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A Human Health Risk Assessment Equations

The following equations calculate screening values for the defined media, pathway, and receptor
at a cancer risk level of 1E-06 and hazard quotient = 0.2. The equations were obtained from the
Environmental Protection Agency’s (EPA) Regional Screening Levels (RSL) website and
modified for DEQ purposes when necessary. The screening values are used in Tier 1 of the DEQ
risk evaluation process. For Tier 2 risk evaluations, the equation used to derive risk from the
screening values and contaminant concentrations is provided at the end of each section.

A.1 SOIL INGESTION PATHWAY
A.l.a. Non-Residential Worker Soil Ingestion

Non-Carcinogenic Non-Residential Worker Soil Ingestion
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SLuw-soit-nc-ing = Screening level for non-carcinogenic non-residential worker soil ingestion

THQ = Target hazard quotient = (.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 25 years = EPA default

BW = Body weight = 80 kilograms = EPA default

EF = Exposure frequency = 250 days/year = EPA default

RfD = Chronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See chem-tox
database

IR = Ingestion rate = 100 mg/day = EPA Default

Carcinogenic Non-Residential Worker Soil Ingestion
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SLw-soil-ca-ing = Screening level for carcinogenic non-residential worker soil ingestion

TR = Target risk = 1E-06

AT = Averaging time = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

BW = Body weight = 80 kilograms = EPA default

EF = Exposure frequency = 250 days/year = EPA default

ED = Exposure duration = 25 years = EPA default

CSF = Oral Cancer Slope Factor = Contaminant specific in (mg/kg-day)'= EPA default = See chem-tox
database

IR = Ingestion rate = 100 mg/day = EPA default



A.1.b. Resident Soil Ingestion

Non-Carcinogenic Resident Soil Ingestion
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Note: Child and adult equations are the same with exception of body weight (BW), exposure
duration (ED), and ingestion rate of soil (IRS). The child calculation yields the most
conservative result and is therefore used in both the DEQ risk calculator and the EPA RSLs.
However, inputs for both the child and adult equations are provided for reference. Note that the
exposure durations cancel out in this equation, so age adjustment is not applicable.

SLres-soil-ne-ing-c = Screening level for non-carcinogenic residential child soil ingestion
SLures-soil-nc-ing-a = Screening level for non-carcinogenic residential adult soil ingestion

THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 26 years (6 years child + 20 years adult) = EPA default

BW = Body weight = 15 kilograms child and 80 kilograms adult = EPA default

EF = Exposure frequency = 350 days/year = EPA default

RfD = Chronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See
chem-tox database

IRS = Ingestion rate = 200 mg/day child and 100 mg/day adult = EPA default

Carcinogenic Resident Soil Ingestion

Note that additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride,
and TCE. The standard equation is listed below, followed by the alternative equations and a
discussion of how the alternative equations differ from the standard equation.



Standard Carcinogenic Equation for Resident Soil Ingestion
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SL res-soil-ca-ing = Screening level for carcinogenic resident soil ingestion

TR = Target risk = 1E-06

AT = Averaging time = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

CSF = Oral Cancer Slope Factor = Contaminant specific in (mg/kg-day)' = EPA default = See chem-tox
database

IFS.qj= Age adjusted soil ingestion rate = Calculated via secondary equation in mg/kg = EPA default
EF = Exposure frequency = 350 days/year (same for child and adult) = EPA default

ED = Exposure duration = 6 years child and 20 years adult = EPA default

IRS = Ingestion rate = 200 mg/day child and 100 mg/day adult = EPA default

BW = Body weight = 15 kilograms child and 80 kilograms adult = EPA default

Mutagenic Carcinogenic Equation for Resident Soil Ingestion
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For mutagenic compounds where chemical-specific data are not available to directly assess
carcinogenic risk during childhood versus adulthood, a default mutagenic equation is used. The
mutagenic equation adds an age-dependent adjustment factor (ADAF) to account for increased
childhood risk for mutagenic compounds. The adjustment factor is 10-fold for the 0 to 2-year
age range, three-fold for the 2 to 6-year age range, three-fold for the 6 to 16-year age range, and
there is no adjustment (i.e. one-fold) for the 16 to 26-year age range. The remaining portions of
the equation are similar to the standard carcinogenic equation.

SLres-soil-mu-ing = Screening level for carcinogenic resident soil ingestion for mutagenic compounds
IFSMagj = Resident mutagenic soil ingestion rate — age-adjusted = Calculated via secondary
equation in mg/kg = EPA default

Remaining inputs are the same as the standard equation for carcinogenic resident soil ingestion.



Vinyl Chloride Carcinogenic Equation for Resident Soil Ingestion
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Vinyl chloride is a mutagenic compound with sufficient chemical-specific data to directly
evaluate carcinogenic exposure through a mutagenic mode of action, in contrast to compounds
with insufficient chemical-specific data which are assessed using the default mutagenic equation.
Therefore, vinyl chloride has a unique set of equations for residential carcinogenic risk.

SLres-soil-ca-ve-ing = Screening level for carcinogenic resident soil ingestion for vinyl chloride
Remaining inputs are the same as the standard equation for carcinogenic resident soil ingestion.



TCE Carcinogenic Equation for Resident Soil Ingestion

TR*AT

365 days
res r

LT (70 years)J
SL

P (mg/kg) =
res-soil-tce-ing CAE_ (0.804)xIES 37,650 mg .
o( 804) res-adj| kg

x

-1 -6
A L x 10 kg
O | kg-day mg

{MAFO (0.202)xIFSM wn

res-adj ( kg

where:

ED

350 days 200 mg
res-c (5 years) *EF Jx res-c [ J

res-c[ year day
36,750 mg] ) BW o (15kg)

res'adj( kg 350 da
ys 100 mg
(6 years))XEFreS_a{ Jear }xmsres_a ( day

IFS

(EDres (26 years)-ED . .

BW oo a (80 kg)

where:

350 days 200 m
EDg, (2 years)XEFD_z[ Y ]xmso_z[ g]xm

year day .

BWj.» (15 kg)

350 days 200 mg
ED2_6(4years)xEF2_5[ Jear j"'Rsz-a[ day JxS

166,833 mg] i} BW, ¢ (15 kg)

kg 350 days 100 mg
EDg.16 (10 years)xEFs_m[ Jear xIRSg 15 day x3
BWg_1g (80 kg)

350 days
ED 10 xEF
16-26 (10 years)xEF s o [ year

BW, 456 (80 k)

IFSI\"‘res-at:Ij [

]xn:as 100 mg}d

16-26 [—day

For TCE, EPA recommends that kidney risk be assessed using a mutagenic equation and that
liver and non-Hodgkin lymphoma (NHL) risk be assessed using the standard cancer equations.
EPA has developed adjustment factors that account for the different toxicity factors. The liver
and NHL risks are evaluated using the standard cancer equations and a cancer adjustment factor
(CAF). The kidney risk is evaluated using the mutagenic cancer equations and a mutagenic
adjustment factor (MAF).

SLtes-soil-tee-ing = Screening Level for carcinogenic resident soil ingestion for TCE

IFSMadj = Resident mutagenic soil ingestion rate — age-adjusted = Calculated via secondary
equation in mg/kg = EPA default

CAF, = Cancer adjustment factor oral = 0.804 = EPA default

MAF, = Mutagenic adjustment factor oral = 0.202 = EPA default

Remaining inputs are the same as the standard equation for carcinogenic resident soil ingestion.



A.l.c. Construction Worker Soil Ingestion
Non-Carcinogenic Construction Worker Soil Ingestion
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SLecw-soil-nc-ing = Screening level for non-carcinogenic construction worker soil ingestion
THQ = Target hazard quotient = 0.2

AT =EW x 7 days/week x ED = See EW and ED values below

EW = Weeks worked = 50 weeks/year = EPA default

ED = Exposure duration = 1 year = EPA default

BW = Body weight = 80 kilograms = EPA default

EF = EW (weeks worked) of 50 weeks/year x DW (days worked) of 5 days/week = 250
days/year = EPA default

RfD = Subchronic oral reference dose = Contaminant Specific in mg/kg-day = EPA default =
See chem-tox database

IR = Ingestion rate = 330 mg/day = EPA default

Carcinogenic Construction Worker Soil Ingestion
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SLew-soil-ca-ing = Screening level for carcinogenic construction worker soil ingestion

TR = Target risk = 1E-06

AT = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

BW = Body weight = 80 kilograms = EPA default

EF = EW (weeks worked) of 50 weeks/year x DW (days worked) of 5 days/week = 250
days/year

ED = Exposure duration = 1 year = EPA default

CSF = Oral Cancer Slope Factor = Contaminant Specific in (mg/kg-day)! = EPA default = See
chem-tox database

IR = Ingestion rate = 330 mg/day = EPA default



A.1.d. User Defined (Recreator/Trespasser) Soil Ingestion

Non-Carcinogenic Recreator Soil Ingestion
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Note: Child and adult equations are the same with exception of body weight (BW), exposure
duration (ED), and ingestion rate of soil (IRS). The child calculation yields the most
conservative result and is therefore used in both the DEQ risk calculator and the EPA RSLs.
However, inputs for both the child and adult equations are provided for reference. Note that the
exposure durations cancel out in this equation, so age adjustment is not applicable.

SLrec-soil-ne-ing-« = Screening level for non-carcinogenic recreator (child) soil ingestion
SLrec-soil-nc-ing-a = Screening level for non-carcinogenic recreator adult soil ingestion

THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration recreator = 6 years child and 20 years adult = EPA default

BW = Body weight recreator = 15 kilograms child and 80 kilograms adult = EPA default
EF = Exposure frequency recreator = 90 days/year = EPA default

EF = Exposure frequency trespasser = 195 days/year = NC DEQ default = 5 days/week, 9
months/year

RfD = Chronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See
chem-tox database

IRS = Ingestion rate = 200 mg/day child and 100 mg/day adult = EPA default



Non-Carcinogenic Trespasser Soil Ingestion
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SLitres-soil-nc-ing = Screening level for non-carcinogenic adolescent trespasser soil ingestion
THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration trespasser = 10 years adolescent = EPA default

BW = Body weight trespasser = 45 kilograms adolescent = EPA default

EF = Exposure frequency trespasser = 90 days/year = NC DEQ default

RfD = Chronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See
chem-tox database

IRS = Ingestion rate = 200 mg/day adolescent = NC DEQ default

Carcinogenic Recreator and Trespasser Soil Ingestion

Standard Carcinogenic Equation for Recreator/Trespasser Soil Ingestion
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SLrec-soil-ca-ing = Screening level for carcinogenic recreator/trespasser soil ingestion

TR = Target risk = 1E-06

AT = Averaging time = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

CSF = Oral Cancer Slope Factor = Contaminant specific in (mg/kg-day)' = EPA default = See
chem-tox database

IFSadj = Age adjusted soil ingestion rate = Calculated via secondary equation in mg/kg = EPA
default

Use child and adult inputs for recreator scenario, adolescent inputs only for trespasser scenario
EF = Exposure frequency = 195 days/year for recreators (child and adult) = NC DEQ default
EF = Exposure frequency = 90 days/year for trespassers (adolescent) = NC DEQ default



ED = Exposure duration recreator = 6 years child and 20 years adult = EPA default
ED = Exposure duration trespasser = 10 years (adolescent) = EPA default

IRS = Ingestion rate = 200 mg/day child and 100 mg/day adult = EPA default

IRS = Ingestion rate = 200 mg/day adolescent = NC DEQ default

BW = Body weight = 15 kilograms child and 80 kilograms adult = EPA default
BW = Body weight = 45 kilograms adolescent trespasser = EPA default

Mutagenic Carcinogenic Equation for Recreator/Trespasser Soil Ingestion
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For mutagenic compounds where chemical-specific data are not available to directly assess
carcinogenic risk during childhood versus adulthood, a default mutagenic equation is used. The
mutagenic equation adds an age-dependent adjustment factor (ADAF) to account for increased
childhood risk for mutagenic compounds. The adjustment factor is 10-fold for the 0 to 2-year
age range, three-fold for the 2 to 6-year age range, three-fold for the 6 to 16-year age range, and
there is no adjustment (i.e. one-fold) for the 16 to

26-year age range. The remaining portions of the equation are similar to the standard
carcinogenic equation.

SLrec-soil-mu-ing = Screening level for carcinogenic recreator/trespasser soil ingestion for mutagenic
compounds

IFSMrec-adj = Recreator mutagenic soil ingestion rate — age-adjusted = Calculated via secondary
equation in mg/kg = EPA default

Remaining inputs are the same as the standard equation for carcinogenic recreator soil ingestion
as defined above.

Trespasser inputs only (ED = 10 years, EF = 90 days/year, IRS = 200 mg/day, and BW = 45 kg)
are used in the 6-16 year portion of the IFSM calculation when calculating risks under the
trespasser scenario.



Vinyl Chloride Carcinogenic Equation for Recreator/Trespasser Soil Ingestion
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Vinyl chloride is a mutagenic compound with sufficient chemical-specific data to directly
evaluate carcinogenic exposure through a mutagenic mode of action, in contrast to compounds
with insufficient chemical-specific data which are assessed using the default mutagenic equation.
Therefore, vinyl chloride has a unique set of equations for residential carcinogenic risk.

SLrec-soil-ca-ve-ing = Screening level for carcinogenic recreator/trespasser soil ingestion for vinyl
chloride

Recreator: IFSrec-adj = [IFSMrec-adj (equation above) for the sum of EDs.16 and ED16-26 = 9,751
mg/kg

Trespasser: IFSrec-adj = [FSMrec-adj (equation above) for the EDs-16 = 4,000 mg/kg, child portion =
0

Remaining inputs are the same as the standard equation for carcinogenic recreator/trespasser soil
ingestion.
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TCE Carcinogenic Equation for Recreator/Trespasser Soil Ingestion
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For TCE, EPA recommends that kidney risk be assessed using a mutagenic equation and that
liver and non-Hodgkin lymphoma (NHL) risk be assessed using the standard cancer equations.
EPA has developed adjustment factors that account for the different toxicity factors. The liver
and NHL risks are evaluated using the standard cancer equations and a cancer adjustment factor
(CAF). The kidney risk is evaluated using the mutagenic cancer equations and a mutagenic
adjustment factor (MAF).

SLrec-soil-tee-ing = Screening Level for carcinogenic recreator/trespasser soil ingestion for TCE
IFSMrec-adj = Recreator/trespasser mutagenic soil ingestion rate — age-adjusted = Calculated via
secondary equation in mg/kg = EPA default

CAF, = Cancer adjustment factor oral = 0.804 = EPA default

MAF, = Mutagenic adjustment factor oral = 0.202 = EPA default

Remaining inputs are the same as the standard equation for carcinogenic recreator/trespasser soil
ingestion
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A.2. DERMAL CONTACT WITH SOIL PATHWAY
A.2.a. Non-Residential Worker Dermal Contact with Soil

Non-Carcinogenic Non-Residential Worker Dermal Contact with Soil
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SLw-soil-nc-der = Screening level for non-carcinogenic non-residential worker soil dermal contact
THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

BW = Body weight = 80 kilograms = EPA default

EF = Exposure frequency = 250 days/year = EPA default

ED = Exposure duration = 25 years = EPA default

RfD = Chronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See
chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract = Contaminant specific (unitless) =
EPA default = See chem-tox database

SA = Worker surface area = 3,527 cm? = EPA default

AF = Soil Adherence Factor = 0.12 mg/cm?* = EPA default

ABSd = Dermal absorption fraction = Contaminant specific (unitless) = EPA default = See
chem-tox database

Carcinogenic Non-Residential Worker Dermal Contact with Soil
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SLow-soil-ca-der = Screening level for carcinogenic non-residential worker soil dermal contact

TR = Target carcinogenic risk = 1E-6

AT = Averaging time = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

BW = Body weight = 80 kilograms = EPA default

EF = Exposure frequency = 225 days/year = EPA default

ED = Exposure duration = 25 years = EPA default

CSF = Oral Cancer Slope Factor = Contaminant specific in (mg/kg-day)' = EPA default = See
chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract = Contaminant specific (unitless) =
EPA default = See chem-tox database
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SA = Worker surface area = 3,527 cm? = EPA default

AF = Soil Adherence Factor = 0.12 mg/cm? = EPA default

ABSd = Dermal absorption fraction = Contaminant specific (unitless) = EPA default = See
chem-tox database

A.2.b. Resident Dermal Contact with Soil

Non-Carcinogenic Resident Dermal Contact with Soil
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( 365 days N ) .
N - THR=AT o o e EDres.c (6 years) [<BWeg (15 k)
res-soil-nc-der-c (M9/KQ) = p - ) 7 3 - N 5
er  (300@S) on oo 1 sa [2m3em?) o (02mg) oo 100
resc| year | res< 7 " mg ) 7o resc| T day resc| 3 | d* img
‘ | RID, | <GIABS | \ J ' /
. 9l kg-day )
Adult
( 365 days
N - THQAT oq o| = aar “EDres (26 years) |BWye (80 Kg)
res-soil-nc-der-a (Mk9) = p - ] 7 3 . \ 5
(350 days | . 1 6032 cm {0.07 mg 106kg
Efesa ear | “EDreg (26 years)x— - \ y XSAres-a‘ d ‘xAFres—a 5 MBS,
LY J [ mg ) ay L cm )
| RD, | <GIABS | \ / /
\ kg-day | );

Note: Child and adult equations are the same with exception of BW, ED, and IRS. The child
calculation yields the most conservative result and is therefore used in both the DSCA risk
calculator and the EPA RSLs. However, inputs for both the child and adult equations are
provided for reference. Note that the exposure durations cancel out in this equation, so age
adjustment is not applicable.

SLtes-soil-nc-der-c = Screening level for non-carcinogenic residential child soil dermal contact
SLres-soil-ne-der-a= Screening level for non-carcinogenic residential adult soil dermal contact
THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 6 years child and 26 years adult = EPA default

BW = Body weight = 15 kilograms child and 80 kilograms adult = EPA default

EF = Exposure frequency = 350 days/year = EPA default

RfD = Chronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See
chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract = Contaminant specific (unitless) =
EPA default = See chem-tox database

SA = Skin surface area = 2,373 cm*/day child and 6,032 cm?/day adult = EPA default

AF = Adherence factor = 0.2 mg/cm? child and 0.07 mg/cm? adult = EPA default

ABSd = Dermal absorption fraction = Contaminant specific (unitless) = EPA default = See
chem-tox database
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Carcinogenic Resident Dermal Contact with Soil
Note that additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride,
and TCE. These equations are only applicable for the residential carcinogenic scenario. The

standard equation is listed below, followed by the alternative equations.

Standard Carcinogenic Equation for Resident Dermal Contact with Soil

365 days

. ) TRXAT, | Jear xLT (70 years;J
5Lres—soil—ca-der[.mg‘rkg) G i )
( mg )
CSF ) , .
0|_\ kg-day | DS | 103,390 mg ) oo | 10kg
GIABS res-adj| kg | d { mg |
where:
( , r 2) -' \ )
350 days | ’ . 2373 cm 0.2mg |
Efres-c | year J-)(EI:]'res-cE-6 ‘«‘feamXSAres-c‘ day ‘xAFres-c ‘ e '
\ ) ) .
DFS (103,330mg | _ BW, g ¢ (15 kg) |
resadl ) ( 350 days | 5032 cm? | (0.07mg ||
Fres-a| year | ><{EDres (26 years)- EDyes ¢ (6 years :'.] *SAresa day [*AFresa| = 2 ||
\ J L ) Loem= /|
BW o 5 (80 kQ) |

SLtes-soil-ca-der = Screening level for carcinogenic residential soil dermal contact

TR = Target carcinogenic risk = 1E-6

AT = Averaging time = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

CSF = Oral Cancer Slope Factor = Contaminant specific in (mg/kg-day)' = EPA default = See
chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract = Contaminant specific (unitless) =
EPA default = See chem-tox database

DFS = Age adjusted dermal contact factor = Calculated via secondary equation in mg/kg
ABSd = Dermal absorption fraction = Contaminant specific (unitless) = EPA default = See
chem-tox database

EF = Exposure frequency = 350 days/year (same for child and adult) = EPA default

ED = Exposure duration = 6 years child and 20 years adult = EPA default

SA = Skin surface area = 2,373 cm*/day child and 6,032 cm?/day adult = EPA default

AF = Adherence factor = 0.2 mg/cm? child and 0.07 mg/cm? adult = EPA default

BW = Body weight = 15 kilograms child and 80 kilograms adult = EPA default
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Mutagenic Carcinogenic Equation for Resident Dermal Contact with Soil

A

TRxATreS 36odays ¢ (70 years) |
v _ \ Vi
SI‘res—sr:)il—mu—der (mg.fkg_} - - )
0[ ka day ,I (428,260 mg ) (10kg |
xDFSM, ¢ ooi| ——— IxABde ]
GIABS res-ady| kg ] mg
where:
( (350 days ) ‘02mg) 23?3 em? | )
EF, .| Z——2IxED, . (2 s)xAF, | ———= [xSA
0'2[ year JK 0-2 ( vears)x 0_21 cm? l’ﬁ 0-2 day
- h i vy Vi +
BW,_, (15 kg)
‘ 2"
350 days 0.2 mg 2373 cm
EF, 5 | | “year ] EDy g (4 years}xAFQ_GJ l SA5 5 ' 7(1“
. J .
4 Y BW, ~ (15 kg
DFSMrer ad) 428'?(60 i = 2_6( :] p \
S g ) I 3y 2
- ’ 350 days \ 0.07 mg 6032 cm
EF5. 16[73!96” xEDg 4 (10 years_}xAFﬁ_mi\icmz JXSA6_16 l ey
. . L ) .
BWg_q (80 ka)
r ) 2"
350 days ¢ 3 0.07 mg 6032 cm ;
EF [7 =xED (10 years ) xAF. 17 xSA, l x1
16-26{ " year J 16-26 \ J* 626 T om? 16-26 " day
L Wi6-26 (80 k9)

SLres-soil-mu-der =
compounds

DFSMadj
secondary equation in mg/kg

Resident mutagenic soil dermal contact factor — age-adjusted = Calculated via

Screening level for carcinogenic residential soil dermal contact for mutagenic

Remaining inputs are the same as the standard equation for carcinogenic resident soil dermal

contact.
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Vinyl Chloride Carcinogenic Equation for Resident Dermal Contact with Soil

- TR
Sltes-soil-ca-ve-ger (M) = — _ " - _.= = -‘_
[ mg | | ,
SFo | kgday | JDFS (103, 390 mg ABS 10” Skg | | kg—day | « ‘ 2373 cm? " | 02mg | IxABSX 10 kg
GIABS resadj‘ | Tmg | | GIABS res-c day | TeSCl 2 _Jl 1mg |
| BW 15 ki |
res| 365 aays LT (70 years) | [ res-c (19k9)
| |
1 !
where:
{ P | s 27 P \
350 days , 2373 cm {0.2mg
ERresc | year JxEDres-c (6 'years)xShpg ¢ d—ay JKAFres—ci‘cm—z_l
) . .
DFS,oq. o (103,390 mg | _ BW g ¢ (15 Kg)
res-adjl| — kg . .
I ke ) - 350 days | ED ., (26 e 6 \xSA {6032 cm? | Ar | 007mg )
res—a| vear | ( years)- EDyog ¢ (6 years))xSApeg 4 —g‘w I res—al\ ] J'I
A d \ 4 -

BWreea (80 kqg)

SLtes-soil-ca-ve-der = Screening level for carcinogenic resident soil dermal contact for vinyl chloride
Remaining inputs are the same as the standard equation for carcinogenic resident soil dermal
contact.

TCE Carcinogenic Equation for Resident Dermal Contact with Soil

TRxATres| Seﬁedays xLT(70 years]
Slyes-soil-tee-der (MI/kG) = N
| kg dﬂy ‘ {10 Kg (103,390 mg | I . (428,260 mg 1)
: s xl\ o |CAF (0.804)xDFS o 1y |‘TJ><ABSG J+|\MAFD|l0.202_]xDFSM[es e xABSdJ. ‘
|
A
where:
( ( 27 1
(350 days | 2373 cm O 2 mg
EDpeg ¢ (6 vears)»E resc| = | SAresc| —gay — “ATe ‘
. - - +
DES (103,390 mg | BWog ¢ (15 k)
res-adj
] . ) . ays cm mg
o) 0 (26 D (6 o (3509 6032 2| e [007
{ res (26 years)- EDpoq (6 years) | xER o a| vear | res-a| * res—a‘ P |
BW g (80 kg) _)—
where:
) 2 .
EDy_, (2 years) xEF,_ ‘350 days | |xAF | 0.2mg | xSAOZ‘M x10
yea | © J | day
- +
L, (15kg)
2
(250 days 0.2 mg 2373 cm
ED, (4 years]xEF26| e LY | ‘XSA ‘d—ay x3
. +
oFsM, | 428260 mg ) BW, ¢ (15kg)
. oo ED, (10 <EF. . [300days | (007 mg XSA 6032 cm? ‘Ixe.
6-16 10 years) 6-16| year [*AFg 16 | ‘ 516| " day
. | .
BWg_1 (80 kQJ
; / \ ( 27
350 days 07 mg 6032 cm? |
ED, 5.9 (10 years)xEF, s oe | o |><A|E1 62 6| - JxSAm_zG;\ij
BW, g o (80 kg)
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PR Gres-soil-tee-der = Preliminary remediation goal (i.e. screening level) for carcinogenic resident soil
dermal contact for TCE

DFSMadj = Resident mutagenic soil dermal contact factor — age-adjusted = Calculated via
secondary equation in mg/kg

CAF, = Cancer adjustment factor oral = 0.804 = EPA default

MAF, = Mutagenic adjustment factor oral = 0.202 = EPA default

Remaining inputs are the same as the standard equation for carcinogenic resident soil ingestion.

A.2.c. Construction Worker Dermal Contact with Soil

Non-Carcinogenic Construction Worker Dermal Contact with Soil

50 weeks 7 days . 1 r
THQxAT EW x *xED 1year) |xBW_ (80 k
ow-a| =W year  week W (1 year) [ ew (80 kg)

SL

cw-soil-nc-der ( mgfkg)
( 2 i \ (
1 3527 cm « 0.3 mg | ABde

cw“ day ‘ cw| em? )

50 weeks - 5 days

EF, | Ew
CWi{— CW  year W week

xSA

|><ED year)x

ow (!

10 kg |
1mg |

Ol kg-d

|' mgay | *GIABS

SLecw-soil-nc-der = Screening level for non-carcinogenic construction worker soil dermal contact
THQ = Target hazard quotient = 0.2

AT =EW x 7 days/week x ED = See EW and ED values below

EW = Weeks worked = 50 weeks/year = EPA default

ED = Exposure duration = 1 year = EPA default

BW = Body weight = 80 kilograms = EPA default

EF = EW (weeks worked) of 50 weeks/year x DW (days worked) of 5 days/week = 250
days/year = EPA default

RfD = Subchronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See
chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract = Contaminant specific (unitless) =
EPA default = See chem-tox database

SA = Worker surface area = 3,527 cm? = EPA default

AF = Soil Adherence Factor = 0.3 mg/cm? = EPA default

ABSd = Dermal absorption fraction = Contaminant specific (unitless) = EPA default = See
chem-tox database

Carcinogenic Construction Worker Dermal Contact with Soil

( 365 days

TRAT LT (70 1 BW_. (80 kg)
“ATow| Vear ( years]Jx o (80 Kg)

SL

cw-soil-ca-der (MI/kQ) =

g-day |
GIABS

( P -1
mg

csF,| 29 r \ ,

0|,\ K | 3527 cm? {0.3mg)

50 weeks 5 days |
X xSAcw ‘ day

EF, EW,
CW|—CW  year W week |

XEDgy, (1 year)x

(10° kg |
|<ABSGX| g |

SLew-soil-ca-der = Screening level for carcinogenic construction worker soil dermal contact
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TR = Target risk = 1E-06

AT =365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

BW = Body weight = 80 kilograms = EPA default

EF = EW (weeks worked) of 50 weeks/year x DW (days worked) of 5 days/week = 250
days/year = EPA default

ED = Exposure duration = 1 year = EPA default

CSF = Oral Cancer Slope Factor = Contaminant Specific in (mg/kg-day)! = EPA default = See
chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract = Contaminant specific (unitless) =
EPA default = See chem-tox database

SA = Worker surface area = 3,527 cm? = EPA default

AF = Soil Adherence Factor = 0.3 mg/cm?* = EPA default

ABSd = Dermal absorption fraction = Contaminant specific (unitless) = EPA default = See
chem-tox database

A.2d. User Defined (Recreator/Trespasser) Dermal Contact with Soil

Non-Carcinogenic Recreator Dermal Contact with Soil

Child
( 365 days v : .
N - THQxAT o o | e EDreg. (6 vears) [BW,es ¢ (15 0)
res-soil-nc-der-c (M3/KG) = p - - 7 5 - ; &
er  [(3005) 00 (orearsye sa [ B e (02m0) a0
resc| “year | Tes-c ) " mg ) |Slresc| " qay | resc| 7 | mg
| RID, | <GIABS | \ /
|0 kg-day | J
Adult
( 365 days .
N - THQ=AT, o o e "ED g (26 vears) |BWyes 4 (80 k)
res-soil-nc-der-a (M9%G) = p - - 7 > - . 3
(350 days ) . 1 6032 cm {0.07 mg 105kg
Fres-a | year [ <EDyeg (26 vears)x— (mg ) 3 “SAresa day ‘”AFres—a'\ om2 ‘xABSd” mg
‘ / | R, | |xGIABS | \ / ' /
| Ol kg-day J

Note: Child and adult equations are the same with exception of BW, ED, and SA. The child
calculation yields the most conservative result and is therefore used in both the DEQ risk
calculator and the EPA RSLs. However, inputs for both the child and adult equations are
provided for reference. Note that the exposure durations cancel out in this equation, so age
adjustment is not applicable.

SLtes-soil-nc-der-c = Screening level for non-carcinogenic recreator child dermal contact with soil
SLres-soil-ne-der-a= Screening level for non-carcinogenic recreator adult dermal contact with soil
THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default
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ED = Exposure duration 6 years child and 26 years adult = EPA default

BW = Body weight recreator = 15 kilograms child and 80 kilograms adult = EPA default

EF = Exposure frequency recreator = 90 days/year = EPA default

RfD = Chronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See
chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract = Contaminant specific (unitless) =
EPA default = See chem-tox database

SA = Skin surface area recreator = 2,373 cm?/day child and 6,032 cm?/day adult = EPA default
AF = Adherence factor recreator = 0.2 mg/cm? child and 0.07 mg/cm? adult = EPA default
ABSd = Dermal absorption fraction = Contaminant specific (unitless) = EPA default = See
chem-tox database

Non-Carcinogenic Trespasser Dermal Contact with Soil

Adolescent

(365 days ) o
THQ=AT, o | e “Eyres (10YEars®W o (45 ko)
SLires-soil-nc-der (M/k9) = 790 days \ " 5 (0.2ma) 1075k
Efires A days <EDy o (10 years)x i xS | 6032 em” |xAF | L.2mg |xABS 4 g
\ year J ' [ mg | | | day L em? ) mg
y | R, | <GIABS | J
Ol kg-day | )

SLitres-soil-nc-ing = Screening level for non-carcinogenic trespasser adolescent dermal contact with
soil

THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration trespasser = 10 years adolescent = EPA default

BW = Body weight trespasser = 45 kilograms adolescent = EPA default

EF = Exposure frequency trespasser = 90 days/year = NC DEQ default

RfD = Chronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See
chem-tox database

SA = Skin surface area trespasser = 6,032 cm?/day adolescent = EPA default

AF = Adherence factor trespasser = 0.2 mg/cm? adolescent = EPA default

ABSd = Dermal absorption fraction = Contaminant specific (unitless) = EPA default = See
chem-tox database
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Carcinogenic Recreator Dermal Contact with Soil
Note that additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride,
and TCE. These equations are only applicable for the residential carcinogenic scenario. The

standard equation is listed below, followed by the alternative equations.

Standard Carcinogenic Equation for Recreator/Trespasser Dermal Contact with Soil

TRxAT [M LT (70 years)]
_ year
SLrec—suiI—ca—der(mg’rkg) = X
myg
CsF {—] ;
Colkeday) | ppg  (ma) apg [100k
GIABS rec-adj | Ky 47| "mg
where:
2
days 2373 cm 02mg
EDrec—c(yearS)XEFrec-c[year]XSArec-c[ day }XAFrec-c[ 3 ]
em
+
oFs mg) _ BW o (15 ko)
recadike d 6032 em? 007
ays tm .07 mg
EDrec—a(Yeam)XEFrec-a[YearJXSArec-a[ day ]XAFrec-a[ 2 ]
cm
Bw (B0 ko)

rec-a

SLres-soil-ca-der = Screening level for carcinogenic recreator/trespasser soil dermal contact

TR = Target carcinogenic risk = 1E-6

AT = Averaging time = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

CSF = Oral Cancer Slope Factor = Contaminant specific in (mg/kg-day)' = EPA default = See
chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract = Contaminant specific (unitless)
EPA default = See chem-tox database

DFS = Age adjusted dermal contact factor = Calculated via secondary equation in mg/kg
ABSd = Dermal absorption fraction = Contaminant specific (unitless) = EPA default = See
chem-tox database

ED = Exposure duration recreator = 6 years child and 20 years adult = EPA default

ED = Exposure duration trespasser = 10 years adolescent = EPA Region 4 guidance

EF = Exposure frequency recreator = 195 days/year = NC DEQ default

EF = Exposure frequency trespasser = 90 days/year = EPA Region 4 guidance

SA = Skin surface area recreator = 2,373 cm?/day child and 6,032 cm?/day adult = EPA default
SA = Skin surface area trespasser = 6,032 cm?/day adolescent = EPA default for adult used for
adolescent

AF = Adherence factor recreator = 0.2 mg/cm? child and 0.07 mg/cm? adult = EPA default

AF = Adherence factor trespasser = 0.2 mg/cm? = EPA default for child used for adolescent
BW = Body weight recreator = 15 kilograms child and 80 kilograms adult = EPA default

BW = Body weight trespasser = 45 kilograms adolescent = EPA default
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Mutagenic Carcinogenic Equation for Recreator/Trespasser Contact with Soil

365 days
year

TR=AT,, . { =LT(70 years)]

Sl csoil-mu-der (mgdkg) =

CSFD[

where:

1
kg—day] g 10Bky
—iags PP Mocan| Ty | AESe| g

EDp 5 (ye ars:lx Efpo {

mg

my

2
days 0.2mg 2373 cm
AR 3 10
yeaer D_E[ cm? ]x Aﬂz[ day ]x

+

2
days 0.2 rmy 2373 cmi
ED, g [years)<EF; ¢ [W]XAF}E[ 5 ]x8A2_5[ Ty ]xs

B (15 ko

Crm

my_
DFSM, c-ad] [E] -

2
days 0.07 my G032 crm
EDg.1g (vears)<Ef 45 [—]‘AFa-m[ ]‘SA6-16 [ day ]XS

BV, ¢ (15 ko)

year sz

BV 4 (60 ko)

2
days 0.07 mg 6032 cm
EDy5.6 (vears) <EFig.o5 [_year ]"*‘\ﬁ B-25 [—sz ]"5;‘% B-26 [7,:,” ]"1
BW 5. o5 (B0 ko

SLres-soil-mu-der = Screening level for carcinogenic recreator/trespasser soil dermal contact for

mutagenic compounds

DFSM.gj = Recreator/trespasser mutagenic soil dermal contact factor — age-adjusted = Calculated

via secondary equation in mg/kg
Remaining inputs are the same as the standard equation for carcinogenic recreator/trespasser soil

dermal contact.

Vinyl Chloride Carcinogenic Equation for Recreator/Trespasser Dermal Contact with Soil

TR

SLrec—suiI—ca—vc—der (mga’kg) =

CSFD [—k y ] £
ﬁxDFSrEC—adj[m]xABde']D kg

my

GlABS kg 1y

+

365 days

Jear =LT (TD years)]

Alrec [

1
CSF [ﬂ]
o | ko-d 2 £
guay) e 2373 em <AF 0.2 my XABSxm by
GIAES rec-c day recc |3 T g
BW o [15 ka)
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SLres-soil-ca-ve-der = Screening level for carcinogenic recreator/trespasser soil dermal contact for
vinyl chloride

Remaining inputs are the same as the standard equation for carcinogenic recreator/trespasser soil
dermal contact.

TCE Carcinogenic Equation for Recreator/Trespasser Dermal Contact with Soil

TRAAT,, . [—355 daar"s

=LT (?D ye ars)]

SLyac-soiltee-der I:mg,?kg:l =
my

CSF [—
o kg-day] 1D'Ekg rmg mg
GIAGS = n =| |CAF, (D.BDA)XDFSrEC_adJ T3 =ABS |+ MAF (D.ZDZ)XDFSMrEC_adJ 7l =ABS

where:

2
days 2373 em 0.2 my
EDrec-c (years)xEFrec-c[Year]xs'e‘re&c[ day ]XAFrEC-C[ sz }
B [15 ke

2
days 6032 crm 0.07 my
[EDrec {vears)-ED . ¢ (years)) *EFeca [ year }XSArec-a [ day ]XAFrec-a [ . ]

BV, (00 k)

rec-a

4

mal_
DFSrec—adj [E] -

where:

2
days 0.2mg 2373 cm
EL, =EF = AR =5 =10
-2 [years) u.z[year] 0-2[ = ] Aﬂ-2[ e }

B 5 (15 ko)

2
days 0.2 mg 2373 cm
ED4 g [ years)=EFy { Year]XAFz_E [ — ]XSAQ_E[ Ty ]xa

B & (15 kg)

DFSMrec—adj [T_] = 5
]
days 0.07 my BO032 cr
EDg 15 (veers)<EF; 4g { yea,]"’“ﬁsrm[ -~ ]"5’”‘5715 [ day ]"3

B0 ko)

BWg15 {

0.07 mg F032 cm? ]x1

days
ED ears) =xEF, —— |=AF, =5
16-26 [vears) 15-25[Year] 15-25[ — ] A15-25[ Tay

B, g o (50 ko)

SLres-soil-tce-der = Screening Level for carcinogenic recreator/trespasser soil dermal contact for TCE
DFSMrec-adj = Recreator/trespasser mutagenic soil dermal contact factor — age-adjusted =
Calculated via secondary equation in mg/kg

CAF, = Cancer adjustment factor oral = 0.804 = EPA default

MAF, = Mutagenic adjustment factor oral = 0.202 = EPA default

Remaining inputs are the same as the standard equation for carcinogenic recreator/trespasser soil
dermal.
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A.3 OUTDOOR INHALATION OF VOLATILES AND PARTICULATES FROM SOIL

A.3.a. Non-Residential Worker Outdoor Inhalation of Volatiles and Particulates
from Soil

Non-Carcinogenic Non-Residential Worker Outdoor Inhalation of Volatiles
and Particulates from Soil

365 days

THQ=AT
0w [ year

=ED_,, (25 years)]

sL mofkg) =

w-50il-nc-inh [

days g hours 1 day 1 1 1

EF.  |250 ——[=ED 25 years)=ET, % % % +

'W[ year] o ( y ) W [ day ] [24 hDursJ ric|ma ) e
e W

ko

SLw-soil-nc-inh = Screening level for non-carcinogenic non-residential worker soil inhalation

THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 25 years = EPA default

EF = Exposure frequency = 250 days/year = EPA default

ET = Exposure time = 8 hours/day = EPA default

RfC = Chronic inhalation reference concentration = Contaminant specific in mg/m*= EPA
default = See chem-tox database

VF = Volatilization factor = See supplemental equation in Section A.3.e. (VF is not applied for

non-volatile compounds)
PEF = Particulate emission factor = 5.93E+10 m*/kg. See supplemental equation in Section

A3f

Carcinogenic Non-Residential Worker Outdoor Inhalation of Volatiles and
Particulates from Soil

365 days
TR=AT [WXLT (70 years)]

SI‘\v\r—soil—ca-inh (mgfkg):

kg

-1
days 8 hours 1 day u 1000 |.|g 1 1
EF. 1250 ——=|=ED 25 ET IUR +
'W[ year]x DW( years) WS[ day J [24 hnurs}x [/ 3 3
WF [T | PEF,, [T
w [ kg

SLw-soil-ca-inh = Screening level for carcinogenic non-residential worker soil inhalation

TR = Target carcinogenic risk = 1E-6

AT = Averaging time = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

EF = Exposure frequency = 250 days/year = EPA default

ED = Exposure duration = 25 years = EPA default

ET = Exposure time = 8 hours/day = EPA default

IUR = Chronic inhalation risk = Compound specific in (ug/m®)"! = EPA default = See chem-tox
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database

VF = Volatilization factor = See supplemental equation in Section A.3.e. (VF is not applied for
non-volatile compounds)

PEF = Particulate emission factor = 5.93E+10 m?/kg. See supplemental equation in Section
A3f

A.3.b. Resident Outdoor Inhalation of Volatiles and Particulates from Soil

Non-Carcinogenic Resident Outdoor Inhalation of Volatiles and Particulates

Jfrom Soil
Child
THExAT [MXED (6 years)J
= feo) = Pl year c
e s-soil-nc-inh-c (mg g)—
EF, [350 days]xEDc(E year)<ET _ [24 hnura]x[ 1 day Jx 1 . T, 1
year day 24 hours pc [ma r v
3| |WF.|—| PEF,|—
i 5| Ko " Ky
Adult
THO=AT [MXED (25 years)J
5L o) = L year r
tes-soil-nc-inh-a (mg g)—

EF {350 days]xEDr (25 year)ET_ [24 huurs]x[ 1 day 1 1 1

= x +
year day 24 hnursJ i 3 3
RfC yS wi || ppp |
m 7| Ky | Ky

Note: Child and adult formulas are the same with exception of ED. The ED values cancel out,
so the results are the same regardless of which formula is used.

SLres-soil-nc-inh-c = Screening level for non-carcinogenic residential child soil inhalation
SLres-soil-ne-inh-a= Screening level for non-carcinogenic residential adult soil inhalation

THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 6 years child + 20 years adult = 26 years = EPA default

EF = Exposure frequency = 350 days/year = EPA default

ET = Exposure time = 24 hours/day = EPA default

RfC = Chronic inhalation reference concentration = Contaminant specific in mg/m®= EPA
default = See chem-tox database

VF = Volatilization factor = See supplemental equation in Section A.3.e. (VF is not applied for
non-volatile compounds)

PEF = Particulate emission factor = 5.93E+10 m?/kg. See supplemental equation in Section
A3f
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Carcinogenic Resident Outdoor Inhalation of Volatiles and Particulates from
Soil

Note that additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride,
and TCE. These equations are only applicable for the residential carcinogenic scenario. The
standard equation is listed below, followed by the alternative equations.

Standard Carcinogenic Equation for Resident Outdoor Inhalation of Volatiles and Particulates
from Soil

TR<AT [355 days
Vear

=T (?D years)]

5L matkg)=

re s soil-ca-inh (

m 1000 py 3580 days 1 1 24 hours 1 day
IUR[/] [ B | =) v+ — <ED, (26 yoars) (€T, | S || o
W, FEF,,

SLures-soil-ca-inh = Screening level for carcinogenic resident soil inhalation

TR = Target carcinogenic risk = 1E-6

AT = Averaging time = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

IUR = Chronic inhalation risk = Compound specific in (ug/m?®)! = EPA default = See chem-tox
database

EF = Exposure frequency = 350 days/year = EPA default

VF = Volatilization factor = See supplemental equation in Section A.3.e. (VF is not applied for
non-volatile compounds)

PEF = Particulate emission factor = 5.93E+10 m?/kg. See supplemental equation in Section
A3f

ED = Exposure duration = 26 years = EPA default

ET = Exposure time = 24 hours/day = EPA default

Mutagenic Carcinogenic Equation for Resident Outdoor Inhalation of Volatiles and Particulates
from Soil

i
TRXAT, % xLT (70 years) |
/ _ 51 J
Slres soil-mu-inh (mglkg) = r ‘.
( V! 1 1 1000
IUR‘ Hya x| L ] ‘ “9
L/ m ) 3 | /
) VF, —| per, (™| |
Slka) Wik )
(24 hours| [ 1day | 350 days )
ET, b xEF, _— xED 2 years x10 +
I\ 0-2 ‘ day | .24 hours | o2 |l ea 0-2(2 years) JI
24 hours‘ [ 1day | 350 days ’ |
| ET2 6 | = | Zahours) | Fy. 6| J><ED2_6 |_4years]x3j.+
(24nhours| [ 1day ) (350 days . -
| *EF, *xED 10 years)x3 |+
day | {24 hours | 6-161  year | 6-16 10 Years)
24 hours" [ 1day [ 350 days |
IRET1626 | 1| 23 hours JxEFm_26 e xED1626|:10}fears]x1J
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SLtes-soil-mu-inh = Screening level for carcinogenic resident soil inhalation for mutagenic

compounds.

Remaining inputs are the same as the standard equation for carcinogenic resident soil inhalation.

Vinyl Chloride Carcinogenic Equation for Resident Outdoor Inhalation of Volatiles and

Particulates from Soil

TR

Sl‘re g-soilca-vo-inh (mgfkg) =

(i) = |

350 days
year

24 hours

1 day 1000 py

] ED (26 years)=<ET . [ Ty

o) (555

L[ 1000 py

AT

365 days
ar

; =LT (70 years:lJX‘v‘F [

mg

SLres—soil—ca—vc-inh

)

kg

g

= Screening level for carcinogenic resident soil inhalation for vinyl chloride.

Remaining inputs are the same as the standard equation for carcinogenic resident soil inhalation.

TCE Carcinogenic Equation for Resident Outdoor Inhalation of Volatiles and Particulates from

Soil

TRXAT, | waﬂmyears]
Slres-soil-tce-inh (M9/kg) =
( 1| 1 1 (1000 pg ) [ 1day
IR “y3| o1 |4 Ix Ix
m) T (B 31 mg ) 2aours )
Y L —‘
[ Slke)  W{ke )
i I VY
|lED02|:2 years) xEF, 2| 350 days €T | [ 24 hours |xMAF|0244]x10| .
\ ]
(e (350days) | 350 days 24 hours | l
CAF, (0.756) xEF x (ED., . (4 years XEF, XET, XMAF, (0.244)x3 |+ _
1(0.756)xER o | Vear | _+.\ 0.6 (4 years) | vear €726 | (0.244) | |
(24 hours || 350 da ys {24 hours . 1|l
26 years ) xET, 1 = = - I
EDres (26 years) ETreg | =g _.|J iED6_16|10years]xEF 6 | |x ey |><MAF| (0.244)x3 |+ _
LED16_26(10 years:ijF16_26| days |><E 1696 | 24 h"”rs s (0. 244]x1| f
| | J)

SLres-soil-tce-inh =
CAFi=

MAFi = Mutagenic adjustment factor oral =

Cancer adjustment factor inhalation =
0.244 = EPA default

0.756 = EPA default

Screening Level for carcinogenic resident soil inhalation for TCE

Remaining inputs are the same as the standard equation for carcinogenic resident soil inhalation.
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A.3.c. Construction Worker Outdoor Inhalation of Volatiles and Particulates from
Soil

Non-Carcinogenic Construction Worker Outdoor Inhalation of Volatiles and
Particulates from Soil

a0 weeksx 7 days
year week

THO=AT_ [EWCW <ED,,, [1 year)]

SI‘cw-soil—nc—inh (mgfkg)=

50 weeks 5 days g hours 1 day 1 1 + 1
EFcw [EWCW year Doy week JXEDCW ( year)XETWS [ day ]x[Zfi hours]foC my * i o (el
3 WF, PEF . [—
m SC| Kk ki

SLcw-soil-ne-inh = Screening level for non-carcinogenic construction worker soil inhalation

THQ = Target hazard quotient = 0.2

AT =EW x ED = See below

EW = Weeks worked = 50 weeks/year = EPA default

ED = Exposure duration = 1 year = EPA default

EF = EW x DW = See below

DW (days worked) of 5 days/week = EPA Defalut

ET = Exposure time = 8 hours/day = EPA default

RfC = Subchronic inhalation reference concentration = Contaminant specific in mg/m> = EPA
default = See chem-tox database

VF = Volatilization factor = See supplemental equation in Section A.3.e. (VF is not applied for
non-volatile compounds)

PEF = Particulate emission factor = See supplemental information in Appendix C.

Carcinogenic Construction Worker Outdoor Inhalation of Volatiles and
Particulates from Soil

50 weeks 7 days
year week

TR=AT, . [EWCW =LT (70 ye ars)]

SI‘cw—soil-ca-inh (mgfkg)=

El
50 weeks 5days 8 hours 1 day u 1000 |_|g 1 1
EFCW[EWCW voarPWew ook ]xEDCW (1 year)=ET,,, [ day ] [24 hours]xm[/ 3 + -
Vo PEF.. "

SLecw-soil-ca-inh = Screening level for carcinogenic construction worker soil inhalation

TR = Target risk = 1E-06

AT =EW x ED = See below

EW = Weeks worked = 50 weeks/year = EPA default

ED = Exposure duration = 1 year = EPA default

LT = Lifetime = 70 years = EPA default

EF = EW x DW = See below

DW (days worked) of 5 days/week = EPA Defalut

IUR = Subchronic inhalation risk = Compound specific in (ng/m?)!' = EPA default = See chem-
tox database

VF = Volatilization factor = See supplemental equation in Section A.3.e. (VF is not applied for
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non-volatile compounds)
PEF = Particulate emission factor = See supplemental information in Appendix C.

A.3.d. User Defined (Recreator/Trespasser) Outdoor Inhalation of Volatiles and

Particulates from Soil

Non-Carcinogenic Recreator/Trespasser Outdoor Inhalation of Volatiles and
Particulates from Soil

Child
365 days
TH@xATrEC_C[ = XEDrEC_C(Years)]
SI‘rec—soil—nc—inh—c [mgfkg:l =
days hours 1 day 1 1
BFrec-c [yeaerEDrec—c(Years)xETrec—C [ day ] [24 hu:urs]x i i
RiC /3 m e |
ko W ko
Adult
365 days
THQXATrEC_a [WXEDrEC-a (years)]
Slte e saikneinh-a (maskg) =

days hours 1 day

EF, —— [=ED ET

rEC'a[yeaer rec_a(years)x rec-a [ day ] [24 hours]x RiC i i
' 3 PEF,,

Note: Child, and adult formulas are the same with exception of ED. The ED values cancel out,
so the results are the same regardless of which formula is used.

SLtes-soil-nc-inh-c = Screening level for non-carcinogenic recreator (child) soil inhalation
SLtes-soil-nc-inh-a = Screening level for non-carcinogenic recreator (adult) or trespasser (adolescent)
soil inhalation

THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration recreator = 6 years child, 20 years adult = EPA default

ED = Exposure duration trespasser = 10 years adolescent = EPA Region 4 guidance

EF = Exposure frequency recreator = 195 days/year = NC DEQ default

EF = Exposure frequency trespasser = 90 days/year = EPA Region 4 guidance

ET = Exposure time recreator = 2 hours/day = EPA default

ET = Exposure time trespasser = 2 hours/day = NC DEQ default

RfC = Chronic inhalation reference concentration = Contaminant specific in mg/m*= EPA
default = See chem-tox database

VF = Volatilization factor = See supplemental equation in Section A.3.e. (VF is not applied for
non-volatile compounds)
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PEF = Particulate emission factor = 5.93E+10 m*/kg. See supplemental equation in Section
A3f

Carcinogenic Recreator/Trespasser Outdoor Inhalation of Volatiles and
Particulates from Soil

Note that additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride,

and TCE. The standard equation is listed below, followed by the alternative equations

Standard Carcinogenic Equation for Recreator/Trespasser Inhalation of Volatiles and Particulates
from Soil

365 days
TRxATrEC[ year LT [?D years)]

SI‘reu:—soil-u:a-inh (m gfkg) =

1000 pyg days 1 1 hours 1 day
IR H ET,
[/ ] [ ] rec[year * ma ¥ i EOygc (years) day 24 hours
“F.|—| PEF,
5 W kg

kg

SLrec-soil-ca-inh = Screening level for carcinogenic recreator/trespasser soil inhalation

TR = Target carcinogenic risk = 1E-6

AT = Averaging time = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

IUR = Chronic inhalation risk = Compound specific in (ug/m®)"! = EPA default = See chem-tox
database

EF = Exposure frequency recreator = 195 days/year = NC DEQ default

EF = Exposure frequency trespasser = 90 days/year = EPA Region 4 guidance

VF = Volatilization factor = See supplemental equation in Section A.3.e. (VF is not applied for
non-volatile compounds)

PEF = Particulate emission factor = 5.93E+10 m*/kg. See supplemental equation in Section
A3f

ED = Exposure duration recreator = 6 years child, 20 years adult = EPA default

ED = Exposure duration trespasser = 10 years adolescent = EPA Region 4 guidance

ET = Exposure time recreator = 2 hours/day = EPA default

ET = Exposure time trespasser = 2 hours/day = NC DEQ default
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Mutagenic Carcinogenic Equation for Recreator/Trespasser Inhalation of Volatiles and
Particulates from Soil

365 days
TRx,"-\TrEC [7ar

=T (TEI years)]

SI‘re c-soil-rnu-inh (mg;‘kg) =

1 1 1000 pg]x

-1
IUR| MY 5| * + =
m m3 m3 mg
W, o PEF,, | ——

kg
[EDD 7| years xEFD 2 [y IS JXETDQ [hu:;ij{ﬁ}m]+
[ED26 years xEF [?’:ZT}ET}B [%a—:;sj{%}3]+
[50515 ysars ‘EF616[32§] “Te-16 [%DTU;SJ{%JS}
|

davys hours 1 day
ED ears| =EF, =ET. T e =1
16-26 (Years) <Efjg 25[},%"} 16-26 { day J [24 hws} ]

SLrec-soil-mu-inh = Screening level for carcinogenic recreator/trespasser soil inhalation for

mutagenic compounds
Remaining inputs are the same as the standard equation for carcinogenic recreator/trespasser soil

inhalation.

Vinyl Chloride Carcinogenic Equation for Recreator/Trespasser Inhalation of Volatiles and
Particulates from Soil

TR

-1
days haurs 1 da 1000
IUR (MY <EF | 225 |LE ears) =ET x[ ¥ Jx H
[43] rec[year Drec (2ers) day 24 hours mg .

3
365 days m
AT . [WXLT (70 ye ars)]x\r’Fs [E]

SLre c-zoil-ca-ve-inh (m gfkg) =

SLrec-soil-ca-ve-inh = Screening level for carcinogenic recreator/trespasser soil inhalation for vinyl

chloride
Remaining inputs are the same as the standard equation for carcinogenic recreator/trespasser soil

inhalation.
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TCE Carcinogenic Equation for Recreator/Trespasser Inhalation of Volatiles and Particulates
from Soil

TRX»’-‘\TrEC

-1
=L “ 1 + 1 « 1000 pyg - 1day “
o [ma] ma} m 24 hours
WF PEF,,
5

[MXLT (?D years)]
aar

SLre - soil-tee-inh (m gfkg) =

days hours
EDp.o [years xEFDz[y ] ETho [ = Y]XMAFi(D.Qdd)X1D]+

days hours
ED2 g lyears XEF:2 E[Year}ET}E [ day JXMAFi [0.244)XS]+

days
CAF, (D.?EE)XEFrEC[ J [
days hours
[EDE 15 years xEFE 16[ ]XETE_16 [ Tay ]XMAFi (0.244)6]+

year

hoursJ

EDrEC(years)XETrEC [ day

year

days hours
EDj5.g [years)=EF) 5 25[YearJ‘ET15-25 [ Ty ]xMAFi (0.244)X1]

SLrec-soil-tee-inh = Screening level for carcinogenic recreator/trespasser soil inhalation for TCE
CAFi = Cancer adjustment factor inhalation = 0.756 = EPA default

MAFi = Mutagenic adjustment factor oral = 0.244 = EPA default

Remaining inputs are the same as the standard equation for carcinogenic recreator/trespasser soil

inhalation.

A.3.e. Supplemental Volatilization Factor (VF) Equation for Outdoor Inhalation of
Volatiles from Soil

Non-Residential Worker, Residential, Recreational User, and Trespasser VF
Equations

The risk calculator calculates volatilization factors via two equations, (1) unlimited source model
for chronic exposure and (2) mass limit model for chronic exposure. The risk calculator then
selects the equation that provides the higher soil screening level (i.e. lower groundwater
screening level) for subsequent modeling calculations.
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mass limit model for chronic exposure

ol )] Lol o)

x
kgsnil wiol [ng [MQJ E{ 4 J
— — | =dalm) =107 [ =
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VF = Volatilization factor = 3,142.13 m’/kg
Q/Cvol = Calculated with secondary equation in [(g/m?-s)/(kg/m?)]
T = Exposure interval = 26 years (Note this value was confirmed with EPA via email; however,
note that EPA indicated they may modify this value to be equivalent to the exposure duration
[ED] at some point in the future.)
pb = Dry soil bulk density = Site-specific can be entered = EPA default 1.5 g/cm?
= 1.5E9 mg/m® (Values entered in risk calculator in g/cm?, but are converted to mg/m? within
formulas)
s = Depth to base of soil source area = Site-specific can be entered = EPA default 12.44 m
As = Areal extent of site or contamination = range 0.5 to 500 = DEQ default 0.5 acres
A =12.3675 (unitless) = EPA dispersion constant for Raleigh, NC Region
B =18.6337 (unitless) = EPA dispersion constant for Raleigh, NC Region
C =212.7284 (unitless) = EPA dispersion constant for Raleigh, NC Region
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unlimited source model for chronic exposure
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VF = Volatilization factor = Calculated in m*/kg
Q/Cyvol = Calculated with secondary equation in [(g/m?-s)/(kg/m?)]
Da = Apparent diffusivity = Calculated with secondary equation in (cm?*/s)
T(s) = Exposure interval in seconds = 26 years = 8.20x10® seconds (Note this value was
confirmed with EPA via email; however, note that EPA indicated they may modify this value to
be equivalent to the exposure duration [ED] at some point in the future.)
pb = Dry soil bulk density = Site-specific can be entered = EPA default 1.5 g/cm?
= 1.5E9 mg/m? (Values entered in risk calculator in g/cm?, but are converted to mg/m? within
formulas)

s = Areal extent of site or contamination = range 0.5 to 500 = DEQ default 0.5 acres
A =12.3675 (unitless) = EPA dispersion constant for Raleigh, NC Region
B =18.6337 (unitless) = EPA dispersion constant for Raleigh, NC Region
C =212.7284 (unitless) = EPA dispersion constant for Raleigh, NC Region
0a = Air filled soil porosity = Calculated via secondary equation in L/L or site-specific can be
entered = EPA default 0.28 L/L
Ow = Water filled soil porosity = Site-specific can be entered = EPA default 0.15 L/L
n = Total soil porosity = The EPA provides a secondary equation that can be used to calculate
the total soil porosity based on the dry soil bulk density p» and the soil particle density ps.
However, in most cases the DEQ has collected site-specific porosity data, and rarely collects soil
particle density data. Therefore, the DSCA risk calculator allows entry of site-specific data. The
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default value is 0.43 L/L, which is the same as the EPA default calculated via the secondary
equation presented above.

Di. = Diffusivity in air = Contaminant specific in in cm?/s = See chem-tox database

Diw = Diffusivity in water = Contaminant specific in in cm?/s = See chem-tox database

H’ = Henry’s law constant = Contaminant specific (unitless) = See chem-tox database

Kd = Calculated via secondary equation in cm®/g

foc = Fraction organic carbon = Site-specific can be entered = EPA default 0.006 g/g

Koc = Soil organic carbon-water partition coefficient = Contaminant specific in L/kg = See
chem-tox database

ps =Soil particle density in g/cm® = The parameter is only used if porosity is calculated based on
the soil dry bulk density and soil particle density. The risk calculator allows entry of porosity (n)
data directly, which means this parameter is not used in the risk calculator.

Construction Worker VF Equations

mass limit model for subchranic exposure

g

) )l T

kgsoil Csa [k_gJ FD P {1 'fngﬂng ds |Im:| x 108 [N?—QJ
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whare: @ |Am* s =A = axp
Caa| [R2
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T |30Z240000 =) = ED_, . 11 EW
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([InA, (acre)- 5)2]

Fp (0.18584) =0.1852 + (53537 /1 ) + (-9.5318 ftch

a0 wlks 7 days 24 hrs
t_ (5400 hr) =ED 1 yr] = EWW = x
(400 ) =ED,,, (1 ) x EW,, [T o L0 [20e)

VF = Volatilization factor = Calculated in m*/kg

Q/C = Calculated with secondary equation in [(g/m?-s)/(kg/m?)]

T(s) = Calculated with secondary equation

Fa = Calculated with secondary equation

tc = Calculated with secondary equation

pb = Dry soil bulk density = Site-specific can be entered = EPA default 1.5 g/cm?

= 1.5E9 mg/m?> (Values entered in risk calculators in g/cm?, but are converted to mg/m? within
formulas)

ds = Depth to base of soil source area = Site-specific can be entered = EPA default 12.44 m
As = Areal extent of site or contamination = range 0.5 to 500 = DEQ default 0.5 acres

A =12.3675 (unitless) = EPA dispersion constant for Raleigh, NC Region

B = 18.6337 (unitless) = EPA dispersion constant for Raleigh, NC Region

C =212.7284 (unitless) = EPA dispersion constant for Raleigh, NC Region

ED = Exposure duration = 1 year = EPA default

EW = Weeks worked = 50 weeks/year = EPA default
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unlimited source model for subchranic exposure
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VF = Volatilization factor = Calculated in m*/kg
Q/Csa = Calculated with secondary equation in [(g/m*-s)/(kg/m?)]

Fd = Calculated with secondary equation

Da = Apparent diffusivity = Calculated with secondary equation in cm?*/s
T(s) = Total time over which construction occurs = 1 yr x 50 wks/yr x 7 days/week x 24 hrs/day
x 3600 s/hr = 3.024x107 seconds = EPA default

te = T(s) in hours = 8,400 hours

pb = Dry soil bulk density = Site-specific can be entered = EPA default 1.5 g/cm?®
= 1.5E9 mg/m?> (Values entered in risk calculators in g/cm?, but are converted to mg/m? within

formulas)

As = Areal extent of site or contamination = range 0.5 to 500 = DEQ default 0.5 acres
A =12.3675 (unitless) = EPA dispersion constant for Raleigh, NC Region
B = 18.6337 (unitless) = EPA dispersion constant for Raleigh, NC Region
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C =212.7284 (unitless) = EPA dispersion constant for Raleigh, NC Region

0a = Air filled soil porosity = Calculated via secondary equation in L/L or site-specific can be
entered = EPA default 0.28 L/L

0w = Water filled soil porosity = Site-specific can be entered = EPA default 0.15 L/L

n = Total soil porosity = The EPA provides a secondary equation that can be used to calculate
the total soil porosity based on the dry soil bulk density p» and the soil particle density ps.
However, in most cases the DEQ has collected site-specific porosity data, and rarely collects soil
particle density data. Therefore, the DSCA risk calculators allow entry of site-specific data. The
default value is 0.43 L/L, which is the same as the EPA default calculated via the secondary
equation presented above.

Di. = Diffusivity in air = Contaminant specific in in cm?/s = See chem-tox database

Diw = Diffusivity in water = Contaminant specific in in cm?/s = See chem-tox database

H’ = Henry’s law constant = Contaminant specific (unitless) = See chem-tox database

Kd = Calculated via secondary equation in cm®/g

foc = Fraction organic carbon = Site-specific can be entered = EPA default 0.006 g/g

Koc = Soil organic carbon-water partition coefficient = Contaminant specific in L/kg = See
chem-tox database

ps =Soil particle density in g/cm® = The parameter is only used if porosity is calculated based on
the soil dry bulk density and soil particle density. The risk calculators allow entry of porosity (n)
data directly, which means this parameter is not used in the risk calculators.

A.3.f. Supplemental Particulate Emission Factor (PEF) Equation for Outdoor
Inhalation of Particulates from Soil

Non-Residential Worker, Residential, Recreational User, and Trespasser PEF

Equations
. { 2 J 3,500( © J
PEF,, Mair |_ G m-s/ |, hour 3
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u, |2
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and: =A=exp

tnir d C
PEF = Particulate Emission factor = Calculated in m*/kg = 5.93E+10

Q/Cwind = Calculated with secondary equation in [(g/m?-s)/(kg/m?)]

V = Fraction of vegetative cover = 0.5 (unitless) = EPA default

Um = Mean annual wind speed (m/s) = 3.44 m/s = EPA default for Raleigh, NC Region

Ut = Equivalent threshold value of wind speed at 7m = 11.32 = EPA default for Raleigh, NC
Region

F(x) = Function depending on um/ut = 0.0086 (unitless) = EPA default for Raleigh, NC Region
As = Areal extent of site or contamination = range 0.5 to 500 = DEQ default 0.5 acres

A =12.3675 (unitless) = EPA dispersion constant for Raleigh, NC Region
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B = 18.6337 (unitless) = EPA dispersion constant for Raleigh, NC Region
C =212.7284 (unitless) = EPA dispersion constant for Raleigh, NC Region

Construction Worker PEF Equations
Calculation of a PEF for a construction worker is significantly more complex than for other
receptors due to the increased potential for particulates generated from heavy vehicle traffic,

grading, dozing, tilling, and excavation during construction activities. See Appendix C for
description of justification for the default value of 1.06E+06 m?/kg used in the risk calculator.

A.4 GROUNDWATER (TAP WATER) INGESTION PATHWAY
A.4.a. Non-Residential Worker Groundwater Ingestion

Non-Carcinogenic Non-Residential Worker Groundwater Ingestion

THQxAT, | 29298 . pp (25 years |xBW, (80 kg)x| 1220 Hd
sL L) = w year w w mg
Water—nc;—ing—W(“g ) = days 125
EF, 250 xED,,, (25 years)x xIRW, '
w year w w day

mg
RfD | —
° [ kg-d ]

SLwater-nc-ing-w = Screening level for non-carcinogenic non-residential worker water ingestion of
tap water

THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 25 years = EPA default

BW = Body weight = 80 kilograms = EPA default

EF = Exposure frequency = 250 days/year = EPA default

RfD = Chronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See
chem-tox database

IRW = Tap water Ingestion rate = 1.25 L/day = EPA Region 4 default (one half resident intake)

Carcinogenic Non-Residential Worker Water Ingestion

365 days

TR*AT,
W{ year

LT (70 years)JXBWW (80 kg)
SL

w-wa-ca-ing (“g’r L) =

T

( -3

EF | 250 daySJxED (25years]><CSF[ mg ] «IR [1.255 ]x 10~ mg
wi year w / O| kg-day w day Hg

SLw-wa-ca-ing= Screening level for carcinogenic non-residential worker tap water ingestion
TR = Target risk = 1E-06
AT = Averaging time = 365 days/year = EPA default
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LT = Lifetime = 70 years = EPA default

BW = Body weight = 80 kilograms = EPA default

EF = Exposure frequency = 250 days/year = EPA default

ED = Exposure duration = 25 years = EPA default

CSF = Oral Cancer Slope Factor = Contaminant specific in (mg/kg-day)'= EPA default = See
chem-tox database

IR = Tap water Ingestion rate = 1.25 L/day = EPA Region 4 default (one half resident intake)

A.4.b. Resident Groundwater Ingestion

Non-Carcinogenic Resident Groundwater Ingestion

Child
365 days 1000 pg
THE=AT oo ¢ {WKEDI’ES-E (6 3"35”5:'] B (15 k)= [ Mg ]
Sl - /L) =
water-nc-ing-c (I-'Q :' o 350 days eD |:E ]IX 1 - 078 L
res-c | " year reg-c oo JEATE my res-c| day
RiD
01 kg-d

Adult
365 days 1000 pg
THO=AT {WxEDrES (28 }fears}lJXBWrES_a (80 kg) = {m—g]
Suater-nc-ng-a ML) = days 1 251
EF oe o [350 ﬁ]xEDrES(zE years)x - xmwre&a[m]
RD, | —=
0l kg-d

Note: Child and adult equations are the same with exception of body weight (BW), exposure
duration (ED), and ingestion rate of water (IRW). The child calculation yields the most
conservative result and is therefore used in both the DEQ risk calculator and the EPA RSLs.
However, inputs for both the child and adult equations are provided for reference. Note that the
exposure durations cancel out in this equation, so age adjustment is not applicable.

SLwater-nc-ing-e = Screening level for non-carcinogenic residential child groundwater ingestion
SLwater-nc-ing-a = Screening level for non-carcinogenic residential adult groundwater ingestion
THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 6 years child and 26 years adult = EPA default

BW = Body weight = 15 kilograms child and 80 kilograms adult = EPA default

EF = Exposure frequency = 350 days/year = EPA default

RfD = Chronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See
chem-tox database

IRW = Ingestion rate = 0.78 L/day child and 2.5 L/day adult = EPA default
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Carcinogenic Resident Water Ingestion

Note that additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride,

and TCE. The standard equation is listed below, followed by the alternative equations and a
discussion of how the alternative equations differ from the standard equation.

Standard Carcinogenic Equation for Resident Water Ingestion

TR2AT [355 days <LT (70 years}] {mun “9]
year Mg

SLmrater-u:a-irm ("'g”‘:'

32795 L
CEF [ ] [lFWrES adj [—kg J]
where:
350 days o7aL
rES c { '_.Ifear ] res-c (E FearS:IX|RWrES'C{ da}f ]
- {32?.95 L] _ BYY . (15 ko]
resadil kg ) 350 da I5L
N .
Fres-a [ year ] Dyos (26 years)- ED, . . (B yearsjljlleWrES_a [ day J
BWies g (BD kg:l

SLwater-ca-ing = Screening level for carcinogenic resident water ingestion

TR = Target risk = 1E-06

AT = Averaging time = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

CSF = Oral Cancer Slope Factor = Contaminant specific in (mg/kg-day)' = EPA default = See
chem-tox database

IFWres-adj = Age adjusted water ingestion rate = Calculated via secondary equation in L/kg = EPA

default

EF = Exposure frequency = 350 days/year (same for child and adult) = EPA default
ED = Exposure duration = 6 years child and 20 years adult = EPA default

IRW = Ingestion rate = 0.78 L/day child and 2.5 L/day adult = EPA default

BW = Body weight = 15 kilograms child and 80 kilograms adult = EPA default
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Mutagenic Carcinogenic Equation for Resident Water Ingestion

TRxAT [ 2529355 1 170 years) || 1020 kY
oL res year g

water-mu-ing (warL)

K
mg V', (10189 L
CSF, [kg_da}f] IFWM g o [—kg
where:
350 days 07aL
EF =ED =R =10
III-E[ year ] 0. (vears) Wu-z[ day ] .
BV, o [15 k)
350 days 07sL
B, - (15 kg
lFWMrES'adj[ mkggg L] ) 350 days S 251
EF 1g {W]xEDE_m (FearstIRWE_1E[ Ty ]x3
+
B (80 ko)
350 days 25L
EFig26 [WJ‘EEH 5.2 (vears)<IRW g g { Tay J”'
L B 5o (80 ko]

For mutagenic compounds where chemical-specific data are not available to directly assess
carcinogenic risk during childhood versus adulthood, a default mutagenic equation is used. The
mutagenic equation adds an age-dependent adjustment factor (ADAF) to account for increased
childhood risk for mutagenic compounds. The adjustment factor is 10-fold for the 0 to 2-year
age range, three-fold for the 2 to 6-year age range, three-fold for the 6 to 16-year age range, and
there is no adjustment (i.e. one-fold) for the 16 to 26-year age range. The remaining portions of
the equation are similar to the standard carcinogenic equation.

SLwater-mu-ing = Screening level for carcinogenic resident water ingestion for mutagenic
compounds

IFWMes-adj = Resident mutagenic water ingestion rate — age-adjusted = Calculated via secondary
equation in mg/kg = EPA default

Remaining inputs are the same as the standard equation for carcinogenic resident water
ingestion.

40



Vinyl Chloride Carcinogenic Equation for Resident Water Ingestion

SLwater-ca—\tc—ing (”g‘”‘) = 1 —_— ik ] 078 L
SFD [kgtndgay] x”:\'nufres—al:lj [E—g]x[mg]ﬂgpg] N CSFD [%] leWres-u: [W]x[1 Dglggl_lg]
AT e [Ljeifys <LT (70 years)] BWre o (15 Ka)
where:
S [%J “ED e e (6 years)XIRWrES_C [%]
'FWresradj[Szi;% L] _ » B, o ¢ (15 k) .
g EFas.4 [ﬁ]X(EDrES(EE years)- = (E years))XIRWres_a [W]
B, 5.4 (80 kg)

Vinyl chloride is a mutagenic compound with sufficient chemical-specific data to directly
evaluate carcinogenic exposure through a mutagenic mode of action, in contrast to compounds
with insufficient chemical-specific data which are assessed using the default mutagenic equation.
Therefore, vinyl chloride has a unique set of equations for residential carcinogenic risk.

SLwater-ca-ve-ing = Screening level for carcinogenic resident water ingestion for vinyl chloride
Remaining inputs are the same as the standard equation for carcinogenic resident water

ingestion.

TCE Carcinogenic Equation for Resident Water Ingestion

365 days 1000 py
TR=AT LT|70
= res[ vear <LT | yearS)Jx[ Mg

sL
K]
g YA L 1019.9 L
SFU[kg_dayJ X[[CAFD[D.BDd)MFWrBS_adJ[ o +|MAF, (0.202) xIFWM -

water-tce-ing (ho/L)

where:
350 days D7aL
ED,oq.c (B years)<EF, . [W] IRWes [W]
+
Ew [32?.95 LY _ BW, o (15 ko)
resad]| kg ) 350 da 251
¥ .
I:EDres (26 years)- Elresc (5 Years))xEFres-a [ year ]leWrES'a [ day J
B es-a (B0 ky)
where:
360 days DFaL
EDp. (2 years)XEFD_E{ oo Jxmwu_z [ Tay ]xm
+
B, 5 (15 ka)
350 days n7aL
ED- (4 EF. IR 3
2.6 (4 years) 2.5[ year ]" 2-5[ day ]" .
F d_{mg.g L] _ B g (15 ko)
res-atll kg 350 days 25L
EDg.q5 (10 years) <EFg ;g [ = =RV, g Tar 3
+
B 1 (80 kg
350 days 25L
EDy5.05(10 years)XEFm_QE[ oo ]XIRW1E-26[ Tay JM
B, 5.5 (B0 ko)
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For TCE, EPA recommends that kidney risk be assessed using a mutagenic equation and that
liver and non-Hodgkin lymphoma (NHL) risk be assessed using the standard cancer equations.
EPA has developed adjustment factors that account for the different toxicity factors. The liver
and NHL risks are evaluated using the standard cancer equations and a cancer adjustment factor
(CAF). The kidney risk is evaluated using the mutagenic cancer equations and a mutagenic
adjustment factor (MAF).

SLwater-tce-ing = Screening Level for carcinogenic resident water ingestion for TCE

IFWM es-adj = Resident mutagenic water ingestion rate — age-adjusted = Calculated via secondary
equation in L/kg = EPA default

CAF, = Cancer adjustment factor oral = 0.804 = EPA default

MAF, = Mutagenic adjustment factor oral = 0.202 = EPA default

Remaining inputs are the same as the standard equation for carcinogenic resident water
ingestion.

A.5 GROUNDWATER (TAP WATER) DERMAL PATHWAY

A.5.a. Non-Residential Worker Dermal Contact with Groundwater

Non-Carcinogenic Non-Residential Worker Dermal Contact with Groundwater

FOR INORGANICS:

( 3
DAevent[ 2ug ]X 1000Lcm
cm“- event

SI‘water-nc-der—w(“gll‘) = M\ ET 0.71 hours
—_— X
D[hourJ event-w [ event ]
FOR ORGANICS:

DA

ug 1000 cm3
T

event{ 2

IFET 0.71 hours cm<“- event

event-w [ event

]s t (hours)then SL 1o o dar (HOIL)

6x ¢ [hours «ET [071 hours]
ox FA x K ( om ), event| eyent event-w event
P hour ) \ 7
or,
DA ug .| 1000 cm®
0.71 hours * event cmZ- event L
IF ETe entow ( : ] >t (hours) then SL . deryMolL) =
2 event Wwater-nc-der-w' ET [071 hours ) 1‘
FA x K [ cm ]X event-w event ) .. hours ) [1+3B+ 32 |
P hour 1+B event| event (1+ B)2 )
) ]
where:
, THQ x AT, [ 365days, gp (25 years)]x[ 1000 kg ]vavW (80kg)
DA 4o - year mg
event 2
cm<- event

1 events
day

250 days
year

xEV,, [

xED,, (25 years) x EF, [ JXSAW (19652 cmz)

1
RD &]xelABs
0| kg-day

SLwater-ne-der-w = Screening level for tap water, non-carcinogenic worker, dermal contact
DAevent = Absorbed Dose per Event (ug-cm?/event)

Kp = Dermal Permeability Constant (cm/hr) = EPA default = See chem-tox database
ETevent = Exposure Time (hr/event) = EPA default
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t* = Time to Reach Steady State (hr) = EPA default = See chem-tox database
FA = Fraction Absorbed in Water (unitless) = EPA default = See chem-tox database
Tevent = Lag Time (hr/d) = EPA default = See chem-tox database

B = Relative Contribution of Permaability Coefficient = EPA default = See chem-tox database

THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default
ED = Exposure duration = 25 years = EPA default
BW = Body weight = 80 kilograms = EPA default

RfD = Chronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See

chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract = Contaminant specific (unitless) =

EPA default = See chem-tox database

EV = Worker events (events/day)

EF = Exposure frequency = 250 days/year = EPA default
SA = Skin surface area = 19,652 cm*/day = EPA default

Carcinogenic Non-Residential Worker Dermal Contact with Groundwater

FOR INORGANICS:

\

) / 3
ug 1000 cm
DAevent| 2 H L
o (o) = | cm?- event | | )
water-ca-der-w' K | Py .'|><ET | 0.71 hours |
Plhour | —event-w | eyent |
FOR ORGANICS:
DA [ ug ). [1000cmd |
(0.71h V... event cm?- ewent,I L |
IF ETq entw OIS 1<t (nours).then SLy, e ca ger (HOL) = _ - -
- | event | ' waler-ca-ger | (hours | (0.71 hours |
(em ) 27 Tevent | event ) Fleventw | event
2xFAXK | —— || .
Pl nour ) ¥ T
or,
iy i 3
DA ‘ ug ‘;K 1000 em® |
IF ET (OT1hOUS | o+ 1ours) hen L) = Mo event) | L)
eventw | event | ): Water.nc-der-wH9'L) = (0.71 hours |
) [ em ) Elevent.w |‘ “event J [ hours | 'I'1 +3E‘.+352‘
FAXK | —— |x 2% Toyent | *|
P hour | 1+B | event ) 'l\ [1+B]2
where:
. RxAT, |20, ep  (70years) [x[ 199 |aw  (s0kg)
DA [ ug | _ | year : J . mg )
, =
eVent | cm2_ event ) |
_dyt I ( \ . ( ) (
CFS (mg/kg-d) [xEv, | 1 events xED,, (25years) xEF, | 250 days [xsA,, | 19652 cm
day | ! | year | \

GIABS | \

SLwater-ca-der-w = Screening level for tap water, carcinogenic non-residential worker, dermal

contact

DAcvent = Absorbed Dose per Event (pg-cm?/event)

Kp = Dermal Permeability Constant (cm/hr) = EPA default = See chem-tox database
ETevent = Exposure Time (hr/event) = EPA default

t* = Time to Reach Steady State (hr) = EPA default = See chem-tox database

FA = Fraction Absorbed in Water (unitless) = EPA default = See chem-tox database
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Tevent = Lag Time (hr/d) = EPA default = See chem-tox database

B = Relative Contribution of Permaability Coefficient = EPA default = See chem-tox database
TR = Target carcinogenic risk = 1E-6

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 25 adult = EPA default

BW = Body weight = 80 kilograms adult = EPA default

CSF = Oral Cancer Slope Factor = Contaminant specific in (mg/kg-day)' = EPA default = See
chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract = Contaminant specific (unitless) =
EPA default = See chem-tox database

EV = Worker events (events/day)

EF = Exposure frequency = 250 days/year = EPA default

SA = Skin surface area = 19,652 cm*/day adult = EPA default

A.5.b. Resident Dermal Contact with Groundwater

Non-Carcinogenic Resident Dermal Contact with Groundwater

Child

FOR INORGANICS:

3
ug 1000 cm
DA, =
event [cmz— event] [ L

water—nc—der—c(”g’fl‘) = y [ om 0.54 huurs]
P

aL
hDuerETevent—res—c [ event

FOR ORGANICS:

3
1000 crri
DA g ]x
event[cmz_ event L

hours 0.54 hours
] \{E  Touont [m} * ETevent—reS-C[ event J

ki

[ ] [muu cm3]
event
- event

0.54 hours

I ETevent—res-c[ avent

]S t (hours) then SL o oo (padl) =

2= Fax K| 0
Pl hour

or,

0.54 hours

IF ETevent-res—c[ o ] =t [hours] then SLyaterno-der (noiL) =

[D 54 hours] .
cr Elevent-res-c event hours|_[1 +3B +3B
Fa= Kk | — 2 - - -
* P[I’wur]X 1+B e r'3\“9m[event]x[ R +B)2 ]
where:
355 days 1000 py
» THQ = ATrBS_C[ Joar «ED o . (B yearS)JX[ g =BW o (15 ko)
DAevent 2 =
cm®- event
1 1 events 350 days l
— = Evres'c[—day ]xEDres-c (6 years) = EFres—c[ oo JXSAI,ES_C[EBES o ]
RfD =GIA85
0l kg-day
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Adult

FOR INORGAMICS:

3
1000 cm
DA 9 ]x
event [cmz- event L

\n\fatezr—nc—tler—a|:|'|g”':I - [ m 071 hours]
P

SL
hour] *Elayent-res-a [ e

FOR ORGANICS:

3

ug 1000 cm

[y %
evem[cmz-event] [ L
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- ] \{5 % Tovant [m] = ETevent-reS-a[ event ]
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water-nc-der (ug!L)

2= FAx Kp[

kg

3
ug 1000 crr
DA =
evem[ch-evem] [ L

o,

0.71 hours * _
IF ETevem-res-a [W] =1 (hours) then SLwater-nc-der |:|_|g;"l_:| B 0.71 hours
ET .
Fax e | Cm ), event-res-a[ avent J+2 ‘e hours | 1 +3B +382
P4 haur 1+B Frentevent (1 +EI:I2
where:
365 days 1000 pg
g ) THQ = AT, . { e ED,, (26 years)]x[m—g =BW,_ - (80 ko)
DAy et = -
cm”- event
1 . 1 events . . 350 days . 2
— Evres—a{ Ty ] EDres(EE years) EFreS—a[ oar ] 5Aaea [19652 cm ]
RiD =GIABS
Ol kg-day

Note: Child and adult equations are the same with exception of BW, ED, and IRS. The child
calculation yields the most conservative result and is therefore used in both the DEQ risk
calculator and the EPA RSLs. However, inputs for both the child and adult equations are
provided for reference. Note that the exposure durations cancel out in this equation, so age
adjustment is not applicable.

SLwater-nc-der-« = Screening level for non-carcinogenic residential child water dermal contact
SLwater-nc-der-a = Screening level for non-carcinogenic residential adult water dermal contact
DAevent = Absorbed Dose per Event (ug-cm?/event)

Kp = Dermal Permeability Constant (cm/hr) = EPA default = See chem-tox database

ETevent = Exposure Time (hr/event) = EPA default

t* = Time to Reach Steady State (hr) = EPA default = See chem-tox database

FA = Fraction Absorbed in Water (unitless) = EPA default = See chem-tox database

Tevent = Lag Time (hr/d) = EPA default = See chem-tox database

B = Relative Contribution of Permaability Coefficient = EPA default = See chem-tox database
TR = Target carcinogenic risk = 1E-6

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 6 years child and 20 years adult = EPA default

BW = Body weight = 15 kilograms child and 80 kilograms adult = EPA default

RfD = Chronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See
chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract = Contaminant specific (unitless) =
EPA default = See chem-tox database

EV = Resident events (events/day)

EF = Exposure frequency = 350 days/year = EPA default
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SA = Skin surface area = 6,365 cm*/day child and 19,652 cm?/day adult = EPA default

Carcinogenic Resident Dermal Contact with Groundwater

Note that additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride,
and TCE. These equations are only applicable for the residential carcinogenic scenario. The
standard equation is listed below, followed by the alternative equations. Refer to Appendix
A.2b. for a discussion of how the alternative equations differ from the standard equation.

Standard Carcinogenic Equation for Resident Dermal Contact with Tap Water

FOR INORGAMICE:

3
ug 1000 cm
DAevem [ ] } [ L

1= cme- event
water-ca-der (o) = v { om 06708 huurs}

SL
n m]xETevent-res-adj{ event
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e FA XK [ﬂJ ‘I revent(e\,emJ event-res-adj( event J
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TR = AT [—365 days 7 7o years)}x {—1 aoo HQJ
res| " year

my
-1
CSFU[kmdg ]
g-day
GIAES * O e ay

uy -
DA =
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where:
350 days 1 events 2
EFMC[ = J xEerSC[ day J ED,pq.o (6 years) <S4 [5355 ori J
+
DR [2,610 i) events—cm2 _ reswc (15 kg)
res-adj ky h 350 da
VE] 1 events 2
EFrES_a[ o J BV, a[ Ty #[ED . (26 vears)- EO (B years)| x5a [19552 o ]
BWres—a (B0 kg)
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0.54 hours 0.71 haurs
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event-res-adj event EDye (26 years)

SLwater-ne-der-w = Screening level for tap water, carcinogenic resident, dermal contact

DAevent = Absorbed Dose per Event (ug-cm?/event)

Kp = Dermal Permeability Constant (cm/hr) = EPA default = See chem-tox database

ETevent = Exposure Time (hr/event) = EPA default

t* = Time to Reach Steady State (hr) = EPA default = See chem-tox database

FA = Fraction Absorbed in Water (unitless) = EPA default = See chem-tox database

Tevent = Lag Time (hr/d) = EPA default = See chem-tox database

B = Relative Contribution of Permaability Coefficient = EPA default = See chem-tox database
DFWies-adj = Resident water dermal contact factor- age-adjusted (cm? - event/kg)
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TR = Target carcinogenic risk = 1E-6

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 6 years child and 20 years adult = EPA default

BW = Body weight = 15 kilograms child and 80 kilograms adult = EPA default

CSF = Oral Cancer Slope Factor = Contaminant specific in (mg/kg-day)' = EPA default = See
chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract = Contaminant specific (unitless) =
EPA default = See chem-tox database

EV = Resident events (events/day)

EF = Exposure frequency = 350 days/year = EPA default

SA = Skin surface area = 6,365 cm?/day child and 19,652 cm?/day adult = EPA default

Mutagenic Carcinogenic Equation for Resident Dermal Contact with Tap Water

FOR INCRGANICE:
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1000 cm
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B event [sz L

1 - event
water-mu-der (holl) [ om 0.6708 hoursJ
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SLres-soil-mu-der = Screening level for carcinogenic residential water dermal contact for mutagenic

compounds
DFWMees-adj = Resident mutagenic water dermal contact factor — age-adjusted = Calculated via

secondary equation in events-cm*/kg
Remaining inputs are the same as the standard equation for carcinogenic resident tap water

dermal contact.

Vinyl Chloride Carcinogenic Equation for Resident Dermal Contact with Tap water
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y-aay | eyents-cm g-oay events 2
~GBBE xDFWrES-adj[ kg } GIABS xEVresfc{ day ]‘SArES-C(ESBS e J
+
365 days 1000 pg 1000 pg
AT e [WXLT (70 yeara)]X[m—g BW o . (15 kg)= -
whare:
350 days 1 evenis 2
EFrES_D{ oo JxEerS_C[ Ty JXEDrES_C (6 years) = SArES_E[ESBS cm ]
4
DEW [2,610,650 eventscm® | _ BW . (15 k)
resadj kg B 350 da
ys 1 events 2
EFres_a[ o JxEvre&a[ S ]XEDres_a(QD years) = SAres_a[19852 e ]
BW, .. o, (B0 kg
and:
0.54 hours 0.71 hours
ET =ED 6 years) +ET = |ED 26 years)- ED B years
T [D.B?DS huura] - [ evant-res-c [ event ] res.c (B ye01¢) event-res-a [ event ] [ ros (28 v2are) - EDyg o (B Y ))J
event-res-adj event ED, g [26 vears)

SLwater-ve-der = Screening Level for carcinogenic resident tap water dermal contact for vinyl

chloride
DFW:es-adj = Residential mutagenic water contact factor for carcinogenic resident dermal contact

for vinyl chloride
Remaining inputs are the same as the standard equation for carcinogenic resident tap water

dermal contact.
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TCE Carcinogenic Equation for Resident Dermal Contact with Water

FOR ORGANICS:

3
ug 1000 cm
DA, RS- B
toe-event [sz_ evem} [ L

b x hours} ET 06708 hours
o P 1 [ M Tevent | avent event-res-ad) event
P hour T

3
ug 1000 cr
DA, — = |=
tce-event [sz_ event] [ L

hours * _
IFET _] =t (huurs) dhen 5L tortee-der [HQIL) B

event-res ad) [event

of,

hours * _
IFET _] =1 [huurs) dhen BL o tca-der [pgﬂ_) =

avent-res-ad) [event 0E708 hours]
+2= ¢

ET | —
Fas ik [ 5 ). event-res-adj[ event hoursy, |1 +3B +362
P | hour 1+B event | event ( +El)2

wherae:

ug -
DAIEE-EVEM [ 3 ] -
cm<- event

365 days 1000 pg
TR=AT [qu {70 years)J [

mg Y CAF, (D804) = DFW g o,
0l kg-day

[2 510 p50 evems ch]]
GIABS 2

8,191 633 events - cm
[MAFD [EI.EEIZ) = DFWMres-adJ[ b ﬂ

where:

1 events 350 days 2
Evreerc{ JXEDresc(B years] = EFreerc{ year ]x s [6365 em J

day
DFW W] BW ge.c (15 K3

+

res-adj kg 1 events 350 days

2
Evres—a{ day JXEDres-a (20 yaars) = EFres—a{ vear Jx SAres_a(19652 o ]

BV o o (B0 ke

where:

350 days

By {1 evENts

Ty }EDD-Z (2 years) <EF [

B 5 (15 k)

} Shoo (5355 cmz]xw i
.

1 events
EVZ-B {7

350 days
day

x SA2 [6365 crm JXB

}EDE-B (4 yaars) xEFZ_E(

"
B, g (15 ko)

2
8,191 B33 events - cm _
DFWMres—adJ ky ] -

1 events 350 days

E\/E1E[ ey ]xEDE1E(1Dyears) xEFEWE[

B 15 (50 ka)

} SAc e (19552 cm2]><3
.

© |«ED 10 years) =EF, Fhdays |, g (19552 cmz]ﬂ
] 1626 (10 vears) *EFgop| = 626

B .25 (30 k)

1 event

E\’mza{

and:
0.54 hours 054 hours
ETevent—res(D-Q)[ event J *EDp.5 (2 years)JrETevem_res(Q_B) { pv— } <ED5 ; (4 years)+
0.71 hours 0.71 hours
06703 hDLII’S] ETevent—res(E-ﬂE)[ avent J “EDg 15 (10 years) +ETevem-res(1E-28)[ avent J Dy g (10 years)

event—re&adj[ avent EDp.5 (2 years] +ED, ;4 years) +EDg 45 (10 years] +EDyg o (10 years)

ET

SLes-soil-tce-der = Screening Level for carcinogenic resident tap water dermal contact for TCE
DFWMres-adj = Residential mutagenic tap water contact factor for carcinogenic resident dermal
contact for trichloroethylene

CAF, = Cancer adjustment factor oral = 0.804 = EPA default

MAF, = Mutagenic adjustment factor oral = 0.202 = EPA default

Remaining inputs are the same as the standard equation for carcinogenic resident tap water
dermal contact.
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A.6 GROUNDWATER (TAP WATER) VAPOR INHALATION PATHWAY
A.6.a. Non-Residential Worker Groundwater (tap water) Vapor Indoor Inhalation

Non-Carcinogenic Non-Residential Worker Groundwater (tap water) Vapor

Indoor Inhalation
{
THQAT [ 3829315, 6p (25 years) || 120010
sL (WglL) = e year i L M9
water-nc-inh-w )T ’
EF 250 days <ED,, (25 years)xET, 8 hours x| 1 day « 0. 5 L
w year w w day | 24 hours RfC[m/ ]

SLwater-nc-inh-w = Screening level for non-carcinogenic non-residential worker exposure to vapors

from tap water use

THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 25 years = EPA default

EF = Exposure frequency = 250 days/year = EPA default

ET = Exposure time = 8 hours/day = EPA default

RfC = Chronic inhalation reference concentration = Contaminant specific in mg/m*= EPA
default = See chem-tox database

K = Andelman Volatiliztion Factor (L/m?)

Carcinogenic Non-Residential Worker Groundwater (tap water) Vapor Indoor
Inhalation

[
TReAT, | 2899355 1 179 years]]
w year

SLwater-ca-inh (pg;’L) =

RCARE

(
EE [ 250 days <ED, (25 years)ET 8 hours x 1 day
w year W w day 24 hours

SLwater-ca-inh = Screening level for carcinogenic non-residential worker tap water vapor exposure
TR = Target carcinogenic risk = 1E-06

AT = Averaging time = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

EF = Exposure frequency = 250 days/year = EPA default

ED = Exposure duration = 25 years = EPA default

ET = Exposure time = 8 hours/day = EPA default

IUR = Chronic inhalation unit risk = Contaminant specific in mg/m®= EPA default = See chem-
tox database

K = Andelman Volatiliztion Factor (L/m?)
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A.6.b. Residential Indoor Groundwater (tap water) Vapor Inhalation

Non-Carcinogenic Residential Indoor Groundwater (tap water) Vapor

Inhalation
Child
THQXAT 365 days XED| . (6 years) |><‘ 1000 1g |
P €| year -cl U mg )
SLyater-nc-inh-c (ML) = ) - : ; 7 Y
e (350 days YED (6 years)xET, [ 24 hours | |r 1 day .|>< 1 xK‘ 05L |
resc| year |  Tesct years P res-c " day | |24nhours) ch"’my 1 T me
L/ ms)
Adult

365 days 1000 pyg
THQ=AT . [ yoar*EDres (26 Years)]x[m—g

350 days 24 hours 1 day 1 0aL
e e e i AR Y
3
m

Slyater-ne-inh-a (gL} =

Note: Since the only difference in the child and adult equations is the exposure duration and that
cancels out, these equations are the same.

SLwater-nc-inh-c = Screening level for non-carcinogenic resident child tap water to indoor air
SLwater-nc-inh-a = Screening level for non-carcinogenic resident adult tap water to indoor air
THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 6 years child, 26 years adult = EPA default

EF = Exposure frequency = 350 days/year = EPA default

ET = Exposure time = 24 hours/day = EPA default

RfC = Chronic inhalation reference concentration = Contaminant specific in mg/m? = EPA
default = See chem-tox database

K = Andelman Volatiliztion Factor (L/m?)

Carcinogenic Residential Indoor Groundwater (tap water) Vapor Inhalation

TRRAT [353 days

gar
-1

350 days 24 haurs 1 day Hg nsL

EFrES[ e ]xEDrBS(QEyears)xETres[ = ]x[thDurSJxIUR[AS =

SLwater-ca-inh = Screening level for carcinogenic resident tap water to indoor air
TR = Target carcinogenic risk = 1E-06

AT = Averaging time = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

EF = Exposure frequency = 350 days/year = EPA default

=T I:?EI years)]

Slyater-ca-inh (“ g’rL) =
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ED = Exposure duration = 26 years = EPA default
ET = Exposure time = 24 hours/day = EPA default
IUR = Chronic inhalation unit risk = Contaminant specific in mg/m* = EPA default

K = Andelman Volatiliztion Factor (L/m?)

Note that additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride,
and TCE. These equations are only applicable for the residential carcinogenic scenario.

Mutagenic Carcinogenic Equation for Resident Groundwater (tap water) Vapor Inhalation

TRAT
IUR [“/3] [E]
o (E822r 25). 1y o)
~26 [%JXETE-E [zddhanym]x[zl :zjrs]‘EDz-E (Yeafﬁl'ﬂ]*
Efs-16 [%JXETE-'IE [Mdhauyurg] " [2:1 :jgrs]xEDE-1 5 (vears) ‘3] +

350 days 24 hours 1 day
EF > | =ET = =ED gars|=1
15-25[ Joar ] 15-25[ Tay ] [24 hnurg] 16-25 (vears] ]

[Mx LT II?'EI ye ars}lJ
year

SLwater-m u-inh ("' g”‘:'

s

LS

SLwater-mu-inh = Screening level for carcinogenic resident tap water to indoor air for mutagens
Remaining inputs are the same as the standard equation for carcinogenic resident indoor air.

Vinyl Chloride Equation for Resident Groundwater (tap water) Vapor Inhalation

TR

=R 350 days «ED (26 years)XET 24 hours) (1 day <K 0D5L
year res reg b day 24 hours rrid .
365 days
AT os {qu (70 years)]

=N

water-ca-ve-inh (ho) =

SCARES

SLwater-ca-ve-inh = Screening level for carcinogenic resident tap water to indoor air for vinyl
chloride
Remaining inputs are the same as the standard equation for carcinogenic resident indoor air.
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TCE Carcinogenic Equation for Resident Groundwater (tap water) Vapor Inhalation

TRXATrES

365 days
year

=L T (?D ye ars)]

SLWEIEf—tCE-inh (pgfl_) = q

lUR[“y3] 2| 0sL =
m m3
350 days

[EFres[ year

year

350 days

]xEDrES (26 years:IXETrES[

24 hours y 1 day
day 24 hours
1 day
day 24 hours

350 days 24 hours
EDD 9 2 years XEFD 7 [7] XETD_2 [ ]x

1 day

JxMAFi (0.244) =1 n] +

JxCAFi (D_?55)]+

]xMAFi (D.244j><3]+

24 hours
=ET t
year 25 day 24 hours
1 daw

<ET 24 hours )
E-16 day 24 hours

380 days]xET [24 hDurs}{
year 16-26 | day

SLwater-tee-inh = Screening level for carcinogenic resident tap water to indoor air for
trichloroethylene

CAFi = Cancer adjustment factor inhalation = 0.756 = EPA default

MAFi = Mutagenic adjustment factor oral = 0.244 = EPA default

Remaining inputs are the same as the standard equation for carcinogenic resident indoor air.

350 days
year

EDg. 15 (10 years)= EF: 15 [ JxMAFi [0.244)XS]+

1 day
24 hours

|
[EDz g (4 vears)<ER g [
|
|

EDy 5o (10 years)<EF; - 5 [ JxMAFi (U.244)x1]

A.7 SURFACE WATER INGESTION PATHWAY
A.7.a. User Defined (Recreator/Trespasser) Surface Water Ingestion

Non-Carcinogenic Recreator Surface Water Ingestion

Child
365 days ) ] 1000 pg )
o) THQ=AT, . C{ voar *EDrgeoc (yeals)JxBWIeC (15 kg)x[TgJ
SL_ _ . pg/L) = -
rec-water-nc-ing-c [ days ) 1 (0.05L events hours
Flrec- cl yeﬁrJ ED ¢ (Years)x o [ M) * IRWeae ¢ [‘ hour JxEvrec—c{ day “Elrec-c ( event
© kgfdj
Adult
_ (365 days , 1000 pg
THQ*AT g0 q[ vear EPrec-a (vears }xawm_a (s0 kg}x[—mg J
SL, - pg/L) = - =
rec-water-nc-ing-a ( ) [ days 0 (yomrs)= 1 i 0.05L ) eve“ts\xET l, hours |
rec-a| year rec-a | Years 2D [ ma ] rec-a | hour J rec-al  day J rec-a| evemJ
kg-d
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Note: Child and adult equations are the same. Inputs vary as noted below. The child
calculation yields the most conservative result and is therefore used in both the DEQ risk
calculator and the EPA calculator. However, inputs for both the child and adult equations are
provided for reference. Note that the exposure durations cancel out in this equation, so age
adjustment is not applicable.

SLrec-water-ne-ing-c = Screening level for non-carcinogenic recreator child surface water ingestion
SLrec-water-ne-ing-a = Screening level for non-carcinogenic recreator adult surface water ingestion
THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration recreator = 6 years child, 20 years adult = NC DEQ default

BW = Body weight = 15 kilograms child, 80 kilograms adult = EPA default

EF = Exposure frequency recreator = 195 days/year = NC DEQ default

RfD = Chronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See
chem-tox database

IRW = Ingestion rate surface water = 0.05 L/hr = EPA default

EV = Events Frequency = 1 event/day = EPA default

ET = Exposure Time = 2 hour/event = EPA default

Non-Carcinogenic Trespasser Surface Water Ingestion

Adolescent

(365 da . )
THQXAT o | 205 days *EDjgc a(vears }XBWFec—a (45 kg}x[MJ
. <l year = mg
SL, : pg/L) = , - - 7 7
|ec—water—nc—|ng-a[ ) . [, days | er (voars) 1 i 0.05 L \x avents | [r hours |
rec-a| year rec-a \Y&ars R " mg rec-a | hour J rec-a|  day J rec-a | evemJ
© ‘kgfd}

SLtec-water-ne-ing-a = Screening level for non-carcinogenic trespasser adolescent surface water
ingestion

THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration trespasser = 10 years adolescent = NC DEQ default

BW = Body weight = 45 kilograms adolescent = EPA default

EF = Exposure frequency trespasser = 90 days/year = NC DEQ default

RfD = Chronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See
chem-tox database

IRW = Ingestion rate surface water = 0.05 L/hr = EPA default

EV = Events Frequency = 1 event/day = EPA default

ET = Exposure Time = 2 hour/event = EPA default
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Carcinogenic Recreator/Trespasser Surface Water Ingestion

Standard Carcinogenic Equation for Recreator/Trespasser Surface Water Ingestion

TRxAT [ 38298¥S ) (79 years)]x[mco “g]
sL L) = rec|  year mg
rec-water-ca-ing (HglL) = A L
mg
IFW =
| kg-day } ) rec-ad][ kg ]
where:
( events , days hours ) (0.05L)
EVrecc day J % EDpgc.c (vears)* ERge ¢ year] rec-c[ evemJ"'RWrec-c[\ hour J .
L) BW,oc.c (15 kg)
IFWrec-adj| g | = 1 \ '
I kg events h ( days hours (0.05L
rec-a ED (years)x EF —= I X [
- day rec-a rec-a | year rec-a| event rec-a L hour
BW_____ (80 kg)

rec-a

SLrec-waterr-ca-ing = Screening level for carcinogenic recreator/trespasser surface water ingestion
TR = Target risk = 1E-06

AT = Averaging time = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

CSF = Oral Cancer Slope Factor = Contaminant specific in (mg/kg-day)' = EPA default = See
chem-tox database

IFWrec-adj = Age adjusted surface water ingestion rate = Calculated via secondary equation in
L/kg

EV = Events Frequency = 1 event/day = EPA default

ED = Exposure duration recreator = 6 years child and 20 years adult = EPA default

ED = Exposure duration trespasser = 10 years (adolescent) = EPA default

EF = Exposure frequency = 195 days/year for child and adult recreators = NC DEQ default
EF = Exposure frequency = 90 days/year for adolescent trespasser = NC DEQ defalut

ET = Exposure Time = 2 hour/event = EPA default

IRW = Ingestion rate surface water = 0.05 L/hr = EPA default

BW = Body weight = 15 kilograms child and 80 kilograms adult recreators = EPA default
BW = Body weight = 45 kilograms adolescent trespasser = EPA default
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Mutagenic Carcinogenic Equation for Recreator/Trespasser Surface Water Ingestion

(365 days
TR*AT, . [ b bl

rec-water-mu-ing (glL) = P -1 ‘L
[ mg [
SF, | —2— J <IFWM ' —]
0 [\kg-day rec-adj [\ kg

(1000 ug}
xLT (70 years } _—
royems) [0

SL

]x1

where:
] [ days | 0.05L ] (‘events ) ( hours
ED ears ) <EF, —— |[*IRW —_— % _— | x10
0-2 (vears)<EFy [\ yearJ 0'2[ hour 0'2[\ da J 0-2} event
BW,_, (15 kg)
days (0.05L " avents hours
EDze(years)xEer[ 26[ ] 26[ x ZG\SVSM] 3
. “5 kg
P Mrecag) :_9} i  days s 0 OS)L' events | (‘hours
EDg_g (vears)<EFg_ 15[ J"‘Rwsqs[m]"ws-m WJ"E s-ﬂskm]"?’
+
BW6_1G(80 kg)
\
- (0.05L events hours
ED;g.56 (vears)<EF g 25| J IRWyg. 26l hour J =V16-26 | "gay ] FTie- ze[evenl
BW, 5 g (80 k9)

For mutagenic compounds where chemical-specific data are not available to directly assess
carcinogenic risk during childhood versus adulthood, a default mutagenic equation is used. The
mutagenic equation adds an age-dependent adjustment factor (ADAF) to account for increased
childhood risk for mutagenic compounds. The adjustment factor is 10-fold for the 0 to 2-year
age range, three-fold for the 2 to 6-year age range, three-fold for the 6 to 16-year age range, and

there is no adjustment (i.e. one-fold) for the 16 to

26-year age range. The remaining portions of the equation are similar to the standard

carcinogenic equation.

SLrec-water-mu-ing = Screening level for carcinogenic recreator/trespasser surface water ingestion for

mutagenic compounds
IFWMrec- -adj =
Calculated via secondary equation in L/kg = EPA default

Recreator/trespasser mutagenic surface water ingestion rate — age-adjusted =

Remaining inputs are the same as the standard equation for carcinogenic surface water ingestion.
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Vinyl Chloride Carcinogenic Equation for Recreator/Trespasser Soil Ingestion

S

Lrec-water-ca-ve-ing (M)

where:

IFW,

L}
rec-adj| kg -

TR
mg | (LY mg )
SF <IFW = x| M9
°[kg-dayJ reC'adl[\Kg] [\1000 ugJ
( 365 days
AT —————xLT (70 years
rec|” year (T0y )}
( mg | ( hr 0.05L mg
csF 9| xeT__ | |xIRw '—x[—g]
©| kg-day rec-c| day '€€-C hour | 1000 pg
BWige ¢ (15 kg)
events days | hours | (0.05L
EVrec-c[ day } recc (vears)~ EFrec—c[ year Jx fec'c[eventJ’ rec-c[\ hour ]
BW . (15kg)
events days ( hours 0.05L
Evrec-a[ day ] . EDreC_a(years)x EFec-a vear }x re<:-a[\e\,.em}>< rec-a[ hour ]
BWioc.q (80K9)

Vinyl chloride is a mutagenic compound with sufficient chemical-specific data to directly
evaluate carcinogenic exposure through a mutagenic mode of action, in contrast to compounds
with insufficient chemical-specific data which are assessed using the default mutagenic equation.
Therefore, vinyl chloride has a unique set of equations for residential carcinogenic risk.

SLrec-water-ca-ve-ing = Screening level for carcinogenic recreator/trespasser surface water ingestion

for vinyl chloride

Remaining inputs are the same as the standard equation for carcinogenic resident surface water

ingestion.
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TCE Carcinogenic Equation for Recreational Surface Water Ingestion

TRAAT__| 73659‘?}’9 «LT(70 years)J [1000 “9]

mg
SLret:-wa‘cer—t(:e-ing (pg/ L) = 7 L . L
(kg day} x i CAF, (0804)IFW g [\EJJJ+lMAF° (o_zoz,]xwwmrec_adj[@”
where:
events days hours 005L
Evrec-c[ day ) *ED o (vears) EFrec—c{ year ]x ETrec-c(event JXIRWrec-c[ hour }
. . +
L) BW___ (15kg)
IFWrec-adj kg) ( events days hours (0.05L
EVrec-a[ day ] * EDpgc g (vears) E':rec-a[year}< ETrec-a(event ) rec—a[ hour ]
BWrec_a (80 kg’]
where:
. )< (days 0.05L fevents hours |
EDg o (vears) €y 5| (22 |RWU_2[ — ) Voo ] ETU'Z[event] 10+
BW,_, (15 kg)
days 0.05L events “hours
EDze(years)xEFzs[y ]xIszs[ = JxEvz_G[ T ]xETz_GLevemea
- BW., - (15 kg
IFWMrec'adj[é] ) days 2-6( 0.05 }L ‘events hours
ED, ears)=EF, x|RW, . xEV —— |xET x3
6-16 (vears) 616Lyear] 6-16[ T ] 6-16[ day ) 6- 16[9\,9”1]
BW6-18 (80 kg‘]
0.05L (‘events hours
ED16-26 (years)KEF"st[ ear] IRW16'26£_ hour ) E 1626[ day ] ET1628[eventJK1
BWg.06 (80 ko)

For TCE, EPA recommends that kidney risk be assessed using a mutagenic equation and that
liver and non-Hodgkin lymphoma (NHL) risk be assessed using the standard cancer equations.
EPA has developed adjustment factors that account for the different toxicity factors. The liver
and NHL risks are evaluated using the standard cancer equations and a cancer adjustment factor
(CAF). The kidney risk is evaluated using the mutagenic cancer equations and a mutagenic
adjustment factor (MAF).

SLrec-water-tee-ing = Screening Level for carcinogenic recreator/trespasser surface water ingestion for
TCE

IFWrec-adj = Recreator/trespasser mutagenic surface water ingestion rate — age-adjusted =
Calculated via secondary equation in L/kgt

CAF, = Cancer adjustment factor oral = 0.804 = EPA default

MAF, = Mutagenic adjustment factor oral = 0.202 = EPA default

Remaining inputs are the same as the standard equation for carcinogenic recreator/trespasser
surface water ingestion
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A.8 DERMAL CONTACT WITH SURAFCE WATER PATHWAY
A.8.a. User Defined (Recreator/Trespasser) Dermal Contact with Surface Water

Non-Carcinogenic Dermal Contact with Surface Water

Child
FOR INORGANICS:
Vs s 3 Y
ug 1000 cm
DAevent‘ 2 * L
_ | cm*- event

SLiec-water-nc-der-c (F9/L) = M cm | ( hours |
P ‘ hour ,-'XETeVem'reC'C | event |

FOR ORGANICS:

s \ "\
‘ ug \ | 1000 cm?
(hours| _ .+ B DAevent | cm’- event ,"X | L J|
IF ETevent-rec-c ‘ event | =t [‘hourl,then SLrec—water-nc-der(“gﬂ‘]’ r 0y = 0y
b / 6% ¢ hours | . | hours |
2% FA x K | cm |, event| event | event-rec-c | event |
P1 hour J \ x
or,
[ ug  ).[1000em? )
DA g x
(hours | _ » event | cm2- event ‘ L
IF ETeventrecc | event J >t (hour),then Sliec.waternc-der (nglL )= |"'h0urs Y ) N
FA X K (em | event-rec-c | eyent J o, | hours| | 1+ 38 + 3g? ||
| event 17 |
P hour ) 1+B | event | { (1+Bl2
where:
( 365 days | (1000 pg | ,
{ ug ) THQ X ATrec ¢ { Wx Drec.c (vears) X1 Tmg _;XBWrecfc (15kg)
DAevent : cm2 event | )
\ - )
1 (events | . ( days | ( 2
\ E rec-r,| da |XEDrec-c [\years] X EFrec—c; ear |XSArec-c I_'5365 cm® |
R, | — JXGIABS Loy \ year J ‘ /
| Ol kg-day
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Adult/Adolescent

FOR INORGANICS:

ug /1000 em®
DAevent 2 *
cm®- event L

SL

rec-water-nc-der-a [“g"LJ K [f cm | g hours
P\hour event-rec-c | gyent

FOR ORGANICS:

DA [ ug )x 1000 em’
IFET (h°”rSJ <t (hour) then SL (i) SveM\ om’ ovent L
e | —— | < our ),then ~ he- Mg/L) =
event-rec-a | event rec-water-nc-der 6« hours | eT hours
cm Tevent event event-rec-a| ayent
2% FA x K A
Pl hour ) \ .4

or,

3
oA { ug Hmoo em
event 2 L
hours . ) _ cm*©- event

IF ETeveni—rec—a [event} >t thour),then SI‘re-c—water—nc—der tpglL] - hours

ET ——
cm event-rec-a{ event} hours 1+3B+382
FAxK | — |x|——— 7' 4o x t N

P hour 1+B event| event (1+ B)2

where:

365 days 1000 pg
s THQ x ATrec-a[ Joar *EDrgc.a (years)]’{m—g %BW, oo, (80 kg)
DAeveni 2 =
cm®- event
1 events ( days 2
"o x EVrec-a[ day }x rac-q vears) EFrec:-a\ Jear ]xSAreC_a(weaz em J
RfDo[ JxGIABS
| kg-day

Note: Child and adult recreator, and the adolescent trespasser equations are the same. Inputs
vary as noted below. For the recreators, the child calculation yields the most conservative result
and is therefore used in both the DEQ risk calculator and the EPA calculator. Inputs for the child
and adult equations are provided for reference. Note that the exposure durations cancel out in
this equation, so age adjustment is not applicable.

SLrec-water-ne-der-c = Screening level for surface water, recreator, non-carcinogenic child, dermal
contact

SLrec-water-ne-der-a = Screening level, surface water, for non-carcinogenic adult recreator dermal
contact or adolescent trespasser

DAevent = Absorbed Dose per Event (ug-cm?/event)

Kp = Dermal Permeability Constant (cm/hr) = EPA default = See chem-tox database

ETevent = Exposure Time (hr/event) = EPA default

t* = Time to Reach Steady State (hr) = EPA default = See chem-tox database

FA = Fraction Absorbed in Water (unitless) = EPA default = See chem-tox database

Tevent = Lag Time (hr/d) = EPA default = See chem-tox database

B = Relative Contribution of Permaability Coefficient = EPA default = See chem-tox database
THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 20 years adult = EPA default

BW = Body weight = 15 kilograms child, 45 kilograms adolescent, and 80 kilograms adult =
EPA default
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RfD = Chronic oral reference dose = Contaminant specific in mg/kg-day = EPA default = See
chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract = Contaminant specific (unitless) =
EPA default = See chem-tox database

EV = Recreator events (events/day)

EF = Exposure frequency = 195 days/year for recreators, 90 days/year trespasser = NC DEQ
default

SA = Skin surface area = 6,365 cm?/day child and 19,652 cm?/day adult and trespasser = EPA
default

Carcinogenic Dermal Contact with Surface Water

Note: Child and adult recreator, and the adolescent trespasser equations are the same. Inputs
vary as noted. Additional equations are applicable for carcinogenic risk for mutagens, vinyl
chloride, and TCE. These equations are only applicable for the recreational/trespasser
carcinogenic dermal contact scenario. The standard equation is listed below, followed by the
alternative equations.

FOR INORGANICS:
ug ‘-x-' 1000 cm?
1=

1

DA |
sL (uall) = Ve - event) v )
rec-water-ca-der (ML) = ——= (hours |
P! hour | event-rec-adj{ event |
FOR ORGANICS:
r N 37
[ hours | . DAevent { cmz}‘ gvent -x‘ 100[10”1 -
IFET, i | =——1 =t (hour).then SL, (wgiL) = - — -
event-rec-adj | | / rec-wafter-ca-der ! = N -
Levent) ( Iﬁ * Tavent | hourst | * ETevent-rec-adj| hour?; |
2% FA < K | em |, | 'event | | ‘event |
Pl hour | § T
or,
f \ f 3 A
(hours’| _ .* Dp‘eve”t| cm;:vent H mUDLW ‘
IF ETavent-rec-adj | ovent ) =t (hour).then SL . sor oo deor (HOL) = ™S - -
[ em ETevent-rec-adj | event | (hours')_| 1+3B +382
FA*K_ | —|= ! L+2 %1 K
P\ hour 1+B event| event | | (1+ B2
where:
TR AT [ 309985770 years) |« 100010 |
oA ( ug _ | vyear I mg
event | 3 7 i
| em*-event | [ mg
csF [_M9_ 2
Olkgday | | DEW | events-cm
GIABS rec-adj| — kg
where:
f_ [‘events | ) (days | I 2y ]
i E\*rec—c;d—anyEDrec—c (years) x EFrec-c| ﬁ;"s"\rec—c ,_\6355cm |
) - \ ) | .
OFW { events-cm? | _ | BWge.c (19KD)
eeadlT R ) ey (S vears) xeF_ (935 )ea (1952 cm?)
' | Flreca | day | rec-a (Y&8E) rec-a| year | rec-a | 196° |
l_\ BW g (80 kg)
and:
i [‘hours | ] \ ["hours | I
er ( hours | | |._ETevent—rec—c | event I*EDrec—c (vears)+ EToyent reca | Bvent ]tEDrec—aWearS-' |
event-rec-adj | = 0 Y [ -
| | event | EDrec—c (years) EDrec-a | years)
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SLrec-water-ca-der = Screening level for carcinogenic recreator/trespasser surface water dermal
contact

DAevent = Absorbed Dose per Event (ug-cm?/event)

Kp = Dermal Permeability Constant (cm/hr) = EPA default = See chem-tox database

ETevent = Exposure Time (hr/event) = EPA default

t* = Time to Reach Steady State (hr) = EPA default = See chem-tox database

FA = Fraction Absorbed in Water (unitless) = EPA default = See chem-tox database

Tevent = Lag Time (hr/d) = EPA default = See chem-tox database

B = Relative Contribution of Permaability Coefficient = EPA default = See chem-tox database
TR = Target carcinogenic risk = 1E-6

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 6 years child, 10 years adolescent, 20 years adult = EPA default
BW = Body weight = 15 kilograms child, 45 kilograms adolescent, and 80 kilograms adult =
EPA default

GIABS = Fraction of contaminant absorbed in intestinal tract = Contaminant specific (unitless) =
EPA default = See chem-tox database

EV = Recreator events (events/day)

EF = Exposure frequency = 195 days/year for recreators, 90 days/year trespasser = NC DEQ
default

SA = Skin surface area = 6,365 cm?/day child, and 19,652 cm?/day adult and trespasser = EPA
default
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Mutagenic Carcinogenic Equation for User Defined (Recreator/Trespasser) Contact with Surface
Water

FOR INORGANICS:

-
ug 1DDG em?
DAeventl |
- _ -event ) |
Slracwater-mu-der (H8L) = e T :'hours".
=B} hour | event-rec-madj | event |
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r ug Y {1000 em® )
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| ey ; =
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Py hour =
or,
oA ug {1000 cm?® |
hours | = svent Il om?- event ) L
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L J
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-
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2| kg-day | x DEWM | events- em= |
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EVD = N |XEDD 2 (y=ars) x EFp_ 2 “" |Jl=aAD -,| 6365 cm2 ‘-’HD
¥
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s Y
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EVs gl =y | |¥EDg g (years) x EF;_ 5 | year | |xS45 5' 8385 om2 |Jl=3 |
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DEWM | events - em< | _
rec-=di| kg events \yen _(years) x EF, 1o | 925 |xsa_ (10652 cm? Peaf
: a15| B-16 ¥ 816 | year > 618
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- ; . - -
| events | r \ days 2
EVig.6 | “qay | *EP16-20 (¥23rs) * EFg g | e .|x;.A1&,,G ( 18652 cm :1
BW;5.0g (20 ko) il
)
'
and
( hou
ET@"’E"" -rec (0-2) | event | *EDg.z (vears)+ BTy ant rac (2-&) | ovent | EDp g (years)+
(hou wrs |
(hours™ _ | ETe\rent—rec.: B—‘IB)' event | | *EDg_1g (years)+ET, event-rec (18-28) |_m: *EDqg.28 |ye:rs]_
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EDp_» (years) + ED5 g (years) + EDg_qg (vears) + EDyg_ag (years)

SLrec-water-mu-der = Screening level for user defined (recreator/trespasser) surface water dermal
contact for mutagenic compounds

DFWDMrec-adj = Recreator/trespasser mutagenic water dermal contact factor — age-adjusted =
Calculated via secondary equation in events-cm?*/kg

Remaining inputs are the same as the standard equation for carcinogenic recreator surface water
dermal contact.
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Vinyl Chloride Mutagenic Carcinogenic Equation for User Defined (Recreator/Trespasser)
Dermal Contact with Surface Water

( [ 3
DA ug |t_ 1000 cm ‘

event| 3 L
hours i . L em=-event ) | |
IF ET, — <t (hours),then SL_, . urdar (ML) = -
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hour / 1|l ™
or,
ug 1 1000 cm
DA ——— | ——
. event 2 L |
[hours | _* ; | em*-event ] |
IF ET, racadi | =t (hours),then SL urder (HGIL) = = - -
event-rec-ad] | gyent | \ ! rec-water-ve-der | ! [er " hours | P .
Faxk [em ), | eventrecad|oent) . (hours | 1+ 38+ 382
D' hour ) | 1+B event|event ) | © 1 g2
| Lo )
where:
ug | _ TR
DAgyent | s R— | T . =y \ (r , 1) |
( CSFUE kgn-:jga\_.r | i sem? || || “Fol I-(grzigay [ "events | [
) events-cm L ) [ events ( 2
GIABS “DFWrecad)| — kg | GABs | FVrecc| Tgay | *SArgc.c | 8385 om” | |
| . | )
[ ) R )
[ 365 days (1000 ug 10[]0 ug
ATl |~ vear *LT (70 years) | mo ) BW o (15 ka) |>< |
| |
I'\ ff
where:
( (events | ( days ( 27
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BW o5 (80 kD)
and:
( "ET (hours) e (hours | ; .
e (hours| ||~ eventrecc| oyent ) recc! (years) | Eleventreca | event ) rec-a |_years_|J
event-rec-ad) | event | EDrapc | years. + EDrec o (vears)

DFW'ec-adj = Residential mutagenic water contact factor for carcinogenic resident dermal contact

for vinyl chloride
Remaining inputs are the same as the standard equation for carcinogenic recreator surface water
dermal contact.
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TCE Carcinogenic Equation for Resident Dermal Contact with Water

FOR ORGANICS:

- N fy 37
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DFW:rec-adj = Residential mutagenic water contact factor for carcinogenic resident dermal contact

for vinyl chloride

Remaining inputs are the same as the standard equation for carcinogenic resident water dermal

contact.
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A.9 VAPOR INTRUSION
A.9.a. Non-Residential Worker Indoor Air Vapor Inhalation
Non-Carcinogenic Non-Residential Worker Indoor Air Vapor Inhalation

J65 days

1000 pg
year

=ED,, (25 FearSDJX[ o

250 days g hr 1

EF, . | ——|=ED, . |25 ET,
e B
it

THQ XATW [

3Y_
SLw-air-nn:: [pgfm J_

SLw-airnc = Screening level for non-carcinogenic non-residential worker indoor air

THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 25 years = EPA default

EF = Exposure frequency = 250 days/year = EPA default

ET = Exposure time = 8 hours/day = EPA default

RfC = Chronic inhalation reference concentration = Contaminant specific in mg/m®= EPA
default = See chem-tox database

Carcinogenic Non-Residential Worker Indoor Air Vapor Inhalation

J65 days
year

-1
250 days g hr
EF | === |<ED (25 years)=ET =|lUR | HE
W[ year ] w (25 years) W[Edhr] [43]

SLw-airca= Screening level for carcinogenic non-residential worker indoor air
TR = Target carcinogenic risk = 1E-06

AT = Averaging time = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

EF = Exposure frequency = 250 days/year = EPA default

ED = Exposure duration = 25 years = EPA default

ET = Exposure time = 8 hours/day = EPA default

TR=AT, [ LT (70 years)]

3
SLw-air-ca [pg.u“m J_

IUR = Chronic inhalation unit risk = Contaminant specific in mg/m* = EPA default = See chem-

tox database
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A.9.b. Residential Indoor Air Vapor Inhalation

Non-Carcinogenic Residential Indoor Air Vapor Inhalation

THa=AT [F2293¥5 op (26 years) |= 1000 pg
r year r

my
L - [pgfm3J=
resair-ne
EF 350 days <ED (25 years]lXET 24 hours y 1 day g 1
Pl year r ra day 24 hours g
RiC
e

SLres-air-nc = Screening level for non-carcinogenic resident indoor air

THQ = Target hazard quotient = 0.2

AT = Averaging time = 365 days/year = EPA default

ED = Exposure duration = 26 years = EPA default

EF = Exposure frequency = 350 days/year = EPA default

ET = Exposure time = 24 hours/day = EPA default

RfC = Chronic inhalation reference concentration = Contaminant specific in mg/m> = EPA
default = See chem-tox database

Carcinogenic Residential Indoor Air Vapor Inhalation
Note that additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride,
and TCE. These equations are only applicable for the residential carcinogenic scenario. The

standard equation is listed below, followed by the alternative equations.

Standard Carcinogenic Equation for Resident Indoor Air Vapor Inhalation

365 days

TR=AT [
o year

LT (70 years)J

3
SLres-air-n::a [pgfm J_

-1
EF 350 days «ED (EE years)XET 24 hours (1 day <|UR | Mg
r year r ra day 24 hours rra

SLres-air-ca= Screening level for carcinogenic resident indoor air

TR = Target carcinogenic risk = 1E-06

AT = Averaging time = 365 days/year = EPA default

LT = Lifetime = 70 years = EPA default

EF = Exposure frequency = 350 days/year = EPA default

ED = Exposure duration = 26 years = EPA default

ET = Exposure time = 24 hours/day = EPA default

IUR = Chronic inhalation unit risk = Contaminant specific in mg/m* = EPA default
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Mutagenic Carcinogenic Equation for Resident Indoor Air Vapor Inhalation
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SLres-air-mu = Screening level for carcinogenic resident indoor air for mutagenic equations
Remaining inputs are the same as the standard equation for carcinogenic resident indoor air.

Vinyl Chloride Equation for Resident Indoor Air Vapor Inhalation

TR
[350 days] ED, (26 years) ET,, [24 hours]x[ 1 day J

day 24 hours
AT, [qu (70 years)]
year

32
SLres—air—ca—vinyl chloride [”g’rm ]_

o {2

SLres-air-ca-vinyl chloride = Screening level for carcinogenic resident indoor air for vinyl chloride
Remaining inputs are the same as the standard equation for carcinogenic resident indoor air.
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TCE Carcinogenic Equation for Resident Indoor Air Vapor Inhalation

TReAT, [ 22825, 7(70 years)|
{ 3] year ' J
SLFES-aiF—t{'.EE \ ug/m ) }
IUR p _lday |x
‘24 hours
: {350 350 days | 24 hours
EDresﬁ_EE-years]xEF | " year ‘ res| —a— KCAHD ?56]|
" 350 days | " 24 hours |
. EDD (2 years)=EFy_ 2| e ) <ET, 2| _— | <MAF, (0.244)x10 |
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IL_EDQ‘E" (4 l_.l.re;jars]xEFz_EES |\W | ET2 5 D ‘ MAFI:D 244 )=3 |
( N [ 350 days | ( 24 hours |
IEEDE_16|LI[] years )xEF; .o W|!ETE_16I—| MAF|L[1244]K3 +
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.IE_ED'IE—EG 1_IDyears]xEF1E_25[ij "5‘25[d—y *MAF. (0. 2443~|. |

SLres-air-ca-tce = Screening level for carcinogenic resident indoor air for TCE

CAFi = Cancer adjustment factor inhalation = 0.756 = EPA default

MAFi = Mutagenic adjustment factor oral = 0.244 = EPA default

Remaining inputs are the same as the standard equation for carcinogenic resident indoor air.

A.9.c. Soil Gas to Indoor Air Equations

The soil gas to indoor air equations calculate a screening level by applying an attenuation factor
to the indoor air concentration, as further described below. The attenuation factors are the based
on the factors specified in the DEQ Vapor Intrusion Guidance Document (DEQ, 2014).

Non-Residential Soil Gas to Indoor Air Equation
SGSLnr = IASLnr x l/AFsgnr

SGSLxr = Non-residential soil gas screening level (pug/m®)
IASLur = Non-residential indoor air screening level (pug/m?®)
AFsgnr = Non-residential soil gas to indoor air attenuation factor = 0.01

Note: The risk calculator takes the entered soil gas concentration, converts it to a predicted
indoor air concentration, then calculates risk based on the predicted indoor air concentration as
specified in Sections A.9.a. and A.9.b. above. This process entails modification of the above
equation as follows:

TIASLn = SGSLur x AFsgnr
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Residential Soil Gas to Indoor Air Equation
SGSL: =ITASL: x I/AFsgr

SGSL: = Residential soil gas screening level (ug/m?)
IASL: = Residential indoor air screening level (ug/m>)
AFsgr = Residential soil gas to indoor air attenuation factor = 0.03

Note: The risk calculator takes the entered soil gas concentration, converts it to a predicted
indoor air concentration, then calculates risk based on the predicted indoor air concentration as
specified in Sections A.9.a. and A.9.b. above. This process entails modification of the above
equation as follows:

IASL: = SGSL: x AFsgr

A.9.d. Groundwater to Indoor Air Equations

The groundwater to indoor air equations calculate a screening level by applying an attenuation
factor to the indoor air concentration, then converting the estimated soil gas concentration to a
groundwater concentration using Henry’s Law, as further described below.

Non-Residential Groundwater to Indoor Air Equation
GWSLnr = IASLnr X l/H’ x CF x l/AFgwnr

GWSLu: = Non-residential groundwater screening level (ug/L?)

IASLu = Non-residential indoor air screening level (ug/m?®)

H’ = Henry’s law constant = Chemical specific = See chem-tox database

CF = Conversion factor = 0.001 m*/L

AFgwnr = Non-residential groundwater to indoor air attenuation factor = 0.001

Note: The risk calculator takes the entered groundwater concentration, converts it to a predicted

indoor air concentration, then calculates risk based on the predicted indoor air concentration as
specified in Sections A.9.a. and A.9.b. above. This process entails modification of the above
equation as follows:

IASLwr = GWSLur x H” x 1/CF x AFgwnr

Residential Groundwater to Indoor Air Equation
GWSL: =IASL: x 1/H’ x CF x 1/AFgwr

GWSL: = Residential groundwater screening level (ug/L%)
IASL: = Residential indoor air screening level (ug/m>)
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H’ = Henry’s law constant = Chemical specific = See chem-tox database
CF = Conversion factor = 0.001 m*/L
AFgwr = Residential groundwater to indoor air attenuation factor = 0.001

Note: The risk calculator takes the entered groundwater concentration, converts it to a predicted
indoor air concentration, then calculates risk based on the predicted indoor air concentration as
specified in Sections A.9.a. and A.9.b. above. This process entails modification of the above

equation as follows:

IASL: = GWSL:x H’ x 1/CF x AFgwr
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B

Contaminant Migration Equations

Transport Model to Calculate the Protection of Groundwater Remediation Goals

6, +6,H")
Csoit = ng ks + % df
b
Parameters Default Values Units
S(?ﬂ Calculated Source Concentration for soil not applicable ||mg/kg - soil
Cow Applicable Groundwater Target Concentration (NC chemical- mg/L -
& GW Std) specific water
df Dilution factor 20(0.5 acre unitless
source size)2
Ks Soil-water partition coefficient for organic constituents chemical- L/k
ks = koc x foc (for inorganic constituents ks = kd) specific &
koc Soil organic carbon-water partition coefficient chem} cal- L/kg
specific
Foc || Fraction of organic carbon in subsurface vadose soils 0.002 (0.2%) kg/kg
. o . . . chemical-specific
Kd Soil-water partition coefficient for inorganics i L/kg
(pH=5.5)
Ow Water-filled soil porosity-vadose soils 0.3 Lwater/Lsoil
Oa Air-filled soil porosity-vadose soils 0.13 Lair/Lsoil
Pb Dry bulk density 1.5 kg/L
Henry's Law constant-dimensionless where: H' = .
' : . chemical- .
H Henry's Law constant (atm- m3/mole) x conversion . unitless
specific
factor of 41

1. From the USEPA 1996 Soil Screening Guidance

2. Default value from the USEPA 1996 Soil Screening Guidance
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B.1.a. Soil Leaching to Groundwater

Soil leaching to groundwater calculations are based on the methodology presented in the EPA
Soil Screening Guidance (EPA, 1996) and EPA Supplemental Guidance for Developing Soil
Screening Levels for Superfund Sites (EPA, 2002). As discussed in Section 4.5.1, the risk
calculator calculates soil leaching to groundwater via two equations, (1) unlimited source model
for chronic exposure and (2) mass limit model for chronic exposure. The risk calculator then
selects the equation that provides the higher soil screening level (i.e. lower groundwater
screening level) for subsequent modeling calculations.

Unlimited Source Equation
Primary Equation

0,40, H'
4 Ow+baH)

Cs = Cy [Ks 0

ldf

The equation rearranged to calculate the groundwater concentration based on entry of the soil
concentration is as follows:

Cs

o e

Cy =

Cs = Soil concentration (mg/kg)

Cw = Groundwater concentration (mg/L)

pb = Dry soil bulk density (kg/L) = Site-specific or default = Default 1.5 kg/L

Ks = Soil-water partition coefficient (L/kg) = Koc x foc (Note this equation is valid for
organics only. The risk calculator is not currently set up to correctly run inorganics for this
pathway.)

Koc = Soil organic carbon/water partition coefficient (L/kg) = Chemical specific = Defined in
chem-tox database

foc = Fraction organic carbon in soil (g/g) = Site-specific or default = Default is 0.002

Ow = Water-filled soil porosity (Lwater/Lsoil) = Site-specific or default = Default is 0.3

0a = Air-filled soil porosity (Lair/Lsoi1) = Site-specific or default = Default is 0.13

H’ = Henry’s law constant (dimensionless) = Chemical specific = Defined in chem-tox
database

df = Dilution factor = See secondary equation below

Secondary Equation #1 — Dilution Factor

Kid
d f - 1 + T
df = Dilution factor
K = Aquifer hydraulic conductivity (m/yr) = Site-specific or default = Default is 2,519 m/y

(690 cm/d)
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1 = Hydraulic gradient (m/m) = Site-specific or default = Default is 0.01

d = Mixing zone depth (m) = See supplemental equation below, calculated default is 0.66 m
I = Infiltration rate (m/yr) = Site-specific or default = Default is 66 cm/yr (26 in/yr)

L = Length of source area parallel to groundwater flow (m) = Site-specific or default =
Default is 5 m (500 cm)

Secondary Equation #2 — Mixing Zone Depth

d = (0.0112L2)%> d {1 —exp [

(=LI)
(K ida)]

d = Mixing zone depth (m), calculated default is 0.66 m

L = Length of source area parallel to groundwater flow (m) = Site-specific or default =
Default is 5 m (500 cm)

I = Infiltration rate (m/yr) = Site-specific or default = Default is 0.66 m/yr (26 in/yr)

K = Aquifer hydraulic conductivity (m/yr) = Site-specific or default = Default is is 2,519 m/y
(690 cm/d)

1 = Hydraulic gradient (m/m) = Site-specific or default = Default is 0.01

da = Aquifer thickness = Site-specific or default = Default is 15 m (49.2 feet)

Mass-Limit Equation

o _ CHWOED)

(Pb) (ds)

The equation rearranged to calculate the groundwater concentration based on entry of the soil
concentration is as follows:

w —

_ (C9)(pb)(dy)
(D(ED)

Cs = Soil concentration (mg/kg)

Cw = Groundwater concentration (mg/L)

pb = Dry soil bulk density (kg/L) = Site-specific or default = Default is 1.5 kg/L

ds = Depth to base of soil source area (cm) = Site-specific or default = Default is 1,244 cm
I = Infiltration rate (m/yr) = Site-specific or default = Default is 0.66 m/yr (26 in/yr)

ED = Exposure duration (yr) = EPA default = 70 years

B.1.b. Groundwater Migration to POE

Groundwater migration to POE calculations are based on the methodology presented in
Domenico and Robbins (1985) and Domenico (1987). Chemical degradation may be

inc

orporated into the equation, but the risk calculator conservatively assumes no chemical

degradation.

74



Crop = Cy {erf (4\;::?)} {erf (2\/5%))}

Croe = Groundwater concentration (mg/L) along the plume centerline at the point of
exposure (POE)
Csi = Source groundwater concentration (mg/L)
x = Distance to POE (cm)
Sw = Groundwater source width (cm) = Site-specific or default = Default is 4,500 cm (150
feet)
S4 = Groundwater source thickness (cm) = Site-specific or default = Default is 200 cm (6.5
feet)
ax = Longitudinal Dispersivity (cm) = See equation below
ay = Transverse Dispersivity (cm) = See equation below
az = Vertical Dispersivity (cm) = See equation below
ox=0.1*x

oy = 0.33% ox
0z= 0.05% ax
Note: The dispersion equations listed above are based on the methodology employed in
ASTM E-1739 (2002).

B.1.c. Surface Water Dilution

The surface water calculations apply an additional dilution factor to determine the surface water
concentration based on the groundwater concentration at the surface water body.

DFgwsw = |1 +——2% |1
Kl‘ssWWgwsw

DFgwsw = Dilution Factor for groundwater to surface water

Qsw = Surface water flow rate (cm?/s) = No default established by EPA, DEQ default is 0
cm’/s

K = Aquifer hydraulic conductivity (m/yr) = No default established by EPA, DEQ default is
2,519 m/y (690 cm/d)

1 = Hydraulic gradient (m/m) = No default established by EPA, DEQ default is 0.01

dsw = Thickness of groundwater plume at surface water interface (cm) = No default
established by EPA, DEQ default is 200 cm

Wewsw = Width of groundwater plume at surface water interface (cm) = No default established
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C Construction Worker Particulate Emission Factor (PEF) Calculations

The particulate emission factor (PEF) calculations for residential and non-residential land-use
scenarios model generation of particulates due to wind erosion. However, these PEF values may
not be sufficiently conservative for a construction worker scenario due to the increased potential
for particulates generated from heavy vehicle traffic, grading, dozing, tilling, and excavation
during construction activities. The EPA Supplemental Guidance for Developing Soil Screening
Levels for Superfund Sites (EPA, 2002) provides a detailed method for calculating PEF for the
two construction worker scenarios, (1) standard vehicle traffic, and (2) Other than standard vehicle
traffic (grading, dozing, tilling, and excavation). However, default values are not provided for
many of the input parameters, and these parameters are difficult to estimate due to the wide variety
of different potential construction scenarios. Therefore, the PEF value for a construction worker
was evaluated using two methods as detailed further below.

First, the EPA on-line risk calculator was run using EPA defaults, where available, or conservative
estimated inputs where EPA defaults are not available. A summary of the values and justification
for each value is shown in the attached table. The risk calculator input and output sheets are also
attached. The results of the EPA risk calculator indicated the following PEF values:

e Construction Worker PEF for standard vehicle traffic — 1.06E+06 m?/kg
e Construction worker PEF for other than standard vehicle traffic (grading, dozing, tilling,
and excavation) — 1.96E+07 m’/kg

As a further check of the estimated PEF, a calculation was performed based on the EPA’s National
Ambient Air Quality Standard (NAAQS) established under 40 CFR Part 50 for particle pollution.
Particles typical of soil generated during construction are classified as PM10 (coarse dust particles
between 2.5 and 10 micrometers in diameter). The NAAQS for PM10 is 150 micrograms per
cubic meter (ug/m3). The PEF is the inverse of the standard adjusted for unit conversions:

e PEF = 1/NAAQS (150 ng/m*) = 6.7E-03 m*/ pg x 1E+09 ug/kg = 6.7E+06 m’/kg

The calculated PEF values range from a low of 1.06E+06 m*/kg to a high of 1.96E+07 m’/kg. A
lower PEF value yields lower standards/higher risk. Therefore, the lowest estimated value of
1.06E+06 m?/kg is the default selected by the DEQ. It should be noted that if this PEF generates
unacceptable risk levels, remediation is not necessarily required. A Tier 3 could be performed to
further evaluate the site-specific PEF, or measures to minimize construction worker contact with
impacted soil could be incorporated into land-use controls for the site.
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D List of Parameters
Receptor Parameter Name Default Location for Data Justification for Default
Value Entry in Calculator Value
Resident AT resc Resident Child Non- 2,190 AT multiplication EPA RSL default'.
Carcinogenic Averaging factors are in the Equivalent to ED x 365
Time (d) Supplemental diyr.
Equations tab,
calculations within
individual calculator
tabs.
Resident AFesa Resident Adult Soil 0.07 Exposure Factors EPA RSL default'.
Adherence Factor (kg) Target Risk tab.
Resident AFesc Resident Child Soil 0.2 Exposure Factors EPA RSL default'.
Adherence Factor Target Risk tab.
(mg/cm?)
Resident ATres Resident Age Adjusted 25,550 Exposure Factors EPA RSL default'.
Carcinogenic Averaging Target Risk tab. Equivalent to ED x 365
Time (d) diyr.
Resident AT resa Resident Adult Non- 9,490 Exposure Factors EPA RSL default!.
Carcinogenic Averaging Target Risk tab. Equivalent to ED x 365
Time (d) diyr.
Resident BWiresa Resident Adult Body 80 Exposure Factors EPA RSL default'.
Weight (kg) Target Risk tab.
Resident BWiresc Resident Child Body 15 Exposure Factors EPA RSL default'.
Weight (kg) Target Risk tab.
Resident EDres Resident Exposure 26 Exposure Factors EPA RSL default.
Duration (yr) Target Risk tab.
Resident EDresa Resident Adult Exposure 20 Exposure Factors EPA RSL default!.
Duration (yr) Target Risk tab.
Resident EDresc Resident Child Exposure 6 Exposure Factors EPA RSL default'.
Duration (yr) Target Risk tab.
Resident EFres Resident Exposure 350 Exposure Factors EPA RSL default'.
Frequency (d/yr) Target Risk tab.
Resident EFresa Resident Adult Exposure 350 Exposure Factors EPA RSL default!.
Frequency (d/yr) Target Risk tab.
Resident EFresc Resident Child Exposure 350 Exposure Factors EPA RSL default!.
Frequency (d/yr) Target Risk tab.
Resident ETeventresa Resident Adult Water 0.71 Exposure Factors EPA RSL default’. (Note
Exposure Time (hr/event) Target Risk tab. showering scenario
assumed.)
Resident ETeventresc Resident Child Water 0.54 Exposure Factors EPA RSL default’. (Note
Exposure Time (hr/event) Target Risk tab. showering scenario
assumed.)
Resident ETres Resident Exposure Time 24 Exposure Factors EPA RSL default!.
(hr/d) Target Risk tab.
Resident ETresa Resident Adult Exposure 24 Exposure Factors EPA RSL default'.
Time (hr/d) Target Risk tab.
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Receptor

Parameter

Name

Default

Location for Data

Justification for Default

Value Entry in Calculator | Value

Resident ETresc Resident Child Exposure 24 Exposure Factors EPA RSL default'.
Time (hr/d) Target Risk tab.

Resident EViesa Resident Adult Event 1 Exposure Factors EPA RSL default'.
Frequency (events/day) Target Risk tab.

Resident EVresc Resident Child Event 1 Exposure Factors EPA RSL default'.
Frequency (events/day) Target Risk tab.

Resident IRSresa Resident Adult Ingestion 100 Exposure Factors EPA RSL default'.
Rate of Soil (mg/d) Target Risk tab.

Resident IRSresc Resident Child Ingestion 200 Exposure Factors EPA RSL default'.
Rate of Soil (mg/d) Target Risk tab.

Resident IRWresa Resident Adult Ingestion 2.5 Exposure Factors EPA RSL default'.
Rate of Water (L/d) Target Risk tab.

Resident IRWiresc Resident Child Ingestion 0.78 Exposure Factors EPA RSL default!.
Rate of Water (L/d) Target Risk tab.

Resident SAresas Resident Adult Skin 6,032 Exposure Factors EPA RSL default!.
Surface Area Soil (km?) Target Risk tab.

Resident SAresaw Resident Adult Skin 19,652 Exposure Factors EPA RSL default!.
Surface Area Water (cm?) Target Risk tab.

Resident SArescs Resident Child Skin 2,373 Exposure Factors EPA RSL default!.
Surface Area Sail (cm?) Target Risk tab.

Resident SArescw Resident Child Skin 6,365 Exposure Factors EPA RSL default!.
Surface Area Water (cm?) Target Risk tab.

Resident Olrgw Residential Groundwater 0.001 Individual calculator | NCDEQ default.
to Indoor Air Attenuation tabs.
Factor

Resident Orsg Residential Soil Gas to 0.03 Individual calculator | NCDEQ default.
Indoor Air Attenuation tabs.
Factor

Resident ETeventresad Resident Age Adjusted 0.67 Supporting EPA RSL default!. (Note
Exposure Time (hr/event) Equations tab. showering scenario

assumed.)

Non- ETeventw Non-Residential Worker 0.67 Exposure Factors EPA RSL default’. (Note

Residential Water Exposure Time Target Risk tab. showering scenario

Worker (hr/event) assumed.)

Non- EVw Non-Residential Worker 1 Exposure Factors No EPA default. Default

Residential Event Frequency Target Risk tab. assumes same as

Worker (events/day) residential adult.

Non- AF,, Non-Residential Worker 0.12 Exposure Factors EPA RSL default'.

Residential Soil Adherence Factor Target Risk tab.

Worker (mg/cm?)

Non- ATy Non-Residential Worker 25,550 Exposure Factors EPA RSL default!.

Residential Carcinogenic Averaging Target Risk tab. Equivalent to ED x 365

Worker Time (d) diyr.

Non- ATwa Non-Residential Worker 9,125 Exposure Factors EPA RSL default!.

Residential Non-Carcinogenic Target Risk tab. Equivalent to ED x 365

Worker Averaging Time (d) diyr.
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Receptor

Parameter

Name

Default

Location for Data

Justification for Default

Value Entry in Calculator | Value
Non- BW, Non-Residential Worker 80 Exposure Factors EPA RSL default!.
Residential Body Weight (kg) Target Risk tab.
Worker
Non- EDy Non-Residential Worker 25 Exposure Factors EPA RSL default!.
Residential Exposure Duration (yr) Target Risk tab.
Worker
Non- EFw Non-Residential Worker 250 Exposure Factors EPA RSL default!.
Residential Exposure Frequency Target Risk tab.
Worker (diyr)
Non- ETw Non-Residential Worker 8 Exposure Factors EPA RSL default!.
Residential Exposure Time (hr/d) Target Risk tab.
Worker
Non- IRw Non-Residential Worker 100 Exposure Factors EPA RSL default'.
Residential Ingestion Rate of Soil Target Risk tab.
Worker (mg/d)
Non- IRW,, Non-Residential Worker 0.83 Exposure Factors No EPA default. Default is
Residential Ingestion Rate of Water Target Risk tab. based on 2.5 L/d (EPA
Worker (L/d) default for a resident) x 8
hr/24 hr (worker exposure
per day) = 0.83 L/d.
Non- SAus Non-Residential Worker 3,527 Exposure Factors EPA RSL default!.
Residential Skin Surface Area Soil Target Risk tab.
Worker (cm?)
Non- SAww Non-Residential Worker 19,652 Exposure Factors EPA RSL default!.
Residential Skin Surface Area Water Target Risk tab.
Worker (cm?)
Non- Clwgw Non-residential 0.001 Individual calculator | NCDEQ default.
Residential Groundwater to Indoor Air tabs.
Worker Attenuation Factor
Non- Owsg Non-residential Soil Gas 0.01 Individual calculator | NCDEQ default.
Residential to Indoor Air Attenuation tabs.
Worker Factor
Construction | AFgy, Construction Worker Soil 0.3 Exposure Factors EPA RSL default!.
Worker Adherence Factor Target Risk tab.
(mglcm?)
Construction | ATew Construction Worker 25,550 Exposure Factors EPA RSL default!.
Worker Carcinogenic Averaging Target Risk tab. Equivalent to ED x 365
Time (d) diyr.
Construction | ATcwa Construction Worker Non- 350 Exposure Factors EPA RSL default'.
Worker Carcinogenic Averaging Target Risk tab. Equivalent to ED x 365
Time (d) diyr.
Construction | BWey Construction Worker Body 80 Exposure Factors EPA RSL default'.
Worker Weight (kg) Target Risk tab.
Construction | EDcw Construction Worker 1 Exposure Factors EPA RSL default!.
Worker Exposure Duration (yr) Target Risk tab.
Construction | EFey Construction Worker 250 Exposure Factors EPA RSL default!.
Worker Exposure Frequency Target Risk tab.

(diyr)
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Receptor

Parameter

Name

Default

Location for Data

Justification for Default

Value Entry in Calculator | Value
Construction | ETew Construction Worker 8 Exposure Factors EPA RSL default'.
Worker Exposure Time (hr/d) Target Risk tab.
Construction | EWey Construction Worker 50 Exposure Factors EPA RSL default'.
Worker Weeks Worked (weeks) Target Risk tab.
Construction | IRe Construction Worker 330 Exposure Factors EPA RSL default'.
Worker Ingestion Rate of Soil Target Risk tab.
(mg/d)
Construction | SAcws Construction Worker Skin 3,527 Exposure Factors EPA RSL default!.
Worker Surface Area Sail (cm?) Target Risk tab.
Recreator EVieca Recreator Adult Event 1 Exposure Factors No EPA default. Default
Frequency (events/day) Target Risk Tab based on Virginia
Guidance?.
Recreator EVrec Recreator Child Event 1 Exposure Factors No EPA default. Default
Frequency (events/day) Target Risk Tab based on Virginia
Guidance?.
Recreator AFreca Recreator Adult Soil 0.07 Exposure Factors No EPA default. Assume
Adherence Factor Target Risk tab. same as resident.
(mg/cm?)
Recreator AFrecc Recreator Child Soil 0.2 Exposure Factors No EPA default. Assume
Adherence Factor Target Risk tab. same as resident.
(mg/cm?)
Recreator ATrec Recreator Carcinogenic 25,550 Exposure Factors EPA RSL default'.
Averaging Time (d) Target Risk tab. Equivalent to ED x 365
diyr.
Recreator ATreca Recreator Adult Non- 9,490 Exposure Factors EPA RSL default!.
Carcinogenic Averaging Target Risk tab. Equivalent to ED x 365
Time (d) diyr.
Recreator ATrecc Recreator Child Non- 2,190 Exposure Factors EPA RSL default!.
Carcinogenic Averaging Target Risk tab. Equivalent to ED x 365
Time (d) diyr.
Recreator BWireca Recreator Adult Body 80 Exposure Factors EPA RSL default!.
Weight (kg) Target Risk tab.
Recreator BWirecc Recreator Child Body 15 Exposure Factors EPA RSL default!.
Weight (kg) Target Risk tab.
Recreator EDrec Recreator Adult Exposure 26 Exposure Factors No EPA default. Assume
Duration (yr) Target Risk tab. same as resident.
Recreator EDreca Recreator Adult Exposure 20 Exposure Factors No EPA default. Assume
Duration (yr) Target Risk tab. same as resident.
Recreator EDrecc Recreator Child Exposure 6 Exposure Factors No EPA default. Assume
Duration (yr) Target Risk tab. same as resident.
Recreator EFrec Recreator Exposure 195 Exposure Factors No EPA RSL default.
Frequency (d/yr) Target Risk tab. Default is based on Virginia
guidance?, assumes 5
d/week, 9 months/yr.
Recreator EFreca Recreator Adult Exposure 195 Exposure Factors No EPA RSL default.

Frequency (d/yr)

Target Risk tab.

Default is based on Virginia
guidance?, assumes 5
d/week, 9 months/yr.
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Receptor

Parameter

Name

Default

Location for Data

Justification for Default

Value Entry in Calculator | Value
Recreator EFrecc Recreator Child Exposure 195 Exposure Factors No EPA RSL default.
Frequency (d/yr) Target Risk tab. Default is based on Virginia
guidance?, assumes 5
d/week, 9 months/yr.
Recreator ETeventreca Recreator Adult Water 2 Exposure Factors No EPA default. Default
Exposure Time (hr/event) Target Risk tab. based on Virginia
Guidance?®. (Note
swimming scenario
assumed.)
Recreator ETeventrecadj Recreator Age Adjusted 2 Exposure Factors No EPA default. Default
Water Exposure Time Target Risk tab. based on Virginia
(hr/event) Guidance®. (Note
swimming scenario
assumed.)
Recreator ETeventrecc Recreator Child Water 2 Exposure Factors No EPA default. Default
Exposure Time (hr/event) Target Risk tab. based on Virginia
Guidance?®. (Note
swimming scenario
assumed.)
Recreator ETrec Recreator Adult Exposure 2 Exposure Factors No EPA RSL default.
Time (hr/d) Target Risk tab. Default is based on Virginia
guidance?®.
Recreator ETreca Recreator Adult Exposure 2 Exposure Factors No EPA RSL default.
Time (hr/d) Target Risk tab. Default is based on Virginia
guidance?.
Recreator ETrecc Recreator Child Exposure 2 Exposure Factors No EPA RSL default.
Time (hr/d) Target Risk tab. Default is based on Virginia
guidance?.
Recreator IRSreca Recreator Adult Ingestion 100 Exposure Factors EPA RSL default'.
Rate of Soil (mg/d) Target Risk tab.
Recreator IRSrecc Recreator Child Ingestion 200 Exposure Factors EPA RSL default'.
Rate of Soil (mg/d) Target Risk tab.
Recreator IRWiec Adult Recreator Ingestion 0.071 Exposure Factors EPA RSL default!.
Rate of Water (L/d) Target Risk tab.
Recreator SArecas Recreator Adult Skin 6,032 Exposure Factors No EPA default. Default
Surface Area Soil (cm?) Target Risk tab. assumes same as resident.
Recreator SAreccs Recreator Child Skin 2,373 Exposure Factors No EPA default. Default
Surface Area Soail (cm?) Target Risk tab. assumes same as resident.
Trespasser EVret Trespasser Event 1 Exposure Factors No EPA RSL default.
Frequency (events/day) Target Risk Tab Default based on EPA
Region 4 guidance?.
Trespasser AF Trespasser Skin Soil 0.2 Exposure Factors No EPA default. Assume

Adherence Factor
(mg/cm?)

Target Risk tab.

same as resident child.
(Note child value is more
conservative than adult
value.)

81




Receptor

Parameter

Name

Default

Location for Data

Justification for Default

Value Entry in Calculator | Value
Trespasser AT; Trespasser Carcinogenic 25,550 Exposure Factors EPA RSL default!.
Averaging Time (d) Target Risk tab. Equivalent to ED x 365
diyr.
Trespasser ATe Trespasser Non- 3,650 Exposure Factors EPA RSL default!.
Carcinogenic Averaging Target Risk tab. Equivalent to ED x 365
Time (d) diyr.
Trespasser BW; Trespasser Body Weight 45 Exposure Factors No EPA RSL default.
(kg) Target Risk tab. Default based on EPA
Region 4 guidance?.
Assumes 7-16 year old age
range.
Trespasser ED: Trespasser Exposure 10 Exposure Factors No EPA RSL default.
Duration (yr) Target Risk tab. Default is based on EPA
Region 4 guidance?.
Assumes 7-16 year old age
range.
Trespasser EF; Trespasser Exposure 90 Exposure Factors No EPA RSL default. For
Frequency (d/yr) Target Risk tab. swimming, EPA Region 4
guidance? assumes 45
days/year in southeast or
90 days per year coastal or
backyard swimming pool
areas. A value of 90
days/year is default based
on this guidance.
Trespasser ETeventt Trespasser Water 2 Exposure Factors No EPA default. Default
Exposure Time (hr/event) Target Risk tab. based on Virginia
Guidance?. (Note
swimming scenario
assumed.)
Trespasser ET: Trespasser Exposure 2 Exposure Factors No EPA RSL default.
Time (hr/d) Target Risk tab. Default is based on Virginia
guidance?.
Trespasser IR Trespasser Ingestion Rate 200 Exposure Factors No EPA default. Default
of Soil (mg/d) Target Risk tab. assumes same as resident
child. (Note child value is
more conservative than
adult value.)
Trespasser IRW, Child Trespasser 0.12 Exposure Factors EPA RSL default'.
Ingestion Rate of Water Target Risk tab.
(L/d)
Trespasser SAss Trespasser Skin Surface 6,032 Exposure Factors No EPA default. Default
Area Soil (cm?) Target Risk tab. assumes same as resident
adult. (Note child value is
more conservative than
adult value.)
Trespasser SAw Trespasser Skin Surface 19,652 Exposure Factors No EPA default. Same as

Area Water (cm?)

Target Risk tab.

above
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Receptor

Parameter

Name

Default

Location for Data

Justification for Default

Value Entry in Calculator | Value
NA CSF, Oral Cancer Slope Factor chemical | Chemical Database | EPA RSL default!.
(mg/kg-d)-1 specific | tab.
NA RfDo Oral Reference Dose chemical | Chemical Database | EPA RSL default'.
(mg/kg-d) specific | tab.
NA IUR Inhalation Unit Risk chemical | Chemical Database | EPA RSL default'.
(ug/md)-1 specific | tab.
NA RfC Reference Concentration chemical | Chemical Database | EPA RSL default'.
(mg/m?) specific | tab.
NA ABSd Dermal Absorption chemical | Chemical Database | EPA RSL default'.
Fraction (unitless) specific | tab.
NA B Relative Contribution of chemical | Chemical Database | EPA RSL default'.
Permeability Coefficient specific | tab.
NA Dia Diffusivity in Air (cm?/s) chemical | Chemical Database | EPA RSL default'.
specific | tab.
NA Diw Diffusivity in Water (cm?s) | chemical | Chemical Database | EPA RSL default'.
specific | tab.
NA FA Fraction Absorbed in chemical | Chemical Database | EPA RSL default'.
Water (unitless) specific | tab.
NA GIABS Fraction of Contaminant chemical | Chemical Database | EPA RSL default'.
Absorbed in Intestinal specific | tab.
Tract (unitless)
NA H' Henry's Constant chemical | Chemical Database | EPA RSL default'.
(unitless) specific | tab.
NA Kq or Ks Soil-Water Partition Kqis for | Chemical Database | EPA RSL default'.
Coefficient (L/kg) inorganics, | tab.
Ks is for
organics
and
calculated
as Koc X foc
NA Koc Soil Organic Carbon- chemical | Chemical Database | EPA RSL default'.
Water Partition Coefficient specific | tab.
NA Kp Dermal Permeability chemical | Chemical Database | EPA RSL default'.
Constant (cm/hr) specific | tab.
NA RBA Relative Bioavailability chemical | Chemical Database | EPA RSL default'.
Factor (unitless) specific | tab.
NA t* Time to Reach Steady chemical | Chemical Database | EPA RSL default'.
State (hr) specific | tab.
NA Tevent Lag Time (hr/d) chemical | Chemical Database | EPA RSL default'.
specific | tab.
NA THQ Target Hazard Quotient 0.2 Exposure Factors NC regulatory program
(unitless) individual, | Target Risk tab. default.
1
cumulative
NA TR Target Carcinogenic Risk 1E-06 Exposure Factors NC regulatory program
(unitless) individual, | Target Risk tab. default.
1E-04
cumulative
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Receptor

Parameter

Name

Default

Location for Data

Justification for Default

Value Entry in Calculator | Value
NA EDmi Exposure Duration for Soil 70 Individual calculator | EPA RSL default!.
Leaching to Groundwater tabs.
Mass Limit Equation (yrs)
NA K Andelman Volatilization 0.5 Individual calculator | EPA RSL default'.
Factor (L/m3) tabs.
NA POEg Distance to Protection of 0 Parameters tab. NCDEQ default.
Surface Water POE (ft)
NA POEsw Distance to Protection of 0 Parameters tab. NCDEQ default.
Groundwater Use POE (ft)
NA da Aquifer Thickness (m) no Parameters tab. NCDEQ default. Equivalent
default/site to 50 ft. (No EPA or ASTM
specific defaults established).
NA ds Depth to Base of Sail 12.44 Parameters tab. EPA RSL default'.
Source Area (m)
NA foc Fraction Organic Carbon | 0.006/0.002 | Parameters tab. EPA RSL default'. The two
(unitless) values shown reflect the
defaults for (1) VF & PEF
equations / (2) Soil to
Groundwater equations.
NA Hydraulic Gradient (ft/ft) no default/ | Parameters tab. No EPA default
site specific established. Default based
on ASTM E2081-004.

NA Infiltration Rate (m/yr) 0.66 Parameters tab. DSCA Program previously
established default
infiltration for different
geographic regions: 30% of
precipitation in Mountain
Zone, 25% of precipitation
in Piedmont Zone, and
45% of precipitation in
Coastal Plain Zone (DSCA,
2013). The default is based
on the most conservative
geographic zone (Coastal
Zone) and typical rainfall in
that region.

NA K Aquifer Hydraulic no Parameters tab. No EPA default

Conductivity (m/yr) default/site established. Default based
specific on ASTM E2081-004.
NA L Length of Soil Source no Parameters tab. NCDEQ default. Equivalent
Area Parallel to default/site to 16 ft. (No EPA or ASTM
Groundwater Flow (m) specific defaults established).

NA LT Lifetime (years) 70 Parameters tab. EPA RSL default'.

NA n Total Soil Porosity 043 Parameters tab. EPA RSL default'.

(unitless)
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Receptor

Parameter

Name

Default

Location for Data

Justification for Default

Value Entry in Calculator | Value
NA Qsw Surface Water Flow Rate 0 Parameters tab. NCDEQ default,
(cm?3/s) conservatively assumes no
surface water flow.
NA Sq Groundwater Source no Parameters tab. No EPA default
Thickness (cm) default/site established. Default based
specific on ASTM E2081-004.
NA Sw Groundwater Source no Parameters tab. NCDEQ default. Equivalent
Width (cm) default/site to 15 feet. (No EPA or
specific ASTM defaults
established).
NA Wawsw Width of Groundwater no Parameters tab. NCDEQ default. Equivalent
Plume at Surface Water default/site to 15 feet. (No EPA or
Interface (cm) specific ASTM defaults
established).
NA Osw Thickness of Groundwater no Parameters tab. No EPA default
Plume at Surface Water default/site established. Default based
Interface (cm) specific default for groundwater
plume thickness in ASTM
E2081-004.
NA 0, Air Filled Soil Porosity 0.28/0.13 | Parameters tab. EPA RSL default'. The two
(unitless) values shown reflect the
defaults for (1) VF & PEF
equations / (2) Soail to
Groundwater equations.
NA B Water Filled Soil Porosity 0.15/0.3 | Parameters tab. EPA RSL default'. The two
(unitless) values shown reflect the
defaults for (1) VF & PEF
equations / (2) Soil to
Groundwater equations.
NA Pb Dry Soil Bulk Density 1.5 Parameters tab. EPA RSL default'.
(g/cm’)
NA % Fraction of Vegetative 0.5 Parameters tab. EPA RSL default!.
Cover (unitless)
NA As Aerial Extent of Site or 0.5 Parameters tab. EPA RSL default. Note
Soil Contamination only values between 0.5
(acres) and 500 are valid.
NA A EPA Dispersion Constant 12.3675 | Supplemental EPA RSL default' for
(unitless) Equations tab. Raleigh, NC region.
NA B EPA Dispersion Constant 18.6337 | Supplemental EPA RSL default' for
(unitless) Equations tab. Raleigh, NC region.
NA C EPA Dispersion Constant 212.7284 | Supplemental EPA RSL default! for
(unitless) Equations tab. Raleigh, NC region.
NA F(x) Function Depending on 0.0086 Supplemental EPA RSL default! for
Um/Ut (unitless) Equations tab. Raleigh, NC region.
NA T Exposure Interval for Al 26 Supplemental EPA RSL default'.

Receptors Except
Construction Worker
(years)

Equations tab.
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Default | Location for Data | Justification for Default
Receptor Parameter Name :
Value Entry in Calculator | Value
NA T(s) Exposure Interval for All 820,000,00 | Supplemental EPA RSL default!.
Receptors Except 0 Equations tab.
Construction Worker
(seconds)
NA tc Construction Worker 8,400 Supplemental EPA RSL default'.
Exposure Interval (hours) Equations tab.
NA Un Mean Annual Wind Speed 3.44 Supplemental EPA RSL default! for
(m/s) Equations tab. Raleigh, NC region.
NA Ui Equivalent Threshold 11.32 Supplemental EPA RSL default! for
Value of Wind Speed at Equations tab. Raleigh, NC region.
m
NA T(S)ew Construction Worker 30,240,000 | Supplemental EPA RSL default!.
Exposure Interval Equations tab.
(seconds)
References:

1. Environmental Protection Agency. Regional Screening Levels (RSLs) website:
https://www.epa.gov/risk/regional-screening-levels-rsls

2. Environmental Protection Agency. Region 4 Human Health Risk Assessment Supplemental
Guidance. March 2018Update.

3. Virginia Department of Environmental Quality. Voluntary Remediation Program - Risk
Assessment Guidance website:
http://www.deq.virginia.gov/Programs/LandProtectionRevitalization/RemediationProgram/Volun
taryRemediationProgram/VRPRiskAssessmentGuidance/Contents.aspx. May 2016.

4. American Society for Testing and Materials. Standard Guide for Risk-Based Corrective Action.

E2081-11. 2000.
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E Significant Figures

The North Carolina Preliminary Soil Remediation Goals (NC PSRGs) are obtained using the
United States Environmental Protection Agency’s Regional Screening Levels (US EPA RSLs).
RSLs are provided with 2 significant figures. Users of the PSRGs have the option of using them
as screening levels, or, in the case of the residential PSRGs, using them as unrestricted use
remediation standards. NC General Statute 143b-279.9(d)(1) states “Unrestricted use standards”
are generally applicable standards, guidance, or established methods of governing contaminants
that are established by statute or adopted, published, or implemented by the Environmental
Management Commission, the Commission for Public Health, or the Department”. NC General
Statute 130A-310.68(a)(1) lists “unrestricted use standards™ as an option for “remediation
standards”.

The Inactive Hazardous Sites Branch Guidelines for Assessment and Cleanup of Contaminated
Sites states that the residential PSRGs were established for unrestricted (residential) use and
should be used when no limit on site use is desired. The North Carolina Department of
Environmental Quality Revised Technical Guide for Risk-Based Environmental Remediation of
Sites (Technical Guide) also refers to the residential PSRGs as unrestricted use standards, and
states that “the extent of soil contamination must be defined in all directions to the residential
health-based preliminary soil remediation goals (PSRGs) to determine the appropriate placement
of institutional controls”.

Remediating parties have the option of using PSRGs as screening levels, and NC statute allows
for their use as remediation standards. Because of this dual function as both screening levels and
remediation standards, the 2 significant figures from the RSL table are maintained in the PSRG
table.

Final remediation standards can be obtained directly from the PSRG table or calculated. The
Technical Guide outlines a procedure for using the NC Department of Environmental Quality
Risk Calculator to determine cleanup levels. The target risk and output of the calculator
incorporates 2 significant figures. In a Tier 3 Baseline Risk Assessment, site-specific risks are
calculated for all chemicals of concern, and cleanup levels are back-calculated using a
chemical’s calculated risk value. To maintain consistency in cleanups in NC, these calculated
risk values shall incorporate 2 significant figures.
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