead
interferes with the blood making process, production of energy, and transmission of nerve impulses.
Symptoms of lead intoxication include anorexia, malaise, headaches, and mtestinal spasms. The
neuromuscuhtr disease, lead palsy, is a result of advanced subacute poisoning (lead blood levels of
70 Tg/dL and less), and is characterized by muscle weakness leading to paralysis. Lead
encephalopathy is the term used for the central nervous system manifestation which is commonly
seen in children when lead blood levels reach 90 Tg/DI. Symptoms include clumsiness, dizzmess,
delirium, convulsions, and coma. The mortahty rate is 25% when the brain is involved, with
survivors suftbring long-term neurological problems (ATSDR, 1988).

Chronic low level lead exposure (lead blood levels of 30-50 Tg/DI) is associated with learning
disabilities. Lead t0xlclty is defined by the Centers for Disease Control as a blood level of 10 Tg/DI
or greater (child). Kidney damage occurs atter prolonged exposures, and is apparently reversible.
In epldemiological studies, lead intoxication is also associated with increased blood pressure which
is symptmnatic of kidney damage. Lead exposure is associated with reproductive effects such as
tmscarriages and temporary sterility. Lead readily crosses the placenta. In all systems, the
concentrations of essentml nutrients and elements have a significant impact on the degree of
toxloty seen with lead exposltres. Occupatmnal exposure to airborne lead is assocmted with an
increased incidence of total malignant neoplasms, cancers of the digestive tract and cancers of the
resprratory tract. An increased incidence in kidney cancer was seen in lead smelter workers
exposed by inhalation and in various animal species exposed by ingestion at levels of 500 ppm and
above. The USEPA has classified lead as a group B2 carcinogen based on animal studies (probable
human carcinogen with inadequate or no evidence in humans) (ATSDR, 1988; IRIS, 1995;
USEPA, 1994c).

The mobility of lead in soil is dependent on the chemical properties of the soil. Lead can react with
sulfates, carbonates, and phosphates or combme wtth clays and organic matter which limits the
further rmgralion of lead through the soil matrix. Lead m surface waters is usually present as
suspended solids. ,Atmospheric lead is removed by dry deposition and rainout. Lead does not
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significantly bioaccumulate in fish. Lead locahzes in fish skin which serves to reduce human
exposures by fish consumption. Lead is toxic to wildhfe, particularly water fowl, through their
consumption of lead shot. Tetraethyl lead is biodegradable, but inorganic lead concentrations
above 5 Tg/L can be toxic to rmcroorganlsms. As water hardness increases, the acute toxicity of
lead to freshwater aquatic species decreases (ATSDR, 1988).

POLYCYCLIC AROMATIC HYDROCARBONS

Polycyclic aromatic hydrocarbons (PAHs) are a diverse class of compounds formed as a result 
incomplete combustion of organic compounds with insufficient oxygen. As pure chemicals, PAHs
generally exit as colorless, white, pale yellow, or green solids. This leads to the formation of C-H
free radicals which can polymerize to form various PAHs. Although the health effects of the
Individual PAHs are not exactly alike, the following PAHs are considered as three groups in this
pmfile (ATSDR, 1993)"

Low Molecular Weight Compounds (152-178g/mol)

acenaphthene
acenaphthylene
anthracene
fluorene
phenanthrene

Medium Molecular Wei~.,ht Compounds (202 g/mol)

fluoranthene
pyrene

High Molecular Weight Compounds (228-278 g/mol)

benzo(a)anthracene (B[a]A)
benzoCo)fluoranthene (B[b]F)
benzo(j)fluoranthene (B[j]F)
benzo(k)fluoranthene (B[k]F)
benzo(g,h,0perylene (B[ghi]P)
benzo(a)pyrene (B[a]P)
benzo(e)pyrene (b[e]P)
chrysene
dibenz(a,h)anthracene (D[ah]A)
mdeno( 1,2,3-c,d)pyrene (1[ 123cd]P)

TOXPROF.DOC
6



., 704[458

PAils are present m the environment from both natural and anthropogemc sources As a group,
they are w~dely distributed m the environment Ilumans may be cxpo,,ed to PAlls m the
envlrnnmcnt, m tobacco smoke, m cooked food, and m the workplace, l’yptcally, mdwlduals are
not exposed to a smglc PAH, but to a mixture of related cbem~cals (ATSDR, 1993). PA}Is are
readily absorbed into the blo~lstream from the gastrointestinal tract after ingestion or the lungs
after inhalation. PAHs are metaboh/ed pnnmnly m the hvcr and excreted m the feces.

Most of the info,mat, on avadable for PAHs are from studl~ on experimental animals Adverse
effects m humans are generally not observcd, but have been documented ilematologlc effects
(myclosupprcsslon) were produced m people after intravenous admunstratton of anthracene-
containing chemotherapeutic agents. Dermal effects have been documented Regressive verrucae
followcd repeated topical application nf B[a]P over a four-month period In ammals, oral
administration of PAHs aflL’ct prohferatmg organ.~ and tissue such as bone marrow, lymphoid
organs, and intestinal epithelium (ATSDR, 1993)

PAHs are well established as experimental carcinogens for all routes through which humans would
normally be expected to be exposed. In human occupational studies, lung and skin cancer have
been demonstrated after inhalation exposure to PAl-Is. These workers were employed in coke
production plant~ as roofers and as od refinery workers In experimental animals, the site of tumor
reduction ts generally the point of first contact w~th the PAt Is 0 e., stomach tumors after ingestion,
lung tumors after mhalatton, etc.) (ATSDR, 1993). The following PAlls arc classified as 
carcinogens by the USEPA: B[a]A, D[ah]A, B[a]P, B[b]F, B[k]l’, chrysene and l[123cd]P; these
PAlls are probable human carcinogens. Anthracene, B[ghi]P, pyrenc, fluorene, naphthalene,
fluoranthene, acenaphthylene and phenanthrene are class D carcinogens (not classifiable as to
humancarcmogcmclty) No data exist on the caremogcniclty ofacenaphthalene (IRIS, 1995).

Some of the transport and partmonmg characteristics (Henry’s law constant, I(~ values, K.,,
values) of the 17 PAHs are roughly correlated to their molecular weights PAIl compounds 
water tend to be removed by volatdlzatlon, binding to particulates or sediments or bemg

bioaccummulatcd The Inw molecular weight PAHs have 11cary’s Law co~tants u, the range of 10
3 to 10 5 atm.m3/mol and are therefore associated with significant volatdtzatton. The other PAHs

volatdlze to a lesser extent In the atmosphere they are associated with particulate matter,
e~pecmlly .’~ot, and can travel long distances PAHs suspended m the air arc thought to undergo
direct photolysis very qmckly (ATSDR, 1993)

PAHs have low water solubdittcs and high propensity for binding to particulate or organic matter.
In general PAl Is do not easily dissolve in water although they have been detected in groundwater in
some distances Medium and high molecular weight PAHs arc pnznarily removed from the water
column by deposition and some volatilization (they have K~ values of 104 to 106 mdlcatmg strong
tendencies to adsorb). Low molccular weight PAlls are removed by volatihzatlon and

btodegradation(thcyhaveK,~ values 103to 10"4mdlcatmgmoderatepotcntialtubmd) lngeneral
sorptton of PAII,~ to sod and sediment increases with increasing organic carbon content and ts also
d~rectly dependent on particle size The ultimate fate of PAHs in the .sediment ts believed to be
biodegradat~on and biotransformatlon by microbes. In soils and water PAl I breakdown generally
takes weeks to months and is due pninanly to the actions of mlcroorganlsm.s. Photodegradation
also plays a role in PAIl breakdown in water (ATSDR, 1993).
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PAHs can be accumulated m organisms" the higher molecular weight compounds accumulating
more easily than the lower molecular weight ones. Most organisms, however, metabolize and
excrete PAHs rapidly, resulting m short lived bioaccumulatlon (ATSDR, 1993).

1,1,2,2,-TETRACHLOROETHANE

l,l,2,2-Tetrachloroethane was commonly used to produce other chemicals such as paints and
pesticides or as an mdnstrial solvent and degreasing agent. Now, it is introduced into the
environment as a minor impurity or chemical interme&ate of other chlorinated solvents. Exposure
may occur through inhalation of contaminated air, dermal contact or incidental mgestion in water or
food (ATSDR, 1994).

lnhalahon of airbome fumes at greater than 360 ppm can cause fatigue, vormtmg, dizziness, and
possthly unconsciousness. Breathing, drinking, or skin contact with lower concentrations may
cause hver damage, stomach upsets, or thzzaness. An oral acute LOAEL value of 75 mg/kg/day was
established for hver damage m rats (ATSDR, 1994).

Long-term effects of human exposures are not established. Reproductive, systemic, or carcinogenic
effects have not been noted m human populattons. Chronic oral studies with rats noted reduced
body weights (108 mg/kg/day) and renal effects (284 mg/kg/day). Based on a NCI mouse study, it 
suspected to be a promoter of hepatic tumors. This compound has been classified as a group C
carcinogen (llrmted evidence of carcinogenielty in animals and inadequate data for humans)
(ATSDR, 1994).

1,1,2,2-Tetrachloroethane when released to the atmosphere is fatrly stable with an estimated half-
life in the troposphere of two years When released to water, the compound will be lost by
volatihzatmn in a period of days. The compound is not expected to adsorb to soil, suspended
sohds, and sediment unless in high clay, dry soils. The bioconcentration factor in fathead minnows
has been reported as 49 which indtcates httle tendency for the compound to bioaccumulate in fish
and aquatic organisms (ATSDR, 1994)

TETRACHLOROETHENE (PCE)

Tetrachloroethene or tetrachloroethylene Is a clear, colorless, nonflammable liqmd that has a
characteristic odor. It is a widely used solvent, particularly as a dry cleaning agent, a degreaser, a
chemical intermediate, and a fun’ugant, and was given orally as a methcal treatment for hookworms.
The most significant exposure probably occurs m the industrial environment by inhalation. It is

readdy absorbed after mgestion or inhalatmn, but dermal absorptmn is poor. However, skin
irfitatmn may result from direct contact with the undiluted liquid. The mare excretion pathway is
through exhalahon of the unmetabolized compound (ATSDR, 1992).

In confined, poorly ventilated areas, single exposures to high concentratmns of telrachloroethene
can result in dizziness, headache, sleepiness, confusion, nausea, difficulty in speaking and walking,
and possibly unconsciousness and death. The consequences of chrome exposure to
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tetmchloroethene by breathing or ingesting low levels of the chemical are not known. In laboratory
ammals, studies were conducted using higher concentraUons than nonnally found in an
environmental sel~ing. These studies suggested the potential for tetrachloroethene to result m hver
and kidney d~unage, birth defects, toxicity to pregnant ammals, hver cancer and leukemia. Based on
evidence from animal studies, tetrachloroethene is considered to be carcinogenic. The USEPA
classifies tetrachloroethene as a B2 carcinogen (probable human carcinogen based on animal
studies, but inadequate or no evidence m humans)

Tetrachloroethene found in surface waters or on soil surfaces will predormnantly evaporate into the
atmosphere. However, tetrachloroethene m moderately to highly mobile ra soil and susceptible to
leaching. In subsurface soils where volatihzafion cannot occur, tetrachloroethene is only slowly
degraded and may be relatively persistent. Studies have shown that tetrachloroethene has a low
Inoaccumulatmn potentaal (ATSDR, 1992).

TETRACHLOROMETHANE (Carbon Tetrachloride)

Tetrachloromethane, more commonly referred to as carbon tetrachlonde, is a clear, heavy liquid
with a sweet aromatic odor. It is a synthetic chemical with no natural sources. Because it
evaporates very easily, it is not usually encountered m its liquid state in the environment. Carbon
tetrachlonde is readdy absorbed from the gastrointestinal tract and more slowly absorbed through
the lungs and skin. Most carbon tetrachloride leaves the body by being exhaled through the lungs
within a few hours after exposure.

Acute exposures of carbon tetmchlonde to humans have shown a wide range of effects. Prior
exposure to alcohol, phenobarbital, and some pesticides have been shown to increase the effects of
carbon tetrachloride. Single exposures to low concentrations may cause symptoms such as
irrltatmn of the eyes, moderate dizziness and headache winch dmappear once exposure is
&scontinned. Exposure to higher concentrataons will cause the same symptoms as above, but
additional symptoms of nausea, loss of appetite, mental confusion, agitation and the feeling of
suffocation may be seen. Chronic exposure to carbon tetrachlorlde produces symptoms of fatigue,
lassitude, giddiness, anxiety, headache and muscle twitching. Organ damage is usually restricted to
the liver, although there are some reported cases of kidney damage. After chronic exposure there is
usually regeneration in these organs. Carbon telrachlonde is carcinogenic in animals producing
mainly liver tumors. The USEPA has classified carbon tetrachlonde as a group B2 carcinogen
indicatmg that, based on animal studies, it is probably a human carcinogen, although there are no
adequate studies of cancer in humans.

Most carbon tetrachloride is released to the environment in the atmosphere. Although it is
moderately soluble in water, its high rate of volatihzation results in only about 1% of the total
carbon tetmchloride in the environment being in surface waters and oceans. Likewise, carbon
tetrachloride tends to volatilize from tap water used for showering, bathing and cooking inside a
home (ATSDR, 1989).
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I,I,I-TR1CHLOROETHANE

1,1,l-Trichloroethane (1,1,I-TCA) is a colorless hquid with a sweet characteristic odor. It is used
as a solvent for adhesives, in metal degreasing, in textile processing, as an aerosol propellant and in

spot cleaners. 1,1,1-TCA can enter the body through the lungs by breathing contaminated air or
through the digestive system by eating or dnnking contaminated food or water. Most I,I,I-TCA is
exhaled regardless of how it entered the body, but small metabolized amounts leave in the urine
(ATSDR, 1990).

Acute inhalation exposure to concentrations greater than 500 ppm of 1,1,I-TCA m humans may
result in di~iness, hghtheadedness and loss of balance and coordination. These effects are
reversible when the exposure is discontmued. Continued breathing of higher concentrations of
I,I,I-TCA could lead to unconsciousness, a decrease in blood pressure and cardiac arrest.
Although the health effects of long-term low dose exposure in humans is unknown, studies m
experimental animals have shown that damage occurs to the breathing passages, lungs and liver
following inhalation of high levels. Studies in experimental ammals have shown that exposure to
high concentrations of I,I,I-TCA during pregnancy could result in birth defects. If 1,1,1-TCA
comes into threct contact with skin for more than five nunutes, a mild irritation may occur, but
would disappear in a few hours atter removal of the 1,1,I-TCA. The USEPA classifies 1,1,1-TCA
in group D (not classafiable as to human carcinogemcity).

1,1,1 -TCA evaporates easily and is moderately water soluble. It volatilizes from soil, surface water,
and from unconfined ground water to the soil. If released to soft as a liquid, 1,1,1-TCA does not
sorb to soil and may leach to groundwater. 1,1,1-TCA is not beheved to bioconcentrate in fish and
aquatic organisms (ATSDR, 1990).

TRICHLOROETHENE (TCE)

Trichloroethene (TCE) or trichtoroethylene is a colorless liquid at room temperature with an odor
sinular to ether. The major use of this chemical as as a solvent for degreasing metal parts.
Exposure to TCE can occur via anhalation and by ingestion of contaminated food and water.
Absorption of TCE following inhalation exposure is high with approximately 50% of the inhaled
dose absorbed and 50% exhaled¯ Dermal absorption is poor in humans. Once absorbed the

¯ majority of the TCE ~s metabolized and then excreted in the unne, only a relatively small amount of
absorbed TCE is exhaled via the lungs (ATSDR, 1991).

Triehloroethene is not acutely toxic by the inhalation or oral routes¯ Oral and inhalation exposures
affect the central nervous system, liver and kidney. Trichloroethane was once used as an anesthetac;
inhalation of high doses (5000 ppm) produces anesthetic effects. Human epidemiology studies
have not shown a clear connection between exposure to trichloroethene and increased cancer risk
(ATSDR, 1991). Laboratory animals exposed by inhalation developed cancers in the lung and
laver, while animals exposed orally had increased incidence of hver and kidney carcinomas. The

USEPA classifies TCE as a group B2 carcinogen (probable human carcinogen but inadequate or no
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evidence in humans)(HEAST, 1994). The USEPA is currently re-evaluating the toxicity 
carcinogemclty of tnchloroethene (IRIS, 1994).

Environmentally, trichloroethene volatihzes rapidly from water. It is highly mobile m soil and
quickly leaches to the ground water. It exists predominantly in the vapor phase with some removal
from the atmosphere via wet deposition. TCE is believed to have a low bioaccumulanon potential
m fish and other aquatic creatures (ATSDR. 1991).

TRICHLOROMETHANE (Chloroform)

Chloroform is a cdlorless or water-white liquid with a pleasant non-irritating odor. It can enter the
body by breathing air, drinking water or eating food that contains chloroform. Because chloroform
can penetrate the skin, it may enter the body by bathing or showering in water containing
chloroform. Water that has been chlorinated for disinfectant purposes may contain chloroform as a
by-product. In general chloroform is rapidly eliminated from the body (ATSDR, 1991).

Short-term inhalation exposure to high concentrations (900 ppm) results in CNS effects such 
tiredness, dizziness and headache while higher concentrations (8,000 to 10,000 ppm) may result 
uncousclousness and death. Longer-term exposure to chloroform can affect liver and kidney
function. Dermal exposures may cause sores on the skin. Chloroform was used as a surgical
anesthetic for many years before its harmful effects on the liver and kidneys were recognized.
Chronic oral doses of chloroform at concentrations greater than 60 mg/kg/day have been found to
result in liver and kidney cancer in laboratory aurmals. Epidemiologieal studies found a correlatmn
between chlorinated drinking water and cancer of the bladder, large intestine and rectum in humans.
However, chloroform is only one of many chlorinated compounds found m chlorinated dnnking

water that are potentially careinogemc. The USEPA classifies chloroform as a group B2

carcinogen (probable human carcinogen based on animal studies, but inadequate or no evidence in
humans) (IRIS, 1994).

Chlorofonn is released to the environment as a result of its manufacture and use m the chlorination
of water and from other water trealanent processes. Most of the chloroform released to the
environment will eventually volattlize from water and soil to the atmosphere. Chloroform in the
atmosphere may be degraded by photochemical reactions. Because of its limited ability to sorb to
soil and its high water solubility, chloroform will leach from soil to groundwater where it may
persist for a long time (ATSDR, 1991).

VINYL CHLORIDE

Vmyl chloride is a colorless gas with a mild, sweet odor. It is used to make polyvinyl chloride
(PVC), as a refrigerant gas, and in the manufacture chlorinated compounds.

Acute exposure in humans to approximately 10,000 ppm vinyl chloride for five minutes results in
central nervous system effects including dizziness, disorientation, nausea, and headaches. Death
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has resulted when humans were acutely exposed to high levels of vinyl chloride. Acute mhalatmn

of 100,000 to 400,000 ppm vinyl chlorlde has resulted m death m laboratory animals Inhalation of
vinyl chloride has been reported to result in Impaired liver function, liver damage, and central
nervous system effects at doses as low as 10 ppm in laboratory animals. Chronic inhalation
exposure has also resulted m a syndrome known as vinyl chloride &sease. Symptoms include
circulatory &sturbances in the extrermfies, and blood, lung, and liver effects. In animals, chromc
exposure to oral and inhaled vinyl chloride resulted in decreased longevity, vinyl chloride
syndrome, toxic hepatitis, kidney effects, and cancer (ATSDR, 1991). Vinyl chloride has been
classified as a group A carcinogen in humans (HEAST, 1994). Increases in the occurrence 
tumors in the liver (angiosarcomas), brain, lung, and blood making tissues have been associated
with occupational exposure to vinyl chloride in humans (ATSDR, 1991 ).

Vinyl chloride is a highly mobde compound and may leach into ground water. It does not adsorb to
soil. Vinyl chloride in surface water will volatihze to the atmosphere. In the atmosphere, vinyl
chloride exists as a vapor and Is rapidly degraded. It does not bioconcentrate significantly m aquatic
organisms (ATSDR, 1991; Howard, 1990).
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Appendix A

Toxicology Profiles for Contaminants

A.1 Inorganic Arsenic

Toxicity Classification:

EPA: Group A (known human carcinogen)

Toxicity Criteria:

Reference Dose (RfD)-Oral:
Uncertainty/Modifying Factor:
Principal Studies:

0.0003 milligrams per kilogram (mg/kg)/day
3
Tseng et al., 1968; Tseng, 1977

Cancer Slope Factor-Oral:
Principal Studies:

1.5 (mg/kg/day)-1

Tseng et al., 1968; Tseng, 1977

Cancer Slope Factor-Inhalation: 4.3 E"3 (mg/m3)"1

Principal Studies: Brown and Chu, 1983a-c; Lee-Feldstein, 1983; Higgins,
1982; Enterhne and Marsh, 1982

Target Organs (Primary):

skin (hyperpigmentation and hyperkeratosis)
¯ nervous system (peripheral neuropathy)
¯ vascular system
¯ hematopoietic system
¯ gastrointestinal
¯ lungs
¯ liver
¯ kidney

A.I.1 General Information

The toxicity of inorganic arsenic (As) depends on its valence state (-3, +3, or +5), and also 
the physical and chemical properties of the compound in which it occurs. Trivalent (As÷3)

compounds are generally more toxic than pentavalent (As+5) compounds, and the more water
soluble compounds are usually more toxic and more likely to have systemic effects than the less
soluble compounds, which are more likely to cause chronic pulmonary effects if inhaled.

One of the most toxic inorganic arsenic compounds is arsine gas (ASH3). It should be noted
that laboratory animals are generally less sensitive than humans to the toxic effects of inorganic
arsenic. In addition, in rodents, the critical effects appear to be immunosuppression and hepato-
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renal dysfunction, whereas in humans the skin, vascular system, and peripheral nervous system
are the primary target organs.

Water soluble morgamc arsenic compounds are absorbed through the G.I. tract (>90 percent)
and lungs; distributed primarily to the liver, kidney, lung, spleen, aorta, and skin; and excreted
mainly in the urine at rates as high as 80 percent in 61 hrs following oral dosing (EPA, 1984).
Pentavalent arsenic is reduced to the trivalent form and then methylated m the hver to less toxic
methylarsmic acids (ATSDR, 1989).

A.1.2 Basis for Toxicity Criteria

The Reference Dose (RID) for chronic oral exposures, 0.0003 mg/kg/day, is based on a 
Observed Adverse Effects Level (NOAEL) of 0.0008 mg/kg/day and a Lowest Observed
Adverse Effects Level (LOAEL) of 0.014 mg/kg/day for hyperpigrnentation, keratosls, and
possible vascular complications m a human population consuming arsenic-contaminated
drinking water (EPA, 1991a). Because of uncertainties in the data, the U.S. Environmental
Protection Agency (EPA) (1991 a) states that "strong scientific arguments can be made 
various values within a factor of 2 or 3 of the currently recommended RfD value." The
subchronic Reference Dose is the same as the chronic RfD, 0.0003 mg,’kg/day (EPA, 1992).

Acute inhalation exposures to inorganic arsenic can damage mucous membranes, cause rhmitis,
pharyngitis and laryngitis, and result in nasal septum perforation (EPA, 1984). Epidemiologlcal
studies have revealed an association between arsenic concentrations in dnnking water and
increased incidences of skin cancers (including squamous cell carcinomas and multiple basal
cell carcinomas), as well as cancers of the liver, bladder, respiratory, and gastrointestinal tracts
(EPA, 1987; IARC, 1987; Chen et al., 1985, 1986). Occupational exposure studies have shown
a clear correlation between exposure to arsemc and lung cancer mortahty (IARC, 1987; EPA,
1991a). EPA (1991a) has placed inorganic arsenic in weight-of-evidence group A, human
carcinogen. A drinking water unit risk of 5E-5(mg/L)"l has been proposed (EPA, 1991a);
derived from drinking water unit risks for females and males that are equivalent to slope factors
of 1.0E-3 (mg/kg/day)q (females) and 2.0E-3 (mg/kg/day)4 (males) (EPA, 1987). 
inhalation exposures, a unit risk of4.3E-3 (mg/m3)4 (EPA, 1991a) and a slope factor of 5.0E+l
(mg/kg/day)4 have been derived (EPA, 1992).

Symptoms of acute inorganic arsenic poisoning in humans are nausea, anorexia, vomiting,
epigastric and abdominal pain, and diarrhea. Dermatitis (exfoliative erythroderma), muscle
cramps, cardiac abnormalities, hepatotoxlcity, bone marrow suppression and hematologic
abnormalities (anemia), vascular lesions, and peripheral neuropathy (motor dysfunction,
paresthesia) have also been reported (U.S. Air Force, 1990; ATSDR, 1989; EPA, 1984).
Primary target organs are the skin (hyperpigmentation and hyperkeratosis) [Terada et al. 1960;
Tseng et al., 1968;], nervous system (peripheral neuropathy), and vascular system [Tseng et al.,
1968]. Anemia, leukopenia, hepatomegaly, and portal hypertension have been reported. In
addition, possible reproductive effects include a high male-to-female birth ratio.

In animals, acute oral exposures can cause gastrointestinal and neurological effects. Chronic
exposures have also resulted in mild hyperkeratosis and bile duct enlargement with hyperplasia,
focal necrosis, and fibrosis. Reduction in litter size, high male-to-female birth ratios, and
fetotoxicity without significant fetal abnormalities occur after oral dosing; however, parenteral
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dosing has resulted in exencephaly, encephaloceles, skeletal defects, and urogenital system
abnormalities.

It is reported that a 12 percent incidence of skin abnormalities occurred in children whose
drinking water contained 0.6 to 0.8 mg As/L. The earliest cases occurred about 4 to 5 years
after the inittal exposure. Cardiovascular effects, including Raynaud’s syndrome, acrocyanosis,
angina pectoris, hypertension, myocardial infarction, mesentefic thrombosis, systemic occlusive
arterial disease, bronchiectasis, and rectu’rent broncho-pneumonia were also observed in this
group of subjects!. The bronchiectasis and recurrent broncho-pneumonia were attributed to an
immunosuppressive action of arsenic in the lungs. A significant decrease in the incidence of
skin abnormalities was observed after a reduction in drinking water concentration to about 0.04
mg/L After 4 years at the lower exposure, effects were rarely seen in children younger than 12
years old). Central nervous system deficits (hearing loss, eye damage, abnormal EEGs, mental
retardation, and epilepsy), electrocardiographic changes (elevated ST wave and extended 
interval), and skin abnormalities (melanosis, desquamation, rashes, and hyperkeratosis)
occurred in infants who bad been fed arsenic-contaminated milk for 1 to 2 months. It was
estimated that the daily arsenic intake was about 3 mg/day (EPA, 1984).
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A.2 Polycyclic Aromatic Hydrocarbons (PAHs)

Toxicity Classification:

EPA: B2 (probable human carcinogen, includes carcinogenic PAHs; B(a)P, B(a)A,
B(b)F, B(k)F, carbazole, chrysene, D(ah)A, indeno(1,2,3-cd)pyrene, 
1995)

Comment: Classification is based on multiple studies indicating carcinogenicity of
individual components of PAHs mixture through inhalation, and dermal
contact exposures

Toxicity Criteria:

Reference Dose (RfD)~Oral: Acenaphthene = 6.0E-2, anthracene = 3.0E-l, fluoranthene, and

fluorene = 4.0E-2, and pyrene = 3.0 E-2

Cancer Slope Factor-Oral: B(a)P - 7 3 (mg/kg/day)-l

Comment: Mouse skin carcinogenesis. Other carcinogenic PAHs are
evaluated based on their relative potency compared with B(a)P.

The relative potency factors areas follows: B(a)P = 1.0, B(a)A
= 0.1, B(h)E = 0.1, B(k)F = 0.01, chrysene = 0.001, D(ah)A 
1.0, indeno(123-ed)pyrene = 0.1.

Target Organs (Primary):

¯ skin (cancer)
¯ immune system
¯ nervous system

A.2.1 General Information

PAHs are products of incomplete combustion of organic materials from sources such as
cigarette smoke, municipal incinerators, wood stove emissions, coal conversion, and fossil
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fuel burning (diesel and gasoline automobile exhausts). PAHs are a diverse class 
compounds formed as a result of incomplete combustion of organic compounds with
insufficient oxygen This leads to the formation of C-H free radlcals, which can polymerize
to form various PAHs. Among these PAHs are compounds such as benzo(a)pyrene (B[a]P),
benz(a)anthraene (B[a]A) and Dibenz(a,h)anthracene (ATSDR, 

PAHs are present in the environment from both natural and anthropogenic sources. As a
group, they are widely distributed in the environment, having been detected in animal and
plant tissue, se&ments, soils, air, and surface water. Humans may be exposed to PAHs in the
environment, in tobacco smoke and cooked food, and in the work place. Typically,
individuals are not exposed to a single type of PAHs, but to a mixture of related chemicals
(ATSDR, 1988).

The environmental fate of PAHs is determined largely by their low water solubilities and
high propensity for binding to particulate or organic matter. In the atmosphere they are
associated with particulate matter, especially soot. In aquatic environments, PAHs are
usually bound to suspended particles or bed sediments. PAHs suspended in the air are
thought to undergo direct photolysis very quickly. The ultimate fate of PAHs in the sediment
is beheved to be biodegradation and biotransformation by benthic organisms (EPA, 1986).

Unsubstituted lower molecular weight PAH compounds that contain 2 or 3 rings exhibit
significant acute toxicity and other adverse effects to some organisms, but are
noncarcinogenic. The higher molecular weight PAHs that contain 4 to 7 rings are
significantly less toxic, but many of these are demonstrably carcinogenic, mutagenic, or
teratogenic to a wide variety of organisms including fish, birds, and mammals. These
animals have been exposed to PAHs (particularly B[a]P) by several routes of exposure
including dermal absorption, mgestion, injection, and inhalation. The metabolism is
Important in determining their carcinogenicity and effects and many of the metabolites are
more toxic than the parent compound. PAHs in the water column also accumulate in
organisms, but many organisms metabohze and excrete PAHs rapidly, resulting in short-lived
bloaccumulatlon (EPA, 1986).

A.2.2 Basis for Toxicity Criteria

There is no direct information available for the effects of PAHs on humans. All of the
information available for PAHs is from studies on experimental animals. PAHs are well-
established as experimental carcinogens for all routes to which humans would normally be
exposed. Non-carcinogenic effects reported for PAHs include skin lesions and non-cancer
lung diseases such as bronchitus. Benzo(a)pyrene has been associated with developmental
toxicity and adverse reproductive effects in experimental animals (ATSDR, 1988).

Risk is assessed separately for carcinogens and noncarcinogens. Benz[a]anthracene,
benzo[b]fluoranthene, benzo[k]fluoranthene, B(a)P, chrysene, dibenz[a,h]anthracene, and
indeno[1,2,3-cd]pyrene are classified as B2 carcinogens (probable human carcinogen;
sufficient evidence of carcinogenicity in animals; inadequate evidence of carcinogenicity in
humans). The other PAHs have a D classification (not classified; inadequate evidence 
carcinogenicity in animals). Because of recent changes in the interpretation of toxicological
data, the following discussion regarding the source of information used to develop the action
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levels is presented. The anrmal data consist of dietary, gavage, inhalation, intratracheal
instillation, and dermal and subcutaneous studies in numerous strains of at least four species
of rodents and several primates. Repeated B(a)P administration has been associated with
increased incidences of total tumors and of tumors at the site of exposure. Distant site tumors
have also been observed after B(a)P administration by various routes. B(a)P is frequently
used as a positive control in carcinogenicity bioassays.

B(a)P administered in the diet or by garage to mice, rats, and hamsters has produced
increased incidences of stomach tumors. Neal and Rigdon (1967) fed B(a)P (purity 
reported) at concentrations of zero, 1, 10, 20, 30, 40, 45, 50, 100 and 250 parts per million
(ppm) in the diets of male and female CFW-Swiss mice. The age of the mice ranged from 
to 180 days old, the treatment time from 1 to 197 days, and the size of the treated groups
from 9 to 73. There were 289 mice (number of mice/sex not stated) in the control group. 
forestomach tumors were reported in the zero-, 1- and 10-ppm dose groups. The incidence of
forestomach tumors in the 20-, 30-, 40-, 45-, 50-, 100- and 250-ppm dose groups were 1/23,
0/37, 1/40, 4/40, 23/34, 19/23 and 66/73, respectively. The authors felt that the increasing
tumor incidences were related to both the concentration and the number of doses
administered. Historical control forestomach tumor data are not available for CFW-Swiss
strain mice. In historical control data from a related mouse strain, SWR/J Swill, the
forestomach tumor incidence rate was 2/268 and 1/402 for males and females, respectively
(Rabstein et al., 1973)

Brune et al. (1981 ) fed 0.15 mg/kg B(a)P (reported to be highly pure) in the diet 
Sprague-Dawley rats/sex/group either every 9th day or 5 times per week. These treatments
resulted in annual average doses of 6 or 39 mg/kg, respectively. An untreated group of 32
rats/sex served as the control. Rats were treated tmtd moribund or dead; survival was similar
in all groups. Histologic examinations were performed on each rat. The combined incidence
of tumors of the forestomaeh, esophagus, and larynx was 3/64, 3/64 and 10/64 in the control
group, the group ifed B(a)P every 9th day and the group fed B(a)P 5 times/week, respectively.
A trend analysis showed a statistically significant tendency for the proportion of animals with
tumors o f the forestomach, esophagus, or larynx to increase steadily with dose (Knauf and
Rice, 1992).

As part of the same study, Brtme et al. (1981) administered B(a)P (highly pure) orally 
Sprague-Dawley.rats by caffeine gavage. The rats were treated until moribund or dead; all
rats were subjected to terminal histopathologic examination. Gavaged rats were divided into
three dose groups of 32 rats/sex/group; the groups received 0.15 mg/kg per gavage either
every 9th day (Group A), every 3rd day (Group B), or 5 times per week (Group C). 
treatments resulted in annual average doses of 6, 18 or 39 mg/kg, respectively. Untreated and
gavage (5 times/week) controls (32 rats/sex/group) were included. The median survival
times for the untreated control group; the garage control group; and groups A, B, and C were
129, 102, 112, 113, and 87 weeks, respectively. The survival time of Group C was short
compared with controls, and may have precluded tumor formation (Knanf and Rice, 1992).
The combined tumor incidence in the forestomach, esophagus, and larynx was 3/64, 6/64,
13/64, 26/64, and 14/64 for the untreated control group, gavage control group, group A,
group B, and group C, respectively. There was a statistically significant association between
the dose and the proportions of rats with tumors of the forestomaeh, esophagus, or larynx.
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This association is not characterized by a hnear trend. The linearity was affected by the
apparently reduced tumor incidence that is seen in the high-dose group (Knauf and Rice,
1992).

Intratracheal instillation and inhalation studies in guinea pigs, hamsters, and rats have
resulted in elevated incidences of respiratory tract and upper digestive tract tumors (EPA,
1991a). Intraperitoneal B(a)P injections have caused increases in the number of injection site
tumors in mice and rats (reviewed in EPA, 1991a). B(a)P has also been reported to 
carcinogenic in animals when administered by the following routes-i.v.; transplacentally;
implantation in the stomach wall, lung, renal parenchyma, and brain; injection into the renal
pelvis; and vaginal painting (EPA, 1991a).

At the June 1992 CRAVE Work Group meeting, it was noted that an error had been made in
the 1991 document Dose-Response Analysis of Ingested Benzo[a]pyrene which is quoted m
the Drinking Water Criteria Document for PAH. In the calculation of the doses in the Bmne
et al. (1981) study, it was erroneously concluded that doses were given in units of mg/year,
whereas it was in fact mg/kg/year. When the doses are corrected, the slope factor is correctly
calculated as 11.7 per (mg/kg)/day, as opposed to 4.7 per (mg/kg)/day as reported in 
Drinking Water Criteria Document. The correct range of slope factors is 4.5 to 11.7 per
(mg/kg)/day, with a geometric mean of 7.3 per (mg/kg)/day. A drinking water unit risk based
on the revised slope factor is 2.1E-4 per 0tg/L). Therefore, these values have been changed
on IRIS, and an Erratum to the Drinking Water Criteria Document is being prepared.

Risk estimates were calculated from two different studies in two species of outbred rodents
(Neal and Rigdon, 1967; Brune et al., 1981). These stu&es have several commonalities,
including mode of administration, tumor sites, tumor types, and the presumed mechanisms of
action. The data sets were not combined before modeling (the preferred approach) because
they used significantly dissimilar protocols.

The geometric mean from several slope factors, each considered to be of equal merit, was
used to calculate a single unit risk. These four slope factor estimates span less than a factor
of three, and each ~s based on an acceptable, but less-than-optimal, data set. Each estimate is
based on a low-dose extrapolation procedure that entads the use of multiple assumptions and
default procedures.

Clement Associates (1990) fit the Neal and Rigdon (1967) data to a two-stage dose response
model. In this model, the transition rates and the growth rate of preneoplastic cells were both
considered to be exposure-dependent. A term to permit the modeling of B(a)P as its own
promoter was also included. Historical control stomach tumor data fi’om a related, but not
identical, mouse strata, SWR/J Swill (Rabstein et al., 1973) and the CFW Texas colony (Neal
and Rigdon, 1967) were used in the modeling. In calculating the lifetime unit risk for
humans, several standard assumptions were made-mouse food consumption was 13 percent
of its body weight/day; human body weight was assumed to be 70 kg; and the assumed body
weight of the mouse was 0.034 kg. The standard assumption of surface area equivalence
between mice an humans was the cube root of 70/0.034. A conditional upper bound estimate
was calculated to be 5.9 per (mg/kg)/day (EPA, 1991a).
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An EPA report (i 99 lb) argued that the upper-bound estimate calculated in Clement
Associates (1990) involved the use of unrealistic conditions placed on certain parameters 
the equation. Other objections to this slope factor were also raised. The authors of this
report used the Neal and Rigdon (1967) data to generate an upper-bound estimate
extrapolated linearly from the 10 percent response point to the background of an empirically
fitted dose-response curve (Clement Associates, 1990). Other results, from similar concepts
and approaches used for other compounds, suggest that the potency slopes calculated in this
manner are comparable to those obtained from a linearized multistage procedure for the
majority of the other compounds. The upper bound estimate calculated in EPA (1991 b) 
9.0 per (mg/kg)/day. The authors of EPA (1991b) selected a model to reflect the partial
hfctime exposure pattern over different parts of the animals’ lifetimes. The authors thought
that this approach more closely reflected the Neal and Rigdon (1967) regimen. A Weibull-
type dose-response model was selected to accommodate the partial lifetime exposure; the
upper-bound slope factor calculated from this method was 4.5 per (mg/kg)/day.

EPA selected a slope factor for B(a)P of 7.3, which is a geometric mean of 4.5 to 11.7. EPA
currently proposes to regulate carcinogenic PAHs based on their relative potency in
producing skin tumors in mouse skin painting studies. The toxicity values (RfDs), critical
effects, and uncertainties for five of the noncarcinogenic PAH compounds are verified and
currently available on IRIS as listed above.

A.2.3 Standards and Criteria

Occupational Exposures: OSHA PEL (B[a]P) 0.2 mg/m3

The proposed maximum contaminant level (MCL) value for B(a)P is 0.0002 mg/L (proposed,
1990). The World Health Organization European standards for drinking water recommend 
concentration of PAHs not to exceed 0.2 ~g/L (EPA, 1988).

For ambient water quality criteria (AWQC) for protection of humans to water and fish, the
consumption is 2.8E-3 btg/L; fish consumption alone is 3.11E-2 p.g/L. The AWQC for
protection of aquatic organisms ~s not available for fresh water organisms or for marine
organisms: the acute LEC is 3.0E+2 lag/L and no chronic LEC is available. The values that
are indicated as LEC are not criterm, but are the lowest effect levels found in the literature.
LECs are given when the minimum data required to derive water quality criteria are not
available. The values given represent PAHs as a class ( 45 FR 79318 (11/28/80).

A.2.4 References

ATSDR (a). 1988. Agency for Toxic Substances and Disease Registry. Toxicological
Profile for Benzo(a)Pyrene. Atlanta, Georgia: U.S. Public Health Service.

ATSDR (a). 1988. Agency for Toxic Substances and Disease Registry. Toxicological
Profile for Benz (a)Anthracene. Atlanta, Georgia: U.S. Public Health Service.

ATSDR (a). 1988. Agency for Toxic Substances and Disease Registry. Toxicological
Profile for Benz (a,h)Anthracene. Atlanta, Georgia: U.S. Public Health Service.
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USEPA. 1986. U.S. Environmental Protection Agency, QuahtyCriteriaforWater. Atlanta,
Georgia.

USEPA. 1986. U.S. Environmental Protection Agency, Iris Chemical File on
Benzo(a)pyrene; CASRN 50-32-8 (3/1/88). Cincinnati, Ohio: USEPA, Env. Criteria 
Assessment Office.

A.3 Tetrachloroethylene

Toxicity Classification:

Classification: B2, probable human carcinogen (EPA, 1991).

Toxicity Criteria:

Reference dose (RfD)-Oral: 0.01 mg/kg/day (EPA, 1991)

Uncertainty Factor: 100

NOAEL: 20 mg/kg/day (converted to 14 mg/kg/day)

Principal Study: Buben and O’Flaherty, 1985

Cancer Slope Factor-Oral: 5.1 x 10"2 (mg/kg/day)"l

Unit Risk: 1.5 x 10.6 (p.g/L)"l

(CRAVE-EPA group verified, pending input into IRIS; quantitative estimates were not
calculated by the CRAVE Workgroup [EPA, 1991].)

Cancer Slope Factor-Inhalation: 2.03E-3 (mg/kg/day)"l (provisional value)

Unit Risk: 5.8 E-7 (llg/m3)"t

(CRAVE-EPA group verified, pending input into IRIS; quantitative estimates were not
calculated by the CRAVE Workgroup [EPA, 1991].)

Target Organs:

¯ liver and kidney (oral and inhalation exposure)
¯ central nervous system (inhalation exposure)

A.3.1 General Information

Tetrachloroethylene (CAS No. 127-18-4) is a halogenated aliphatic hydrocarbon with a vapor
pressure of 17.8 nun Hg at 25°C (EPA, 1982). The chemical is used primarily as a solvent 
industry and, less frequently, in commercial dry-cleaning operations (ATSDR, 1990).
Occupational exposure to tetrachloroethylene occurs via inhalation, resulting in systemic
effects, and via dermal contact, resulting in local effects. Exposure to the general population
can occur through contaminated air, food, and water (ATSDR, 1990).
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The respiratory tract is the primary route of entry for tetmchloroethylene (NTP, 1986; EPA,
1988). The chemical is rapidly absorbed by this route and reaches an equdibrium in the blood
within 3 hours after the initiation of exposure. Tetrachloroethylene is also significantly
absorbed by the gastrointestinal (g.i.) tract, but not through the skin (ATSDR, 1990). 
chemical accumulates in tissues with high lipid content, where the half-life is estimated to be 55
hours (ATSDR, 1990), and has been identified in perirenal fat, brain, liver, placentofetal tissue,
and amniotic fluid. The proposed first step for the biotrausformation oftetrachloroethylene is
the formation of an epoxide thought to be responsible for the carcinogenic potential of the
chemical. Tetrachloroethylene is excreted mainly unchanged through the lungs, regardless of
route of administration (NTP, 1986). The urine and feces compnse secondary routes 
excretion. The major urinary metabolite oftetrachloroethylene, trichloroacetic acid, is formed
via the cytochrome P-450 system (ATSDR, 1990).

A.3.2 Basis fo:r Toxicity Criteria

A.3.2.1 Non-carcinogenicity

Acute exposure to high concentrations of the chemical (estimated to be greater than 1,500 ppm
for a 30-minute exposure) may be fatal to hurnans. Chronic exposure causes respiratory tract
irritation, headache, nausea, sleeplessness, abdominal pains, constipation, cirrhosis of the liver,
hepatitis, and nephritis in humans; and microscopic changes in renal tubular cells, squamous
metaplasia of the nasal epithelium, necrosis of the liver, and congestion of the lungs in animals
(NTP, 1986). Some epidemiology studies have found an association between inhalation
exposure to tetrachloroethylene and an increased risk for spontaneous abortion, idiopathic
infertility, and sperm abnormalities among dry-cleaning workers. The adverse effects in
humans are supported in part by the results of animal studies in which tetrachloroethylene
induced fetotoxicity (but did not cause malformations) in the offspring of treated dams.

A carcinogeniclty bioassay m mice and rats (NCI, 1977) provided the only available chronic
oral toxicity data for tetrachloroethylene. For both mice and rats, dosage adjustments were
made during the study. The time-weighted average doses of the chemical, administered for 78
weeks in corn oil, were as follows: male B6C3FI mice, 536 or 1,072 mg/kg; female mice, 386
or 772 mg/kg; Osborne-Mendel male rats, 471 or 941 mg/kg; and female rats, 474 or 949
mg/kg. Toxic nephropathy was observed at all doses in both sexes of mice and rats. The
nephropathy was Characterized by degenerative changes in the proximal convoluted tubule at
the junction of the cortex and medulla, with fatty degeneration, cloudy swelling, and necrosis of
the tubular epithelium.

RfDs for chronic and subchronic oral exposure to tetrachloroethylene are 0.1 mg/kg/day and
0.01 mg/kg/day, respectively (Buben and Flaherty, 1985; EPA, 1990; 1991). These values are
based on hepatotoxicity observed in mice given > 100 mg tetrachloroethylene/kg body weight
for 6 weeks and aNOAEL of 20 mg/kg.

A.3.2.2 Carcinogenicity

Epidemiology studies of dry cleaning and laundry workers have demonstrated excesses in
mortality due to various types of cancer, including liver cancer, but the data are regarded as
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inconclusive because of various confounding factors (Lynge and Thygesen, 1990; EPA, 1988).
The tenuous finding of an excess of liver tumors in humans is strengthened by the results of
carcinogenicity bioassays in which tetrachloroethylene, administered either orally or by
inhalation, induced hepatocellular tumors in mice (NCI, 1977; NTP, 1986). The chemical also
induced mononuclear cell leukemia and renal tubular cell tumors in rats. Tetrachloroethylene
was negative for tumor initiation in a dermal study and for tumor induction in a pulmonary
tumor assay (Van Duuren et al., 1979; Theiss et al., 1977).

On the basis of the sufficient evidence from oral and inhalation studies for carcinogenicity in
animals and none or inadequate evidence for carcinogenicity to humans, tetrachloroethylene is
placed m EPA’s weight-of-evidence Group B2, probable human carcinogen (NCI, 1977; NTP,
1986; EPA, 1991). For oral exposure, the slope factor is 5.1 x 10.2 (mg/kg/day)-t; the unit risk
is 1.5 x 10-6 (mg/L)"1. For inhalation exposure, the slope factor was not calculated; the unit risk
is 5 2 x 10"7 (mg/m3)"j,

Human health effects resulting fi’om chronic exposure to various concentrations of
tetrachloroethylene include respiratory tract irritation, headache, nausea, sleeplessness,
abdominal pains, constipation, cirrhosis of the liver, hepatitis, and nephritis (Coler and
Rossmiller, 1953; Stewart et al., 1970; von Ottingen, 1964, Stewart, 1969). In one study, 16 of
25 workers, exposed to 59 to 442 ppm for 2 months to 27 years had significantly elevated
SGOT and SGPT activity compared with controls (Chmielewski et al., 1976).

An NTP bioassay provided chronic toxicity data for animals exposed to tetrachloroethylene.
Groups of 50 male and 50 female F344/N rats and B6C3FI mice inhaled the chemical 6
hours/day, 5 days/week for 103 weeks (NTP, 1986). The exposure concentrations consisted 
zero, 200, or 400 ppm for rats and zero, 100, or 200 ppm for mice. In rats, nonneoplastic
effects consisted of dose-related renal tubular cell karyomegaly (males and females), renal
tubular cell hyperplasia (males only), and dose-related increases in the incidences of nasal
thromboses and squamous metaplasia (the thromboses were believed to have been secondary to
tetrachloroethylene-induced leukemia). The incidence of renal tubular cell karyomegaly was
higher in males than in females. In mice, nonneoplastic effects consisted of dose-related
hepatic degeneration, hepatic necrosis, and hepatic nuclear inclusion; dose-related renal tubular
cell karyomegaly; and pulmonary congestion.

Pegg ct al. (1978), reported m a fate and disposition study that rats inhaling 
tetrachloroethylene concentration of 600 ppm (4 g/m3) 6 hours/day, 5 days/week for 12 months
developed unspecified reversible liver damage.

In a Danish study, a cohort of laundry and dry-cleaning workers was studied for cancer
incidence among persons exposed to tetrachloroethylene (the most commonly used solvent in
Danish dry-cleaning shops) (Lynge and Thygesen, 1990). The 10-year follow-up study
evaluated 8,567 women and 2,033 men employed in laundry and dry-cleaning in 1970. The
study revealed a significant excess risk for primary liver cancer among the women (7 observed,
2.1 expected); but not one case of primary liver cancer was found among the men, for whom the
expected value was 1.1. Although the majority of primary liver cancer cases in Denmark has
been associated with excess alcohol consumption, the investigators did not believe this to be the
exclusive explanation for the excess tumors among the dry-cleaning workers.
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A retrospective mortality epidemiologic study of dry cleaning workers with exposure to
tetrachloroethylene reported an excess of mortality from kidney and bladder cancer (8 cases
versus 2.7 expected; SMR=296) and cancer of the cervix (10 observed versus 5.1 expected;
SMR=296) (Brown and Kaplan, 1985). The cohort consisted of 1,690 workers with > 23 years
of employment The results of this study were inconclusive because the workers had potential
occupational exposure to pelroleum solvents, in addition to tetrachloroethylene. However, a
subcohort of the study, consisting of 615 workers with no known exposure to petroleum
solvents, demonstrated no excess risk for cancer at any site (Brown and Kaplan, 1985). Other
studies of dry cleaning and laundry workers have demonstrated increases in mortality due to
various types of cancer (lung, cervix, kidney, skin and/or colon), but the data are also regarded
as inconclusive because of various confounding factors (EPA, 1988).

In a carcinogenicity bioassay, groups of 50 male and 50 female F344/N rats and B6C3F1 mice
inhaled tetrachloroethylene 6 hours/day, 5 days/week for 103 weeks (NTP, 1986) The
exposure concentrations were zero, 200, or 400 ppm for rats and zero, 100, or 200 ppm for
mice. Exposure to tetrachloroethylene under the conditions of the study resulted in: (a) clear
evidence of carcinogenicity for male F344/N rats as shown by an increased incidence of
mononuclear cell leukemia (controls, 28/50; low dose, 37/50; high dose, 37/50) and renal
tubular cell adenomas or carcinomas combined (1/49, 3/49, 4/50) (the incidence of the renal
tumors was not statistically significant, but these uncommon tumors had been found
consistently at low incidences in male rats in other studies of chlorinated ethanes and
ethylenes); (b) some evidence of carcinogeniclty for female rats as shown by increased
incidences ofmononuclear cell leukemia (18/50, 30/50, 29/50); and (c) clear evidence 
carcinogenicity for mice as shown by increased incidences of hepatocellular adenomas (11/49,
8/49, 18/50) and carcinomas (7/49, 25/49, 26/50) m males and of hepatocellular carcinomas
(1/48, 13/50, 36/50) in females. There were no neoplastic changes in the respiratory tract 
either species, but there was an increased incidence (non-dose-related) of squamous metaplasia
in the nasal cavities of treated male rats.

Tumors were not observed in groups of 96 male and 96 female Sprague-Dawley rats exposed to
tetrachloroethylene concentrations of 300 or 600 ppm, 6 hours/day, 5 days per week for 52
weeks and observed for the rest of their lives (Rampy et al., 1978).

A.3.3 References
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ECAO-CIN-H009a.
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A.4 Polychlorinated Biphenyls (PCBs)

Toxicity Classification: B2 carcinogens (EPA, 1995)
(Comment: Classification is based on hepatocellular carcinomas in rats and mice, suggestive
evidence of excess risk of hver cancer in humans by ingestion, inhalation, and dermal contact.)

Toxicity Criteria:
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Reference Dose (RfD)-Oral: 7.0E-5 mg/kg/day (Arochlor- 1016)
2.0E-5 mg/kg/day (Arochlor- 1254)

Cancer Slope Factor~gral: 7.7 (mg/kg/day)"l

Cancer Slope Factor-Inhalation: To be determined

Target Organs (primary):

¯ skin (hyperpigmentation and hyperkeratosis)

A.4.1 General Information

There are four commercial PCB mixtures marketed in the U.S. under the name Aroclor~
(Aroclor~1016, 1242, 1254, and 1260) CLISAF, 1989). Aroclor~ formulations are complex
mixtures of PCBs produced by progressive chlorination of biphenyl with anhydrous chlorine,
and because they are mixtures, their physical properties and chemical behavior cannot be
precisely defined (USAF, 1989). PCBs have been used as heat transfer liquids, hydraulic
fluids, lubricants, plasticizers, surface coatings, inks, adhesives, pesticide and extenders, and
for microencapsulation of dyes for carbonless duplicating paper (USAF, 1989).

The environmental behavior of the Aroclor~ mixtures is a direct function of their relative
composition with respect to the individual PCB species (USAF, 1989). Individual PCBs vary
widely in their physical and chemical properties according to the degree of chlorination and
position of the chlorines on the biphenyl structure. In general, as chlorine content increases,
adsorption increases while transport and transformation processes decrease (USAF, 1989).

Because of their very low solubdity in water (-2.70 x 10-3 mg/L at 20°C), high log octanol-
water partitioning coefficients (Kow) of 6.1 to 9.3, and extremely high organic carbon
partition coefficients (Ko~) of 100,000 to 1,000,000,000, adsorption to soils and sediments 
the major fate process affecting PCBs in the environment, particularly in soils with high
organic carbon content (USAF, 1989). As a result, PCBs are expected to be highly immobile
in the soil, and leaching to the groundwater system is unlikely. However, in the presence of
organic solvents, PCBs are found to be highly mobile in the soil despite the high percent
retained by the organic carbon present CLISAF, 1989).

Transport of PCB vapors through the air-filled pores of unsaturated soils is not expected to be
a rapid transport pathway. Volatilization (mostly from aqueous systems) followed 
atmospheric transport is expected to be slow, but may be a significant long-term transport
process and is thought to account for the widespread, almost ubiquitous, distribution of PCBs
in the environment. PCBs have been reported to be strongly resistant to chemical
degradation by oxidation or hydrolysis; however, PCBs have been shown to be susceptible to
slow-rate photolytic and biological degradation. Highly chlorinated PCBs can be
photolytically degraded, resulting in the formation of lower chlorinated species and
substituted products, as well as potential formation of biphenylenes and chlorinated
dibenzofurans. The presence of oxygen retards the photolytic degradation of PCBs (USAF,
1989).
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Microbial degradation has been reported to be an important transformation process for PCBs
to include both aerobic oxidative and anaerobic dechlorination biodegradatlon. In general,
the less chlonnated PCBs were more easily degraded than the more chlorinated species.
However, the presence of the lower chlorinated blphenyls has been shown to increase the rate
of biodegradatlon of the more chlorinated PCBs through co-metabolism (USAF, 1989).

The high bioconcentration factor combined with the persistence of PCBs suggests that these
compounds bioaccumulate and can be blomagnified (EPA, 1979b).
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A.4.2 Basis for Toxicity Criteria

A.4.2.1 Non=carcinogenic Effects

EPA currently has not established an RfD/RfC for the noncarcinogenic effects of oral or
inhalation exposures to PCBs (IRIS, 1995; HEAST, 1994). Because PCBs are slowly
metabolized compounds, toxic symptoms of noncarcinogenic effects usually occur after long-
term exposure and bioaccumulation. Initial symptoms of PCB poisoning are non-specific,
such as loss or reduced weight gain, while more severe poisoning in rats have resulted in
ataxia, diarrhea, lack of response to pain stimuli; and histopathological changes primarily in
the liver and kidney (USAF, 1989). In humans exposed to PCBs in the workplace, reported
adverse effects include chloracne (a long-lasting, disfiguring skin disease), impairment 
liver function, neurobehavioral disorders, menstrual disorders, and minor birth abnormalities
(ATSDR, 1988b; EPA, 1985b). Animals experimentally exposed to PCBs have shown most
of the same symptoms as well as impaired reproduction and fetotoxicity; pathological
changes in the liver, stomach, skin, spleen, lymph nodes, and thymus; and suppression of the
immunological system (ATSDR, 1988b; EPA, 1985b; and USAF, 1989).

PCBs are almost completely absorbed from the digestive tract (>90 percent) with subsequent
distribution to the liver and muscle tissue, followed by redistribution to body fat, skin, and
other fat-containing organs (ATSDR, 1988b). Absorption via the skin is also fairly efficient,
as indicated by occupational exposures where effects of PCB exposure can be detected even
at doses too low to produce pathologic effects (ATSDR, 1988b).

A.4.2.2 Carcionogenicity

On the basis of the increased incidence of liver tumors following dietary exposure of rats to
Aroclor@ (Norback and Weltman, 1985), PCBs have been classified by EPA as 
carcinogens (IRIS, 1995) for both the oral and inhalation routes of exposure. A classification
of B2 indicates that sufficient evidence exist to show carcinogenlcity in animals, but
inadequate evidence of carcinogenicity in humans. Based on a statistically significant
increase in the occurrence of hver tumors following oral exposure, EPA (IRIS, 1995) has
developed an oral cancer potency slope factor of 7.7 (mg/kg/day)-I for PCBs; a CPF has not
yet been determined for the inhalation route of exposure (IRIS, 1992; HEAST, 1992).

A.4.3 Standards And Criteria

EPA has promulgated the enforceable (for public water supplies) maximum contaminant
level (MCL) of 0.0005 mg/L for PCBs, based on a practical quantitation limit (PQL) 
0.0005 mg/L, which is associated with a maximum lifetime indwidual risk of 1 x 10-4. EPA
has also proposed an MCL Goal (MCLG) of zero mg/L PCBs based on the evidence 
carcinogenic potential (classification group B2) (IRIS, 1995).

EPA has also established ambient water quality criterion (AWQC) for human consumption 
water and aquatic organisms contaminated with PCBs at 7.9 x 10-5 ug/L (IRIS, 1995). 
AWQC of 7.9 x 10-6 Itg/L has also been set for the consumption of aquatic organisms alone
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(IRIS, 1995). The proposed federal AWQC for the protection of aquatic life are 2.0 mg/L
(acute) and 0.014 mg/L (chronic) (IRIS, 1992).
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Table PCB-2

Acute Toxtclties of Aroclor® PCBs to Freshwater Aquatic Organisms

Page I of 3

Organlstll,

Compound Tested

Exposul~

Period LC50

(days) (ttg/L)

Invertebrates

Oreonectes nals (Crayfish)

1242

1254

Gammarus Dseudohmnaous(Scud)

1242

1242

1248

1254

Palaemonetes kadlak~s*s (Glass shrimp)

1254

lschnum veRieahs(Damselfly)

1242

1254

Macromta sp (Dragonfly)

1242

1254

Daphmamagna ~ladocemn)

1254

1254

Pterortarcella badla(Stonelly)

1016

Hvdraotngact~(Hydra)

1016

7 30 NAS, 1979

7 80to 100 NAS, 1979

4 10 NAS, 1979

10 5 NAS, 1979

4 52 NAS, 1979

4 2,400 NAS, 1979

7 3 NAS, 1979

4 400

4 200

4 800

5 800

Johnson and Finley, 1980

Johnson and Fmley, 1980

Johnson and Fmley, 1980

Johnson and Finley, 1980

14 1 8to24 0 EPA, 1980c

21 1.3 EPA, t980c

4 424 to 878

3 5,000

Johnson and Finley, 1980

Adams andHadeselassie,

1984

mgm95-NASA RIFFS4/103 doc A- 19



7041483

Table PCB-2

Acute Toxieities of Aroclor® PCBs to Freshwater Aquatic Organisms

Page 2 of 3

Organism,

Compound Tested

Exposili~

Penod LC50

(days) (~grQ Reference*

1254

Fish

Oncorhv~cusmyhss(Rambow trout)

1016

1242

1248

1254

1254

1260

[-epoml~macrochlrus(Bluegdl)

1016

1242

1242

1248

1254

1260

~taluru~ punctatus(Channelcatfish)

1016

1242

1248

1254

1260

Salmomds, 4 spp,

1016

Cato~omlds, 2 spp

1016

3 10,000

4 114 to 159

5 67

5 54

5 142

10 8

20 21

4 390 to 540

5 125

15 54

20 10

25 54

30 150

4 340to 560

15 II0

15 130

15 740

30 140

4 134to1,154

4 222 to 582

Adams and Hadeselasme,

1984

Johnson and Fmle~ 1980

Johnson and FmMy, 1980

Johnson and Finley, 1980

Johnson and Fmley, 1980

NAS, 1979

NAS, 1979

Johnson and Finley, 1980

Johnson and Finley, 19801

NAS, 1979

NAS, 1979

NAS, 1979

NAS, 1979

Johnson and Fmley, 1980

NAS, 1979

NAS, 1979

NAS, 1979

NAS, 1979

Johnson and Fmley, 1980

Johnson and Finley, 1980
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Table PCB-2

Acute Toxicities of Aroclor® PCBs to Freshwater Aquatic Organisms

Page 3 of 3

OrgaalsnL

Compound Tested

Exposure

Pcaod LC50

(days) (~g/L) Reference*

Fish, cont’d

Sahno clarkl(Cutthroat ~ou0
1221

1232

1242

1248

1254

1260

1262

1268

Perca flavescens (Yellow perch)

1016

1242

1248

1254

1260

1,170 Johnson and Finley, 1980

2,500 Johnson and Finley, 1980

5,420 Johnson and Finley, 1980

5,750 Johnson and Finley, 1980

42,500 Johnson and Fmley, 1980

60,900 Johnson and Fmley, 1980

>50,000 Johnson and Finley, 1980

>50,000 Johnson and Finley, 1980

240 Johnson and Finley, 1980

> 150 Johnson and Finley, 1980

>100 Johnson and Finley, 1980

>150 Johnson and Finley, 1980

>200 Johnson and Fmtey, 1980

*References cited are from USFWS, 1986b.
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A.5 Trichloroethene

Toxicity Classification:

Classification B2: Probable human carcinogen (EPA, 1990)

Toxicity Criteria:

Reference dose (RfD)-Oral: 6E-3 mg/kg/day (provisional value)

Uncertainty/modifying factor: N/A

Cancer Slope Factor-Oral: 1.1E-2 (mg/kg/day)" (provisional value)
(Withdrawn from IRIS, pendmg review)

Cancer Slope Factor-Inhalation: 6E-3 (mg/kg/day)"l (provisional value)

Target Organs:

Nervous system: CNS symptoms in workers exposed to TCE by inhalation included
headache, sleepiness, vision distortion, nausea, abnormal reflexes, tremors, ataxia,
nystagmus, and increased respiration.

Liver: After inhalation exposure to TCE, rodents developed enlarged livers and
biochemical changes mdicative of liver damage. Liver damage in humans is primarily
associated with acute exposure to TCE. The hepatotoxic effects of TCE are enhanced
by concomitant exposure to alcohol.

¯ Kidney: Rats developed renal cytokaryomegaly after chronic inhalation exposure to
TCE.

Cardiovascular system: Occupational exposure to TCE has been associated with
vasomotor changes, tachycardia, bradycardia, extrasystoles, conduction disturbances,
and precordml pain. TCE sensitizes the heart to cardiac arrhythmias.

¯ Hematopoietie system: Inhalation of TCE induced myelotoxic anemia in rabbits and
produced dose-related changes in several hematological indices in rats.

Reproduction: Inhalation studies with rodents indicate that TCE may cause increased
resorptions, reduced fetal body weight, and ossification anomalies. Exposure to high
concentrations produced sperm abnormalities in mice.

¯ Skin: Reddening of the skin after mechanical or heat insults and dermographism was
seen in workers exposed to TCE by inhalation.
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A.5.1 General lnformation

Tnchloroetbene is widely used as an industrial solvent, particularly in metal degreasing
(USAF, 1989). It is also used in a variety of miscellaneous apphcations such as a low-
temperature heat exchange fluid, as a Inmigant, as a diluent in paints and adhesives, in
aerospace operations to flush liquid oxygen, and In textile processing. It was previously used
as an extractant in food processing and as an anesthetic, but it is no longer used for these
purposes because of possible carcinogenic activity (USAF, 1989).

Trichloroethene is expected to be relatively mobile in the soil/groundwater system as, at
1,000 mg/L at 20~C, it is soluble in water. Tfichloroethene has a low soil sorption coefficient
(Ko~) that, with an estimated value of 127 and a log octanol-water partition coefficient (log
Ko~) of 2.42, indicates that it will not be strongly bound to soils (USAF, 1989). On the basis
of the vapor pressure of 60 torr at 20°C, transport of triehloroethene vapors through the air-
filled pores of unsaturated soils, followed by photooxidation, is an important loss mechanism
for near-surface contaminated soils (USAF, 1989). Upon reaching the atmosphere from
surface waters and soil surfaces, trichloroethene reacts with hydroxyl radicals to produce
hydrochloric acid, carbon monoxide, carbon dioxide, and earboxylic acid. In saturated
subsurface soils (where soil organic carbon and soil air are negligible), a much higher fraction
of the trichloroethene is expected to be present in the soil-water phase and transported with
flowing groundwater. Because trichloroethene is a low molecular weight chloroaliphatie, it is
not rapidly metabolized in the environment, although it can be degraded by acclimated
microbial populations. Under normal environmental conditions, trichloroethene is not
expected to undergo rapid hydrolysis (USAF, 1989).

A.5.2 Basis for Toxicity Criteria

EPA (IRIS, 1995;’ HEAST, 1994) does not provide any RfDs or slope factors (SFs) 
trichloroethene. Because a chronic health hazard assessment for noncarcinogenic effects is
currently under review by an EPA Work Group, an oral RID is listed as pending. EPA’s
Environmental Criteria and Assessment office does provide an interim oral health-based
value of 0.006 mg/kg/day. No data are available for developing an inhalation RID for
trichloroethene (IRIS, 1994).

Effects of short-term human exposure include mild eye irritation, nausea, vertigo, headache,
and eonfitsion. Unconsciousness and death may occur after exposure to excessive
concentrations (ATSDR, 1988). Chronic oral exposure of humans to triehtoroethene 
characterized by dizziness, nausea, headache, ataxia, decreased appetite, and sleep
disturbances (ATSDR, 1988). The acute oral toxicity of trichloroethene is low in animals, 
indicated by acute oral LDs0 values that range from 2,400 mg/kg for a mouse to 7,330 mg/kg
for a rabbit (ATSDR, 1988). EPA (1984) reported 18 mg/kg/day as the NOAEL 
trichloroethene.
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A.5.3 Carcinogenicity

A.5.3.1 Oral Studies

EPA has classified trichloroethene as a group B2 (probable human) carcinogen. This
classification indicates that sufficient evidence exists, based on an increased incidence of
lung and liver tumors after exposure, to support carcinogenicity in animals, but inadequate
evidence exists of carcmogenicity m humans (IRIS, 1992). The results of several mouse
bioassays indicated an increased incidence of liver tumors following oral gavage exposure
and an increased incidence of lung tumors following inhalation exposure (EPA, 1984). EPA
has developed an interim oral slope factor of 0.011 (mg/kg/day)"l and an interim inhalation
slope factor of 0.017 (mg/kg/day)-t. EPA (IRIS, 1991) had listed final slope factor values, but
has withdrawn them (IRIS, 1995) pending further review by an EPA Work Group.

Maltoni et al. (1986) treated male and female Sprague-Dawley rats by gavage with TCE (99.9
percent pure) in olive oil at doses of 50 or 250 mg/kg/day, 4 to 5 days/week for 52 weeks.
There was a dose-related increase in the inc,dence of leukemia in males, but no increased
tumor incidence in females.

Significantly increased incidences of hepatocellular carcinomas occurred in B6C3Ft mice
that were administered t,me-weighted-average doses of 1,170 or 1,340 mg/kg/day (males) 
870 or 1,740 mg/kg/day (females) by gavage, 5 days/week for 78 weeks. No compound-
related carcinogenic effects were found in Osborne-Mendel rats similarly treated with 550 or
1,I00 mg/kg/day, but th~s finding was inconclusive because of poor survival. The TCE used
in the study was > 99 percent pure but contamed stabilizers, ineludmg epichlorohydrin, a
known carcinogen (NCI, 1976).

Studies by NTP (1982, 1986a) showed significantly increased incidences of hepatocellular
carcinomas in male and female B6C3FI mice treated by gavage with epichlorohydrin-free
TCE at a dose of 1,000 mg/kg/day, 5 days/week for 103 weeks. F344 rats treated with 1,000
mg/kg/day by the same regimen exhibited renal adenomas and adenocarcinomas; this effect
was not seen at 500 mg/kg/day or in females at either dose level. Due to poor survival, the
results in rats were considered inadequate. A third NTP study (NTP, 1988) exposed groups
of male and female ACI, August, Marshall, and Osborne-Mendel rats by gavage to
epichlorohydrin-free TCE m corn oil at doses of zero, 500, or 1,000 mg/kg, 5 days/week for
103 weeks. There were sigmficantly increased incidences of renal tubular cell neoplasms in
low dose male Osborne-Mendel rats and interstitial cell neoplasms of the testis in high-dose
Marshall rats. This study also was considered inadequate for the assessment of carcinogenic
activity because of toxic nephrosis and low survival.

Henschler et al. (1984) compared the carcinogenicity of TCE stabilized with epiehlorohydrin
(0.8 percent) or 1,2-epoxybutane (0.8 percent) to that of industrial-grade TCE in male 
female ICR/Ha Swiss mice. TCE was administered daily by gavage (2.4 g/kg, females; 1.8
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g/kg, males) for 18 months, with and without the addition of the epoxides. Animals exposed
to epichlorohydfln- or 1,2-epoxybutane-stabilized TCE exhibited an increased incidence of
papillomas and carcinomas of the forestomach. This effect was not observed without
stabilizers.

A.5,3,2 blhalation Exposures

Epidemiologic studies conducted by Axelson et al. (1978), Malek et al. (1979), and Tola 
al. (1980) reported no significant excess cancer risks associated with occupational exposure
to TCE, but the studies do not permit definite conclusions because of various study
limitations such as inadequate latency periods, small sample size, lack of analysis by tumor
site, and multiple chemical exposure (ATSDR, 1989; EPA, 1985) An update of one of the
studies (Axelson, 1986) found a slight increase of bladder cancer and lymphomas in 
expanded cohort istudy; however, details of TCE exposure were not given. A retrospective
cohort mortality study of dry-cleaning and/or laundry workers (Blair et al., 1979) found
significant increases in the incidence of cancer at several sites (lung/bronchi/trachea, cervix,
and skin) anaong a group of 330 deceased workers. This cancer increase was possibly due to
dry-cleaning chemicals (carbon tetrachloride, tetrachloroethylene, and TCE) but could not 
related to TCE alone. Paddle (1983) examined tumor registry records in Great Britain and
found no association between liver cancer and TCE exposure in workers employed in one
TCE production facility.

Bell et al. (1978) reported no carcinogenic effects in Charles River rats exposed to technical
grade TCE at concentrations of zero, 100, 300, or 600 ppm, 6 hours/day, 5 days/week for 24
months. Hepatocellular carcinomas were seen in B6C3F~ mice similarly exposed to TCE,
with a greater incidence of tumors occurring in males than in females. The TCE employed
contained 0.148 percent epichlorohydrin and several other additives.

Wistar rats, NMR mice, and Syrian hamsters were exposed to purified TCE at zero, 100, or
500 ppm, 6 hours/day, 5 days/week for 18 months (Henschler et al., 1980). The only
statistically significant effect was an increased incidence of malignant lymphomas in female
mice. EPA (1987) suggested that lymphoma susceptibility may have been enhanced by virus
and immunosuppression.

Fukuda et al. (1983) exposed female ICR mice and Sprague-Dawley rats to reagent-grade
TCE (containing 0.019 percent epichlorohydrin) at concentrations of zero, 50, 150, or 450
ppm, 7 hours/day, 5 days/week for 104 weeks. Although there were a number of tumors at
several sites in rats and mice, only lung adenocarcinomas were significantly increased in
mice at the two highest concentrations, as compared with controls.

Maltoni et al. (1986, 1988) exposed male and female Sprague-Dawley rats, Swiss mice, and
B6C3F1 mice to 100, 300, or 600 ppm epoxide-free TCE, 7 hours/day, 5 days/week for 104
weeks (rats) or 78 weeks (mice). Statistically significant increased incidences of tumors
included testicular Leydig cell tumors in rats at 100 ppm, lung adenomas in male Swiss mice
at 300 ppm, hepatomas in male Swiss mice at 600 ppm, and lung adenomas in female
B6C3FI mice at 600 ppm.

mgm95-NASA R[IFS4/103 doc A-27



7041491

A.5.3.3 Teratogenicity/Reproductive Effects

No epidemiologlcal studies of congenital anomalies in children born to women exposed to
trichloroethene during pregnancy have been reported (TERIS, 1995).

Developmental toxicity studies with trichloroethene indicate that it is fetotoxic, but is neither
mutagenic nor teratogenic to rodents after inhalation exposure; however, one of the potential
intermediate metabolites, chloral hydrate, is mutagenic. No fetotoxicity or teratogenicity
were reported in pregnant mice and rats exposed to air levels of 300 ppm for 7 hours/day on
gestational days 6 through 15. However, anomalies of skeletal and soft tissues indicative of
developmental delay were reported in offspring of pregnant rats exposed to high doses.

A.5.4 Standards and Criteria

EPA has promulgated an enforceable (for public water supplies) MCL of 5 mg/L for
trichloroethene based on 10X the MDL; it is associated with a maximum lifetime individual
risk of 1E-6 (IRIS, 1992). EPA has also promulgated a nonenforceable MCL Goal (MCLG)
of zero mg/L based on the potential carcinogenic effects associated with exposure to this
Group B2 carcinogen. EPA is currently re-evaluating the carcinogenic ranking for
trichloroethene.

EPA has also established ambient water quality criteria (AWQC) for human consumption 
water and aquatic organisms (W + F) of 2.7 mg/L and for human consumption of aquatic
organisms alone (F) of 80.7 mg/L (IRIS, 1992). These AWQC would yield a value for human
consumption of water alone (W) of 2.8 mg/L based on the following formula:

1 1 1
+ --

W+F W F
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A.6 cis- and trans-l,2-Dichloroethene

Toxicity Classification:

EPA: Group D (not classifiable as a carcinogen)

Toxicity Criteria:

Reference Dose (RfD)-Oral:

Uncertainty/modifying factor:

trans-1,2-Dichloroethene

Oral RiD:

Uncertainty Factor:

Modifying Factor:

NOAEL:

LOAEL:

Target Organs:

¯ liver

¯ nervous system
¯ eyes
¯ heart
¯ liver
¯ lungs

A.6.1 General Information

1E-2 mg/kg/day (EPA, 1990b) (cis 1,2-DCE)

3,000

2E-2 mg/kg/day (EPA, 1990a,b)

1,000

1

0.1 mg/L (17 mg/kg/day)

1 mg/L (175 mg/kg/day)

1,2-dichloroethene exists in two isomeric forms: cis-l,2-dichloroethene and trans-l,2-
dichloroethene, that are colorless, volatile liquids with a slightly acrid odor. Although not used
extensively in industry, 1,2-dichloroethene is used in the production of other chlorinated
solvents and as a solvent for dyes, perfumes and lacquers. Humans are exposed to 1,2-
dichloroethene primarily by inhalation, but exposure can also occur by oral and dermal routes.

Limited information exists about the absorption, distribution, and excretion of 1,2-
dichloroethene m either humans or animals. In vitro studies have shown that the mixed
function oxidases wdl metabolize 1,2-dichloroethene; the final metabolic products being
dependent on the initial isomer of 1,2-dichloroethene.
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Information about the toxicity of 1,2-dichloroethene in humans and animals is limited. Workers
acutely exposed to 1,2-dichloroethene have been reported to suffer from drowsiness, dizziness,
nausea, fatigue, and eye irritation (ATSDR, 1990). Acute and subchronic oral and inhalation
studies o f trans-1,2-dichloroethene and acute inhalation studies of cis-1,2-dichloroethene
indicate that the liver is the primary target organ in animals; toxicity being expressed by
increased activities of liver associated enzymes, fatty degeneration, and necrosm (McCauley et
al., n.d.; Barnes et al., 1985). Secondary target organs include the central nervous system and
lungs.

A.6.2 Basis for Toxicity Criteria

On the basis of an unpublished study describing decreased hemoglobin and hematocrits in rats
treated by gavage for 90 days, EPA (1990a,b) assigned a subchronic and chronic oral RfD for
cis-l,2-dichloroethene of 1E-1 mg/kg/day and 1E-2 mg/kg/day, respectively. The RIDs were
derived from NOAEL/LOAEL of 32 mg/kg/day. No inhalation reference concentration (RfC)
for cis-l,2-dichloroethene has been derived.

Subchronic and chronic RIDs of 2E-1 mg/kg/day and 2E-2 mg/kg/day, respectively, for trans-
1,2-dichloroethene have been calculated The RfDs were derived from a LOAEL of
175 mg/kg/day based on the mcrease of serum alkaline phosphatase activity in mice that
received trans-l,2-dichloroethene in their drinking water (EPA, 1990a,b). No RfC for trans-
1,2-dichloroetherte has been derived.

No information was available conceming the chronic, developmental or reproductive toxicity of
cis-l,2-dichloroethene or trans-l,2-dichloroethene. No cancer bioassays or epidemiological
studies were available to assess the carcinogenicity of 1,2-dichloroethene. EPA (1990a,b) has
placed cis-l,2-dichloroethene in weight-of-evidence group D; not classifiable as to human
carcinogeniclty, based on the lack of human or animal carcinogenicity data and on essentially
negative mutagenicity data. trans-l,2-dichloroethene has not been classified.

Freundt et al. (1977) reported that groups of six adult female Wistar rats exposed to trans-1,2-
dichloroethene at,concentrations of 200, 1,000, or 3,000 ppm for 8 hours or to 200 ppm
5 days/week for 1 or 2 weeks developed fat accumulation in the hepatocytes and Kupffer cells
of the fiver and capillary hyperemia of the lung. Rats exposed to 1,000 ppm trans-l,2-
dichloroethene for 8 hours had significantly decreased (p<0.05) serum concentrations 
albumin ,and urea nitrogen and decreased alkaline phosphatase activity. These results are of
questionable biological significance because none were outside the estabfished normal range for
the species. In addition, rats exposed to 3,000 ppm trans-l,2-dichloroethene developed fibrous
swelling and hyperemia of the cardiac muscle.

Freundt and Macholz (1978) reported the results of studies in which adult female SPF Wistar
rats were exposed for 8 hours to concentrations of zero, 200, 600, 1,000, or 3,000 ppm cis-1,2-
dichloro-ethene and trans- 1,2-dichloroethene. Although the inhalation treatmeiat of rats with
either isomer of 1,2-dichloroethene produced a significant (p<0.05) and dose-dependent
increase in the hexobarbltal sleeping time and zoxazolamine paralysis time, the effects
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produced by c~s-l,2-dichloroethene were greater than those oftrans-l,2-dichloroethene. In
addition, both isomers of 1,2-dichloroethene produced a significant (p<0.05) and dose-
dependent reversible inhibition in the formation of free aminoantipyrene. Freundt and Macholz
(1978) also reported that the addition of 1,000 ppm trans-1,2-dichloroethene to rat microsomes
competitively inhibited the N-demethylation of aminopyrine and the O-demethylation ofp-
nitroanisole.

A.6.3 References
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A.7 1,1,1-Trichloroethane

Toxicity Classification:

EPA’s weight-of-evidence group D, "not classifiable as to human earcinogenicity" (EPA, 1990).

Toxicity Criteria:

Reference dose (RfD)-Orah

Uncertainty Factor:

NOAEL:

0.035 mg/kg/day

1,000

500 ppm
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(Commeat: Value based on the hepatotoxicity observed in a 6-month inhalation study in the
guinea pig by Torkelson et al. (1958). The Torkelson et al. (1958) study provided a NOAEL 
500 ppm that was converted to 90 mg/kg/day (EPA, 1991). Uncertainty factors of 10 each were
employed for use, of a subchronic assay, for extrapolation from animal data, and for protection
of sensitive human subpopulations. The oral RID is withdrawn from IRIS (EPA, 1995).)

Reference Dose (2fD)-lnhalatlon:

Inhalation RfCc:

2.86E-1 mg/kg/day

1 I.tg/m3 (0.3 g/kg/day)

Uncertainty Factor: 1,000

NOAEL: 500 ppm

(Comment: Value cited in EPA (1991). Uncertainty factors of 10 each were employed for 
of a subchronic assay, for extrapolation from animal data, and for protection of sensitive human
subpopulations. This value has been withdrawn from IRIS (EPA, 1995).)

Target Organs:

Liver: Increased bilirubin levels, observed in one individual following accidental
ingestion of 1,1,1-trichloroethane, is the main available evidence for hepatotoxicity of
the chemical following oral exposure.

¯ Central nervous system: Anesthesia is one of the main effects of 1,1,1-trichloroethane
administered orally to animals, resulting in death at high doses.

A.7.1 General Information

1,1,1-trichloroethane (methyl chloroform) (CAS No. 71-55-6) has a typical sweetish odor 
may be noticeable at concentrations near 100 ppm, significantly less than those that cause toxic
response. At 1,000 ppm, the odor is not unpleasant enough to discourage exposure, but at 1,500
and 2,000 ppm, the odor has been described as strong and unpleasant (Torkelson and Rowe,
1981). 1,1,1-trichloroethane has a molecular weight of 133.42, a specific gravity of 1.3249
(26/4°C), and a vapor pressure of 127 tort at 25°C (Torkelson and Rowe, 1981). It is soluble 
acetone, benzene, carbon tetrachloride, methanol, and ether, but is insoluble in water (Budavari
et al., 1989).

The 1989 use pattern for 1,1,1-trichloroethane is as follows: vapor degreasing (34 percent),
cold clealfing (12 percent), aerosols (10 percent), adhesives (8 percent), intermediate (7percent),
coatings (5 percent), electromes (4 percent), other (5 percent), and exports (15 percent) 
Mark. Rep., 1989).
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Both OSHA (1989) and ACGIH (1990) have established time-weighted averages (TWAs) 
350 ppm for 1,1,l-trichloroethane. The ACGIH short-term exposure limit (STEL) is 450 ppm.
In 1989, the Chemical Marketing Reporter (1989) noted that the chemical was under study 
EPA as a possible threat to the ozone layer.

1,1, l-trichloroethane is absorbed via inhalation, oral, and dermal exposure routes (ATSDR,
1990). After cessation of exposure, clearance of the chemical from the blood is rapid~60 to 80
percent is eliminated within 2 hours, and more than 95 percent is eliminated within 50 hours. A
large fraction of the absorbed dose is excreted unchanged in exhaled air, regardless of route of
exposure (Torkelson and Rowe, 1981). Humans metabolize less than 10 percent of the inhaled
dose of 1, l,l-trichloroethane; the major urinary metabolites are trichloroethanol and its
glucuronide conjugate, trichloroacetic acid, and volatile carbon dioxide (ATSDR, 1990; Nolan
et al., 1984).

A.7.2 Basis for Toxicity Criteria

In both humans and animals, the first and primary response to acute, high concentrations of
inhaled 1,1,l-trichloroethane is central nervous system (CNS) depression. The chemical also
can sensitize the heart to epinephrine at high levels, but has little effect on other organs.
Accidental exposures to concentrations ranging from 6,000 to 70,000 ppm have been fatal to
humans (ATSDR, 1990; Torkelson and Rowe, 1981).

The effects of subchronic and chronic ~nhalation exposure to 1,1,l-trichloroethane are generally
mild, characterized by growth reduction in guinea pigs (650 ppm), and minimal hepatic effects
in mice (247 ppm, continuous exposure) and rats (1,500 ppm, intermittent exposure). Fatty
liver in humans has been associated with exposure to 1,1,l-tnchloroethane.

Subchromc and chronic oral RfD values for l,l,l-triehloroethane are 0.9 mg/kg/day and
0 09 mg/kg/day, respectively (Torkelson et al., 1958; EPA, 1991), subchronic and chronic
inhalation RfC values for the chemical are 10 mg/ms (3 mg/kg/day) and 1 mg/m3 (0.3
mg/kg/day), respectively (Torkelson et al., 1958, EPA, 1991)

Oral bioassays were inconclusive regarding the carcinogemcity of 1,1,1-trichloroethane, and
inhalation studies were negative (NCI, 1977; Maltoni et al., 1986). No epldemiological data for
1,1,1-trichloroethane and inadequate carcinogenicity data for animals place the chemical in
EPA’s weight-of-evidence group D, "not classifiable as to human carcinogeniclty" (EPA, 1990).

A.7.2.1 Oral Exposures

Information about the chronic oral toxicity of 1,1, l-trichloroethane in humans was not
available. In an NCI bioassay (NCI, 1977), Osborne-Mendel rats were treated by gavage with
750 or 1,500 mg of l,l,l-trichloroethane/kg body weight in corn oil 5 days a week for 78
weeks. The only adverse effects observed in the rats were decreased body weights at both doses
and more severe signs of aging in treated versus control animals. In the same bioassay, B6C3Ft
male and female mice given TWA doses of 2,500 or 4,011 mg/kg/day 5 days/week
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for 78 weelcs exhibited a reduced body weight gain, and female mice had a dose-related
decrease in survival. In an analysis of this study, ATSDR (1990) identified the higher doses for
both rats and mice as NOAELs for respiratory, cardiovascular, gastrointestinal, hematological,
musculo-skeletal, hepatic, dermatological, immunological, and reproductive effects.

A. 7.2.2 Inhalation Exposures

Intentional and accidental inhalation of 1,1,1-trichloroethane has resulted in htunan fatalities, as
reported in several case studies (Hall and Hine, 1966; MacDougall et al., 1987; Stahl et al.,
1969). Estimations for fatal exposure concentrations range fi’om 6,000 to 70,000 ppm
(ATSDR, 1990). Death has been attributed to either depression of the central nervous system
(CNS), resulting in respiratory arrest, or sensitization of the heart to epinephrine, resulting 
cardiac arrythmia. A 15-year-old boy who sniffed typing eraser fluid containing 1,1,1-
trichloroethane had complained of double vision and hallucinations before he collapsed and
died. Autopsy revealed a grossly edematous brain, edema of the lungs, liver and gut, and
tonsillar henfiation. Levels of 1,1,1-trichloroethane in the blood were 1.7 ng/mL (1.7 ppb).
Levels of 1,1,1-trichloroethane in the blood of three other victims of fatal intoxication (ingested
or inhaled) were estimated at 60, 62, and 120 ppm.

In one study, a NOAEL of 370 ppm was defined for Long-Evans and Sprague-Dawley rats,
Hartley guinea pigs, squirrel monkeys, New Zealand rabbits, and beagle dogs exposed
continuously to 1,1, l-trichloroethane concentrations of 135 or 370 ppm for 90 days (EPA,
1982). In another study, the following species were exposed to 1,1,1-trichloroethane 
hours/day, 5 days/week for approximately 1 to 3 months: guinea pigs (650, 1,500, 3,000, or
5,000 ppm), rats (5,000 or 3,000 ppm); rabbits (5,000 ppm); and monkeys (3,000 ppm). 
weights, relative organ weights, and BUN levels were measured and histopathological
examinations were performed on selected major organs. Rats were unaffected by exposure;
rabbits showed slight retardation of growth at 5,000 ppm; and guinea pigs had "slight" hver
degeneration at 3,000 ppm, "slight to moderate" degeneration at 5,000 ppm, testicular
degeneration at 55000 ppm, and slight, but significantly reduced growth rates at all exposure
levels. The LOAEL for guinea pigs in this study was 650 ppm.

Torkelson et al. (1958) exposed rats, rabbits, guinea pigs, and monkeys to 1,1,1-trichloroethane
concentrations of 500, 1,000, 2,000, or 10,000 ppm 7 hours/day, 5 days/week for 6 months.
Growth rate, general appearance, mortality, hematology, organ weights and gross and
microscopic pathology were evaluated. The female guinea pig was the most sensitive species.
At 1,000 ppm, the female guinea pigs had fatty changes in the liver and statistically significant
increases in liver weights. The NOAEL for the guinea pigs of this study was 500 ppm.

In an occupational exposure study, cardiovascular and hepatic functions were unaffected in
employees exposed to 1,1,1-trichloroethane at an 8-hour TWA of 4 to 217 ppm for
approximately 6 years (Kramer et al., 1976).

A. 7.2.3 Carcinogenicity

Two oral carcinogenicity assays in animals were found. The NCI (1977) tested technical grade
1,1,1-tfichloroethane in Osborne-Mendel rats. Fifty rats were given doses of 750 or 1,500
mg/kg/day, by gavage, 5 days/week for 78 weeks. The controls were untreated. An observation
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period of 32 weeks followed. Treated males and females exhibited early mortality with a
statistically significant dose-related trend (P<0.04). A variety of neoplasms was observed 
both treated and matched control rats, but these were common to aged rats and were not dose-
related. The investigators suggested that the low survival of rats of both sexes possibly
precluded the detection of tumors late in life. The NCI (1977) also treated B6C3FI mice with
time weighted average doses of 2,807 or 5615 mg 1,1, l-trichloroethane/kg/day, by gavage, 5
days/week for 78 weeks. An observation period of 12 weeks followed. A variety of neoplasms
were observed in both treated and control groups, but only 25 to 45 percent of the treated
animals survived until terminal sacrifice. Because of the high early mortality in both species,
the investigators did not consider this study to be an adequate test of carcinogenicity.

Maltoni et al. (1986) conducted a carcinogenicity screening study in rats, using only one dose, 
small sample size, and no statistical analyses. The animals received 500 mg/kg/day for 104
weeks and were examined for the induction of leukemia. An increase in the total incidence of
"leukemias" (13 in treated rats and 4 in vehicle controls) was observed. The biological and
statistical significance of these data were not clear. The investigators, unable to draw definite
conclusions from these data because of limitations in experimental design, suggested that
further carcinogenicity studies were needed.
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Attachment 1
(97-024 / 06-24-98)

Risk Assessment Issue Paper for: Evaluation
Cancer Assessment for l,l,2,2-Tetrachloroethane (CASRN 79-34-5)

INTRODUCTION

A cancer assessment for 1,1,2,2-tetrachloroethane is currently available on IRIS (U.S. EPA, 1997).
Based on the lack of human carcinogenicity data and the finding of increased incidences of hepatocellular
carcinomas in male and female mice, U.S. EPA considered l, 1,2,2-tetrachloroethane a possible human
carcinogen, weight-of-evidence category Group C (U.S. EPA, 1986). NCI (1978) found significant dose-
related increases in the incidence of hepatocellular carcinomas in groups of 50 male and 50 female B6C3F 1
mice exposed to 142 or 282 mg/kg-day 1,1,2,2-tetrachloroethane in corn oil administered via gavage 5
days/week for 78 weeks followed by a 32-week observation period. NCI (1978) did not find any significant
increases in the incidence of neoplasms in Osborne Mendel rats similarly exposed to 62 or 108 mg/kg-day
(males) or 43 and 76 mg/kg-day (females). Using the results of the mouse NCI (1978) study, U.S. EPA 
derived an oral slope factor of 2.0E-1 per (mg/kg-day) and an inhalation unit risk of 5.8E-5 per (Ixg/m3).

The cancer weight-of-evidence classification, oral slope factor, and inhalation unit risk were verified by
the CRAVE Work Group in June 1986 (U.S. EPA, 1995). To determine if studies published after 1986 would
impact the current cancer risk assessment, a recent ATSDR toxicological profile on 1,1,2,2-tetrachloroethane
(ATSDR, 1996) and a literature search of the following databases: TOXLINE (1992-November 1997),
CANCERL1NE (1992-November 1997), RTECS, DART, CCRIS, EMIC, GENETOX, and TSCATS were
reviewed.

Data on the carcinogenicity of t,l,2,2-tetrachloroethane published after 1986 are hmited to several
genotoxicity studies; none of these studies would impact the current cancer assessment.

REFERENCES

ATSDR (Agency for Toxic Substances and Disease Registry). 1996. Toxicological Profile for 1,1,2,2-
Tetraehloroethane. Update. U.S. Department of Health & Human Services, Public Health Service, Atlanta GA.

NCI (National Cancer Institute). 1978. Bioassay of 1,1,2,2-Tetrachloroethane for possible carcinogenicity.
U.S. Dept. Health, Education, and Welfare. Pub. No. (NIH) 78-827.

U.S. EPA. 1986. Gmdelines for Carcinogen Risk Assessment. Federal Register. 51(185): 33992-34003.
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Development, National Center for Environmental Assessment, Cincinnati, OH.

U.S EPA. 1997. Integrated Risk Information System (IRIS). Online. National Center for Environmental
Assessment, Washington, DC.
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QAttachment2
(97-024 / 06-24-98)’--"

Risk Assessment Issue Paper for:
Evaluation of a Provisional RfC for 1,1,2,2-Tetrachloroethane (CASRN 79-34-5)

INTRODUCTION

An RfC for 1,1,2,2-tetrachloroethane is not available on IRIS (U.S. EPA, 1997) or HEAST (U.S. EPA,
1997). ATSDR (1996) has derived an intermediate inhalation minimal risk level (MRL) of 0.4 ppm for 1,1,2,2-
tetrachloroethane. This MRL is based an increase in relative liver weight and signs of hyperplasia, granulation,
and cell vacuolization in the livers of rats exposed to 130 ppm 1,1,2,2-tetrachloroethane 5 days/week, 5-6
hours/day for 15 weeks (Truffert et al., 1977). ACGIH (1997) adopted a TWA TLV of I ppm with a 
notation for 1,1,2,2-tetrachloroethane; the NIOSH (1997) REL is also 1 ppm with a skin notation. The current
enforceable OSHA PEL is 5 ppm with a skin notation (OSHA, 1997).

The most recent document on 1,1,2,2-tetrachloroethane listed in the CARA database (U.S. EPA, 1991,
1994) is a HEA (U.S. EPA, 1984). This HEA, the Toxicological Profile on 1,1,2,2-tetrachloroethane (ATSDR,
1996), and a literature search of the following databases (conducted in November 1997): TOXL1NE (1992-
November 1997), CANCERL1NE (1992-November 1997), RTECS, DART, CCRIS, EMIC, GENETOX, 
TSCATS were used to identify relevant data for the derivation of a provisional RfC for 1,1,2,2-
tetrachloroethane:.

REVIEW OF PERTINENT LITERATURE

The toxicity of I, 1,2,2-tetrachloroethane was first reported in workers applying 1,1,2,2-
tetrachloroethane to cloth airplane wings during World War I (as reviewed by NtOSH, 1976). The primary
effects observed in these workers included symptoms of liver damage (jaundice, enlarged livers),
gastromtestinal disturbances (anorexia, nausea), and neurological effects (hand tremors, headaches, reduced
patellar reflexes, paresthesias in the extremities, and sensations of deafness). Exposure concentrations were not
reported and it is hkely that the workers were also dermally-exposed to 1,1,2,2-tetrachloroethane.

Lobo-Mendonca (1963) observed a number of adverse health effects in a group of 380 workers at 
Indian bangle manufacturing facilities (80% of workers employed at these facilities were examined). 
addition to the inhalation exposure, approximately 50% of the examined workers had a substantial amount of
dermal exposure to the 1,1,2,2-tetrachloroethane. Some of the workers were exposed to a mixture of equal parts
acetone and 1,1,2,2-tetrachloroethane. Air samples were collected at several work areas in seven facilities.
Levels of 1,1,2,2-tetrachloroethane ranged from 9.1 to 98.00 ppm (1-14 mg/m3). High incidences of a number
of effects were reported including anerma (33.7%), loss of appetite (22.6%), abdominal pain (23.7%),
headaches (26.6%), vertigo (30.5%), and tremors (35%). The significance of these effects can 
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determined because a control group of unexposed workers was not examined. Lobo-Mendonca (1963) noted
that the incidence of tremors appeared to be directly related to l,l,2,2-tetrachloroethane exposure
concentrations.

Over a three-year period, Jeney et al. (1957) examined 34-75 workers employed at a penicillin
production facility, l,l,2,2-Tetrachloroethane was used as an emulsifier and wide fluctuations in atmospheric
levels occurred throughout the day. The investigators noted that the workers were only in the areas with high
1,1,2,2-tetrachloroethane concentrations for short periods of time and gauze masks with organic solvent filters
were worn in these areas. During the first year of the study, l,l,2,2-tetrachloroethane levels ranged from 0.016
to 1.7 mg/L (16-1700 mg/m3; 2-248 ppm). In the second year of the study, ventdation in the work room was
improved and 1,1,2,2-tetrachloroethane levels ranged from 0.01 to 0.85 mg/L (10-850 rag/m3; 1-124 ppm). 
the third year of the study, the workers were transferred to a newly built facility; 1,1,2,2-tetrachloroethane
levels in the new facility ranged from 0.01 to 0.25 mg/L (10-250 mg/m3; 1-36 ppm). At 2-month intervals, the
workers received a general physical examination, and blood was drawn for measurement of hematological
parameters, serum bilirubin levels, and liver function tests; urinary hippuric acid levels were measured every 6
months. It appears that workers with positive signs of liver damage were transferred to other areas of the
facility and were not examined further. In the first year of the study 31% of the examined workers had
general or gastrointestinal symptoms. Loss of appet te, bad taste m the mouth, eplgastnc pare, and a dull

straining pressure feeling in the area of the liver" was reported by 66% of the workers (presumably this is 66%
of the workers with symptoms). Other symptoms included headaches, general weakness, and fatigue in 29%,
severe weight loss in 4%, and "tormenting itching" in 1%. Enlargement of the liver was observed in 38% of the
screened workers. Urobilinogenuria was detected in 50% of the workers; 31% of the workers with
urobllinogenuria also had palpable livers. In the second year of the study, there was a decline in the number of
symptomatic workers (13% of examined workers) and in workers with positive urobilonogenuria findings
(24%). Liver enlargement was observed in 20% of the examined workers. In the third year, the number 
workers reporting symptoms decreased to 2% and positive urobilinogen findings were found in 12% (the
investigators noted that the increased urobilinogen levels were probably secondary to excessive alcohol
consumption or dietary excess). Enlarged livers were found m 5% of the examined workers. In the first 3 years
of the study, no alterations in erythrocyte or hemoglobin levels were found. Leukopenia (defined as leukocyte
levels of less than 5800) was found in 20% of the workers, but no relationship between the number of cases and
duration of l,l,2,2-tetrachloroethane exposure was found. A positive relationship between duration of exposure
and frequency of abnormal liver function test results was found; statistically significant correlations were found
on the thymol and Takata-Ucko liver function tests, but not the gold sol reaction test. Abnormal hippuric acid
levels were only detected in 1% of the examined workers during the first 2 years and no abnormalities were
observed during the third year. Increased serum bilirnbin levels (greater than 1 mg/dL) were observed in 20,
18.7, and 7.6% of the workers during the first, second, and third years, respectively. The prevalence of hepatitis
was assessed using sickness benefit files. In the l-year period prior to the study, 21 cases of hepatitis were
found (total number of workers not reported). Three cases of hepatitis were found in the first year of the study,
8 cases in the second year, and 4 cases in the third year The lack of a control group and poor reporting of study
design and results, precludes using this study for quantitative risk assessment.

Several animal studies have assessed the toxicity of inhaled 1,1,2,2-tetrachloroethane in animals
(Shmuter, 1977; Truffert et al., 1977; Schmidt et al., 1972; Horiuchi et al., 1962). As discussed below, there are
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a number of limitations to these studies. A recently conducted oral exposure study (Microbiological Associates,
1994) is also discussed. Data on the reproductive and/or developmental toxicity study is limited to a subchronic
study in which exposed males were mated to unexposed females (Schmidt et al., 1972).

Shmuter (1977) exposed groups of 12 Chinchilla rabbits to 0, 2, 10, or 100 mg/m3 (0.29, 1, and 14 ppm)
1,1,2,2-tetrachloroethane for 3 hours/day, 6 days/week for 8-10 months. Animals were vaccinated with 1 mL
suspensions containing heated typhoid vaccine (1.5 billion), 1.5, 4.5-5, and 7.5-8 months after the initiation 
1,1,2,2-tetrachloroethane exposure. Significant increases and decreases in total antibody levels were observed
in the 2 and 100 mg/m3 groups, respectively. No significant alterations in 7S-typhoid antibody levels were
observed. Sigmficant alterations in the levels of"normal hemolysins to the Forsman antigen of RAM
erythrocytes" were observed in the 10 and 100 mg/m3 groups; levels were increased in the 10 mg/m3 after 1.5,
2, and 2.5 months of exposure, decreased in the 10 mg/m3 group after 4 months of exposure and decreased in
the 100 mg/m3 group during the first 6 months of exposure. Shmuter (1977) also reported increases in the
electrophoretic mobdity of specific antibodies. Exposure to 100 mg/m3 resulted in a decrease in the relative
content of antibodies in the 7 globuhn fraction and an increase in the T and 13 fractions.

Truffert et al. (1977) exposed a group of 55 female Sprague Dawley rats to t,l,2,2-tetrachloroethane 
days/week for 15 weeks (78 exposures). The daily exposure duration for the first 8 exposures was 6 hours,
thereafter the duration was 5 hours (TWA daily exposure was 5.1 hours/day). The authors reported the
calculated atmosphenc concentration as 560 mL/m3, this would correspond to a concentration of approximately
888,000 mg/m3 (130,000 ppm); it is likely that the reported concentration is not correct: (1) it is not likely 
any animals would have survived 15 weeks of exposure to such a high concentration of 1,1,2,2-
tetrachloroethane [LCs0 is approximately 1300 ppm (ATSDR, 1996)] and (2) this concentration exceeds 
saturation point of 6600 ppm at 21 °C. A group of 55 rats was used as controls. Interim sacrifices were
conducted after 2, 4, 9, 19, 39, and 63 exposures (number of animals killed at each time period was not
reported). Abnormal clinical signs were limited to pronounced prostration after the first exposure to 1,1,2,2-
tetrachloroethane Decreases in weight gain were observed, however the authors did not report the magnitude
of the change or the statistical significance. Increases in relative liver weights were observed beginning 2
weeks of exposure initiation. Hematological alterations were limited to a slight decrease in hematocrit. A
dramatic increase (313%) in thymidine uptake in hepatic DNA was observed after 4 exposures; by the ninth
exposure, thymidine uptake had decreased but still remained higher than in controls. Histological alterations
were observed in the liver after nine exposures, these included granular appearance, cytoplasmic vacuolization,
and evidence of hyperplasia (increase in number of binuclear cells and appearance of mitosis); the hepatic
histological alterations regressed after 19 exposures and were no longer observed after 39 exposures. No
histological alterations were observed in the kidneys, lungs, adrenals, ovaries, or uterus. Due to the uncertainty
in the exposure concentration, a LOAEL can not be identified from this study.

In a subchronic inhalation study conducted by Schmidt et al. (1972), groups of 105 rats were exposed 
0 or 0.0133 mg/L (13.3 mg/m3; 1.94 ppm) "dady" for 4 hours/day for 265 days. Groups of seven rats were
killed after 110 or 265 days of exposure and 60 days after exposure termination, the remaining animals were
observed until natural death. No significant alterations in survival were observed. Significant decreases in
body weight gain were observed after 90-170 days of exposure; after 110 days of exposure, the 1,1,2,2-
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tetrachloroethane-exposed rats weighed 3% less than controls, body weight data were not provided for other
time periods. The following statistically significant alterations were observed after 110 days of exposure:
increases m leukocyte levels, increases in [51 globulin levels, and decreases in ACTH activity in the pituitary
gland. After 265 days of exposure, there were significant increases in the percentage of segmented nucleated
neutrophils, decreases in the percentage of lymphocytes, increases in total fat content of the hver, and decreases
m pituitary ACTH activity (leukocyte levels did not differ from controls). T-Globulin levels were not affected
at either time period. This study is insufficient for identification ofa NOAEL/LOAEL for subchronic exposure
because the study design and results were poorly reported and gross and/or histological examinations of the
major tissues/organs were not performed.

The Schmidt et al. (1972) study also included a reproductive/developmental toxicity substudy. One
week before the end of the 9-month exposure, groups of seven control and 1,1,2,2-tetrachloroethane-exposed
rats were mated with unexposed virgin female rats. It appears that each male with was mated with five females.
The offspring were observed for 12 weeks and were examined macroscopically for malformations. No
significant differences in the percentage of females having offspring (77.1% in controls vs 62.9% in exposed),
number of pups per litter, average birth weight, gestation length, sex ratio, offspring mortality at postnatal days
1, 2, 7, 14, 21, and 84), and average weight on postnatal day 84). No macroscopic malformations were found.

Horiuchi et al. (1962) exposed an adult male monkey (Macaca cynomolga Linn~) to l,l,2,2-
tetrachloroetbane 2 hours/day, 6 days/week for 9 months (190 exposures). The 1,1,2,2-tetrachloroethane
exposure level was 2000-4000 ppm (291-583 mg/m3) for the first 20 exposures, 1000-2000 ppm (146-291
mg/m3) for the next 140 exposures, and 3000-4000 ppm (437-583 mg/m3) for the last 30 exposures. The

~ thors noted that the monkey was weak after seven exposures and had diarrhea and anorexia between the
elfth and fifteenth exposures. Beginning at the fifteenth exposure, the monkey was almost completely

unconscious falling upon his side" 20 to 60 minutes after each exposure. Although the authors noted some
changes in body weight gain and hematological parameters, the significance of these findings can not be
determined because only one monkey was tested and there was no control group. Histological alterations
consisted of fatty degeneration in the liver and splenic congestmn. This study can not be used to identify a
NOAEL/LOAEL for subchronic exposure because only one ammal was tested.

In a subchronic study conducted for NTP (Microbiological Associates, 1994), groups of male and
female F344 rats and B6C3F1 mice (10/sex/group/species) were fed diets containing microencapsulated 1,1,2,2-
tetrachloroethane for 13 weeks. The reported dosages were 18, 37, 75, 150, and 300 mg/kg-day for rats and 88,
175, 350, 700, and 1400 mg/kg-day for mice; vehicle and untreated control groups were used for each species.

In.the rats, no chemical-related alterations in mortality were observed. Significant decreases in body weight
gain were observed in the male and female rats exposed to 75 (10.5 and 24.1% difference from vehicle controls
for males and females) and 150 (45.4 and 63.2%) mg/kg-day, and weight loss was observed at the 300 mg/kg-
day dose level. The decrease in body weight gain in the 150 mg/kg-day group and weight loss in the 300
mg/kg-day group were associated with reductions in food consumption. Thinness and pallor were observed in
all animals in the 150 and 300 mg/kg-day groups. Statistically significant increases in absolute and relative
liver weights were observed in males and females exposed to 37 mg/kg-day and higher. Significant alterations
in absolute and/or relative weights were also observed in several other organs, these changes were considered
secondary to the decreased body weight gain. A number of alterations in serum clinical chemistry parameters
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consistent with livel damage were found: mcreased alanine aminotransferase, alkaline phosphatase, and
dehydrogenase levels in the 150 and 300 mg/kg-day groups, increased bile acid levels in the 300 mg/kg-day
group, and decreased total protein, cholesterol, and/or albumin levels in the 150 and 300 mg/kg-day groups.
Other alterations in serum chemistry parameters were not considered chemical-related. The liver appeared to be
the primary target o f 1,1,2,2-tetrachloroethane toxicity, histopathological alterations consisted of basophilic,
eosinophllic, mixed cell, and/or clear cell foci of cellular alterations (incidence significantly higher in males
exposed to 300 mg/kg-day and females exposed to ->150 mg/kg-day), hepatocyte necrosis (males and females:
>150 mg/kg-day), mitotic alterations in hepatocytes (males: 300 mg/kg-day; females: _>150 mg/kg-day), liver
pigmentation (males and females: ->150 mg/kg-day), bile duct hyperplasia (males: 300 mg/kg-day; females:
>150 mg/kg-day), hepatocyte hypertrophy (males: ->150 mg/kg-day; females. ->75 mg/kg-day), and cytoplasmic
vacuolization (males: _> 18 mg/kg-day; females: >37 mg/kg-day). Other histopathological alterations consisted
of spleen pigmentation (males: ->75 mg/kg-day; females: >150 mg/kg-day), bone marrow atrophy (males 
females: ->150 mg/kg-day), spleen red pulp atrophy (males: ->150 mg/kg-day; females: 300 mg/kg-day), clitoral
gland and uterus atrophy (females: >150 mg/kg-day), bone metaphysis atrophy (males: 300 mg/kg-day;
females: ->150 mg/kg-day), and atrophy of the preputial gland, prostate, seminal vesicle, and testes (males: 300
mg/kg-day); the atrophy was considered secondary to the decrease in body weight gain. To summarize, this
study provides evidence that the liver is a primary target of l,l,2,2-tetrachloroethane toxicity. At the lowest
dose tested, 18 mg/kg-day, there was a significant increase in the incidence of cytoplasmic vacuolization, this
minimal effect was not considered adverse. At 37 mg/kg-day, significant increases in absolute and relative liver
weights were observed, hepatocellular hypertrophy, spleen pigmentation, and decreases in body weight gain
were observed at the next highest dosage (75 mg/kg-day). At 150 and 300 mg/kg-day, alterations in liver-
related serum chemistry parameters (e.g., alanine aminotransferase, cholesterol), hepatocyte necrosis, bile duct
hyperplasia, hepatocellular mitotic alterations, foci of cellular alterations, and liver pigmentation were observed
(other effects observed at these dose levels were probably related to the marked decrease in body weight gain).
Thus, this study identifies a NOAEL of 18 mg/kg-day and LOAEL of 37 mg/kg-day for liver effects in rats fed
a d~et containing microencapsulated 1,1,2,2-tetrachloroethane for 13 weeks.

In mice, no chemicalrrelated deaths were observed (Microbiological Associates, 1994). Significant
decreases in body weight gain were observed in the male and female mice exposed to 350, 700, or 1400 mg/kg-
day (thfference from vehicle control: 43.8, 52.1, and 69.8%, respectively, for males and 13.5, 28.4, and 39.2%
for females). Significant increases in absolute and relative hver weights were observed in the male mice
exposed to 175 mg/kg-day or higher and in female mice exposed to 88 mg/kg-day or higher. Other changes in
organ weights were considered to be secondary to the body weight changes. Chemical-related alterations in
serum clinical chemistry consisted of decreases in total protein levels (males exposed to >175 mg/kg-day and
females exposed to >-700 mg/kg-day), decreases in cholesterol levels (males and females: ->175 mg/kg-day), 
increases in alanme aminotransferase, alkaline phosphatase, sorbitol dehydrogenase, and bile acids (males and
females: >350 mg/kg-day). Histopathological evidence suggested that the liver was the most sensitive target of
1,1,2,2-tetrachloroethane toxicity. The hepatic alterations consisted of hepatocyte hypertrophy (males: ->175
mg/kg-day; females: ->88 mg/kg-day), and hepatocyte necrosis, focal pigmentation, bile duct hyperplasia, and/or
hepatocyte hypertrophy (male and female: -> 350 mg/kg-day). An increase in lung focal lymphocyte cellular
infiltration was observed in the female mice exposed to 700 or t 400 mg/kg-day, however the number of
infiltrates was within the normal range and was not considered to be related to 1,1,2,2-tetrachloroethane
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exposure. An increase in the number of residual bodies present in the seminiferous tubules of mice exposed to
1400 mg/kg-day and increases in the incidence of thymus atrophy in male and female mice exposed to 1400
mg/kg-day were observed; these effects were considered to be secondary to the decrease in body weight gain.
Thus, this study identifies a minimal LOAEL of 88 mg/kg-day for liver effects (increased absolute and relative
liver weights and hepatocyte hypertrophy at 88 mg/kg-day and multiple liver effects at higher doses) in mice
exposed to dietary 1,1,2,2-tetrachloroethane for 13 weeks; a NOAEL was not idenhfied.

DERIVATION OF PROVISIONAL RfC

The human and animal inhalation studies are inadequate for the derivation of a provisional RfC for
l,l,2,2-tetrachloroethane. However, the results of these studies suggest that the hver is a sensitive target of
toxicity following inhalation exposure. Additionally, the available inhalation data suggest that the respiratory
tract is not a particularly sensitive target. The oral toxicity database is sufficient to support derivation of a
pro~;isional RID for l,l,2,2-tetrachloroethane. A provisional RID of6E-2 mg/kg-day was derived from the
Microbiological Associates (1994) study using an uncertainty factor of 300 (for additional information, please
see the Issue Paper for the Provisional RID).

In the absence of adequate inhalation data, a route-to-route extrapolation was considered. This approach
is supported by the toxicokinetic data (as reviewed by ATSDR, 1996) which suggest that 1,1,2,2-
tetrachloroethane is well-absorbed following oral or inhalation exposure and toxicity data which provide
evidence that the liver may be the most sensitive target of toxicity following oral or inhalation exposure. The
mechanisms of toxicity of 1,1,2,2-tetrachloroethane on the liver most likely involves oxidative and/or reductive
reactions to form the proximate toxicant Following oral exposure, 1,1,2,2-tetrachloroethane is likely to be
delivered to the liver via the portal vein and metabohzed prior to entering the systemic circulation ("first pass"
effect). Thus, it is likely that orally administered 1,1,2,2-tetrachloroethane will be more potent than inhaled
l,l,2,2-tetrachloroethane. No pharmacokinetic/pharmacodynamic data are available for this chemical which
could be used to make adjustments for the first pass effect. It is likely that deriving an RfC based on oral
exposure data will result in a value that is overprotective of liver effects following inhalation exposure.
However, this uncertainty coupled with other uncertainties in the 1,1,2,2-tetrachloroethane database (lack of
adequate reproductive and/or developmental toxicity data) precludes deriving an RfC for 1,1,2,2-
tetrachloroethane.
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Attachment 3
(97-0024 / 06-24-98)

Risk Assessment Issue Paper for:
Deriwktion of:a Provisional RID for 1,1,2,2-Tetrachloroethane (CASRN 79-34-5)

INTRODUCTION

An RID for l,l,2,2-tetrachloroethane is not avadable on IRiS (U.S. EPA, 1997a) or HEAST (U.S. EPA,
1997b). Drinking water health advisories have not been derived for 1,1,2,2-tetrachloroethane. ATSDR (1996)
derived an intermediate oral minimal risk level (MRL) and a chronic oral MRL for this chemical. The
intermediate MRL of 0.6 mg/kg-day is based on a NOAEL of 56 mg/kg for decreases in body weight gain in
female rats receiving gavage doses of 100 mg/kg 1,1,2,2-tetrachloroethane 5 days/week for 6 weeks (NCI,
1978). The basis for the chronic MRL of 0.04 mg/kg-day is a LOAEL for labored respiration, wheezing, and
nasal discharge observed in female rats receiving gavage doses of 43 mg/kg 5 days/week for 78 weeks (NCI,
1978).

The most recent document on 1,1,2,2-tetrachloroethane listed in the CALLA database (U.S. EPA, 1991,
1994) is a HEA (U.S. EPA, 1984). The HEA, Toxicological Profile on 1,1,2,2-tetrachloroethane (ATSDR,
1996), and a literature search of the following databases (conducted in November 1997): TOXLINE (1992-
November 1997), CANCERL1NE (1992-November 1997), RTECS, DART, CCRIS, EMIC, GENETOX, 
TSCATS were used to identify relevant data for the derivation of a provisional RID for 1,1,2,2-
tetrachloroethane.

REVIEW OF PERTINENT LITERATURE

There are several reports of accidental and intentional ingestion of a single dose of 1,1,2,2-
tetrachloroethane (as reviewed by NIOSH, 1976). Loss of consciousness, CNS depression, and death were the
most common outcomes. Data on the effects associated with repeated oral exposure are not available for
humans.

NCI (1978) and NTP (1996; Microbiological Associates, 1994) have investigated the subchronic 
chronic oral toxicity of 1,1,2,2-tetrachloroethane in rats and mice. Data on the reproductive and developmental
toxicity of l,l,2,2-tetrachloroethane is limited to an inhalation study in which subchronically exposed male rats
were mated to unexposed female rats (Schmidt et al., 1972).

In the NCI (1978) study, groups of male and female Osborne-Mendel rats and B6C3FI mice
(50/sex/group/species) were administered 1,1,2,2-tetrachloroethane in corn oil via gavage 5 days/week for 
weeks. The TWA average doses were 62 and 109 mg/kg for male rats, 43 and 77 mg/kg for female rats, and
142 and 283 mg/kg for male and female mice. The exposure period was followed by a 32- or 12-week period in
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which the rats and mice, respectively, were not exposed to 1,1,2,2-tetrachloroethane. Vehicle control and
untreated control groups (20 animals/sex/species/group) were also used. A statistmally significant association
between increased mortality and dose was observed in the female rats; 10 of the high-dose females died during
the first 5 weeks of the study (8 had pneumonia and no lesions were reported in the other 2 rats); NCI (1978)
considered the deaths to be related to l,l,2,2-tetrachloroethane exposure. No sigmficant effects on survival
were observed in the low-dose female rats and in both male dose groups. Clinical signs observed in the rats
included a hunched appearance in the high-dose females and squinted or reddened eyes in both groups of
1,1,2,2-tetrachloroethane-exposed rats. The investigators noted that there was a low or moderate incidence of
labored breathing, wheezing, and/or nasal discharge m all groups of animals during the first year of the study;
near the end of the study, these respiratory signs were more frequently observed in the 1,1,2,2-
tetrachloroethane-exposed animals; no additional information on this effect was provided. Dose-related
decreases m body weight gain were observed in the rats; the differences between body weights of the vehicle
control rats and the low- and high-dose rats were less than 10% for the low-dose group and 20 and 15% for the
high-dose male and female rats, respectively. No significant increases in tumor incidence were observed in the
rats. The incidences of hepatic fatty metamorphosis in high-dose male rats (0/20, 2/50, 9/49 in the vehicle
control, low, and high-dose groups) and chronic murine pneumonia in low- and high-dose female rats (8/20,
34/50, 38/50, respectively) were significantly increased (p<0.05, Fisher Exact Test). Thus, this study identifies
a LOAEL of 43 mg/kg (31 mg/kg-day) for an increased incidence of chronic murme pneumonia in female rats
exposed to gavage doses of 1,1,2,2-tetrachloroethane for 78 weeks and FEL of 77 mg/kg (55 mg/kg-day).

A statistically sigmficant association between mortality and dose was found in mice (NCI, 1978). There
was a dramatic decrease in probability of survival after 45 weeks of exposure in the high-dose male and female

Acute toxic tubular nephrosis was determined to be the apparent cause of death in 33 high-dose males
between weeks 69 and 70; the cause of death was not reported in the female mice. A high incidence

(95%) of pronounced abdominal distension, probably resulting from liver tumors, was observed in the high-
dose females beginning in week 60 and continuing throughout the recovery period. A very slight decrease in
body weight gain (less than 10%) was observed in the high dose male mice; no other effects on body weight
gain were observed. Sigmficant Increases in the incidence of hepatocellular carcinoma were observed in the
low- and high-dose male and female mice. Significant increases in the incidence of nonneoplastic lesions were
limited to hydronephrosis (0/20, 0/46, 16/46 in the control, low and high dose groups) and chromc
inflammation (0/20, 0/46, and 5/46) in the kidneys of high-dose females. This study identifies a NOAEL of 142
mg/kg (101 mg/kg-day) and a FEL of 283 mg/kg (202 mg/kg-day) in mice exposed to l,l,2,2-tetrachloroethane
for 78 weeks.

NCI (1978) also conducted a subchronic range-finding study in rats and mice. In this study, groups 
five male and five female Osborne Mendel rats received gavage doses of 0 (vehicle control group), 56, 100,
178, 316, and 562 mg/kg l,l,2,2-tetrachloroethane in corn oil 5 days/week for 6 weeks followed by a 2 week
observation period. Groups of five male and five female B6C3F1 mice were similarly exposed to 0, 32, 56,
100, 178, and 316 mg/kg 1,1,2,2-tetrachloroethane. It appears that mortality and body weight gain were the
only endpoints used to assess toxicity. In the rats, increased mortality was observed m one male exposed to 100
mg/kg, and all five females exposed to 316 mg/kg (mortality rates in the 516 mg/kg group were not discussed).
Decreases in body weight gain were observed in the rats at the 56, 100, and 178 mg/kg doses; the differences
were 3, 9, and 38% for the males and 9, 24, and 41% for the females. No deaths were observed in the mice and
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there were no significant alterations in body weight gain. The limited number of endpoints examined in this
study precludes identifying NOAELs and/or LOAELs for subchronic exposure.

In a subchronic study conducted for NTP (Microbiological Associates, 1994), groups of male and
female F344 rats and B6C3F 1 mice (10/sex/group/species) were fed diets containing microencapsulated 1,1,2,2-
tetrachloroethane for 13 weeks. The reported dosages were 18, 37, 75, 150, and 300 mg/kg-day for rats and 88,
175, 350, 700, and 1400 mg/kg-day for mice; vehicle and untreated control groups were used for each species.
In the rats, no chemical-related alterations in mortality were observed. Significant decreases in body weight
gain were observed in the male and female rats exposed to 75 (10.5 and 24.1% difference from vehicle controls
for males and females) and 150 (45.4 and 63.2%) mg/kg-day, and weight loss was observed at the 300 mg/kg-
day dose level. The decrease in body weight gain in the 150 mg/kg-day group and weight loss in the 300
mg/kg-day group were associated with reductions in food consumption. Thinness and pallor were observed in
all animals in the 150 and 300 mg/kg-day groups. Statistically significant increases in absolute and relative
liver weights were observed in males and females exposed to 37 mg/kg-day and higher. Sigmficant alterations
in absolute and/or relative weights were also observed in several other organs, these changes were considered
secondary to the decreased body weight gain. A number of alterations in serum clinical chemistry parameters
consistent with liver damage were found: increased alanine amlnotransferase, alkaline phosphatase, and sorbitol
dehydrogenase levels in the ’150 and 300 mg/kg-day groups, increased bile acid levels in the 300 mg/kg-day
group, and decreased total protein, cholesterol, and/or albumin levels in the 150 and 300 mg/kg-day groups.
Other alterations in serum chemistry parameters were not considered chemical-related. The liver appeared to be
the primary target of 1,1,2,2-tetrachloroethane toxicity, histopathological alterations consisted of basophilic,
eosinophilic, mixed cell, and/or clear cell foci of cellular alterations (incidence significantly higher in males
exposed to 300 mg/kg-day and females exposed to >150 mg/kg-day), hepatocyte necrosis (males and females:
>_150 mg/kg-day), mitotic alterations in hepatocytes (males: 300 mg/kg-day; females: _>150 mg/kg-day), liver
p~gmentation (males and females: > 150 mg/kg-day), bile duct hyperplasia (males: 300 mg/kg-day; females:
>150 mg/kg-day), hepatocyte hypertrophy (males: >150 mg/kg-day; females: >-75 mg/kg-day), and cytoplasmic
vaeuolization (males: >18 mg/kg-day; females: >37 mg/kg-day). Other histopathological alterations consisted
of spleen pigmentation (males: >75 mg/kg-day; females >150 mg/kg-day), bone marrow atrophy (males 
females: ->150 mg/kg-day), spleen red pulp atrophy (males: >150 mg/kg-day; females: 300 mg/kg-day), clitoral
gland and uterus atrophy (females: >-150 mg/kg-day), bone metaphysis atrophy (males: 300 mg/kg-day;
females: _> 150 mg/kg-day), and atrophy of the preputial gland, prostate, seminal vesicle, and testes (males: 300
mg/kg-day), the atrophy was considered secondary to the decrease in body weight gain. To summarize, this
study provides evidence that the liver is a primary target of 1,1,2,2-tetrachloroethane toxicity. At the lowest
dose tested, 18 mg/kg-day, there was a significant increase in the incidence of cytoplasmic vacuolization, this
minimal effect was not considered adverse. At 37 mg/kg-day, significant increases in absolute and relative liver
weights were observed; hepatocellular hypertrophy, spleen pigmentation, and decreases in body weight gain
were observed at the next highest dosage (75 mg/kg-day). At 150 and 300 mg/kg-day, alterations in hver-
related serum chemistry parameters (e.g., alanine aminotransferase, cholesterol), hepatocyte necrosis, bile duct
hyperplasia, hepatocellular mitotic alterations, foci of cellular alterations, and liver pigmentation were observed
(other effects observed at these dose levels were probably related to the marked decrease in body weight gain).
Thus, this study identifies a NOAEL of 18 mg/kg-day and LOAEL of 37 mg/kg-day for liver effects in rats fed
a diet containing microencapsulated 1,1,2,2-tetrachloroethane for 13 weeks.
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In mice, no chemical-related deaths were observed (Microbiological Associates, 1994). Sigmficant
decreases in body weight gain were observed in the male and female mice exposed to 350, 700, or 1400 mg/kg-
day (difference from vehicle control" 43.8, 52.1, and 69.8%, respectively, for males and 13.5, 28.4, and 39.2%
for females). Significant increases in absolute and relative liver weights were observed in the male mice
exposed to 175 mg/kg-day or higher and in female mice exposed to 88 mg/kg-day or higher. Other changes in
organ weights were considered to be secondary to the body weight changes. Chemical-related alterations in
serum clinical chemistry consisted of decreases in total protein levels (males exposed to >175 mg/kg-day and
females exposed to >700 mg/kg-day), decreases in cholesterol levels (males and females: > 175 mg/kg-day), and
increases in alanine aminotransferase, alkaline phosphatase, sorbitol dehydrogenase, and bile acids (males and
females: >350 mg/kg-day). Histopathological evidence suggested that the liver was the most sensitive target of
l,l,2,2-tetrachloroethane toxicity. The hepatic alterations consisted ofhepatocyte hypertrophy (males: >175
mg/kg-day; females: >88 mg/kg-day), and hepatocyte necrosis, focal pigmentation, bile duct hyperplasia, and/or
hepatocyte hypertrophy (male and female: _> 350 mg/kg-day). An increase in lung focal lymphocyte cellular
infiltration was observed m the female mice exposed to 700 or 1400 mg/kg-day, however the number of
infiltrates was within the normal range and was not considered to be related to l,l,2,2-tetrachloroethane
exposure. An increase in the number of residual bodies present in the seminiferous tubules of mice exposed to
1400 mg/kg-day and increases in the incidence of thymus atrophy in male and female mice exposed to 1400
mg/kg-day were observed; these effects were considered to be secondary to the decrease in body weight gain.
Thus, this study identifies a minimal LOAEL of 88 mg/kg-day for liver effects (increased absolute and relative
liver weights and hepatocyte hypertrophy at 88 mg/kg-day and multiple liver effects at higher doses) in mice
exposed to dietary l,l,2,2-tetrachloroethane for 13 weeks, a NOAEL was not identified.

In a study examining the potential renal toxicity of orally administered halogenated ethanes, groups of
five male F344/N rats reeewed via gavage 0, 0.62, or 1.24 mmol/kg-day 1,1,2,2-tetrachloroethane in corn oil (0,
104, 208 mg/kg-day) daily for 21 days (NTP, 1996). All animals were grossly examined, the right kidney,
liver, and right testis were weighed and the right kidney, lel~ liver lobe, and gross lesions were examined
histopathologically. Rats in the high-dose group died or were killed moribund before the end of the study;
clinical observations included thin and lethargic (5/5 animals) and diarrhea accompanied by abnormal breathing
and ruffled fur (3/5). In the low-dose group, no effects on survival, body weight gain, absolute and relative
liver and kidney weights, or kidney histopathology were observed. Mild to moderate cytoplasmic
vacuolization, consisting of multi focal areas of hepatocytes with clear droplets within the cytoplasm, was
observed in the hepatocytes of all rats in the low dose group. The cytoplasmic vaeuolization observed at 104
mg/kg-day was considered a minimal effect Thus, the 104 mg/kg-day dose is a NOAEL in rats exposed to
1,1,2,2-tetraehloroethane for 21 days and 208 mg/kg-day Is a FEL.

In a 9-month inhalation study conducted by Sehmidt et al. (1972), groups of 105 male rats were exposed
to 0 or 0.0133 mg/L (1.94 ppm) 1,1,2,2-tetrachloroethane "daily" for 4 hours/day. One week before the end 
the study, groups of seven control and l,l,2,2-tetrachloroethane-exposed rats were mated with unexposed virgin
female rats. It appears that each male was mated with five females. The offspring were observed for 12 weeks
and were examined macroscopically for malformations. There were no statistically significant differences in
the percentage of females having offspring (77.1% in controls vs 62.9% in exposed), number of pups per litter,
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average birth weight, gestation length, sex ratio, olt’spring mortality at postnatal days l, 2, 7, 14, 21, and 84, or
average weight on postuatalday 84. No macroscopic malformations were found.

DERIVATION OF PROVISIONAL RID

The subchronic toxicity studies conducted by Microbiological Associates (1994) for NTP suggest that
the liver may be the most sensitive endpoint. Liver effects were observed at the lowest doses tested in rats and
mice (18 and 88 mg/kg-day, respectively). The liver effects consisted of hepatocellular vacuolization and
increases in absolute and relative liver weights at the low doses and hepatocyte necrosis and bile duct
hyperplasia at higher doses. In the rat study, the increased incidence of cytoplasmic vacuolization observed at
18 mg/kg-day was not considered adverse. The increases in absolute and relative liver weight observed in rats
exposed to 37 mg/kg-day were considered adverse and this dose was identified as the LOAEL. Liver effects
were also reported in the 21-day rat study by NTP (1996) and the NCI (1978) chronic rat study. NTP (1996)
found an increase in the incidence of cytoplasmic vacuolization in rats receiving gavage doses of 104 mg/kg-
day (lowest dose tested) for 21 days and NCI (1978) observed a slight increase in the incidence of hepatic fatty
metamorphosis in rats gavaged with 55 mg/kg-day (no hver effects were observed at 31 mg/kg-day) for 
weeks. No nonneoplastic liver effects were observed in mice receiving gavage doses of I01 or 202 mg/kg-day
for 78 weeks (an increase in the incidence of hepatocellular carcinomas were observed at both doses) (NCI,
1978). An increase in the incidence of chronic murine pneumonia was observed in rats receiving gavage doses
of 31 mg/kg-day for 78 weeks (NCI, 1978).

Derivation of a provisional RfD for 1,1,2,2-tetrachloroethane based on the NOAEL of 18 mg/kg-day and
LOAEL of 37 mg/kg-day identified in the rat subchromc study (Microbiological Associates, 1994) 
recommended. The chronic rat study was not selected as the basis for the RID because the chronic murine
pneumonia observed at the lowest dose tested has not been observed in other oral or inhalation studies, is
common age-related effect (incidence in the untreated control group was 90%), and the incidence was not dose-
related. The NOAEL of 18 mg/kg-day was divided by an uncertainty factor of 300 (10 for interspecies
extrapolation, 10 for intrahuman variability, and 3 for database deficiencies) to yield a provisional RID of 6E-2
mg/kg-day. An uncertainty factor to account for the extrapolation from a subchronic study was not used
because the results of the chronic rat study (NCI, 1978) do not suggest that more serious liver effects would
occur at lower doses following chronic exposure. Thus, a partial uncertainty factor was used to extrapolate
from a subchronic study to a chronic study. The uncertainty factor for database deficiencies was used to
account for the lack of a 2-generation reproductive performance study and adequate developmental toxicity
studies in two species.

Confidence in the Microbiological Associates (1994) study is high, it is a well-conducted study using 
adequate number of animals and monitoring appropriate toxicity endpoints. Confidence in the database is low-
to-medium because a NOAEL was not identified for hepatic effects and adequate reproductive and
developmental toxicity studies are not available. Reflecting the low-to-medium confidence in the database,
confidence in this provisional RID is low.
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Checklist for Ecological Assessment

I. SITE DE’SCRIPTION

1. S~te Name: Northeast Open Area

Locatton" Dunn Field

2.

3.

4

County:

Latitude:

Shelby State: TN

What Js the approximate area of the site?

Is this the first site vistt? [~Ye.s [-]No
available.

Date(s) of previous site vistt(s):

City: Memphis

Longitude:

16 acres

If no, attach trip report of previous sae visit(s), 

Please attach to the checklist USGS topographic map(s) of the site, if available. See Section 2 of
main report for site topoqraphic map.

6. Are aenal or other site photographs available? ~]Yes [-JNo ffyes, please attach any
avatlable photo(s) to the stte map at the conclusion of this section, see attached

7. The land use on the site ts: The area surroundmg the s~te ~s:
0.5 mile radius
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CHECKLIST FOR ECOLOGICAL ASSESSMENT/SAMPUNG

% Urban

% Rural

% ResMenhal

100 % Industrial ((~;~hght [-]heavy)

% Agnculture

(Crops 

% Recreational

(Describe; note ff it Is a park, etc 

__% UndJsturbed

% Other

% Urban

% Rural

30% Restdential

70% Industrial (~;~hght [-Jheavy)

% Agriculture

(Crops )

% Recreahonal

(Describe; note if It is a park, etc.)

% Undisturbed

% Other

Has any movement of so taken place at the stte? [-]Yes ~;;~No If yes, please identify the
most hkely cause of this disturbance:

RAgncultural Use

r-INatural Events

[~Heavy Equipment J--]Mintng

[-IErosion [~Other

Please describe.

.
Do any potenttally sensitive environmental areas exist adjacent to or in proximity to the site, e.g.,
Federal and State parks, National and State monuments, wetlands, pratne potholes?
Remember, flood plains and wetlands are not always obwous; do not answer "no" without
conhrming information No

Please provide the source(s) of informahon used to identify these sensJhve areas, and indicate
the=r general lecahon on the site map. Correspondence with US Ftsh and Wtldhfe Service and
Tennessee Department of Environment and Conservation reqardmq protected species (1996),
US F=sh and Wlldhfe Servtce National Wetland Inventory Maps.

10 What type of facility is located at the site?

I-]Chemrcal E]Manufacturing

~;~Other (specify) several former pistol ranqes,

I-]MIxmg I-’]Waste Dssposal

11. What are the suspected contaminants of concern at the site? If known, what are the maximum
concentration levels ~ Vanous inorqanic and orqan c chemicals detected m surface so~ls, surface
water, and sediment See Section 8 of RFI report for specrfies.
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CHECKLIST FOR ECOLOGICAL ASSESSMENT/SAMPUNG

12. Check any potential routes of off-site migration of contaminants observed at the site

~lSwales

EIRunoff

I--IOther(speclfy)

I--iDepressions

I--IWindblown Particulates

[~Drainage Ditches

i--IVehlcular Traffic

13. If known, what is the approxmmate depth to the water table? 37 bqs

14. Is the direction of surface runoff apparent from site observations? [Yes I’-]No If yes, to
which of the followtng does the surface runoff discharge? Indicate all that apply.

I~Suface Water []Groundwater l-lSewer i’-ICollectlon Impoundment

15 Is there a navigable waterbody or tributary to a navigable waterbody? [-]Yes [~No

16. Is there a waterbody anywhere on or in the vicinity of the site? Ifyes, also complete Section lll:
Aquatic Habttat Checklist- Non-Flowing Systems and/or Section IV: Aquatic Habitat Checklist-
Flowing Systems.

I--IYes (approximate distance [~]No

17. Is there evidence of flooding? rlYes [] No Wetlands and flo(xI plains are not always obvious;
do not answer "no" without confirming information. If yes, complete Section V" Wetland Habitat
Checklist.

18. If a field guide was used to aid any of the identifications, please provide a reference. Also,
estimate the t~me spent identifying fauna. [Use a blank sheet if additional space ts needed for
text.] A F=eld Guide to the Birds - Peterson, R.T., 1980. Approximately I hour was spent at this
site observmq site conditions.

19. Are any threatened and/or endangered species (plant or ammal) known to inhabit the area of the
site? E}Yes []No If yes, you are required to verify this informatton with the U.S Fish and
Wildlife Serwce. If species’identities are known, please list them next.
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CHECKLIST FOR ECOLOGICAL ASSESSMENr/$AMPUNG

20 Record weather conditions at the hme this checklist was prepared.

DATE:6/19/97

80oF Temperature (oC/OF)

calm Wind (direction/speed)

30% Cloud cover

Normal daJly high temperature

0_.Precipitation (rain, snow)

GNV~99060GO(~-NEOA_ECOCHECKUSTIDOC 4



CHECKLIST FOR ECOLOGfCAL ASSESSMENT/SAMPLING

IA. SUMMARY OF OBSERVATIONS AND SITE SEI"flNG

The Northeast Open Area is a relatwely inacbve portion of Dunn Field that is completely grassed with
patches of mature hardwood trees. The area Js generally open w~th a sloping terrain that is roubnely
maintained by moWing. There are no open water bodies onsite; an onslte system of concrete hned
stormwater drainageways is typically dry except during rainfall events. The site is surrounded by
residential areas to the north and east (beyond the perimeter fence), and by Dunn Field property to the
west and south. Overall, the maJntained terrestrial areas provide mimmal ecological habitat for plants or
animals. This site is expected to serve as a future public open space for recreational purposes, therefore
no future rmprovemant in wildlife hab=tat quality is expected.

A few urban adapted wildlife species have been observed at Dunn Field. Species observed at Dunn Field
include eastern gray squirrel, red fox, northern mockingbird, American kestrel, boat-tailed grackle,
European starling, mourning dove, common bobwhite, rock dove, and kdldeer. It is possible that other
small mammals (e.g. mice, shrews, rabbits), birds (e.g. American robin, sparrows), and reptiles (e.g. 
lined skmk, eastern garter snake) may also occur in the grassed areas at the site. The entire facility is
fenced and therefore reduces use by large mammals (e.g. whitetail deer). A few wild dogs have been
consistently observed roaming the Northeast Open Area. Overall the terrestnal habttat within the
Northeast Open Area is of poor quahty and prowdes hmited habttat value for terrestrial wildlife.

There are no wetlands, and no state or federally listed or proposed endangered or threatened species are
known to inhabit the area of the s~te.

Land use wtthln a one-mile radtus of Dunn Field Is highly developed and is primarily residential or
industrial. A few undeveloped and isolated forested areas also occur m the general area.
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Completed by: John R Martin

Additional Preparers: NA

Stte Manager:

Date: 6/19/97

Affiliation CH2M HILL
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CHECKUST FOR ECOLOGrCAL ASSESSMENT/SAMPUNG

I1. TERRESTRIAL HABITAT CHECKLIST

IIA. WOODED

1 Are there any wooded areas at the site? ~;~Yes F’JNo

2.

If no, go to Sectton liB: Shrub~Scrub.

What percentage of area of the site is wooded? (5 % acres). Indicate the wooded area on the
site map which’is attached to a copy of this checklist. Please identify what information was used to
determine the wooded area of the site Quahtattve field esttmate

3. What is the dominant type of vegetatton m the wooded area?

4.

(Check one: FJEvergreen [~Deciduous [-]Mixed)

Dominant plant, if known: Oaks

What is the predominant size of the trees at the site?

I-J0-6 inches [~6-12 inches

Provide a photograph, ff avatlable.

Use diameter at breast height.

[]> 12 inches

5. Specify type of understory present, if known. Provide a photograph, ffavailable. Mowed bermuda
and other qrasses

liB. SHRUB/SCRUB

1. Isshrub/scrubvegetat=onpresentatlhestte? DYes [~No ffno, go to Section llC: Open Field.

2. What percentage of the site ~s covered by scrub/shrub vegetation? (.__ % acres). Indicate the
areas of shrub~scrub on the site map. Please identify what information was used to determine this
area.

3. What is the dominant type of scrub/shrub vegetatton, ff known? Provtde a photograph, ff available.

4. What is the approximate average height of the scrub/shrub vegetation?

r-JO-2 feet r-]2-5 feet I-J>5 feet
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5. Based on site observations, how dense is the scrub/shrub vegetation?

[]Dense []Patchy []Sparse
IIC. OPEN FIELD

1.

2.

Are there open (bare, barren) field present at the site? []Yes [~No
type below:

[]Prarie/Plains r-lSavannah /]Old Field

What percentage of the site is open field? (
stte map.

% acres).

If yes, please indicate the

[]Other (specify)

Indicate the open fields on the

3. What is/are the dominant plant(s)? Provide a photograph, if available.

liD. MISCELLANEOUS

1 Are other types of terrestrial habitats present at the site, other than woods, scrub/shrub, and open
field? [~Yes []No If yes, identify and descfibe them below.

2. Describe the terrestrial miscellaneous habitat(s) and identify these area(s) on the site map. Entire 
primanly open qrass Low quality ecoloqical habitat.Primarily Bermuda qrass, frequently mowed.

3. What observations, ff any, were made at the site regarding the presence and/or absence of insects,
fish, birds, mammals, etc.? northern mockinqbird, American kestrel, boat-tailed qrackle, European
starhnq, rock doves, killdeer. No mammals observed, but likely to include squirrels and other small
mamma s.

4. Revrew the questions In Section I to determine if any additional habitat checklists should be
compreted for this s~te.

G~06O(/O~-NEOA_ECO_CHECKUSTDOC
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Norflleast Open Area - 6/19/97

Southeast comet showing mowed grass, concrete lined drainage ditch, eastern perimeter
fence, offslte resldent~al area.

Northeast comer showing extensive mowed grass, few mature trees, concrete lined drainage
ditch, and parl of shed at Site 60 Pistol Range.
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Checklist for Ecological Assessment

I. SITE DESCRIPTION

1. Site Name: Stockpile Area

Location. Dunn Field

County: Shelby City: Memphis State: TN

2. Latitude: Longitude:

3. What is the approximate area of the site? 30 acres

Is this the first site visit? [5~]Yes [-]No
avadable.

Date(s) of previous site visit(s)-

If no, attach trip report of previous site visit(s), 

5. Please attach to the checklist USGS topographic map(s) el the site, if available. See Section 2 
main report for site topoqraphlc map.

6. Are aerial or other s te photographs available? [~;~Yes [[]No Ifyes, please attach any
available photo(s) to the site map at the conclusion of this section, see attached 2 photos

7. The land use on the sde Is: The area surrounding the site is:
0.5 mile radius

GN~A99060(X~2 SA_ECO CHECKUST DOC 



704153[
CHECKUST FOR ECOLOGICAl ASSESSMENF/SAMPUNG

% Urban

% Rural

% Residential

100 % Industrial ([~light ]--]heavy)

% Agriculture

(Crops:_ )

% Recreational

(Describe; note flit is a park, etc.)

% Undtsturbed

% Other

% Urban

% Rural

40% Residential

60% Industrial (~;~]hght I--iheavy)

% Agriculture

(Crops )

% Recreational

(Describe; note if it is a park, etc.)

% Undisturbed

% Other

Has any movement of soil taken place at the site? {~Yes I--INo
most hkely cause of this disturbance:

RAgncullural Use

r-iNatural Events

5<]Heavy Equipment

i’-IErosion

If yes, please identify the

I-’]Minmg

l-]Other

Please describe. This area was used for Ionq term storaqe of massive plies of fluorspar and
bauxite. Recently all surface material was removed, and a clean cover of soil was put in place.

9 Do any potenhally sensitive environmental areas exist adjacent to or in proximrty to the site, e.g.,
Federal and State parks, National and State monuments, wetlands, prairie potholes?
Remember, flood plains and wetlands are not always obvious; do not answer "no" without
confirming information.No

Please provide the source(s) of mformatton used to ~dentlty these sensitive areas, and indicate
their general location on the site map. Correspondence with US Fish and Wildlife Service and
Tennessee Department of Environment and Conservation reqardinq protected species (1996);
US Fish and Wddhfe Service National Wetland Inventory Maps.

10. Whal type of facihty is located at the site?

[-IChemical E]Manufacturing [-IMixing I--IWaste Disposal

[~Other (specify) Surface storaqe of mineral ores, includlnq fluorspar and bauxite

11. What are the suspected contaminants of concern at the site? If known, what are the maximum
concentration levels? A few morqanic and orqanic chemicals detected in the surface soil fill
matenal. See Section 11 of RFI report for specifics.
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12 Check any potenhal routes of off-sde magration of contaminants observed at the site:

I-]Swales r-IDepresslons iTDramage Ditches

r-IRunoff [~Windblown Particulates ~<]Vehicular Traffic

I-]Other(specify)

13. If known, what is the approximate depth to the water table? 37 bqs

14 Is the direction of surface runoff apparent from silo observations? [-]Yes I~No
ffyes, to

whtch of the foflowing does the surface runoff discharge? Indicate all that apply.

I-]Suface Water [[]Groundwater i’-ISewer [-ICollection Impoundment

15. Is there a navigable waterbody or tnbutary to a navigable waterbody? [-IYes ~;~]No

16 Is there a waterbody anywhere on or in the vtcinity of the site? If yes, also complete Sechon IIh
Aquatic Habitat Checklist - Non-Flowing Systems and~or Section IV: Aquatic Habttat Checklist-
Flowing Systems.

[-]Yes (approximate drstance 

17. Is there evldence of flooding? FIYes ~<]No Wetlands and flood plams are not always obvious;
do not answer "no" without confirming reformation. If yes, complete Section V: Wetland Habitat
Checklist.

18 If a field guide was used to aid any of the identJficahons, please provide a reference. Also,
eshmate the time spent identifying fauna. [Use a blank sheet if additional space is needed for
text.].A Field Guide to the Birds - Peterson, R.T, 1980. Approx0mately 1 hour was spent at thi~
site observlnq sde condttlons

19. Are any threatened and/or endangered species (plant or antmal) known to inhabit the area of the
site? DYes ~;~]No If yes, you are required to verify this mformatton with the U.S. Fish and
Wildlife Service. ff species’ identities are known, please list them next.

G NV~990600~-SA _ECO CHECKUST DGC 3
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CHECKLIST FOR ECOLOGICAL ASSESSMENT/SAMPLING

20. Record weather conditions at the time this checkhst was prepared.

DATE:6/19/97

80oF [emperature (°C/°F)

calm Wind (direction/speed)

Cloud cover

Normal daily high temperature

0_Precipitation (rain, snow)

GNV~OOOO~-SA_ECO CHECKUST DOC 4
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CHECKUST FOR ECOLOGICAL ASSESSMENT/SAMPUNP~

IA. SUMMARY OF OBSERVATIONS AND SITE SETTING

The Stockpile Area is a currently =nact~ve portion of Dunn Field that is completely grassed and has no
trees. The area is entirely open with a relatively level terrain that is routinely maintained by mowing.
Former large piles of fluorspar and bauxrte were recently removed and clean soil was added as a cover in
portions of the site. There are no water bodies onsite. The s~te is surrounded by a residential area to the
east (beyond the perimeter fence), by Dunn Field property to the north (Northeast Open Area) and 
(D~sposal Area), and by DDMT Main Installation to the south beyond the perimeter fence and Dunn
Avenue. Overall, the maintained terrestnal areas provide insignificant ecological habitat for plants or
animals. This site ts expected to be developed into a light industrial area, therefore no future improvement
in wildlife habitat quality is expected.

A few urban adapted wildlife species have been observed at Dunn Field. Species observed at Dunn Field
that may occur Jn the grassed Stockpile Area include red fox, northern mockingbird, American kestrel,
boat-tailed grackle, European starling, mourning dove, common bobwhite, rock dove, and killdeer. It is
poss=ble that other small mammals (e.g. mice, shrews, rabbits), birds (e.g. American robin, sparrows),
and reptiles (e.g. five-lined skink, eastern garter snake) may also occur at the site. The entire facility 
fenced and therefore reduces use by large mammals (e.g. whttetail deer). Overall the terrestrtal habitat
w=thin the Stockpile Area Is of poor quality and provides limded habitat value for terrestrial wildlife.

There are no wetlands onslte, and no state or federally listed or proposed endangered or threatened
spectes are known to inhabit the area of the site (TDEC, 1996, USFWS, 1996; Appendix ?).

Land use within a one-mile radius of Dunn Field is highly developed and is pomarlly residential or
industnaL A few undeveloped and isolated forested areas also occur in the general area.

GNV"99(TaO00~SAECO_CHECKUSTDOC
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CHECKUST FOR ECOLOGICAL ASSESSMENTtSAMPLING

Completed by.

Additional Preparers:

Site Manager:

Date:

John R. Martin

NA

6/19/97

Affiliation CH2M HILL
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CHECKLIST FOR ECOLOGICAL ASSESSMENT/SAMPUNG

II. TERRESTRIAL HABITAT CHECKLIST

IIA. WOODED

1. Are there any wooded areas at the site? r-]Yes ~]No If no, go to Section I/B: Shrub/Scrub.

What percentage of area of the site is wooded? (.__ 
on the stte map which is attached to a copy of thts checkhst.
used to determine the wooded area of the site.O_

acres). Indtcate the wooded area
Please identify what information was

.
What is the dominant type of vegetahon m the wooded area?

(Check one: [-]Evergreen [-]Deciduous (-]M~xed) Prowde a photograph, if avatlable.

Dominant plant, ff known:0

4. What is the predominant size of the trees at the stte? Use diameter at breast height.

1--10-6 inches 1--16-12 inches [-7> 12 inches

5. Specify type of understory present, if known. Provide a photograph, if available.

liB. SHRUB/SCRUB

1. is shrub/scrub vegetation present at the site? r-lYes ~;~]No If no, go to Section I/C: Open Field.

2. What percentage of the site is covered by scrub/shrub vegetation? (___ % acres). Indicate the
areas of shrub/scrub on the site map. Please identify what reformation was used to determine this
area.

3. What is the dominant type of scrub/shrub vegetahon, if known? Provide a photograph, if available.

4 What is the approximate average height of the scrub/shrub vegetation?

1-10-2 feet r-12-5 feet I-]>5 feet

5. Based on s}te observations, how dense is the scrub/shrub vegetation?

I-’lDense [-’]Patchy i’-ISparse

GNV~990600002 SA_ECO CHECKUST DOC 7
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tiC. OPEN FIELD

1. Are there open (bare, barren) field present at the s,te? [[]Yes []No
type below.

I’-IPrane/Plams F]Savannah [-IOId Field

If yes, please Indicate the

[~Other (specify)

2. What percentage of the site is open field? (.__
srt~ map

%__ acres). Indicate the open fields on the

3. What is/are the dominant plant(s)? Provide a photograph, ff available.

lID. MISCELLANEOUS

1. Are other types of terrestrial habitats present at the sde, other than woods, scrub/shrub, and open
f=eld? [~Yes [-]No If yes, identtfy and descnbe them below.

2. Describe the terrestrial miscellaneous habitat(s) and identify these area(s) on the site map. Enhre 
open qrass Low quality ecoloqical habitat Primarily Bermuda qrass, frequently mowed.

3. What observations, ff any, were made at the stte regarding the presence and/or absence of insects,
fish, birds, mammals, etc.? northern mockinqblrd, American kestrel, boat-tailed qrackle, European
starlinq, rock doves, killdeer. No mammals observed, but likely to include squirrels and other small
mammals

4 Review the queshons in Section I to determine if any additional habitat checklists should be
completed for this site.

GNV~990600002-S A_ECO C HECKUST DOC 8
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Stockpile Area - 6/19/97

Central portion showing stockpiles, thick hauhng activity, railroad tracks, mowed grass
The ~reeline is offsite beyond the perimeter fence

V~ew of the southwest comer of the area showing mowed grass, perimeter fence, Dttrm
Avenue and Main Installation in background, and offsite achve warehouse to the west
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Checklist for Ecological Assessment

I. SITE DESCRIPTION

1. Site Name: Disposal Area

Location: Dunn Field

County: Shelby City Memphis State: TN

2. Latttude’ Longitude:

3. What is the approximate area of the site? 10 acres

Is this the first site visit? {~Yes [-INo
ava#able.

Date(s) of previous site vtstt(s):

If no, attach trtp report of previous site visit(s), 

5. Please attach to the checkhst USGS topographic map(s) of the site, if avatlable. See Section 2 
main report for site topoqraphic map

6. Are aerial or other s~te photographs avatlable? []Yes f--INo If yes, please attach any
available photo(s) to the site map at the conclusion of this section, see attached 2 photos

7. The land use oh the site is: The area surroundmg the site is:
0.5 mile radius

GNV’,990600002-DA_EC O C H ECK LIST DOC I
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CHECKLIST FOR ECOLOGICAL ASSESSMENT/SAMPLING

% Urban

% Rural

% Residential

100 % Industrial ([~hght i--lheavy)

% Agnculture

(Crops.)

% Recreational

(Descnbe; note flit is a park, etc.)

% Undisturbed

__.% Other

% Urban

% Rural

10% Residential

9_Q% Industrial (~;~light i-Iheavy)

% Agriculture

(Crops )

% Recreational

(Describe; note # it is a park, etc.)

% Undisturbed

% Other

8. Has any movement of soil taken place at the site? OYes [~No
most hkely cause of this disturbance"

I~Agrlcultural Use i’-IHeavy Equtpment

r-iNatural Events I-]Erosion

Please describe:

If yes, please identify the

E]Mining

E]Other

9. Do any potenbally sensitive environmental areas exist adjacent to or in prox=mity to the site, e.g.,
Federal and State parks, National and State monuments, wetlands, pralne potholes?
Remember, flood plains and wetlands are not always obvious; do not answer =no" without
conhrming informatlon.N._q

Please prowde the source(s) of ~nformation used to idenhfy these sens=tive areas, and indicate
thetr general location on the site map. Correspondence with US Fish and Wddtife Servtce and
Tennessee Department of Environment and Conservation reqardlnq protected species (1996);
US Fish and Wddlife Service National Wetland Inventory Maps.

10. What type of facility ts located at the site?

E]Chemlcal [3Manufacturing I-] M,xing i--lWaste Disposal

{~;~Other (specify) Subsurface disposal of hazardous waste materials

11. What are the suspected contaminants of concern at the site? if known, what are the maximum
concentration levels? Various morqamc and orqanic chemicals detected m surface soils. SeP.
Sechon 11 of RFI report for specifics.

GNV~906~O~-DAECO_CHECKUSTOOC 2



CHECKLIST FOR ECOLOGICAL ASSESSMENTISAMPUNG

12. Check any potential routes of off-site mJgrat=on of contaminants observed at the site.

~;~Swales EJDepresstons [-IDrmnage Ditches

[-]Runoff L~Wledblown Parttculates PlVehicular Traffic

[-]Other(specify)

13. If known, what is the approxtmate depth to the water table?.37 bqs

14. Is the dtrect;on, of surface runoff apparent from stte observattons? [~Yes [-]No If yes, to
which of the following does the surface runoff discharge? Indicate all that apply.

[Suface Water E]Groundwater RSewer FICollectton Impoundment

15. Is there a navigable waterbody or tr butary to a navigable waterbody? r]Yes ~;;~No

16. Is there a waterbody anywhere on or m the v~cintty of the s~te? If yes, also complete Section II1:
Aquatic Habitat Checklist - Non-Flowing Systems and~or Section IV: Aquatic Habitat Checklist -
Flowing Systems.

r-]Yes (approximate distance__.) []No

17. s there evidence of flooding? [-]Yes [~No Wetlands and flood plains are not a/ways obvious;
do not answer "no" without conhrmJng information. If yes, complete Section V: Wetland Habitat
Checklist.

18 If a field guide was used to aid any of the identifications, please provide a reference Also,
estm’~ate the t=me spent identifying fauna. [Use a blank sheet if additional space is needed for
text]A Field Guide to the Birds - Peterson, R T., 1980. Approxtmately 1 hour was spent at this
site observinq stte condtttons.

19. Are any threatened and/or endangered species (plant or animal) known to inhabit the area of the
stte’~ [~Yes []No If yes, you are required to verify this information with the U.S. Fish and
Wildlife Serwce, If species" identities are known, please list them next.

GNV’~990600002-DA_ECO_CHECKUST DOC 3
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CHECKUST FOR ECOLOGICAL ASSESSMENT/SAMPLING

20. Record weather condJtlons at the time this checklist was prepared"

DATE:6/19/97

80oF Temperature (°C/°F)

calm Wind (dwrection/speed)

30% Cloud cover

Normal daily high temperature

0_.Precipitation (rain, snow)

GNV~906000O2 DA=ECO CHECKUST DOC 4



7041543
CHECKUST FOR ECOLOGICAL ASSESSMENT/SAM PUNG

IA. SUMMARY OF OBSERVATIONS AND SITE SETrlNG

The DJsposal Area ~s a currently inactwe portion of Dunn Field that is completely grassed and has no
trees. The area is entirely open wtth a relatwely level terrain that ts routmely maintained by mowing. There
are no water bodies onslte. A large drainage swale occurs near the southwest corner of the Disposal
Area that discharges to the western feneehne through Outfall 010, however thts swale does not retain
water following storm events. The site is surrounded by a sparse residenttal area to the north (beyond the
perimeter fence), by Dunn Field property to the east (Northeast Open Area) and south (Stockpile Area),
and by an actrve warehouse and MLGW substation opposlle the west fenceline. Overall, the matntamed
terrestrial areas provide insignificant ecological habitat for plants or animals. This site is expected to be
developed into a hght industrial area, therefore no future improvement in wildlife habitat quality Is
expected

A few urban adapted wildlife species have been observed at Dunn Field. Spectes observed at Dunn Field
that may occur in the grassed Disposal Area include red fox, northern mockingbird, American kestrel,
boat-tailed grackle, European starling, mourning dove, common bobwhite, rock dove, and killdeer. It is
possible that other small mammals (e.g. mice, shrews, rabbtts), birds (e.g. American robin, sparrows),
and reptdes (e.g. five-hned skink, eastern garter snake) may also occur at the site. The entire facihty 
fenced and therefore reduces use by large mammals (e.g whltetatf deer). Overall the terrestnal habitat
within the D~sposal Area rs of poor quality and provides hmited habitat value for terrestrial wildhfe.

There are no wetlands onstte, and no state or federally listed or proposed endangered or threatened
species are known to inhabit the area of the site

Land use withm a one-mtie radius of Dunn Field is highly developed and is pnmarily residential or
industrial. A few undeveloped and isolated forested areas also occur in the general area.

G NV~99060~Gt - DA_EC~) CHECKU ST DOC 5



7041544
CHECKLIST FOR ECOLOGICAL ASSESSMENT/SAMPUNG

Completed by"

AddJhonal Preparers:

Site Manager:

Date.

John R Martin

NA

6/19/97

Affiliation CH2M HILL
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CHECKLIST FOR ECOLOGICAL ASSESSMENT/SAMPLING

II. TERRESTRIAL HABITAT CHECKLIST

IIA. WOODED

1. Are there any wooded areas at the site? [-]Yes []No

2. What percentage of area of the site is wooded? ( %

If no, go to Section liB: Shrub~Scrub.

on the site map which is attached to a copy of this checklist.
used to determine the wooded area of the site.O_

3. What is the dominant type of vegetation in the wooded area?

(Check one: I--IEvergreen I’-IDeclduous I--IMixed)

Dominant plant, if known:0

4. What is the predominant size of the trees at the site?

[70-6 inches E]6-12 inches

acres). Indicate the wooded area
Please identify what information was

Provide a photograph, ff available.

Usediameter at breast height.

i--I> 12 inches

5. Speclfytypeofunderstorypresent, ifknown_Provldeaphotograph, ifavailable.

liB. SHRUB/SCRUB

1.

2.

s shrub/scrub vegetation present at the site ? I~Yes [No If no, go to Section tiC: Open Field.

What percentage of the site is covered by scrub/shrub vegetation? (. % acres) Indicate the
areas of shrub/scrub on the site map. Please Identify what information was used to determine this
area.

3. ~hat is the d~minant type ~f scrub/shrub ~egetati~n~ if kn~wn? Pr~vide a ph~t~graph~ if avai~ab~e.

4. What =s the approximate average height of the scrub/shrub vegetabon?

El0-2 feet [72-5 feet [-]>5 feet

5. Based on site observations, how dense is the scrub/shrub vegetation?

E]Dense I--IPatchy I--ISparse

GNV~O6OOO(O-DA_ECOCHECKUSTDOC 7
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CHECKUST FOR ECOLOGICAL ASSESSMENTFJAMPLJNG

IIC. OPEN FIELD

Are there open (bare, barren) field present at the site? [-]Yes ~;~No
type below:

[-}Prarie/Plains [~Savannah FIOId Field

If yes. p/ease indicate the

[--]Other (specify)

2. What percentage of the sFte is open field? (.__
site map.

% acres). Indicate the open fields on the

3. What is/are the dominant plant(s)? Provide a photograph, if available.

liD. MISCELLANEOUS

1. Are other types of terrestrial habitats present at the site, other than woods, scrub/shrub, and open
field? []Yes I--INo If yes, identify and descrtbe them below.

2. Descnbe the terrestrial miscellaneous habttat(s) and idenhfy these area(s) on the site map. Entire 
open qrass. Low quality ecoloqical habitat Pnmarily Bermuda qrass, frequently mowed

What observations, ~f any, were made at the site regarding the presence and/or absence of insects,
fish, birds, mammals, etc.? northern mockinqbrrd, American kestrel, boat-tailed qrackle, European
starhnq, rock doves, killdeer. No mammals observed, but likely to include squirrels and other small
mammals.

4. Review the questions in Section I to determine if any addttional habitat checkhsts should be
completed for this site.

GNV~990600002 DA_ECO_CHECKLiST COC 8
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Disposal Area - 6/19/97

[

Northern portion showing extensive mowed grass, western perimeter fence and onslte
monitoring wel/G and offslte MLG&W substation.

View from the southern end, facing north, showing concrete pad in foreground, extensive
mow ed grass, and drainage swale leading to western perimeter fence.
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APPENDIX K

Chemical Warfare Materiel Removal
Conformation Soil Sample Analytical Data
Summary
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StationlD : CWM-1
SamplelD : DFCWM001ES1

Date Collected : 06121/2000
Time Collected : 12:00 PM
Sample Matrix : SQ

Samp e Type : EB
Parameter

IMetals

I__.~ ALUMINUM ~._

BARIUM
BERYLLIUM
CADMIUM
CALCIUM
CHROMIUM, TOTAL
COBALT
COPPER
IRON
LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SELENIUM
SILVER
SODIUM

Units

UG/L 17 U
UG/L 14 U
UG/L 0 6 U
UG/L 1 U
UG/L 1 U
UG/L 1 U
UG/L 99.8 J
UG/L 13 =
UG/L 2 U
UG/L 2 U
UG/L 84.8 J
UG/L 0 6 U
UG/L 31 U
UGIL 2 5 J
UG/L 0 1 U
UG/L 11 9 J
UG/L 370 U
UG/L 0 4 U
UG/L 2 U
UGIL 66 U
UG/L 0 24 J
UG/L 1 U
UG/L 3 3 J

FIELDQC
TRIP BLANK
1013012000
5 20 PM

WQ
TB

PCB-1016 _(AROCHLOR 109~)
PCB-1221 (AROCHLOR 1221)
PCB-1232 (AROCHLOR 1232)
PCB-1242 (AROCHLOR 1242)
PCB-1248 (AROCHLOR 1248
PCB-1254 .(AROCHLOR 12~

UG/L 1 U
UG/L 2 U
UG/L 1 U
UGIL 1 U

PCB-1260 (AROCHLOR 1260)

UG/L I U
UG/L 1 U
UG/L 1 U

Pesticides

A H EXACHLOROCYCLOH EXAN E)

ALPHA-CHLORDAN E~
~ HEXACHLOROCYCLOHEXANE)
~AN (ENDOSULFAN II)

DELTA BHC (DELTA HEXACHLOROCYCLOHEXANE)

ENDRIN ALDEHYDE
ENDRIN KETONE
GAMMA BHC (LINDANE)
GAMMA-CHLORDANE

% 42 =

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

0.05 U
0.05 U
0.05 U
0.05 U
0.05 U
0.1U
0.05 U
0.1 U
0.1 U

UG~ 0.1U
UG~ 0.1U
U~L 0.1U
UG/L 005U
UG/L 0.05 U



7041555

StationlD : CWM-1
SamplelD : DFCWMOOIEB1

Date Collected : 06/21/2000
Time Collected : 12.00 PM~-~1-
Sample Matrix :

Samp e Type :
Parameter

| METHOXYCHLOR --~

SVOCs
1,2,4~RICHLOROBENZENE

SQ
EB

Units
UG/L 0.05 U
UG/L 0 05 U
UG/L 0.5 U
UG/L 0 1 U
UG/L 0 1 U
UG/L 0.1 U
UG/L 5 U
% 98 =
% 43 =

FIELDQC
TRIP BLANK
10/30/2000
5.20 PM

WQ
TB

2,4-DINITROTOLUENE UG/L 10 U
2,6-DINITROTOLUENE UG/L 10 U
2-CHLORONAPHTHALENE UG/L 10 U
2-CHLOROPHENOL UG/L 10 U
2-METHYLNAPHTHALENE UG/L 10 U
2-METHYLPHENOL (o-CRESOL) UG/L 10 U
2-NITROANILINE UG/L 25 U
2-NITROPHENOL UG/L 10 U
3,3’-DICHLOROBENZIDINE UG/L 10 U
3-NITROANILINE UG/L 25 U
4,6-DINITRO-2-METHYLPHENOL UG/I- 25 U
4-BROMOPHENYL PHENYL ETHER UG/L 10 U
4-CHLORO-3-METHYLPHENOL UG/L 10 U

UG/L 10 U4-CHLOROANILINE
4-CHLOROPHENYL PHENYL ETHER UG/L 10 U
4-METHYLPHENOL (p-CRESOL) UG/L 10 U
4-NITROANILINE UG/L 25 U
4-NITROPHENOL UG/L 25 U
A, CENAPHTHENE UG/L 10 U
A, CENAPHTHYLENE UG/L 10 U
ANTHRACENE UG/L 10 U

UG/L 10 U
UG/L 10 U

E UG/L 10 U
! UG/L 10 U

E UG/L 10 U
BENZYL BUTYL PHTHALATE UG/L 10 U

METHANE UG/L 10 U

2,4,5-TRICHLOROPHENOL UG/L 25 U
2,4,6-TRICHLOROPHENOL UG/L 10 U
2,4-DICHLOROPHENOL UG/L 10 U

HENOL UG/L 10 U
2,4-DINITROPHENOL UG/L 25 U

UG/L 10 U
1,2-DICHLOROBENZENE UG/L 10 U
1,3oDICHLOROBENZENE UG/L 10 U
1,4-DICHLOROBENZENE UG/L 10 U
2,2’-OXYBIS_~I -CH LO RO)P ROPAN UG/L 10 U --
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Parameter

bm(2-ETHYLH EXYL) PHTHALATE
CARBAZOLE

StationlD : CWM-1 FIELDQC
SamplelD : DFCWM001EB1 TRIP BLANK

Date Collected : 06/21/2000 10/30/2000
Time Collected : 12:00 PM 5:20 PM
Sample Matrix : SQ WQ

Samp e Type : EB TB
Units
UG/L 10 U
UG/L 10 U
UG/L 10 U

CHRYSENE UG/L 10 U
DI-n-BUTYL PHTHALATE UG/L 10 U
DI-n-OCTYLPHTHALATE UG/L 10 U

UG/L 10 U
DIBENZOFURAN UG/L 10 U
DIETHYL PHTHALATE UG/L 0.9 J
DIMETHYL PHTHALATE UG/L 10 U
FLUORANTHENE UG/L 10 U
FLUORENE UG/L 10 U
HEXACHLOROBENZENE UG/L 10 U
HEXACHLOROBUTADIENE UG/L 10 U
H EXACHLOROCYCLOPENTADIEN E UG/L 10 U
HEXACHLOROETHANE UG/L 10 U
INDENO(1,2,3-c,d)PYRENE UG/L 10 U
ISOPHORONE UG/L 10 U
N-NITROSODI-n-PROPYLAMIN E UG/L 10 U
N-NITROS ODIPH ENYLAMIN E UG/L 10 U
NAPHTHALENE UG/L 10 U
NITROBENZENE UG/L 10 U
PENTACHLOROPHENOL UG/L 5 U
PHENANTHRENE UG/L 10 U

UG/L 10 U
=YRENE UG/L 10 U
2,4,6-TRIBROMOPHENOL % 90 =
2-FLUOROBIPHENYL % 88 =
2-FLUOROPHENOL % 96 =

NITROBENZENE-D5 % 86 =

PHENOL-D5 % 91 =
TERPHENYL-D14 % 85 =

VOCs
UG/L 10 U 1 U
UG/L 10 U 1 U

10U 1U
1,I-DICHLOROETHANE
1,1-DICHLOROETHENE
1,2-DICHLOROETHANE
1,2-DICHLOROPROPANE
2-HEXANONE
ACETONE
BENZENE
BROMODICHLOROMETHANE
BROMOFORM

BR~ETHANE

___~CARBON TETRACHLORIDE

UG/L
UG/L 10U 1U

UG/L 10 U I U
UG/L 10 U 5 U
UG/L 2 J 5 U
UG/L 10 U 1 U
UG/L 10 U 1 U
UG/L 10 U 1 U
UG/L 10 U 1 U
UG/L 10 U 1 U
UG/L 10 U 1 U

UG/L 10 U 1 U
UG/L 10 U 1 U
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Parame~r

CHLOROBENZENE
CHLOROETHANE
CHLOROFORM
CHLOROMETHANE
c~s-I,2-DICHLOROETHYLENE
cis-I,3-DICHLOROPROPENE

StaUonlD : CWM-1 FIELDQC
SamplelD : DFCWM001EB1 TRIP BLANK

Date Collected : 06/21/2000 10/30/2000
Time Collected : 12.00 PM 5.20 PM
Sample Matrix :] SQ WQ
Sample Type :| EB TB

Units

UG/L 10 U 1 U
UG/L 10 U 1 U
UGIL 10 U 1 U
UG/L 10 U 1 U
UG/L 1 U
UG/L 10 U 1 U

DIBROMOCHLOROMETHANE UG/L 10 U 1 U
ETHYLBENZENE UG/L 10 U 1 U
M,P-XYLENE (SUM OF ISOMERS) UG/L 2 U
METHYL ETHYL KETONE (2-BUTANONE) UG/L 10 U 5 U
METHYL ISOBUTYL KETONE (4-METHYL-2-PENTANONE) UG/L 10 U 5 U
METHYLENE CHLORIDE
D-XYLENE (1,2-DIMETHYLBENZENE)
STYRENE

UG/L 03J 03J
UG/L 1 U
UG/L 10 U

! i ~ I RACHLOROETHYLENE(PCE) UG/L 10 U
TOLUENE UG/L 10 U
TOTAL 1,2-DICHLOROETHENE UG/L 10 U
trans-1,2-DICHLOROETHENE UG/L

1U
1U
1U

1U
trans-I,3-DICHLOROPROPENE UG/L 10 U 1 U
TRICHLOROETHYLENE (TCE) UG/L 10 U 1 U
VINYL CHLORIDE UG/L 10 U 1 U
XYLENES, TOTAL UG/L 10 U

s 1-BROMO-4-FLUOROSENZENE (4-BROMOFLUOROBENZENE)
s DIBROMOFLUOROMETHANE

% 102 = 98 =
% 94= 95=

s TOLUENE-D8 % 105 = 100 =
MG/L - milhgrams per liter
UG/L - micrograms per liter
’U’ - not detected
’=’ o detected concentration
’J’ - estimated value
’R’ - rejected value
s - surrogate
EB - equipment blank
TB - tdp blank
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