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A Human Health Risk Assessment Equations

The following equations calculate screening levels for the defined media, receptor, and pathway
at a cancer risk level of 1.0E-06 and hazard quotient = 0.2. The equations were obtained from
the United States Environmental Protection Agency’s (US EPA) Regional Screening Levels
(RSL) website and modified when necessary. The screening levels are used in Tier 1 of the
North Carolina Department of Environmental Quality (NC DEQ) risk evaluation process.

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

Noncarcinogenic Non-Residential Worker Soil Ingestion

365 days
. THQxAT,, (Try"EDw (25 years)]xsww (80 kg)
SL, (mg/kg -
w-soil-nc-ing
EF [ 250 days ) <ED,,, (25 years)x— oA xR 1oo ) 10° kg
w I mg 1mg
©| kg-day

SLw-soit-nc-ing = Screening level for noncarcinogenic non-residential worker soil ingestion
THQ = Target hazard quotient = 0.2

AT = Averaging time = 9,125 days = EPA default

ED = Exposure duration = 25 years = EPA default

BW = Body weight = 80 kilograms = EPA default

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

RBA = Relative Bioavailability Factor = 0.6 for arsenic, all others = 1

RfD = Chronic oral reference dose (mg/kg-day), see chem-tox database

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

Carcinogenic Non-Residential Worker Soil Ingestion

TR*AT, MXLTUO years) [xBW, (80 kg)
_ hd year W
SI‘w-soil-ca-ing(mg/km - davs - -1 riig 10% kg
aays |, x xRBAXIR = |100—2 |x| — 2
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SLuw-soil-ca-ing = Screening level for carcinogenic non-residential worker soil ingestion
TR = Target risk = 1.0E-06

AT = Averaging time = 25,550 days = EPA default

LT = Lifetime = 70 years = EPA default

BW = Body weight = 80 kilograms = EPA default

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

RBA = Relative Bioavailability Factor = 0.6 for arsenic, all others = 1

ED = Exposure duration = 25 years = EPA default

CSF = Oral Cancer Slope Factor (mg/kg-day)™', see chem-tox database

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



A.1.b. Resident Soil Ingestion

Noncarcinogenic Resident Soil Ingestion

Child
365 days
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The child calculation yields the most conservative result and is therefore used in both the DEQ
risk calculator and the EPA RSLs. The exposure durations cancel out in this equation, so age
adjustment is not applicable.

SLres-soil-ne-ing-c = Screening level for noncarcinogenic residential child soil ingestion
SLtes-soil-nc-ing-a = Screening level for noncarcinogenic residential adult soil ingestion
THQ = Target hazard quotient = 0.2

AT = Averaging time = 2,190 days child and 9,490 days adult = EPA default

ED = Exposure duration = 26 years (6 years child and 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

RBA = Relative Bioavailability Factor = 0.6 for arsenic, all others = 1

RfD = Chronic oral reference dose (mg/kg-day), see chem-tox database

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




Carcinogenic Resident Soil Ingestion

Additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride, and
trichloroethylene. 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

res-a [

100 mg
day

J
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SLres-soil-ca-ing = Screening level for carcinogenic resident soil ingestion

TR = Target risk = 1.0E-06

AT = Averaging time = 25,550 days = EPA default

LT = Lifetime = 70 years = EPA default

CSF = Oral Cancer Slope Factor (mg/kg-day)

! see chem-tox database

IFS;es-aqi = Age adjusted soil ingestion rate (mg/kg). Calculated via secondary equation.
EF = Exposure frequency = 350 days/year (same for child and adult) = EPA default
RBA = Relative Bioavailability Factor = 0.6 for arsenic, all others =1

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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Some cancer-causing chemicals operate by a mutagenic mode of action which would exhibit a
greater effect in early-life exposure. To account for this difference, a separate equation is used to
calculate cancer risk posed by mutagens. The mutagenic equation adds an age-dependent
adjustment factor (ADAF) to account for increased childhood risk for mutagenic compounds.
The adjustment factor is ten for the 0 to 2-year age range, three for the 2 to 6-year age range,
three for the 6 to 16-year age range, and one 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
IFSMres-adj = Age-adjusted Resident mutagenic soil ingestion rate (mg/kg). Calculated via
secondary equation.

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



Vinyl Chloride Carcinogenic Equation for Resident Soil Ingestion

TR
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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.

SLtes-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.



Trichloroethylene Carcinogenic Equation for Resident Soil Ingestion
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For trichloroethylene, 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).

SLres-soil-tee-ing = Screening Level for carcinogenic resident soil ingestion for trichloroethylene
IFSMres-adj = Age-adjusted Resident mutagenic soil ingestion rate (mg/kg). Calculated via
secondary equation.

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

Noncarcinogenic Construction Worker Soil Ingestion

50 weeks 7 days
year week

THQ><ATCW {EWCW XEDCW(1 year)]xBch (80 kg)
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1 mg

RBA
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SLcw-soil-ne-ing = Screening level for noncarcinogenic construction worker soil ingestion
THQ = Target hazard quotient = 0.2

AT = Averaging time = 350 days = EPA default

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

RBA = Relative Bioavailability Factor = 0.6 for arsenic, all others = 1

RfD = Subchronic oral reference dose (mg/kg-day), see chem-tox database

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

50 weeks 5 days
EF_ |EW xDW
cw CW  year CW  week

mg
xR | 330 M9 |x
CW[ day)

]XEDCW (1 year)x

Carcinogenic Construction Worker Soil Ingestion
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SLecw-soil-ca-ing = Screening level for carcinogenic construction worker soil ingestion
TR = Target risk = 1.0E-06

AT = Averaging time = 25,550 days = 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 (mg/kg-day)™, see chem-tox database

RBA = Relative Bioavailability Factor = 0.6 for arsenic, all others = 1

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



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

Noncarcinogenic Recreator Soil Ingestion

Child
y 365 days "
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The child calculation yields the most conservative result and is therefore used in both the DEQ
risk calculator and the EPA RSLs. The exposure durations cancel out in this equation, so age
adjustment is not applicable.

SLrec-soil-nc-ing-« = Screening level for noncarcinogenic recreator (child) soil ingestion
SLrec-soil-ne-ing-a = Screening level for noncarcinogenic recreator adult soil ingestion
THQ = Target hazard quotient = 0.2

AT = Averaging time = 2,190 days child and 9,490 days adult = 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 = 150 days/year = NC DEQ default

RBA = Relative Bioavailability Factor = 0.6 for arsenic, all others =1

RfD = Chronic oral reference dose (mg/kg-day), see chem-tox database

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



Noncarcinogenic Trespasser Soil Ingestion

Adolescent
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SLitres-soil-nc-ing = Screening level for noncarcinogenic adolescent trespasser soil ingestion
THQ = Target hazard quotient = 0.2

AT = Averaging time = 3,650 days = EPA Region 4 Guidance

ED = Exposure duration = 10 years adolescent = EPA Region 4 Guidance

BW = Body weight = 45 kilograms adolescent = EPA Region 4 Guidance

EF = Exposure frequency = 90 days/year = EPA Region 4 Guidance

RBA = Relative Bioavailability Factor = 0.6 for arsenic, all others = 1

RfD = Chronic oral reference dose (mg/kg-day), 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

TRXATreC! 365’;“ xLT (70 years)
S‘I‘rec-soil-ca-ing(mg/kg) = -1 - X '10'6k ~
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Use child and adult inputs for recreator scenario, adolescent inputs only for trespasser scenario
SLrec-soil-ca-ing = Screening level for carcinogenic recreator/trespasser soil ingestion

TR = Target risk = 1.0E-06

AT = Averaging time = 25,550 days = EPA default

LT = Lifetime = 70 years = EPA default

CSF = Oral Cancer Slope Factor (mg/kg-day)™', see chem-tox database

RBA = Relative Bioavailability Factor = 0.6 for arsenic, all others = 1

IFSrec-adj = Age-adjusted soil ingestion rate (mg/kg). Calculated via secondary equation.

EF = Exposure frequency = 150 days/year for recreators (child and adult) = NC DEQ default
EF = Exposure frequency = 90 days/year for trespassers (adolescent) = EPA Region 4 Guidance
ED = Exposure duration recreator = 6 years child and 20 years adult = EPA default

ED = Exposure duration trespasser = 10 years (adolescent) = EPA Region 4 Guidance 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 Region 4 Guidance

Mutagenic Carcinogenic Equation for Recreator/Trespasser Soil Ingestion

TR*AT MXLTUO years)
sL /kg) = =R ear
rec-soil-mu-ing (mgrkg) = 1 iy
CSF. | ) RBAx IFSM__ . m]x 9
0| kg-day rec-adj kg mg
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days 200 mg
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Some cancer-causing chemicals operate by a mutagenic mode of action which would exhibit a
greater effect in early-life exposure. To account for this difference, a separate equation is used to
calculate cancer risk posed by mutagens. The mutagenic equation adds an age-dependent
adjustment factor (ADAF) to account for increased childhood risk for mutagenic compounds.
The adjustment factor is ten for the 0 to 2-year age range, three for the 2 to 6-year age range,
three for the 6 to 16-year age range, and one 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 = Age-adjusted Recreator Mutagenic Soil Ingestion Rate (mg/kg). Calculated via
secondary equation.
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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

~ TR

rec-soil-ca-vc-ing (mg/kg) = - S

SF{ mg I x IFS
O kg-day |

(mg), 10
reC‘adj( kg ) 1 mg

+

365 days

{
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BWrec-c (15 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.

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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Trichloroethylene Carcinogenic Equation for Recreator/Trespasser Soil Ingestion

365 days
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For trichloroethylene, 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
trichloroethylene

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. SOIL DERMAL CONTACT PATHWAY
A.2.a. Non-Residential Worker Dermal Contact with Soil

Noncarcinogenic Non-Residential Worker Dermal Contact with Soil

THQXAT ' %xww (25 years) “;waw (80 kg)
SLw.soil-nc-der (M9/kQ) = »
EFW;:250 3:2? i]xEDW(ZS years)x m; : .,SAwl 35207a§m2 leFw ’ o_lrznmg ‘;(ABSGX*‘ lgﬁm;g ‘
Ol kg-day 'XGIABS |
SLw-soil-nc-der = Screening level for noncarcinogenic non-residential worker soil dermal contact
THQ = Target hazard quotient = 0.2
AT = Averaging time = 9,125 days = 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 (mg/kg-day), see chem-tox database
GIABS = Fraction of contaminant absorbed in intestinal tract (unitless). Contaminant specific,
see chem-tox database
SA = Worker skin surface area = 3,527 cm?/day = EPA default
AF = Soil Adherence Factor = 0.12 mg/cm? = EPA default
ABS4 = Dermal absorption fraction (unitless). Contaminant specific, see chem-tox database
Carcinogenic Non-Residential Worker Dermal Contact with Soil
TRAT,, ['Mxn(m years) |<BW,, (80 kg)
SI‘w-soil-ca-der (mglkg) = —— 1 '
( days CSFO[% (3527 em? | (0.12mg 10 kg |
EF,, | 260 7222 ED,, (25 years)- Gians xSA,, " i ]‘ABde[WJ

SLow-soil-ca-der = Screening level for carcinogenic non-residential worker soil dermal contact
TR = Target carcinogenic risk = 1.0E-6

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 (mg/kg-day)™', see chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract (unitless). Contaminant specific,
see chem-tox database

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

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

ABS4 = Dermal absorption fraction (unitless). Contaminant specific, see chem-tox database
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A.2.b. Resident Dermal Contact with Soil

Noncarcinogenic Resident Dermal Contact with Soil

Child
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The child calculation yields the most conservative result and is therefore used in both the DEQ
risk calculator and the EPA RSLs. The exposure durations cancel out in this equation, so age
adjustment is not applicable.

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

AT = Averaging time = 2,190 days child and 9,490 days adult = 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 (mg/kg-day), see chem-tox database

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

ABS4 = Dermal absorption fraction (unitless). Contaminant specific, see chem-tox database
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Carcinogenic Resident Dermal Contact with Soil

Additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride, and

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

Standard Carcinogenic Equation for Resident Dermal Contact with Soil

365 days

TRXATreSL Sear xLT(70 years;_[
Slres-soil-ca-der (MI/K9) = .' N
mg
CSF ' |
[} " \ [ 106
. |¢<g ) | oFs | 103,390 mg) o [ 10kg
GIABS resadjl kg ) 9| mg
{
where:
/ \ ( 2 ) \
350 days 2373 cm 02mg)
Efresc [ “year |¥EDres ¢ (6 years)xSA e, J “day leFres-c i “em?
- - +
DFS d': 103,390 mg | _ BWreS—C (15 kg) .
res-adj | kg | ‘ 2) ‘ |
350 days | \ 6032 cm“ | { 0.07 mg
EFres-a[ vear ‘]X(EDres'26 years)- EDpeg ¢ (6 years))xSApg 5 TixAFres-a{ “a? )|
BW,og 5 (80KQ)

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

TR = Target carcinogenic risk = 1.0E-6

AT = Averaging time = 25,550 days = EPA default

LT = Lifetime = 70 years = EPA default

CSF = Oral Cancer Slope Factor (mg/kg-day)™, see chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract (unitless). Contaminant specific,
see chem-tox database

DFS = Age adjusted dermal contact factor (mg/kg). Calculated via secondary equation.
ABS4 = Dermal absorption fraction (unitless). Contaminant specific, 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

365 days
TRxAT, [7nyT(70 years)]
SLres-soiI«muAder(mg‘/kg) - -1
(o)
0 kg-de ' 107°
g-day <DFSM___ 428,260 mg ]XABde 10" kg
GIABS res-adj kg mg
where:
( 2
350 days 0.2mg 2373 cm 4
EFy [W}XEDOQ (2 years)KAFO_z[ 2 xSAg 5 “tey x10
”
BW,_, (15 kg)
/ 2
350 days 0.2 mg 2373 cm
EF2_6[WJXED2_6(4 years)XAFz_G[ o }KSAz_G d—ay]XB
5
(428,260 mg ) BW,_g (15 ka)
DFSM | — =
res-ad) kg J (350 d 0.07 6032 cm? |
ays .07 mg cm
EFs.16 [W]XEDS-'I(S (10 years)xAFs_46 [cm—2]XSA6_16 (TJXB
+
BWg_6 (80 ka)
~ 2
350 days ; 0.07 mg 6032 cm ;
= g [W]xEDw_26 (10 years)xAF, ¢ ¢ [—Z]XSA_I - [T]x (
cm<
BW, 5_o6 (80 ko)

SLres-soil-mu-der = Screening level for carcinogenic residential soil dermal contact for mutagenic

compounds
DFSM.gj= Age-adjusted resident mutagenic soil dermal contact factor (mg/kg). Calculated via

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

contact.



Vinyl Chloride Carcinogenic Equation for Resident Dermal Contact with Soil

TR
SLes-soil-ca- (mg/kg) =
LTES soil-ca-vc-der SF( g ].1 [ - l }[
0| Toaae \ . o/ kg-day 2373 cm? 02m 105kg |
kg-day SDFS (103,390 mg lx ABS, 10 6kg SAre.c 2 n 29 xABSx g |
GIABS resadj| ™ kg ) 4 1mg GIABS day cm ™ |
( 365 days } BW s (15K9) |
ATresl Vear xLT(70 years)' ;
|
|
)
where:
\ 2 { \
350 days . 2373 cm 02mg
EFfesc[—year XED, o _C(Gyears|xSAres_c[ oy IxAFres_cl o J
J
&
DFsres-ad'{ 103,390 mg ] _ BW o (15K9)
I kg £r_ (38008¥8) 0 (6 ears) ED (6 sa[6032em?|  (007mg
res-a| "year %(EDyes (26 years)- EDpeg ¢ (6 years))xSAres 5 day | res—al 2
\

BW, o 4 (B0 Kg)

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.

Trichloroethylene Carcinogenic Equation for Resident Dermal Contact with Soil

TRxATres[meTﬂOyearsj]
Bl (mg/kg) = =
Lres-soﬂ-tce—der \ 1)
ol igasy) | (105) | ’
o ) = / \
kg-day x(10 kg [x{ CAF, (0.804)xDFS dtm]std +| MAF_ (0.202)xDFSM
GIABS {"mg ({0 res-adj kg ) ™o
where:
i)
350 days 2373 cmy {02mg
EDres-c(Gyears'xEFre&c( vear ]x Ares-c day J"AFres—cl =
+
DFS [ 103,390 mg] _ BW g (15kg)
res-adj
I kg fix_fos D (6 er[3%0days) s032em? | . (007mg
(EDyeg (26 years)- ED,qg . (6 years) |xEF ¢ year res-a day res-a|” 2
BWpog o (B0 K9)
where:
2)
350 days 02mg 2373 cm
ED0_2|2years)xEF0_2[ e )xAFM[ - }xSAo_z Ty‘“o
s
BWq , (15 Kg)
3 \ 2
350 days 0.2mg 2373 cm
ED2_614years|xEF2_6[ e JxAFz_G[ - 'xSAZ_G d—ayIX?’
¢ +
DFSM, [ 428260mg | _ BW, ¢ (15kg)
es-adj B : \
j kg ) ED, . (10 years)EF [ 390025 ) o (007mg), s 6032em? | o
6-16 (10 Years)XEFg 16| —Joar 616\~ 2 6-16| ~ gay
BW; 4 (80 k)
2
350 days 0.07 mg 6032 cm
ED16_26|10years)xEF16_26[ year ]x 16—26[ =) ]xSAm_ze(—day x1
\
BW, ¢ o6 (80kg)

res-adj

l 428,260 mg ]x —
L kg d
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SLres-soil-tee-der = Screening level for carcinogenic resident soil dermal contact for trichloroethylene
DFSM.gj= Age-adjusted resident mutagenic soil dermal contact factor (mg/kg). Calculated via
secondary equation.

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

Noncarcinogenic Construction Worker Dermal Contact with Soil

( 50 weeks _ 7 days )
THOXATCW_a_‘ EWCw = xTeekxEDCW (1 year) ;xBch (80 kg)

SLcw~sou-nc<der (mg/kg) =

1
b
0| kg-day

50weeks ... 5days)

xSA
W year W week

cw

EFyy ' EW

2 ) ( \ 5 \
( 3527 cm 03mg | [ 10° kg
XEDy,, (1 year)x leF I o2 |

< ABS ,x
day } 4l 1mg

xGIABS

SLew-soil-nc-der = Screening level for noncarcinogenic construction worker soil dermal contact
THQ = Target hazard quotient = 0.2

AT = Averaging time = 350 days/year = EPA default

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 (mg/kg-day), see chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract (unitless). Contaminant specific,
see chem-tox database

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

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

ABS4 = Dermal absorption fraction (unitless). Contaminant specific, see chem-tox database

Carcinogenic Construction Worker Dermal Contact with Soil

( 365 days '
TRYAT, | = XLT (70 years) |xBW,,, (80 kg)
S’Lcw-s,oil-caﬂer(mglkg’ - ‘ =1y
‘ 50 weeks 5 days ol kgmdgay ' (3527 cm? | (03mg) 10 kg |
| \ r / | 1 0. | |
EFcw ‘ EWey Your XDWew ~week :XEDCWH year )x GIABS :‘SAcwl day JxAch: o= px ABsdx‘ Tmg !

|

SLecw-soil-ca-der = Screening level for carcinogenic construction worker soil dermal contact
TR = Target risk = 1.0E-06

AT = Averaging time = 25,550 days = EPA default

LT = Lifetime = 70 years = EPA default
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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 (mg/kg-day)™, see chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract (unitless). Contaminant specific,
see chem-tox database

SA = Worker skin surface area = 3,527 cm?*/day = EPA default

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

ABS4 = Dermal absorption fraction (unitless). Contaminant specific, see chem-tox database

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

Noncarcinogenic Recreator Dermal Contact with Soil

Child
( 365 days )
THOXATrecic[‘ o “EDrec.c (0ars) [<BW, . (15 ko)
o )
SI‘rec»soil—nc—der»c(mg’kg) - (a " . (9373 em2 ) (o \ 1075k
ays cm .2 mg (0]
EFrecc 1 year JXEDrec—c(yearS)"‘ (ma ) T SArec-c day xAFrec-ci 2 ]XABde Img
: | RD [ 9 ]xGlABS’ \ ) v em=
| 0| kg-day ) )
Adult
( 365 days )
THoxATreC_a| Ve rec_a(years)JXBWrec_a(BO ka)
Strec-sollne der-a (M9%9) = days ) i [ 6032 cm? | 0.07mg) 10 kg
a ol o
EFreC_a[ e |XED o g (vears)x — T*SAroc.a| ~gar— [AFrec-a i leBde S
\year) RMD, | - ]xGlABsi \ ) cm™
O| kg-day ) )

The child calculation yields the most conservative result and is therefore used in both the DEQ
risk calculator and the EPA RSLs. The exposure durations cancel out in this equation, so age
adjustment is not applicable.

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

AT = Averaging time = 2,190 days child and 9,490 days adult = EPA default

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

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

EF = Exposure frequency = 150 days/year = NC DEQ default

RfD = Chronic oral reference dose (mg/kg-day), see chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract (unitless). Contaminant specific,
see chem-tox database
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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
ABS4 = Dermal absorption fraction (unitless). Contaminant specific, see chem-tox database

Noncarcinogenic Trespasser Dermal Contact with Soil

Adolescent
THQAT, \,%‘E%es (10 yearBW 4o (45 k)
Slires-soil-nc-der (M9/kg) = — ‘ ‘ ; ‘ s
Efres = |<EDyroq (10 years)x ‘ - ‘ -*SAtres | 6032 em? “Afires | = "219 [<ABS 4 1(1) 4
voyear J ‘ 1 mg l"G|ABSi \ day Lem® ) mg
0| kg-day | ]

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

THQ = Target hazard quotient = 0.2

AT = Averaging time = 3,650 days = EPA Region 4 Guidance

ED = Exposure duration = 10 years adolescent = EPA Region 4 Guidance

BW = Body weight = 45 kilograms adolescent = EPA Region 4 Guidance

EF = Exposure frequency = 90 days/year = EPA Region 4 Guidance

RfD = Chronic oral reference dose (mg/kg-day), see chem-tox database

SA = Skin surface area = 6,032 cm?/day adolescent = EPA default for adult used for adolescent
AF = Adherence factor = 0.2 mg/cm? adolescent = EPA default

ABS4 = Dermal absorption fraction (unitless). Contaminant specific, see chem-tox database
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Carcinogenic Recreator Dermal Contact with Soil

Additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride, and
trichloroethylene. The standard equation is listed below, followed by the alternative equations.

Standard Carcinogenic Equation for Recreator/Trespasser Dermal Contact with Soil

[

365 days

TRxAT, .

xLT (70 ye ars)]

Slrec-soil-ca-der (mgskg) =

-1
mg
CSF [—] K
_ \kgday) | peg [ M9 |« ABS, x 105y
GIABS rec-adj| Ky 47 " mg
where:
2
days 2373 cm 02my
EDrec—c(years)"EFrec-c(yea,]"SArec-c[ day ]"AFrec-c[ 7 J
em J |
— mg ) _ BWo (. (15 ka)
recadilkg g B032 cm? 007
ays cm 07 mg
EDrec-a(yea'S)XEFrec-a[Year}"SArec-a[ day ]"AFrec-a[ 7 ]
cm
BW ., (80 kg)

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

TR = Target carcinogenic risk = 1.0E-6

AT = Averaging time = 25,550 days = EPA default

LT = Lifetime = 70 years = EPA default

CSF = Oral Cancer Slope Factor (mg/kg-day)™', see chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract (unitless). Contaminant specific,
see chem-tox database

DFS = Age adjusted dermal contact factor (mg/kg). Calculated via secondary equation.

ABS4 = Dermal absorption fraction (unitless). Contaminant specific, 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 = 150 days/year = NC DEQ default

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

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 Region 4 Guidance
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Mutagenic Carcinogenic Equation for Recreator/Trespasser Contact with Soil

TReaT[38503¥s, ¢ (70 years)
_ TeCL  year
Slrec-soitmu-der (M) = )
mg
CSF, [ ] 6
0 - -
— QY] |oFsM,, i T2 |<aBs x| 1T XS
GIABS rec-adj| kg my

where:
2
ays 0.2 mg 2373 cm
EDg. (years)xERy 5 [y ]xAFU_2 [ ]xSAﬂ [ Ty |10
BW,, (15 ko)
2
days 02 mg 2373 cm
ED,.g (vears) <EFp [ yearJ‘Aer [ o ]‘SAz-s[ Tay ]"3
+
BW, - (15 kg
DFSMyec.adj 2| = 26 )
kg days 0.07 mg B032 cm?
EDg.1g (vears)xEFg. 1s[yea ] AFe-ﬂa[ , J"SAe-m T
+
BWG. 1 (80 ko)
2
007 myg 6032 cm
ED1g.26 (vears)xEFg. 25[ ea,]"’*ﬁs % [ ]‘S"ﬂs % [—y ] x1
BW, 6. 25 (80 ko)

SLres soil-mu-der =
mutagenlc COl’IlpOLll’ldS
DFSMad_]

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

dermal contact.

Screening level for carcinogenic recreator/trespasser soil dermal contact for

Age-adjusted recreator/trespasser mutagenic soil dermal contact factor (mg/kg).

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

SL

TR

rec-soil-ca-vc-der (mg/kg) =
mg

F|—
0 [kg-day
GIABS

-1
] xDFS

mg

g )XABSd

rec—adj[

105Ky
mg

Alrec [

mg

365 days

oo LT (70 years)]

K
o oy
0 kg-day] 2373 cm? 0.2 my 108Ky
GIABS “SArecc day “Afec-c T NeHa 1 mg
BW, o (15 k)
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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.

Trichloroethylene Carcinogenic Equation for Recreator/Trespasser Dermal Contact with Soil

Shec-soiltce-der (Ma/KG) =

where:

mg| -
DFSrec-adj [EJ -

where:

mg|_
DF SMre c-adj [E] -

365 days
TRAT [qu (70 years)]
mg X
CSF [—
o kg-day] 1U'8kg mg mg
S x o x CAFO(D,BUA)XDFSreC_adj o xABS | +| MAF, (0.202)><DFSMrec_adj o *ABS

2
days 2373 cm 0.2 mg
EDygc.c (years)<EF o [yea,]XSArec-c [ day ]xAFrec-c [ o2 ]

+

BW,, . (15 ka)

2
days 6032 cm 0.07 my
(EDrel: (years)- ED,gc.c (years))XEFrec_a (_r JXSAre:-a — *xAF oo >
yeal ay cm

BWrec-a (8[] kg)

EDg. (years)xEFy 5 [

2
days 0.2mg 2373 cm
xAF xS, x10
year] 0-2 [ cm? ] 402 [ day ]

+

BW.5 (15 kg)

2
days 02m 2373 cm
EDo.g (years)xEF, g { i ]xAFz_e [ = 9] ST [—]xa

year day

BW, o (15 kg)

2
days 0.07 mg 6032 cm
EDg. 1 (vears)<Efg 4g [ year]xAF8-16 [ po, ]‘SAs-m [ day ]‘3

BWg. 16 (80 ko)

0.07 mg

days
ED ears) xEF, —2J° |xAF,
16-26 (2ars) EFyg o6 [ yea,] 16-26 [ o2

8032 em? |,
day

]‘S"’H 626 [

BW, 6. o5 (80 ko)

SLres-soil-tee-der = Screening Level for carcinogenic recreator/trespasser soil dermal contact for

trichloroethylene

DFSMrec-adj = Age-adjusted recreator/trespasser mutagenic soil dermal contact factor (mg/kg).
Calculated via secondary equation.

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

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

365 days
THQ=AT, (WXEDOW (25 years)]

SI‘w-soil-nc—inh (mg/kg) =

days
EF., [250 E]xEDOW (25 year’s)XETWS (

8hours]x[ 1 day ]x 1 . 1 . 1

day 24 hours [m ] 3 3
RIC y m M
) | Vel T | PERw | g

SLw-soil-nc-inh = Screening level for noncarcinogenic non-residential worker soil inhalation
THQ = Target hazard quotient = 0.2

AT = Averaging time = 9,125 days = 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 (mg/m?), see chem-tox database

VF = Volatilization factor = See supplemental equation in Section A.3.e.

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

A3.f

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

365 days

TRxAT, xLT (70 years
W[ year oo )]

SL\.soil-ca-inh (M9/kQ) =

e
EF (250 days]XED (25 years)=ET,, | & hours x[ 1 ey ]XIUR ‘y x[moo HY |, 1 1
w year w W | day 24 hours m3 mg 3 3
VF,

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

TR = Target carcinogenic risk = 1.0E-6

AT = Averaging time = 25,550 days = 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 (ug/m®)!, see chem-tox database

VF = Volatilization factor = See supplemental equation in Section A.3.e.

PEF = Particulate emission factor = 5.93E+10 m’/kg. See supplemental equation, Section A.3.f.
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A.3.b. Resident Outdoor Inhalation of Volatiles and Particulates from Soil

Noncarcinogenic Resident Outdoor Inhalation of Volatiles and Particulates
from Soil

Child
THOXATr [365 daYSxEDC (6 years)]
year

Sbyes-soil-nc-inh-c (mo/kg) =

EF 350 days <ED (8 year)xET 24 hours | ( 1day 1}, 1 . 1 + 1
L year ¢ rs day 24 hours my 3 3
RIC|I™ 3| [vr 2| PEF, |2
m | Kg W1 Ka

Adult
THQ=AT [—355 days .ep, (26 years)J
SL ko) = L year r
res-soil-nc-inh-a (mg g)—
EF 350 days <ED (26 year)XEl' 24 hours| ( 1day 1|, 1 " 1 + 1
L year r rs day 24 hours

3 3
RfC [my ) m” m”
) Vel PR | g

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 noncarcinogenic residential child soil inhalation
SLres-soil-ne-inh-a= Screening level for noncarcinogenic residential adult soil inhalation

THQ = Target hazard quotient = 0.2

AT = Averaging time = 2,190 days child and 9,490 days adult = EPA default

ED = Exposure duration = 26 years (6 years child and 20 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 (mg/m?), see chem-tox database

VF = Volatilization factor = See supplemental equation in Section A.3.e.

PEF = Particulate emission factor = 5.93E+10 m’/kg. See supplemental equation, Section A.3.f.
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Carcinogenic Resident Outdoor Inhalation of Volatiles and Particulates from
Soil

Additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride, and
trichloroethylene. The standard equation is listed below, followed by the alternative equations.

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

TRAT [355 days
year

LT (70 years)]
SL

res-soil-ca-inh (m g/kg)=

1000 pg 350 days 1 1 24 hours 1 day
IUR|H T
v [/ ] [ ] r[ year ) m3 * 3 <ED; (26 years] €T, day *|Za hours
VFg PEF,,

Ky Ky

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

TR = Target carcinogenic risk = 1.0E-6

AT = Averaging time = 25,550 days = EPA default

LT = Lifetime = 70 years = EPA default

IUR = Chronic inhalation unit risk (ug/m®)!, see chem-tox database

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

VF = Volatilization factor = See supplemental equation in Section A.3.e.

PEF = Particulate emission factor = 5.93E+10 m’/kg. See supplemental equation, Section A.3.f.
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

TRXAT, %ATWO years) |

SL

res-soil-mu-inh (M3/k9) =

-1 I \

|UR]ly3] x|— 1 4 1 |x[ 1000 ug |,

e mBIPEFlmS"' o
s\ Pl

{ (24 hours | [ 1day | 350 days |

ET, X XEF, R xED 2 years x10
| -0-2 l day z { 24 hours I 0-2 I yea 0-2(2years) }
{ (24 hours | ([ 1day | ( 350 days | Voa |
\FT26 | day )\ 24 hours PEF2s| year EDy5 (4 years)x3 /"

( 24 hours ‘lx.' 1 day ‘Ix F { 350 da yS
yea
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SLres-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.
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Vinyl Chloride Carcinogenic Equation for Resident Outdoor Inhalation of Volatiles and
Particulates from Soil

TR
p 350 days 24 hours 1 day 1000 pg
IUR[/3] i [—ear <ED(26 yearsxET,g | =i Jx| st x| =
m3
365 days
AT, (qu (70 years)] xV/F, [ g J
IUR[ / 3]
1000 pg
[ ] :
VF
kg

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

Slyes-soil-ca-vc-inh (mg/kg)=

+

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

TRXAT, 355;""5 xLT (70 years) |
Slres-soil-tce-inn (M3/kg) = ‘
[V 1 1 {1000 pg | 1day
lURl /31 ) ' ‘m3 ) X'., mg ,:x.24 hours |
| V5| —l PEF ‘ l
| ko
lEDO (2 years)xEF, \ == €T, [24 "‘;”rs |xMAF; (0.244)x10 ’
CAF, (0.756)xEF,, | 353;::)'5 ’x | ED2 ol4 years)xEFzs‘ 350 days xET, l 24 hours | |[XMAF, (0.244)x3 i
|+
24 hours | ( 5 . 350 da 24 hours
| EDpeg (26 years)xETreg 1 T ]’ | ED.16 (10 years)<EF 61 = = ]x b '—yixMAF|0244)x3|
350 days | 24 hours
|ED1626“0V83’5’XE 626|_ r ETe26 |—I’”‘“' ‘024‘”“

SLres-soil-tee-inh = Screening Level for carcinogenic resident soil inhalation for trichloroethylene
CAF;i = 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 soil inhalation.
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A.3.c. Construction Worker Outdoor Inhalation of Volatiles and Particulates from
Soil

Noncarcinogenic Construction Worker Qutdoor Inhalation of Volatiles and
Particulates from Soil

50 weeks 7 days
year week

THOxAT_ [EWEW *ED,,, (1 year)]

SLcw-soil-nc—inh (mg/kg)=

50 weeks o, 5 dastxEDCW (1 year)=ET,,, [8 hours]x[ 1 day 1 . 1 . 1

EFcw [E W year CW  week da 24 hours)x 3 3
y y RfC [my3J vi_ ™| per [T
m sc| kg s¢ | kg

SLecw-soil-ne-inh = Screening level for noncarcinogenic construction worker soil inhalation
THQ = Target hazard quotient = 0.2

AT = Averaging time = 350 days = EPA default

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

ED = Exposure duration = 1 year = EPA default

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

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

RfC = Subchronic inhalation reference concentration (mg/m?), see chem-tox database
VF = Volatilization factor = See supplemental equation in Section A.3.e.

PEF = Particulate emission factor (m*/kg) = See supplemental information in Section C.

Carcinogenic Construction Worker Outdoor Inhalation of Volatiles and
Particulates from Soil

365 days

TRXAT,, [ =

xLT(70 years) |

SLew-soil-ca-inh (Ma/kg) =

1 1
+

50 wi 5
0 weeks «DW days

(
EFCVW\ EWC‘A' year cw

' <ED,, (1 year)<ET, ' 82‘;;”3 E 1 24‘ :;Lyns et {%‘ 1 |og1ogug'

Y 3
'L PEF, | T
| ka

W, se| kg

sc

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

TR = Target risk = 1.0E-06

AT = Averaging time = 25,550 days = EPA default

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

LT = Lifetime = 70 years = EPA default

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

IUR = Subchronic inhalation risk (ng/m?)!, see chem-tox database

VF = Volatilization factor = See supplemental equation in Section A.3.e.

PEF = Particulate emission factor = See supplemental information in Section C.
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A.3.d. User Defined (Recreator/Trespasser) Outdoor Inhalation of Volatiles and

Particulates from Soil

Noncarcinogenic Recreator/Trespasser Qutdoor Inhalation of Volatiles and
Particulates from Soil

Child

EDpec (years)]

SLre c-soil-nc-inh-c (m g/kg) =

1 1 " 1

x

x
24 hours] [m ] 3 3
RiC y m | e (M
w3) [ Vs G| PERw |

hours]x[ 1 day

days
EFrec-c [year]xEDrec-c (vears)<ET o0 [ day

Adult

365 days

THQ=AT [ o

*ED g s (years)]

SLre c-soil-nc-inh-a (m gfkg) =

days hours 1 day 1 1 1
EFrec-a[ JXEDrec_a(years)XETrec_a { day ]x( 4 hours}t my . 3 * m3
RfC / 3| | vF.|—| PEF,|—
m °| kg W kg

s
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 noncarcinogenic recreator (child) soil inhalation
SLtes-soil-nc-inh-a = Screening level for noncarcinogenic recreator (adult) or trespasser (adolescent)
soil inhalation

THQ = Target hazard quotient = 0.2

AT = Averaging time = 2,190 days child and 9,490 days adult = EPA default

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

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

EF = Exposure frequency recreator = 150 days/year = NC DEQ default

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

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

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

RfC = Chronic inhalation reference concentration (mg/m?), see chem-tox database

VF = Volatilization factor = See supplemental equation in Section A.3.e.

PEF = Particulate emission factor = 5.93E+10 m*/kg. See supplemental equation in Section
A3.f.
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Carcinogenic Recreator/Trespasser Outdoor Inhalation of Volatiles and
Particulates from Soil

Additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride, and

trichloroethylene. 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
TR=AT {WXLT (70 years))

SL mgfkg) =

rec-soil-ca-inh (

-1
1000 days 1 1 hours 1 da
UR[ 1000 pg), g [day - y
UR[A3] x[ g xEFge = X 3 + 3 xEDreC(yearS)xE rec | gay *| 34 hours
PEFw |+

VF, | ——
S| kg kg

SLrec-soil-ca-inh = Screening level for carcinogenic recreator/trespasser soil inhalation
TR = Target carcinogenic risk = 1.0E-6

AT = Averaging time = 25,550 days = EPA default

LT = Lifetime = 70 years = EPA default

IUR = Chronic inhalation unit risk (ug/m*)!, see chem-tox database

EF = Exposure frequency recreator = 150 days/year = NC DEQ default

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

VF = Volatilization factor = See supplemental equation in Section A.3.e.

PEF = Particulate emission factor = 5.93E+10 m’/kg. See supplemental equation, Section A.3.f.
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 = NC DEQ 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
ear

TR xATrec
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Slye c-soilmu-inh (markg) =

1

1000 pg

mg

M

m

yell

.’] 1
IUR Py ] x
(195
VF,

|
oo

days

EDp.5 (years)xEF; 5

hours

ED,_g (years)xEF, ¢

EDg.15 (years)XEFB_1 6 [

days
year

ED,5.06 (¥ears) xEF 5 05 [

24 hours
—_ T |x ﬂ x3 |+
day 24 hours

days hours

—27 |xET, —_

year]x 6-16 [ day ]x

hours
Jetioas ()

]x

1 day

]xm},

1 day
24 hours

(ot

)

1 day
24 hours

SLtec-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
Slygc-soik-ca-vc-inh (MIKY) = =
days hours 1 day 1000 pg
IUR |8 xEF | ——|xED ears)xET x x
[43] 'ec[year] rec (1230 ETro. [ dayJ [24 hoursJ [ mg .

3

365 days m
AT oc [ xLT(70 years)]xVFs [E]

SLtec-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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Trichloroethylene Carcinogenic Equation for Recreator/Trespasser Inhalation of Volatiles and
Particulates from Soil

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

Slrec-soiktee-inh (M97kG) =

1 > 1

3 3 x(mmpg]x[zl o )"
mg ours
[m ] PEF,, | - ]

— 1

()

-1
x
VF,

days hours
EDg.; (years)xEFy 5 [YTY—]xETO_Q [ ] *MAF; (0.244)x1n] +

ar day
days days hours
. ED EF. ET. MAF. (0.244)x3
CAF, (0.758) *EFoc [year] x 56 (years)x 6 [ = *ET, & Tay x I( X3 |+
hours days hours
EDyg (vears)xET .. [—day ] EDg.1g (vears)xEFs ;g [ = ]xET5_1B [ T ]xMAFi (0.244) xa] +

days hours
ED1B-2B (years) XEF1B_26 [year ]"ET1B_26 [ day ]xMAFl (0244)7‘1]

SLrec-soil-tee-inh = Screening level for carcinogenic recreator/trespasser soil inhalation 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 recreator/trespasser soil
inhalation.
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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 (lower groundwater screening
level) for subsequent modeling calculations.

mass limit model for chronic exposure

() bl

kgsoil vol [ kg ] Mg (<] 9
— _ 1 =
m° Pb m° * s (m) * 10 Mg

g
Q [mz_s] - Ax exp[(]nAs (acre).g)l‘]
C\tol k_g c

m3

where:

VF = Volatilization factor = 3,142.13 m’/kg
Q/Cvot = Calculated with secondary equation in [(g/m?*-s)/(kg/m?)]
T = Exposure interval = 26 years (This value was confirmed with EPA via email. 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?
= 1.5E+09 mg/m’ (p» entered as g/cm® and converted to mg/m? in 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

=] NN
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s

where: = Ax exp

2
where: Dy [cm ]=

soil \ soil

3 3
where: Ky [%] = foo [%] x Koo [%] only for organics.

VF = Volatilization factor (m>/kg)
Q/Cvol = 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 = 8.20E+08 seconds (This value was confirmed
with EPA via email. 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?®

= 1.5E+09 mg/m> (pv entered as g/cm? and converted to mg/m? in 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
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. The default value is 0.43 L/L, which is the same as the EPA default
calculated via the secondary equation presented above.
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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 subchronic exposure

. [mzi. ng )]0 T

**|Koson | C kg | Fo _ (1.5Mg s 9
soi sa — Py — xds(m)x10 v

\m g
()
2
where: @ |im* s =A x exp
e

T (30240000 s) = ED,, (1 yr) xEW,,, [50 WkS} X[F’ days]x[u hrs]x[ 3600 s]

C

(InAs (acre)- 8)2]

year we ek day hr

Fp (0.18584)=0.1852 + (53537 /1 ) + [-95318 /tc2]

50 wks 7 days 24 hrs
t (8400 hr) =ED__ {1 EW
C( r) CW( yr) x CW[ year ] x[ we ek ] x[ day ]

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
te = Calculated with secondary equation
pb = Dry soil bulk density = Site-specific can be entered = EPA default 1.5 g/cm?
= 1.5E+09 mg/m’ (p» entered as g/cm® and converted to mg/m? in 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 subchronic 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 = 3.024E+07 seconds = EPA default

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

pb = Dry soil bulk density = Site-specific can be entered = EPA default 1.5 g/cm?
= 1.5E+09 mg/m? (p» entered as g/cm® and converted to mg/m?> in 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
C =212.7284 (unitless) = EPA dispersion constant for Raleigh, NC Region
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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. 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

3 |-_Q [ : ] 3'6°°[hs ]
PEF air | = m=-s our

win k ’
e (2
0.036x (1-V) x 22| < F(x)
u,iﬂi
S

soil

(InA, (acre) -8)2

=Axexp s

and:

wind

PEF = Particulate Emission factor = 5.93E+10 m’/kg

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 = 3.44 m/s = EPA default for Raleigh, NC Region

Ut = Equivalent threshold value of wind speed at 7m = 11.32 m/s = 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

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

C =1212.7284 (unitless) = EPA dispersion constant for Raleigh, NC Region
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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 Section C for
description of justification for the default value of 1.06E+06 m3/kg used in the risk calculator.

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

Noncarcinogenic Non-Residential Worker Groundwater Ingestion

365 days 1000
THQ*AT,, LiyxEDw (25 years )waw (80 kg)x[m—g“gJ

_ year
SLwater-nc-ing-w(“g/ L) = days 1 083
EF, xED,, (25 years)x ————xIRW, .
w year w mg w day
RfD | —
0| kg-d

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

THQ = Target hazard quotient = 0.2

AT = Averaging time = 9,125 days = 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 (mg/kg-day), see chem-tox database

IRW = Tap water Ingestion rate = 0.83 L/day = NC DEQ default

Carcinogenic Non-Residential Worker Water Ingestion

TRXAT,, {% «LT(70 years]JXBWW (80 kg)

SLw-wa-ca—ing (“9”‘) -

10" mg|
o)

-1
days - mg
EF | 250 —— |[xED. (25 years|xCSF x|R 0.83L X
W[ yeaf] w (25 years) O[kg-day] W[ a'ayJ [

SLw-wa-ca-ing= Screening level for carcinogenic non-residential worker tap water ingestion
TR = Target risk = 1.0E-06

AT = Averaging time = 25,550 days = 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
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CSF = Oral Cancer Slope Factor (mg/kg-day) !, see chem-tox database
IR = Tap water Ingestion rate = 0.83 L/day = NC DEQ Default

A.4.b. Resident Groundwater Ingestion

Noncarcinogenic Resident Groundwater Ingestion

Child
365 days 1000 pg
THAxAT oo ¢ [W"Eores-c 6 years)] *BW o (15 ko) [m—g]
SL - /L) =
water-nc-ing-c (!Jg ) - 350 days D (B )x 1 W 078 L
res-c year res-c yoars RID mg res-c day
0 kg-d

Adult

365 days

THQ*AT, . [ =

1000
xED g (26 years)]xElWres_a (80 kg) x[m_gpg}

sL

: /L) =
water-nc-ing-a (pg da 1 25L
¥s :
EF oe.q [350 W]xEDres (26 years)x g xIRW [W]

0{ kg-d

The child calculation yields the most conservative result and is therefore used in both the DEQ
risk calculator and the EPA RSLs. The exposure durations cancel out in this equation, so age
adjustment is not applicable.

SLwater-nc-ing-c = Screening level for noncarcinogenic residential child groundwater ingestion
SLwater-nc-ing-a= Screening level for noncarcinogenic residential adult groundwater ingestion
THQ = Target hazard quotient = 0.2

AT = Averaging time = 2,190 days child and 9,490 days adult = 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 (mg/kg-day), 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
Additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride, and

trichloroethylene. 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

TRxAT (355 days 170 years)JX(—1DUU ”9]
year mg

SLwater-ca-ing (”QIL)

32795 L
CSFO [ ] [lFW res-adj [_kg ]]
where:
350 days 078L
reS C [ year ] res-c (6 yearS)X|RWr99-C[ day ]
o [327.95 L] BW . 115 kg)
res-adj{ "~ kg 350 da

y¥s 25L

Fres-a [ year ] Dres (26 years)- ED,o (B Yea’s))leWres a [ day
BWiesa (80 kg)

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

TR = Target risk = 1.0E-06

AT = Averaging time = 25,550 days = EPA default

LT = Lifetime = 70 years = EPA default

CSF = Oral Cancer Slope Factor (mg/kg-day)™', see chem-tox database

IFWres-adj = Age-adjusted water ingestion rate (L/kg). Calculated via secondary equation.
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 3529355 4 170 years) | [ 1220 12
sl resi  year mg

water-mu-ing (hoiL) =

-1
mg (10199L
CSF, [ o day] <IFWM, g o [ =
where:
350 days 0781L
EF — " |xED ears) xR x10
BWU-Z (15 kg)
350 days 0781L
BW, - (15 kg
IFWM’QS'adj[ 101;;9 L] ) 350 days el 251
EFs.15 [W} xEDg 15 (YEars)XIRWB_w[ T2y }G
BW. 15 (80 ko)
350 days 251L
EF16-26 [W]"E[ﬁ 6-26 (vears)xIRWyg o [ day ]"1
BW, 6.0 (80 ko)

\

Some cancer-causing chemicals operate by a mutagenic mode of action which would exhibit a
greater effect in early-life exposure. To account for this difference, a separate equation is used to
calculate cancer risk posed by mutagens. The mutagenic equation adds an age-dependent
adjustment factor (ADAF) to account for increased childhood risk for mutagenic compounds.
The adjustment factor is ten for the 0 to 2-year age range, three for the 2 to 6-year age range,
three for the 6 to 16-year age range, and one 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 = Age-adjusted resident mutagenic water ingestion rate (L/kg), calculated via
secondary equation.

Remaining inputs are the same as the standard equation for carcinogenic resident water
ingestion.
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Vinyl Chloride Carcinogenic Equation for Resident Water Ingestion

TR

Slwater-ca-veing (batt) = -1 327.95 L i 078L
my i mg mg : mg
F [ 222 F w22
il [kg-day] i reeadJ[ kg ]x[woo pg] o (kg-day] IR res—t[ day ]‘[1000 pg]
365 days BW . [15kg
ATios [qu (70 years)] res-c (15 0)
where:
350 days 0781
EFesc [ year JxEDres-c 3 Vears)’lRWres-c[ day ]
+
o [327.95 LY _ BW .o (15 ka)
res- adj kg - 350 da
ys 251
= [—year ]x(EDreS(2B years)- EDq¢ . (6 years)]xIRW,, . [—day
BW,o. 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.

Trichloroethylene Carcinogenic Equation for Resident Water Ingestion

365 days
year

TRxAT . o [

xLT (70 years)]X[

1000 pg
mg

)

Slyate r-tce-ing (PQ/L) =

“%a [kgr-ndgaYJ-1 x[[CAFo (0'804)*'ere9adj [321'35 L]]]+[MAF0 (1].2[12)x|erv1res_adj [101359 L]]
where:
EDresc (6 years) *EFesc [3539%] <IRW o o [%]
IFWresfadj[Bﬂlis L] = BW g (15 ko) o * .
[EDres (26 years)- ED g (6 years))*EFreS_a [ ea?ys] IRWes-a (WJ
BWes-a (80 kg)
where:
BW_, (15 ky)
e 2 s 121
+
IFWM e o [%] - BW.5 Sssukdg) .
BWs.1g (80 ko) *
ED, .05 (10 yvears)xEF, g oo [BSSQ:YS]XIRW%QG [Zd.iyL)x1
BW5.5 (80 ko)

42



For trichloroethylene, 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 trichloroethylene
IFWMtes-adj = Age-adjusted resident mutagenic water ingestion rate (L/kg), calculated via
secondary equation.

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

Noncarcinogenic Non-Residential Worker Dermal Contact with Groundwater

FOR INORGANICS:

ug |,[1000 om?

DA |
_ event| cm?-event ) | L
SLyater-nc-der-w(MO'L) = [ em (0.71 hours |
Ko hour )"ETeventw | “event
FOR ORGANICS:
( 3)
DA t: ug HwOOcm I
0.71 hours * (h o & i eventl em2. event L
IFET, | = <t (hours)then SL =
eventw [ event | ( ) water-nc-der (VO'L) 2 lhours (0.71 hours
x AL ]
% FA x K_{ oM event| event | * Eleventw | oot )
P hour n
or,
( ug [ 1000 cm®
DA . ’
( 0.71 hours * event| cm2- event ) | L
IF ETevent-w event | >t (hours) then SLWater-nc—der-w”g/L) = [ 0.71 hours |
‘ | ETeventw | i » 2)|
(_em event-w event hours 1+3B+3B
FA x K 71)(. +2x 1 | x| ————— ||
Plhour ) | 1+B event{ event ) | (1+82 ||
L J
where:
THa < AT, 300938, gp (25 years) x| 1900 M8 g (80 kg)
DA [ ug l = year L mg
event | cm?- event [
L xEy, ~[1events |xED,, (25 years) x EF,, | 250 days |, g0 (19652 cm? |
( mg | day w w year w
RfD xGIABS
( ©l kg-day

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

Kp = Dermal Permeability Constant (cm/hr), see chem-tox database

ETevent = Exposure Time = 0.67 hr/event = NC DEQ 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 Permeability Coefficient = EPA default = See chem-tox database
THQ = Target hazard quotient = 0.2

AT = Averaging time = 9,125 days = EPA default

ED = Exposure duration = 25 years = EPA default

BW = Body weight = 80 kilograms = EPA default

RfD = Chronic oral reference dose (mg/kg-day), see chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract (unitless). Contaminant specific,
see chem-tox database

EV = Worker events = 1 event/day, NC DEQ default

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

SA = Skin surface area = 19,652 cm? = EPA default

Carcinogenic Non-Residential Worker Dermal Contact with Groundwater

FOR INORGANICS:

\ 3 )
ug || 1000 cm
DAevent' cm -event ) ‘
SLwater»ca-der-w'”g/L] — 0.71 hours )
PI hour I event-w ' event l
FOR ORGANICS:
ug 1000 cm® |
DAevent |
071hours |+ then S L VENtl ecm2- event ) ' -
IFET = |< ours) then SL, = :
eventw | event | { ) water-ca-der (HO'L) 16 l hours | (0.71 hours
XT | x - |
\ event | event-w
e [ \ | event | event
hour ) { T
or,
ug | ‘ 1000 cm®
DAevent‘ 1l L
ET 0.71hours| .« s ) = cm?- event 1 |
eventw |~ event ] >t (hours) then Sk, ter nc-der-wH9't) = 0.71 hours
[ cm ) ETevent-w ; . event ' [ hours | : 1+38 + 382 ‘
FAXxK | —|x +2x71 tl X| ——
P | hour | 1+B event{event ) | (4 ,p)2
where:
‘ ‘ RxAT, (2295, gp (70 years) ]fo[waw (80 kg)
- ( ug _ year '\ mg )
event | 2 T
cm“- event |
_d)! | ( / \
CFS (mg/kg-d) |xey, | 1 events XED,, (25years) xEF, | { 250 days | xSA,, (19652 cm? |
GIABS ; \ day \ year ) |

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

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

Kp = Dermal Permeability Constant (cm/hr), see chem-tox database

ETevent = Exposure Time = 0.67 hr/event = NC DEQ 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

44



B = Relative Contribution of Permeability Coefficient = EPA default = See chem-tox database
TR = Target carcinogenic risk = 1.0E-6

AT = Averaging time = 25,550 days = EPA default

ED = Exposure duration = 25 years = EPA default

BW = Body weight = 80 kilograms adult = EPA default

CSF = Oral Cancer Slope Factor (mg/kg-day)™', see chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract (unitless). Contaminant specific,
see chem-tox database

EV = Worker events = levent/day NC DEQ default

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

SA = Skin surface area = 19,652 cm? adult = EPA default

A.5.b. Resident Dermal Contact with Groundwater

Noncarcinogenic Resident Dermal Contact with Groundwater

Child
FOR INORGANICS:
3
ug 1000 cm
DAevent [ 2 ]x[ L
sl ( !L) _ cm“- event
water-nc-der-c (P9 cm 0.54 hours
Ko [hour]* event ’99"3[ event ]

FOR ORGANICS:

054 hours

3
ug 1000 crm
* DAevent [cmz- event]‘[ L
IF ETevent-re&c[ —vent ]5 t (hours)then SL o o (boil) =

6x ¢ hours <ET 0.54 hours
2% FA % K [ ] event | oyent event-res-c event
hour b4
or,
[ ] [1000 cm3]
evem
0.54 hours * cm - event
IF ETevem_res_c[ — ] >t (hours)thenSL, 0 oo (woll) = D51 e
cm Eleventres-c event ] hours)_[1 +3B +382
FAx K [ —|x x|——= ==
P L hour 1+B “event | gyent (1 +B)2
where:
365 days 1000 pyg
ug THQ x ATy . c( year % EDygq.c (B years)JX[ mg *BW g (15 kg
DAevent 2 =
cm“- event

1

mg
RfD GIABS
0 [kg-day}x

1 events 350 days 2
xEVos ¢ [W] *ED . (B years) x EF [ Jear ]xSAres_c (8365 cm J
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Adult

FOR INORGANICS:

3
1000 cm
DA g ]x
event [cm2- event L

water—nc—der—a("'g/l') = ) [ om 0.71 hours]
p

SL
hour] *ETeyentres-a [ event

FOR ORGANICS:

3
ug 1000 cm
DAevem[ 2 ]x[ L

0.71 hours cm®- event

IF ETevent-res-a[ event ]5 ! (hours) then SLwater-nc-der(”g'lL) = hours 071 hours
6 — | xET -
ox FAx K_[Em * 'event[evem] * evem-res-a[ event ]
P L hour z
or,
3
DAy ont ug . 1000 cm
0.71 hours * cm?- event L
IFET,, ontres-a [_event ] >t (hours) then SL o0 o oo (HOL) = 07T haure
T .
cm E 9\"9“"'95'3[ event ] hours)_| 1 +38 +382
FAx K |—|x +2x x| ——= -
P L hour 1+B event | eyent R +B)2
where:
365 days 1000 pyg
THQ x AT, o [—x ED\pq(26 years)]X[ xBW ., (80 k)

year my

1 1 events

xEV [
res-a
M9\ GIABS day
01| kg-day

]xEDres (26 years) x EFeea

350 days
year

2
JXSAres_a (1 9652 om ]

ug
DA =
event [cmz- evem]
RD [

The child calculation yields the most conservative result and is therefore used in both the DEQ
risk calculator and the EPA RSLs. The exposure durations cancel out in this equation, so age
adjustment is not applicable.

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

Kp = Dermal Permeability Constant (cm/hr), see chem-tox database

ETevent = Exposure Time = 0.54 hr/event child and 0.71 hr/event adult = 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 Permeability Coefficient = EPA default = See chem-tox database
TR = Target carcinogenic risk = 1.0E-6

AT = Averaging time = 2,190 days child and 9,490 days adult = 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

RfD = Chronic oral reference dose (mg/kg-day), see chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract (unitless). Contaminant specific,
see chem-tox database

EV = Resident events = 1 event/day = NC DEQ default

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

SA = Skin surface area = 6,365 cm? child and 19,652 cm? adult = EPA default
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Carcinogenic Resident Dermal Contact with Groundwater

Additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride, and
trichloroethylene. The standard equation is listed below, followed by the alternative equations.

Standard Carcinogenic Equation for Resident Dermal Contact with Tap Water

FOR INORGANICS:

3
1000 cm
DA $]x
_ evem[cmz_ event L

water-ca-der (bot) « [ cm 06708 hours]
P

SL
hour]xETevent-res-adj[ event

FOR ORGANICS:

ug 1000 cm?
IF ET hours ) ¢ 1" (hours) then SL, (wo) = DAevem[mz' evem]x[ .
eventres-adj | event )~ . water-ca-der \P9 . hours et . 06708 hours
ox Faxk [£m) event| eyent event-res-adj event
P lhour) Y P
or,
DA ug .| 1000 cm3
hours * _ event cm?- event L
IF ETeyent-res-adj ovent) ! (hours) then SL,, 1o cq dor (MOL) = o (06708 hours
Faxik (L), event-res-ad event e hours_|1+3B +382
P { hour 1+B event| eyent (1 +B)2
where:
TR x AT [355 days . 770 years)]x {_1 000 “9]
DA ug _ eS| year mg
event > - -1
cm®- event csf [_mg
0 kg-day « DFW i 2610650 evems-l:m2
GIABS res-adj kg
where:
350 days 1 events 2
EFres-c[ year ] xEvres-c[ day ]XEDres-c (B years) x SAresc [5385 cm ]
+
DFW. [2.610 B50 events-cm? _ BW o qwe (15 kg)
res-adj kg ) 350 da
ys 1 events 2
EFma[ S ] BV, [ - JX[EDreS(ZE years)- ED, . . (6 years)) x SA, . (19552 om ]
BW o5 4 (80 ko)
and:
0.54 hours 0.71 hours
06708 hours [ETevenl- res-c [ event ]xEDres»c (6 years)+ ETevent-res-a( event JX(EDres (26 years)-ED,es_c ( years))]
ET, |= =
event-res-adj[ event } ED,, (26 years)

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

Kp = Dermal Permeability Constant (cm/hr), see chem-tox database

ETevent = Exposure Time = 0.54 hr/event child and 0.71 hr/event adult = 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 Permeability Coefficient = EPA default = See chem-tox database
DFWhres-adj = Resident water dermal contact factor- age-adjusted (cm? - event/kg)

TR = Target carcinogenic risk = 1.0E-6

AT = Averaging time = 25,550 days = 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
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CSF = Oral Cancer Slope Factor (mg/kg-day)™, see chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract (unitless). Contaminant specific,
see chem-tox database

EV = Resident events = 1 event/day = NC DEQ default

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

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

Mutagenic Carcinogenic Equation for Resident Dermal Contact with Tap Water

FOR INORGANICS:

3
ug 1000 cm
DA _d x| —
event[cmz_ evenl] [ L

0.6708 hours
event

SL

water-mu-der (O1) P

P [hou,] “ETevent-res-madj [
FOR ORGANICS:

3
1000 cmi
A #] 1000 em®
EVent[cmz_ event L

hours
6 — | xET
2x FAxK [ o ] " ) fevem[evem] .
P Lhour) Y b

3

ug 1000 cm

DA —_— x| ——
eWm[cmz-event] [ L

0.6708 hours
event

IF ET ] <t (hours) then SL, o ou-der (HOIL) =

evem-res-madj[ hours]

event-res-madj (eve nt

or,

0.6708 hours

IF ETevent—ves»madj( event ]M (hours) then SLy e rmu-der (“gll‘) = hours
ET | —
cm ta‘“3'“'“35"'”3‘1|J[event] hours) | 1 +3B +382
FAxK x| — AT 4ok | /=
P {hour 1+B event | eyent {1+ B)2
where:
TR x AT, oo [MXLT {70 years)]x [M]
ug _ year mg
DAgyent [ ] ]_ ]
cm®- event CcSF mg
0 kg-day 8,191 633 events - t:m2
—~ = 77 | x DFWM )—
GIABS res-adj kg

where:

1 events 350 days 2
EVM[ s ]xEF0_2[ o= ]XEDo_z(years) x SAg (5355 e ]xm

+
BW, 5 {15 kg)

1 events 350 days 2
EV}E[ Ty JXEFz_B[ Jear JXEDz_B(years) *SAy g (5385 cm ]xa

BW, g (15 ka)

+

8,191 633 events -

2
DFWM cem ]
kg

res-adj
1 events 350 days 2
EVs 15 [W] “EFs 16 [WJxEDB_15 (vears) x SAg 4 (19552 em ]xa

+
BW& 18 (80 kg)

1 events 350 days 2
EV18_25[ - JXEF18_28[ - ]XED15_25(years) *SAE o [19552 erm ]x1

BW15.5 (80 ko)

and:

0.54 hours
event

0.71 hours

ETevent-res(s-m)(W eventres(l 6-26)[ ] *EDy 5. (10 years)

EDy.; (2 years) +ED, g (4 years) +EDg 45 (10 years) +ED, 5 (10 years)

0.54 hours
WJ <EDy g (4 years)+

0.71 hours
event

] *EDp_; (2 years) +ET

ETevenl-res(El-2)[ evenl-res(Q-B)[

] *EDg_1 (10 years)+ET
ET

0.6708 hours] -

evenl-res-madj[ event
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SLres-soil-mu-der = Screening level for carcinogenic residential water dermal contact for mutagenic

compounds
DFWMoes-adj = Age-adjusted resident mutagenic water dermal contact factor (events-cm?/kg).

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

3
1000 cm
DA L] 1000 em?
event [cm2- event L

6 x ¢ [hours] < ET [05708 hours]
9% FAx Kp[ cm J event| gyent event-res-adj event
™

<t (hours) then SL__ oo g (POIL) =

F ET 0.6708 hours]

event-res-adj [ event

hour
or,

3
1000 cm
DA #]x oY em™
event [cmz L

0.6708 hours - event

event-res-adj[ event

IFET ] >t {hours) then SLyyaterve-der {roiL) =

ET 06708 hours]

A avert 2
FAax K [ M ]« evenl-res-adj[ event Fox ¢ hours} | 1+3B +3B
PLhour 1+B event | gyent (1 +B)2

where:
ug _ TR
DAgyent [ b ] - N
cm®- event csr [ my ] —
Ol kg-day 2510 850 events-cm? 0 L kg-day 1 events 2
GIABS xDFWreS-adj[ kg GiABS | CVresc| day S o (6385 o)
365 d 1000 * 1000
ays 1] ]
AT e [qu (70 years)]x[m—g) BW . (15 kg)x[m—g]
where:
350 days 1 events 2
EFres_c[ o }:Evms_c [—day ]XEDres_c (6 years) x SAres_c(ESES em )
+
DFW [2,610 B50 events-cm? | _ BW oo (15 ku)
res-adj kg B 350 da
ys 1 events 2
EFres_a[ o ]xEv'eH[ = ]xEDreH(zo years) x SA'Q93[19652 em ]
BW, ., (B0 k)
and:
0.54 hours 0.71 hours
ET xED 6 years) +ET x|ED __(26 years)- ED 6 years
ET [U.E?US hours] - [ event-res-c [ event ] res-c( ¥ ) event-res-a [ event ) ( res( ¥ ) res—c( ¥ ))]
event-res-adj event ED, (26 years)

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

chloride
DFW:res-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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Trichloroethylene Carinogenic Equation for Resident Dermal Contact with Water

FOR ORGANICS:

3
1000 crm
DA, 4 ]
tce-event [cm2- event L

6 hours ET 06708 hours
e Fax K [m * Tevent| gyent) | _ eventres-adj event
Plh

hours
event-res-adj | gyent

IF ET ]5 t (hours) then SL, o teo ger (FO/L) =

our kg

or,

3
ug 1000 cm
DAtce-event[ 2 ]x[ L
cm

hours - event

event-res-adj [evem

IF ET ] >t (hours) then SLyater-toe-der (VL) =

ET (06708 hours
Fax Kk (M), event-res-adj event +2xe hours) |1 +38 +382
plh 1+B event | eyvent 1 +B)2

our
L 4
where:

365 days 1000 py
TRx AT [qu (o years)]x[m—g

ug -
DAlce-event [ bl ] -
cm

-event -1 2610550 events - cm?
o [_mg [CAFU {0804) = Deres_adj[T +
0 kg-day
GIABS 2
8,191 633 events - cm’
[MAFO (0202) xDFWM, . [T]]
where:
1 events 350 days 2
Ev,ew[ e JXED'QS_C (6 years) x EFreS_C[W]x SArgs o (8265 cm?
+
OFW 2610650 events - cm2 | _ BW, . . (15 kg)
res-adj kg - 1 events 350 da
¥s 2
Ev'es,a[ 2 ]xEDres_a (20 years) x EF{EH{W} SArgs., (1965202
BW, g5 (80 ko)
where:
1 events 350 days 2
EVyo [TnyEDD_z (2 years) =EF , [W] *SAq, [8385 e Jxm
+
W, (15 ko)
1 events 350 days 2
EV, g [_day ]><ED2_;3 (4 years) xEF, ¢ {W]x SAy g (5365 cm ]x3
+
. BW, g (15 kg)
DFWMres-adj 8,191633 i;enls -cm ] _ . e .
EV6_15[ - ]xEDE_15 (10 years) xEF; ;g [W]x SAg 1 [19552 e ]xa
+
BW;_ 1 (80 ka)
1 events 350 days 2
EV15-25[ day ]‘5015-25 (10 years) ‘EF15-25[ vear ] 5M16.26 [’9'552 om ]“
BW1g.25 (80 ko)

and:
0.54 hours 054 hours
eventres(0-2) | " event eventres(2-6) |~ event
0.71 hours 0.71 hours
06708 h,,u,s] ETevem»res(BJG)[ avent ] *EDg. 1 (10 Vea'9)+ETevem-res(15-26)[ avent ] *ED; g5 (10 years)

event-res-adj( event EDg5 (2 years) +ED, (4 years) +EDg 5 (10 years) +ED, g o5 (10 years)

ET ] *EDg.5 (2 years)+ET ] xEDy g (4 years)+

ET

SLes-soil-tce-der = Screening Level for carcinogenic resident tap water dermal contact for

trichloroethylene
DFWDMres-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

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

THQ*AT, [ 385days . (25 years) (e (1000 ”9 [
SL inhw(HO/L) = - 2
sl e [ 250days |, en (25 years)ET | BHOUS If 1day 0.5 L]
W | year w y w day 24 hours

ol

SLwater-nc-inh-w = Screening level for noncarcinogenic non-residential worker exposure to vapors
from tap water use

THQ = Target hazard quotient = 0.2

AT = Averaging time = 9,125 days = 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 (mg/m?), see chem-tox database

K = Andelman Volatiliztion Factor = 0.5 L/m?

Carcinogenic Non-Residential Worker Groundwater (tap water) Vapor Indoor
Inhalation
TRYAT, [—365 92y .| T(70 years)
year

SL, ater-ca-inh (FO/L) =

\ (
EF. [ 250 days «ED,, (25 years)+ET. ( 8 hours x 1 day XIUR(,J/ ] ]
W year | d W day 24 hours 3

SLwater-ca-inh = Screening level for carcinogenic non-residential worker tap water vapor exposure
TR = Target carcinogenic risk = 1.0E-06

AT = Averaging time = 25,550 days = 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 (mg/m?), see chem-tox database

K = Andelman Volatiliztion Factor = 0.5 L/m?
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A.6.b. Residential Indoor Groundwater (tap water) Vapor Inhalation

Noncarcinogenic Residential Indoor Groundwater (tap water) Vapor Inhalation

Child
THOAAT | 365days o 1000 pg 1
year
SLyater-nc-inh-c (ML) =
=F | 350 days .XED (6 years)xET [ 24 hours | l 1day | l 05L i
res-c{  vyear res-c \° Y rescl day | |24 hours mg
Rfc] /
Adult
365 days 1000 pg
THQ=AT, . a[ = xED, o4 (26 years)JX[m—g

SLwater-nc—inh-a (“gfL) = 350 days

24 hours 1 day 1 05L
F = T K
. res-a[ year JXEDres(% years)XE res-a[ day ]X[24 hUUfst Rfc[my ]x [ m3 ]
3
m

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

AT = Averaging time = 2,190 days child and 9,490 days adult = 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 (mg/m?), see chem-tox database

K = Andelman Volatiliztion Factor = 0.5L/m’

Carcinogenic Residential Indoor Groundwater (tap water) Vapor Inhalation

365 days
ar

TR=AT .o [ xLT (70 ye ars)]

Slyater-ca-inh (L) =
350 days

T
24 hours 1 day g 05L
EF o [W]"E%s (26 years)XETres{ Tor ]*[24 hours}XIUR[43 K|

SLwater-ca-inh = Screening level for carcinogenic resident tap water to indoor air
TR = Target carcinogenic risk = 1.0E-06

AT = Averaging time = 25,550 days = EPA default

LT = Lifetime = 70 years = EPA default

EF = Exposure frequency = 350 days/year = EPA default
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ED = Exposure duration = 26 years = EPA default

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

IUR = Chronic inhalation unit risk (mg/m?), see chem-tox database
K = Andelman Volatiliztion Factor = 0.5 L/m?

Additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride, and
trichloroethylene.

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

TRxAT

res
05L

5
oo

[mx LT (?D ye ars)]

SLWater-m u-inh (pg/L)

=IUR[5%;3]1XK[

350 days
Efo2 [ year

24 hours
day

1 day
24 hours

]x ]xEDD_2 (years)X1U]+
\

\

24 hours

-
\

350 days

year

P

1 day

]x

24 hours

day

.24 hours

xED years)x3 |+
2-6

1 day

]XEDB_1 g (vears) XB] -

]><ED1 5.0 (vears)x 1]

350 days
JXETEHB( x[24 hours

year
350 days
(o) emeas (35

year
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.

E%45{
\

EFi6.26
\

day

24 hours
day

1 day
24 hours

/

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

= TR
SLyater-ca-v-inh (F9L) = X - " - —
IWR([MY/ | <EF 3YS |\ \ED___ (26 years)<ET ours x[ ay JxK :
[ /n3J res [ year res ( ! ) res day 24 hours o .
365 days
ATres[ LT (7o years)]

o] (2]

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

TF\'XATres

365 days
ear

xLT {70 years)]

SLyvater-tce-inh (PO1) =

-1
05L
IUR “y ] xK x
[ m3 m3
EF [350 days

resl year

350 dast .

EDp (2 EF
0.2 (2 years)x 0-2[ year

year

EDg , (10 EF,
515 (10 years) 5-15[ year

JxED,eS (26 years) xETreS[

350 days 24 hours
ED, ¢ (4 years)<EF, [—Y]XETZB [ ur ][

350 days

24 hours B 1
day 24

hours

24 hours 1 day
o2 [ day ]x[24 hours]"MAFi (0-2“)"10]*

day

1935 1. mar (0244)x3 |+
24 hours !

]><ET {24 hours
616 \ day

]x[ 1 day ]xMAFi[U.244)><3J+

24 hours

350 days 24 hours 1 day
EDy5og (10 years)xEF; g o [W]xET1 6o [ Tay )x (24 hourstMAFi (0.244):1]

SLwater-tce-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.

day J xCAF; (0.755)] +
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A.7 SURFACE WATER INGESTION PATHWAY
A.7.a. User Defined (Recreator/Trespasser) Surface Water Ingestion

Noncarcinogenic Recreator Surface Water Ingestion

Child
365 days ) ( 1000 pg |
( ) THQ*AT .. . [\ = *ED oo years))xBWreC_C (15 kg)x: |
SL . pg/L) = , \
rec-water-nc-ing-c ( \ \ \ 7 N
g EF ‘ days [xED (vears)x 1  IRW {012 L Jx (events [hours l
rec-C| year |  rec-c RiD_[ M9 ] rec-C | hour recc| " day recc | event )
O\ kg-d)
Adult
THQXAT, . o (MXEDreC-a (years }wa,ec_a (80 kg)x [M]
year mg
SL, ; /L) = - =
rec-water-nc-mg-a(“g ) EF days |, " 1 * IRW 0.11L) xgv events <ET hours
rec-a|( year rec-a (Years) riD_ [ M9 rec-a { hour rec-al  day rec-al event
O kg-d

The child calculation yields the most conservative result and is therefore used in both the DEQ
risk calculator and the EPA calculator. The exposure durations cancel out in this equation, so
age adjustment is not applicable.

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

AT = Averaging time = 2,190 days child and 9,490 days adult = EPA default

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

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

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

RfD = Chronic oral reference dose (mg/kg-day), see chem-tox database

IRW = Ingestion rate surface water = 0.12 L/hr child, 0.11 L/hr adult = EPA default

EV = Events Frequency = 1 event/day = NC DEQ default

ET = Exposure Time = 2 hour/event = NC DEQ default
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Noncarcinogenic Trespasser Surface Water Ingestion

Adolescent
( \ \
THQ xATreC_aL 365 93YS L ED, o (vears )warec_a (a5 kg)x( 1000 pg J
) year mg
SL, o~ (Hg/L) = _ > 7 N
rec-water-nc-ing al EF ( days «ED —_ 1 % IRW. 0.1241) events \XET I’ hours
rec-a| year rec-a (¥ RID [ mg ] rec-a | hour rec-al day J rec-a| event
o1 kg-d

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

THQ = Target hazard quotient = 0.2

AT = Averaging time = 3,650 days = EPA Region 4 Guidance

ED = Exposure duration = 10 years adolescent = EPA Region 4 Guidance
BW = Body weight = 45 kilograms adolescent = EPA Region 4 Guidance
EF = Exposure frequency trespasser = 45 days/year = NC DEQ default
RfD = Chronic oral reference dose (mg/kg-day), see chem-tox database
IRW = Ingestion rate surface water = 0.124 L/hr = EPA default

EV = Events Frequency = 1 event/day = NC DEQ default

ET = Exposure Time = 2 hour/event = NC DEQ default

Carcinogenic Recreator/Trespasser Surface Water Ingestion

Standard Carcinogenic Equation for Recreator/Trespasser Surface Water Ingestion

TReAT, o [ 22292551 770 years) x[—1 000 ug J
- n) = | year mg
rec-water-ca-ing (hglL) = (L
mg y ' _1
0{ kg-day ] IFWrec-adj 1 kg )
where:
‘ [ events ( days hours ) (0.12L)
EVrec-c[ day ] * EDrgc.c (vears)x EFrec-c\ year rec c[ eventJ IRWrec c( four J
- [L] - BW gc.c (15kg)
rec-adj| kg events days hours (0.11L
ED (years)x EF, — |x X
rec-a day rec-a rec-a | year rec-a| event rec-a\ hour |

BW,oc.5 (80 kg)

SLrec-waterr-ca-ing = Screening level for carcinogenic recreator/trespasser surface water ingestion
TR = Target risk = 1.0E-06

AT = Averaging time = 25,550 days = EPA default

LT = Lifetime = 70 years = EPA default

CSF = Oral Cancer Slope Factor (mg/kg-day)™', see chem-tox database
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IFWrec-adj = Age adjusted surface water ingestion rate (L/kg), calculated via secondary equation
EV = Events Frequency = 1 event/day = NC DEQ default

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

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

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

EF = Exposure frequency = 45 days/year for trespasser (adolescent) = EPA DEQ default

ET = Exposure Time = 2 hour/event = NC DEQ default

IRW = Ingestion rate surface water = 0.12 L/hr child, 0.11 L/hr adult = EPA default, 0.11 L/hr
adolescent = NC DEQ default

BW = Body weight = 15 kilograms child and 80 kilograms adult recreators = EPA default
BW = Body weight = 45 kilograms adolescent trespasser = EPA Region 4 Guidance

Mutagenic Carcinogenic Equation for Recreator/Trespasser Surface Water Ingestion

TRAT ecl 365 days <LT 1000 ug l
m )
SI‘rec-water-mu-ing(“g”‘) = p = L)
mg
CSF IFWM o —
Ol kg-day I i rec-adj-[ kg 1
where:
days y 0.12L [ events | hours |
F t—
EDp o yeanm)=ERy, [ B 0'2{ hour 1x 0'21 day ] 0-2[ event
BWo.o (15 kg)
day! 0.12L ) events | hours
ED2 6(years)><EF2 6‘ year l I 2-6{ nour JXEVZ‘G[ day ]XETZ 6[ event I
L) BW2_6(15 kg)
IFWMrec-adij _| -
I kg ED (years)<EF [ days ) IxIR 1 0.11 L ‘events \ (%\'
6-16 y 6-16 ear 6 16 hour ’ % 16 day r( 6- 16‘ event
BWg_16 (80 kg)
0.11L ) events hours |
ED, .06 (vears)xEF g 26| — [<IRW, 26[ o Eré’ze' a ] 16- 26[—event
BW,6.06 (80 kg)

Some cancer-causing chemicals operate by a mutagenic mode of action which would exhibit a
greater effect in early-life exposure. To account for this difference, a separate equation is used to
calculate cancer risk posed by mutagens. The mutagenic equation adds an age-dependent
adjustment factor (ADAF) to account for increased childhood risk for mutagenic compounds.
The adjustment factor is ten for the 0 to 2-year age range, three for the 2 to 6-year age range,
three for the 6 to 16-year age range, and one 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
IFWM:ec-adj = Age-adjusted recreator/trespasser mutagenic surface water ingestion rate,

calculated via secondary equation
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

SI‘rec-water-ca-vc-ing (pg/ L) =

where:

L
IFWrec-adj (E]

TR

mg | L mg
CSF x|FW o1 2 el
°[ kg-day ] rec-adj ( ng [ 1000 ug]
acal i xLT(70 years)]

AT —_—
rec [ year

5
mg . hr 0.12L mg
SFO[kg-day] ETfec'C(day] IRWrec-c hour 1000 pg

BW,occ (15 kg)

Flrecc ( e\ézf;‘s] * EDrec.c (vears)* Efrec.c [%Jx Elrecc [%JXIRW@C-C ( Oﬁllzer]
BWrec.c (15K9) *
EViec-a [ e\ézr;ts] * EDpgcq(Years)x EF .. o (%)x Eles o (%]x IRWec.a ( Oﬁ:)LrL )
BWrec-a (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.

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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Trichloroethylene Carcinogenic Equation for Recreational Surface Water Ingestion

TR-AT __ [ 365 days Z"’r'ys <L T (70 years) |x 7102109“9 ]
vater-tce-ing(”g/l‘) - , -1 , ) . e N
mg x x PRSI
) kg_day’ X [[CAFO (0.804) |erec_adj[7g +| MAF, (0.202)xIFWM ¢ [ » H
where:
"events | [ days | hours | (0.121L )
EViec-c day ] * ED| g ¢ (vears)x EFrec-c\ year JX rec-c [ event }x rec-c| hour ’
IFW Lj - BWrec.c (15k9)
rec-adj{ kg, [ events | [ days | [ hours ) (0.11L)
EV e J x ED (years)x Jx [ x L .
-a| " day rec-a EFeca year rec-al event rec-al hour |
\ BW oc o (80 kg)
where:
y days 0.12L ) "events | hours |
EDy_, (vears)<EF;_ 2| xIR 0_2{ hour | EV0-2 day J ETO_Z{ i ] 10
BW,,_, (15 kg)
days 0.12L ) events hours |
ED, 6(years)XEF26{ Jea }xIRW2 6[ . JXEVZ-G[\ ' E 26[ o
L) BW, ¢ (15 kg)
IFWMrec‘adj k_QJ B days (011 L [ events | [ hours )
EDe-16 (¥62rS)*EFg.16 | Vear | "'RWG 16| hour ] ¥16| ~day ]"E 6-16[ ovent
BWg_1q (80 kg)
"0.11L ] [ events | hours
ED1g og (vears)<EFyg_ 26‘ =y XIRW16-26[ — ’ 5426 ~gay | E16- 26[ — J”
BW, 5 06 (80 ko)

For trichloroethylene, 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
trichloroethylene

IFWrec-adj = Age- ad_]usted recreator/trespasser mutagenic surface water ingestion rate, calculated
via secondary equation in L/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
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

Noncarcinogenic Dermal Contact with Surface Water

Child
FOR INORGANICS:
DA ug ).[1000 cm? |
event‘ L
_ m - event
Slrec-water-nc-der-c (ML) = (em ) (hours |
pl hour | *ETevent.rec-c ‘ event |
FOR ORGANICS:
\ 3)
DAeventI > lx| 1008 em i
( hours ) * _ \ cm?- event )
IF ETevent.rec-c | Vet | <t (hour) then SLroc water-nc-der (M9/L)= } ‘ res— w1 1/ hours ]
’ 6xr
\ event | event-rec-c |
—— | . | event ) | event )
hour ) \ x
or,
ug ). [1000cm? |
DA '
) < event t L
IFET DOU | " (hour) then SL (olL) ~even ’
event-rec-C | eyent | . rec-water-nc-der \M9 hours ) 1
/ ET —_— ‘
FAKK 1 cm \ event-rec-c |\ event I+ > x ‘ hours | | 1+3B+ 382 j
P\ hour | 1+B event| event | (1+ B)2
where:
( 365 days ‘ ‘ 1000 pg
( - \ THQ x ATrec el W XED e (years) — Bwrec (15kg)
DA yent | ] =
event | cm2- event J
1 ( events | [ days | ( 2
" mg rec-c' day [XEDgc.c (vears) XEF . c| year | ] Bhipe | S0 |
[ ]xGlABs ‘
kg-day )
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Adult/Adolescent

FOR INORGANICS:

DA ug x( 1000 cm®
event 2 l L
_ cm©- event
Slrec-water-nc-der-a (9 L) = cm ) ET hours )
P[ hour ) eventrec-c [ event J
FOR ORGANICS:
3
DA t( 2ug .| 1000 cm 1
( hours . _ event{ cm2. event L )
IF ETevent-rec-a [\m <t (hour).then SLrec-water—nc-der(“gll‘) N { hours hours
6xr [ ) ]
( \ event event-rec-a
ox FA x K [ cm J N event event |
Pl hour | \ z
or,
f 3
DA ug ) 1000 cm
event 2 L
Hoirs i _ cm“-event ) |
IF ETevent-rec-a [event} zit (hour),then SLrec-water-nc-der(”9“—) - hours 1
ET, — '
em ) event-rec-a[ event hours 1+3B+382 ||
FA K[ | | S oy ]7
P { hour ) 1+B event{ event (1+ B)Z |
]
where:
N 365 days [ 1000 pg |
" . ) THQ x AT, = ED-.... (years)} (_mg } BW,ec.q (80 kg)
event 2 -
cm“- event
events days |, sa 19652 cm?

rec-a rec-a (

day }XEDrec‘a(years) ) EF'ec‘a( year

I S

mg

RfD xGIABS
°[ kg-day I

The 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. 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, noncarcinogenic child, dermal
contact

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

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

Kp = Dermal Permeability Constant (cm/hr), see chem-tox database

ETevent = Exposure Time = 2 hr/event = NC DEQ 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 Permeability Coefficient = EPA default = See chem-tox database
THQ = Target hazard quotient = 0.2

AT = Averaging time = 2,190 days child and 9,490 days adult = EPA default

AT = Averaging time = 3,650 days adolescent = EPA Region 4 Guidance

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

ED = Exposure duration = 10 years adolescent = EPA Region 4 Guidance

61



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

BW = Body weight = 45 kilograms adolescent = EPA Region 4 Guidance

RfD = Chronic oral reference dose (mg/kg-day), see chem-tox database

GIABS = Fraction of contaminant absorbed in intestinal tract (unitless). Contaminant specific,
see chem-tox database

EV = Recreator events = 1 event/day NC DEQ default

EF = Exposure frequency = 90 days/year for recreators, 45 days/year trespasser = NC DEQ
default

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

Carcinogenic Dermal Contact with Surface Water

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

FOR INORGANICS:

[ ug 1000 cm? |
DAeventl 2 I L |
s " cm*-event) | !
rec-water-ca-der (H9'L) = ( hours |
pl hour ) I ETevent-rec-adj| avent |
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3)
(hours) _ ,* DAe"em‘ cm?- uevent h i 1000 - ;
IF ETevent-rec-adj | <vent | | <t (hour),then SL o \ator-ca-der (ML) = — T
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2xFAxK | S
Pl hour ) | x
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\ 3}
- i ug ' 1000 cm l
IF ET {Dours | . ¢* (hour).then SL = Yo o vent :
event-rec-adj | gygnt | ¢ (N0Ur)then Slrec yater-ca-der (ML) = (hours |
T | \
A (o) [Seventrec = cven (hours [1+38 + 382
P\ hour 1+B Tevent| avent | : (1 +By?
where:
(365 days (1000 ug
( u TR x AT | 1
DAevent | -
- ( /
cm“-event | - mg )
Olkg-day) | DEW events-cm? |
GIABS rec-adj| kg
where:
{ [ events | |
| EViecc| g2y ]*ED,ec{qyeam * EF, H] sy |xSA gc.c 6365 cm |+
[ events-cm? | Wrec-c (15K9)
OFWrec- -adj| T kg ] t (events ) ( days 2)
: EVreca 1 “day ,I'EDrec»alyea'S) Frec-al vear l SArec- a| 19652 cm” |
|
l BW,o. 5 (80 kg)
and:
( ours
hours\ | | £ Tevent-rec| avent '|‘ recc (Y83r8)+ ETeyentrec-a| event l EDrec- a(years)‘
ET, ===
event-rec-adj | ' +
] | event ) EDrec'c(years) I,ec_a(yearsb
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SLrec-water-ca-der = Screening level for carcinogenic recreator/trespasser surface water dermal
contact

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

Kp = Dermal Permeability Constant (cm/hr), see chem-tox database

ETevent = Exposure Time = 2 hr/event = NC DEQ 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 Permeability Coefficient = EPA default = See chem-tox database
TR = Target carcinogenic risk = 1.0E-6

AT = Averaging time = 25,550 days = EPA default

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

ED = Exposure duration = 10 years adolescent = EPA Region 4 Guidance

LT = Lifetime = 70 years = EPA default

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

BW = Body weight = 45 kilograms adolescent = EPA Region 4 Guidance

GIABS = Fraction of contaminant absorbed in intestinal tract (unitless). Contaminant specific,
see chem-tox database

EV = Recreator events = 1 event/day = NC DEQ default

EF = Exposure frequency = 90 days/year for recreators, 45 days/year trespasser = NC DEQ
default

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

FOR INORGANICS:

ug 1000 em?
DAevemi - event i l l
Slrec-water-mu-der (HOL) = [ em ( hours
P { hour lK event-rec-madj | event |
FOR ORGANICS:
DA i l { 1000 cm® 1
( hours | - ~ event event T |
IF ETevent-rec-madij | event) — ¢ (hours).then Sl oq i ater-mu-der (WOL) = !6 N { ' t hours |
evem event evem»rec-mad] event |
’,KFA‘KP*hourl || =
or,
(1000 em? |
DA —E x| e em
hours 8 p . eventl crn'- event I L I
IF ETevent-rec-madj | ayent ) >t (hours).then SLoc water-mu-der (WO/L) = Ter ] re— l il
[ em | ~ eventrec-madj | event | ours | | 1+ 3B + 3g2
A | 2 x(1+ 3B+ 387
F XKPVhour l’( 1+B e ’evenllevem / (1 4532 J
L
where.
TR x AT, |—365 days 11 (70 years) K 1000 "g |
{ ug _ rec| year
Phevent { em?- event ) - -1)
CSFy | | 21
| kg-day x DFWM,, | events- em= [
GIABS c-adj kg
where:
[ ( events ]
EVp.o V—‘XEDO_—,|yearsp x EFD_—,, Vs = |xsag.o (8385 em? x10 |
BW,, (15 kg, id
[ events da 2
EVyg| - ;xED.,_quea,s) x EF.,_B] Ys > |x5A, ¢ (6385 em? |x3
+
. BW5 g (15 kg)
DEWM a events - em* | _
rec-ad kg events
\ EVg_ 151 xE:)e 18 (vears) x EFe_w] year |!.~|A6 18 [ 19652 cm? jx3 1
1+
BWg_1g (80 kg) [
)
events 21|
EV1e:>eI |¥ED4g.og (years) x EF16_,,8| year xSA, g og | 19652 cm* |x1
BW; .08 (80 kg)
and: )
{ urs
ETevent—rec‘D-”jl event ' *EDg_p (years)+ E evem_fec"),e’l m—y ( XEDo_g (years)+
ET, (hours ) _ & evem—recm.w)l event ) = | xEDg_g (years)+ET, evem-recne-”B)I evem | XED1g.26 (vears) |
event-rec-madj | gyent EDg_5 (years) + ED5 g (years) + EDg_4g (years) + EDyg_og (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

/ g 3 \
( ug .| 1000 cm
DAgyent| i ‘ l

hours | cm?- event L
IF ET, . t hours),then SL, L) =
event-rec-adj | event | J£ 4 ( ) rec-water-vc-der (H9'L) o ' Thours |
S ER XK l ‘ event‘ event event -rec- adj' event |
hour ) ' m
or,
W 3)
DAeventi 2ug t J 1000Lcm 1
[ hours _ cm?- event |
IF ETevent»rec-adj | event event | t (hours),then SI‘ret:-wa(er-vc-der (WolL) = T ( hours )
| ET, g ( '
FAxK (5 ) | event-rec-adj | event/ .. . | hours 1){5 1+138+382
B nour ) | 1+B event| ‘event |\ (e B)Z
where:
ug | _ TR
Phevent ' cmZ-event) || -1) ( -1) |
i [ ma ((mg | |
| CSFOiW, [ events-cm? | °'.W.| [ events | ( 2)
‘ \ ‘ \ (
oes | P Wrec-adj| — kg I GIABS l “EVrec-c| ~gay [SArec.c 6385 em? |
+
( 365 days 1000 pg | 1000 ug
ATroe | =oeqr - *LT(70 years]] BWroc ¢ (15k0)x| |
where:
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Evrec—c:‘ day ;‘EDrec—c‘yea'S’ * EF, C-CI year ]XSArec—c16365 em? |
&
[ events-cm? | BWiocc (15Ka)
Derec'adl kg (‘events days ) 2
Evrec-a {~day 'IxEDrecVa(yearsj x EFecaI year [ SArec-al 19652 cm
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( hours hours |
| iETevem—rec—cI event | [ EDrec—c“'e"""“*’l |E event-rec-a l ovent ”‘EDreca(years’
ET,
event-rec-adj event EDgcc (vears) + ED o , (vears)

DFW:ecadj = 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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Trichloroethylene Carcinogenic Equation for Resident Dermal Contact with Water

FOR ORGANICS:

1hour) . »
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event-rec-madj | Zyant |

P hourl |

or,
DA ———
(hours) _ .* _ tceeventi cm2- event V
IF ETevenHec—madj | vent | >t (hours).then PRG o watersce-der (wa/L) = re——
FAxK_[-m I ETevent-reo—madj l event |
P hour ) 1+B
where:
TR x AT, 1 355 dayleTﬂDyears)I e 1000 pg ]
DA = year mg )
tce-event 2 | =
| em=- event | [ mg
CSFal kg-day | I [ events - em? ||
‘ ) AF_(0.804) x DFW, | events -cm” |1 |pmaF (0.202) x DFWI
GIABS XH o(0:804) XD ree-ad]l R [+ MAFo (0:202) x OFWM
where:
{ events | days | 2
Voo| g o |¥EDrecc (yesrs) x EF, - rear SArecc( 8285 om? |
DFW. events-cm? | _ BW . . (15kg)
ey kg N events | da
\ ( ys
| EVreoaa == |¥ED gq. 5 (vears) x EF, _a| |15Arec |1965"cm
{ BW . o (80 kg)
where:
[ events | ( days | 2 } d
EVD_._,| oy |xEDg _; (years) x EF°_2|F§[XSAD_2‘63G5 em? |x10 |
| \ ) ‘ ) ”
BWg 5 (15kg) |
\ )
events 2\ 0a )
| svm| llEDz_etyears) xsFNI xSAM[eaes om? |x3
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L d
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ET [ROUrS | 4Dy, (years)+ ET, [hours | yep, 4 (years)+
event-rec (0-2) | event | 0-2 event-rec(2-8)| event | 26
ET hours | - leventrec/6- 13)1 — = | xEDg_ 16W“"'*“evennecﬂt;ng,l — = | XEDyg 5g (vears) |
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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.

66



A.9 VAPOR INTRUSION

A.9.a. Non-Residential Worker Indoor Air Vapor Inhalation

Noncarcinogenic Non-Residential Worker Indoor Air Vapor Inhalation

THQ=AT, [—355 Jays <gD,, (25 years)JX[—1 oo “9}

3Y_ year mg
sL, . [ fm ]-
w-air-nc (M9 (250 days 8 hr 1
EFW S

xED,,, (25 years)xET, [ ]x
w W | 24 h
year ] 24 hr RfC(my3)
m

SLw-airnc = Screening level for noncarcinogenic non-residential worker indoor air
THQ = Target hazard quotient = 0.2

AT = Averaging time = 9,125 days = 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 (mg/m?), see chem-tox database

Carcinogenic Non-Residential Worker Indoor Air Vapor Inhalation

TRxAT [M"LT (70 Yea's)J
N ,, 3\ W year
w-air-ca (P9 |7 250 d ol )
ays i Ha
eF, (W]xeow (25 years)=ET, [24 hr]*'UR [ /n3]

SLw-airca= Screening level for carcinogenic non-residential worker indoor air
TR = Target carcinogenic risk = 1.0E-06

AT = Averaging time = 25,550 days = 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 (mg/m?®), see chem-tox database
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A.9.b. Residential Indoor Air Vapor Inhalation

Noncarcinogenic Residential Indoor Air Vapor Inhalation

THQ=AT, [Mxeo (26 years)J x [M]
year r mgy

SL . [pg/m3 J=
res-air-nc
EF, [350 days

24 hours 1 day 1
Joar ]xEDr (26 years)xET [ ]x[

x
day 24 hours] RfC [my3]
m

SLres-air-nc = Screening level for noncarcinogenic resident indoor air

THQ = Target hazard quotient = 0.2

AT = Averaging time = 9,490 days = 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 (mg/m?), see chem-tox database

Carcinogenic Residential Indoor Air Vapor Inhalation

Additional equations are applicable for carcinogenic risk for mutagens, vinyl chloride, and
trichloroethylene. The standard equation is listed below, followed by the alternative equations.

Standard Carcinogenic Equation for Resident Indoor Air Vapor Inhalation

365 days

TRxAT [
'\ year

xLT(70 years)]

31
SLes-air-ca (pg/m J_

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

TR = Target carcinogenic risk = 1.0E-06

AT = Averaging time = 25,550 days = 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 (mg/m?®), see chem-tox database

eF [ 20.93Y5 ) .Ep (26 years)<ET  [22h0urs x[ 1 day ]xIUR Py
L year r ral day 24 hours 3

1
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Mutagenic Carcinogenic Equation for Resident Indoor Air Vapor Inhalation

TR*AT

IMKLTWOyearS)]

v. § 9
Slres-air-mu | HO/M" | = = .
IUR\ g 3 | 1 day

\ 24 hours )

350days ' ET l 24 hours |
day

x

iE002|2yearS|xEF0_ [ x1o'

350 days | [ 24 hours )
~vear 126\ gay |

( 24 hours |
[ETe-16| d—y] 3l

iEDz_6(4yearsngF2_61 Ix 3"|+

[ 350 days

i EDg-1 (10 years)xEFg 46|

i ED; g o (10 years)xEFyg o |

| 350 days | 24 hours |
= l"Erusz(s‘_dy I‘}l

SLtes-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 24 hours 1 day
p ittt i
) TR = e P

365 days
AT, [WXLT (70 years)]

3=
SLres-air-ca-vinyl chloride [pg/m ]_

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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Trichloroethylene Carcinogenic Equation for Resident Indoor Air Vapor Inhalation

TRAT [ 22935, 7(70 years) |
(a3 = res| ar |
SLres—air—tce! Hg/m l - ‘ 1 . ‘
UR| Mg ( o _1day |x
\/m3) |24 hours )
‘ «ef__[350 days 24 hours
res (26 years)<EF, o | = E res] day | AR 756||
|ED02|2years)xE lMErET |M| MAF(0244|X10‘
year | E
( , ‘ [ 350 days | [ 24 hours
| ED g (4 years)<EF g [ e 26| | <MAF, (0.244)x3 j

[ 350 days | (24 hours
e | E6-16| gy

'ED6-16“0 years )xEFg_ 16| year

j MAFl0244|x3.+

350 days ET " 26‘ 24 hours |

|ED1626<IOyearsle &26' MAF|0244)-<I|

SLres-air-ca-tce = Screening level for carcinogenic resident 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.

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, March 2018).

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

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

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

70



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

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
GWSLu = IASLu x 1/H” x CF x I/AFgwnr

GWSLaxr = Non-residential groundwater screening level (ug/L)

IASLur = Non-residential indoor air screening level (pug/m?®)

H’ = Henry’s law constant (unitless), chemical specific, see chem-tox database
CF = Conversion factor = 0.001 m*/L

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

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:

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

GWSLr = IASLr X l/H’ x CF x l/AFgwr

GWSL: = Residential groundwater screening level (ng/L)

IASL: = Residential indoor air screening level (ug/m>)

H’ = Henry’s law constant (unitless), chemical specific, see chem-tox database
CF = Conversion factor = 0.001 m*/L

AFgwr = Residential groundwater to indoor air attenuation factor = 0.001

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

(O + 6,H")
Csoir = ng ks + % df
b
Parameters Default Values Units
Csoil Calculated Source Concentration for soil not applicable || mg/kg - soil
C Applicable Groundwater Target Concentration (NC GW chemical- mg/L -
& Std) specific water
df Dilution factor 20 (0'5_?“6 unitless
source size)
K Soil-water partition coefficient for organic constituents chemical- Lk
) 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
. .. . . . chemical-specific
kd Soil-water partition coefficient for inorganics - L/kg
(pH=5.5)
[ Water-filled soil porosity-vadose soils 0.3 Lwater/Lsoil
O Air-filled soil porosity-vadose soils 0.13 Lair/Lsoil
Py 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

Equation and Parameters are from the USEPA 1996 Soil Screening Guidance and 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). 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 (This equation is valid for organics

only. The risk calculator is not currently set up to correctly run inorganics for this pathway.)
oc = 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/Lsoi1) = Site-specific or default = Default is 0.3

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

H’ = Henry’s law constant (dimensionless), chemical specific, see chem-tox database

df = Dilution factor = See secondary equation below

Secondary Equation #1 — Dilution Factor

d —1+Kid
f= IL

df = Dilution factor

K = Aquifer hydraulic conductivity (m/yr) = Site-specific

1 = Hydraulic gradient (m/m) = Site-specific

d = Mixing zone depth (m) = See supplemental equation below, calculated default is 0.66 m
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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

Secondary Equation #2 — Mixing Zone Depth

d = (0.011212)%5 d,{1 — exp [

(=LD)
(Kid,)

]

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

L = Length of source area parallel to groundwater flow (m) = Site-specific

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

i = Hydraulic gradient (m/m) = Site-specific

da = Aquifer thickness = Site-specific

Mass-Limit Equation

c = (G (D(ED)

s =

(Pb)(ds)

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

Cw =

_ (C9)(py)(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 the Point of Exposure

Groundwater migration to the point of exposure (POE) calculations are based on the
methodology presented in Domenico and Robbins (1985) and Domenico (1987). Chemical
degradation may be incorporated into the equation, but the risk calculator conservatively
assumes no chemical degradation.

Crop = Cy {erf (4\7%)} {erf (%))}
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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

S4 = Groundwater source thickness (cm) = Site-specific

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
ay=0.33% 0
0z=0.05* ax

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 +—2w |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) = Site-specific = Hydraulic gradient (m/m) = Site-
specific

sw = Thickness of groundwater plume at surface water interface (cm) = Site Specific
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
R Default Location for Data Justification for Default
eceptor Parameter Name V .
alue Entry in Calculator Value

Resident AFesa Resident Adult Soil 0.07 Exposure Factors EPA RSL'
Adherence Factor and Target Risk tab
(mg/cm?)

Resident AFesc Resident Child Soil 0.2 Exposure Factors EPARSL'
Adherence Factor and Target Risk tab
(mglcm?)

Resident ATresa Resident Averaging Time 9,490 Exposure Factors ED x 365 diyr
(d) and Target Risk tab

Resident AT resc Resident Child Averaging 2,190 Exposure Factors ED x 365 diyr
Time (d) and Target Risk tab

Resident ATres Resident Age Adjusted 25,550 Exposure Factors ED x 365 diyr
Averaging Time (d) and Target Risk tab

Resident BWiesa Resident Adult Body 80 Exposure Factors EPARSL'
Weight (kg) and Target Risk tab

Resident BWiresc Resident Child Body 15 Exposure Factors EPARSL'
Weight (kg) and Target Risk tab

Resident EDres Resident Exposure 26 Exposure Factors EPA RSL'
Duration (yr) and Target Risk tab

Resident EDresa Resident Adult Exposure 20 Exposure Factors EPARSL'
Duration (yr) and Target Risk tab

Resident EDresc Resident Child Exposure 6 Exposure Factors EPARSL'
Duration (yr) and Target Risk tab

Resident EFres Resident Exposure 350 Exposure Factors EPARSL'
Frequency (d/yr) and Target Risk tab

Resident EFresa Resident Adult Exposure 350 Exposure Factors EPA RSL'
Frequency (d/yr) and Target Risk tab

Resident EFresc Resident Child Exposure 350 Exposure Factors EPA RSL'
Frequency (d/yr) and Target Risk tab

Resident ETeventresa Resident Adult Water 0.71 Exposure Factors EPA RSL', showering
Exposure Time (hr/event) and Target Risk tab

Resident ETeventresc Resident Child Water 0.54 Exposure Factors EPA RSL', bathing
Exposure Time (hr/event) and Target Risk tab

Resident ETresa Resident Adult Exposure 24 Exposure Factors EPA RSL'
Time (hr/d) and Target Risk tab

Resident ETres Resident Child Exposure 24 Exposure Factors EPARSL'
Time (hr/d) and Target Risk tab

Resident EViesa Resident Adult Event 1 Exposure Factors EPARSL'
Frequency (events/day) and Target Risk tab

Resident EViesa Resident Adult Event 1 Exposure Factors EPARSL'
Frequency (events/day) and Target Risk tab
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R Default | Location for Data Justification for Default
eceptor Parameter Name vV .
alue Entry in Calculator | Value

Resident IRSresa Resident Adult Ingestion 100 Exposure Factors EPARSL'
Rate of Soil (mg/d) and Target Risk tab

Resident IRSresc Resident Child Ingestion 200 Exposure Factors EPARSL'
Rate of Soil (mg/d) and Target Risk tab

Resident IRWresa Resident Adult Ingestion 2.5 Exposure Factors EPA RSL'
Rate of Water (L/d) and Target Risk tab

Resident IRWiresc Resident Child Ingestion 0.78 Exposure Factors EPARSL'
Rate of Water (L/d) and Target Risk tab

Resident SAresas Resident Adult Skin 6,032 Exposure Factors EPA RSL!
Surface Area Soil and Target Risk tab
(cm?/day)

Resident SArescs Resident Child Skin 2,373 Exposure Factors EPARSL'
Surface Area Soil and Target Risk tab
(cm?/day)

Resident SAresaw Resident Adult Skin 19,652 Exposure Factors EPARSL!
Surface Area Water (cm?) and Target Risk tab

Resident SArescw Resident Child Skin 6,365 Exposure Factors EPA RSL!
Surface Area Water (cm?) and Target Risk tab

Resident Clrgw Residential Groundwater 0.001 Individual calculator | NCDEQ
to Indoor Air Attenuation tabs
Factor

Resident Orsg Residential Soil Gas to 0.03 Individual calculator | NCDEQ
Indoor Air Attenuation tabs
Factor

Non- AF,, Non-Residential Worker 0.12 Exposure Factors EPARSL'

Residential Soil Adherence Factor and Target Risk tab

Worker (mg/cm?)

Non- ATw Non-Residential Worker 25,550 Exposure Factors LT x 365 d/yr

Residential Carcinogenic Averaging and Target Risk tab

Worker Time (d)

Non- ATwa Non-Residential Worker 9,125 Exposure Factors ED x 365 diyr

Residential Noncarcinogenic and Target Risk tab

Worker Averaging Time (d)

Non- BW, Non-Residential Worker 80 Exposure Factors EPARSL'

Residential Body Weight (kg) and Target Risk tab

Worker

Non- EDw Non-Residential Worker 25 Exposure Factors EPA RSL'

Residential Exposure Duration (yr) and Target Risk tab

Worker

Non- EF. Non-Residential Worker 250 Exposure Factors EPARSL'

Residential Exposure Frequency and Target Risk tab

Worker (dfyr)

Non- ETw Non-Residential Worker 8 Exposure Factors EPARSL'

Residential Exposure Time (hr/d) and Target Risk tab

Worker

Non- ETeventw Non-Residential Worker 0.67 Exposure Factors NC DEQ

Residential Water Exposure Time and Target Risk tab

Worker (hr/event)
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R Default | Location for Data Justification for Default
eceptor Parameter Name vV .
alue Entry in Calculator | Value

Non- EVw Non-Residential Worker 1 Exposure Factors NC DEQ, same as
Residential Event Frequency and Target Risk tab | residential adult.
Worker (events/day)
Non- IRw Non-Residential Worker 100 Exposure Factors EPARSL'
Residential Ingestion Rate of Soil and Target Risk tab
Worker (mg/d)
Non- IRW,, Non-Residential Worker 0.83 Exposure Factors NC DEQ, 2.5 L/d x 8 hr/24
Residential Ingestion Rate of Water and Target Risk tab | hr=0.83 L/d.
Worker (L/d)
Non- SAus Non-Residential Worker 3,527 Exposure Factors EPARSL'
Residential Skin Surface Area Soil and Target Risk tab
Worker (cm¥day)
Non- SAww Non-Residential Worker 19,652 Exposure Factors EPA RSL!
Residential Skin Surface Area Water and Target Risk tab
Worker (cm?)
Non- Clwgw Non-residential 0.001 Individual calculator | NCDEQ
Residential Groundwater to Indoor Air tabs
Worker Attenuation Factor
Non- Olwsg Non-residential Soil Gas 0.01 Individual calculator | NCDEQ
Residential to Indoor Air Attenuation tabs
Worker Factor
Construction | AFgy Construction Worker Soil 0.3 Exposure Factors EPARSL'
Worker Adherence Factor and Target Risk tab

(mg/cm?)
Construction | ATew Construction Worker 25,550 Exposure Factors LT x 365 d/yr
Worker Carcinogenic Averaging and Target Risk tab

Time (d)
Construction | ATcwa Construction Worker 350 NA ED x EW x 7 d/wk
Worker Noncarcinogenic

Averaging Time (d)
Construction | BWew Construction Worker Body 80 Exposure Factors EPA RSL!
Worker Weight (kg) and Target Risk tab
Construction | EDcw Construction Worker 1 Exposure Factors EPARSL'
Worker Exposure Duration (yr) and Target Risk tab
Construction | EFg, Construction Worker 250 Exposure Factors EPARSL'
Worker Exposure Frequency and Target Risk tab

(dfyr)
Construction | ETew Construction Worker 8 Exposure Factors EPARSL'
Worker Exposure Time (hr/d) and Target Risk tab
Construction | EWey Construction Worker 50 Exposure Factors EPARSL'
Worker Weeks Worked (weeks) and Target Risk tab
Construction | IRg Construction Worker 330 Exposure Factors EPARSL'
Worker Ingestion Rate of Soil and Target Risk tab

(mg/d)
Construction | IRWew Construction Worker 0.83 Exposure Factors NC DEQ, 2.5 L/d x 8 hr/24
Worker Ingestion Rate of Water and Target Risk tab | hr=0.83 L/d.

(L/d)
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Default

Location for Data

Justification for Default

R PRI AT Value Entry in Calculator | Value

Construction | SAcws Construction Worker Skin 3,527 Exposure Factors EPARSL'

Worker Surface Area Soil and Target Risk tab
(cm?/day)

Recreator AFreca Recreator Adult Soil 0.07 Exposure Factors NC DEQ
Adherence Factor and Target Risk tab
(mg/cm?)

Recreator AFecc Recreator Child Soil 0.2 Exposure Factors NC DEQ
Adherence Factor and Target Risk tab
(mglcm?)

Recreator ATrec Recreator Carcinogenic 25,550 Exposure Factors ED x 365 diyr
Averaging Time (d) and Target Risk tab

Recreator ATreca Recreator Adult Exposure Factors ED x 365 diyr
Noncarcinogenic 9,490 and Target Risk tab
Averaging Time (d)

Recreator AT rece Recreator Child 2,190 Exposure Factors ED x 365 diyr
Noncarcinogenic and Target Risk tab
Averaging Time (d)

Recreator BWireca Recreator Adult Body 80 Exposure Factors EPARSL'
Weight (kg) and Target Risk tab

Recreator BWirecc Recreator Child Body 15 Exposure Factors EPARSL'
Weight (kg) and Target Risk tab

Recreator EDreca Recreator Exposure 26 Exposure Factors NC DEQ
Duration (yr) and Target Risk tab

Recreator EDreca Recreator Adult Exposure 20 Exposure Factors NC DEQ
Duration (yr) and Target Risk tab

Recreator EDrecc Recreator Child Exposure 6 Exposure Factors NC DEQ
Duration (yr) and Target Risk tab

Recreator EFrec Recreator Soil Exposure 150 Exposure Factors NC DEQ
Frequency (d/yr) and Target Risk tab

Recreator EFreca Recreator Adult Soil 150 Exposure Factors NC DEQ
Exposure Frequency and Target Risk tab
(dfyr)

Recreator EFrecc Recreator Child Soil 150 Exposure Factors NC DEQ
Exposure Frequency and Target Risk tab
(dfyr)

Recreator EFrec Recreator Surface Water 90 Exposure Factors NC DEQ
Exposure Frequency and Target Risk tab
(dfyr)

Recreator EFreca Recreator Adult Surface 90 Exposure Factors NC DEQ
Water Exposure and Target Risk tab
Frequency (d/yr)

Recreator EFrecc Recreator Child Surface 90 Exposure Factors NC DEQ
Water Exposure and Target Risk tab
Frequency (d/yr)

Recreator ETeventreca Recreator Adult Water 2 Exposure Factors Virginia Guidance?®

Exposure Time (hr/event)

and Target Risk tab
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R Default | Location for Data Justification for Default
eceptor Parameter Name vV .
alue Entry in Calculator | Value

Recreator ETeventrecad Recreator Age Adjusted 2 Exposure Factors Virginia Guidance?
Water Exposure Time and Target Risk tab
(hr/event)

Recreator ETeventrece Recreator Child Water 2 Exposure Factors Virginia Guidance?
Exposure Time (hr/event) and Target Risk tab

Recreator ETrec Recreator Adult Exposure 2 Exposure Factors Virginia Guidance?.
Time (hr/event) and Target Risk tab

Recreator ETreca Recreator Child Exposure 2 Exposure Factors Virginia Guidance?.
Time (hr/event) and Target Risk tab

Recreator EVieca Recreator Adult Event 1 Exposure Factors Virginia Guidance®.
Frequency (events/day) and Target Risk tab

Recreator EVrece Recreator Child Event 1 Exposure Factors Virginia Guidance?.
Frequency (events/day) and Target Risk tab

Recreator IRSreca Recreator Adult Soil 100 Exposure Factors EPARSL'
Ingestion Rate (mg/d) and Target Risk tab

Recreator IRSrecc Recreator Child Soil 200 Exposure Factors EPA RSL'
Ingestion Rate (mg/d) and Target Risk tab

Recreator IRWreca Adult Recreator Ingestion 0.11 Exposure Factors EPA RSL'
Rate Surface Water (L/d) and Target Risk tab

Recreator IRWrecc Child Recreator Ingestion 0.12 Exposure Factors EPARSL'
Rate Surface Water (L/d) and Target Risk tab

Recreator IRWrec 0-2 Child Recreator (0-2 yrs) 0.12 Exposure Factors EPARSL'
Ingestion Rate Surface and Target Risk tab
Water (L/d)

Recreator IRWrec 2-6 Child Recreator (2-6 yrs) 0.12 Exposure Factors EPARSL'
Ingestion Rate Surface and Target Risk tab
Water (L/d)

Recreator IRWrec 6-16 Adolescent Recreator (6- 0.11 Exposure Factors NC DEQ
16 yrs) Ingestion Rate and Target Risk tab
Surface Water (L/d)

Recreator IRWrec 16-26 Adult Recreator (16-26 0.11 Exposure Factors NC DEQ
yrs) Ingestion Rate and Target Risk tab
Surface Water (L/d)

Recreator SArecas Recreator Adult Skin 6,032 Exposure Factors NC DEQ
Surface Area Soil and Target Risk tab
(cm?/day)

Recreator SAreccs Recreator Child Skin 2,373 Exposure Factors NC DEQ
Surface Area Soil and Target Risk tab
(cm¥day)

Recreator SAreca Recreator Adult Skin 19,652 Exposure Factors EPA RSL!
Surface Area Water (cm?) and Target Risk tab

Recreator SArecc Recreator Child Skin 6,365 Exposure Factors EPARSL'
Surface Area Water (cm?) and Target Risk tab

Trespasser AF; Trespasser Skin Soil 0.2 Exposure Factors NC DEQ
Adherence Factor and Target Risk tab

(mg/cm?)
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Receptor

Parameter

Name

Default

Location for Data

Justification for Default

Value Entry in Calculator | Value
Trespasser AT; Trespasser 3,650 NA ED x 365 diyr
Noncarcinogenic
Averaging Time (d)
Trespasser BW; Trespasser Body Weight 45 Exposure Factors EPA Region 4 Guidance?.
(kg) and Target Risk tab
Trespasser ED: Trespasser Exposure 10 Exposure Factors EPA Region 4 Guidance?.
Duration (yr) and Target Risk tab
Trespasser EF: Trespasser Surface Water 45 Exposure Factors NC DEQ
Exposure Frequency and Target Risk tab
(dfyr)
Trespasser ETevent Trespasser Water 2 Exposure Factors Virginia Guidance?®
Exposure Time (hr/event) and Target Risk tab
Trespasser ET: Trespasser Exposure 2 Exposure Factors Virginia Guidance?.
Time (hr/d) and Target Risk tab
Trespasser EViect Trespasser Event 1 Exposure Factors EPA Region 4 Guidance?.
Frequency (events/day) and Target Risk tab
Trespasser IR Trespasser Ingestion Rate 200 Exposure Factors NC DEQ
of Soil (mg/d) and Target Risk tab
Trespasser IRW; Trespasser Surface Water 0.124 Exposure Factors EPARSL'
Ingestion Rate (L/d) and Target Risk tab
Trespasser SAss Trespasser Skin Surface 6,032 Exposure Factors NC DEQ
Area Soil (cm?/day) and Target Risk tab
Trespasser SAw Trespasser Skin Surface 19,652 Exposure Factors NC DEQ
Area Water (cm?) and Target Risk tab
NA CSF, Oral Cancer Slope Factor chemical | Chemical Database | EPA RSL!
(mg/kg-d)! specific | tab
NA RfD, Oral Reference Dose chemical | Chemical Database | EPA RSL!
(mg/kg-d) specific | tab
NA IUR Inhalation Unit Risk chemical | Chemical Database | EPA RSL!
(ug/md)-t specific | tab
NA RfC Reference Concentration chemical | Chemical Database | EPA RSL!
(mg/m?) specific | tab
NA ABS, Dermal Absorption chemical | Chemical Database | EPA RSL!
Fraction (unitless) specific | tab
NA B Relative Contribution of chemical | Chemical Database | EPA RSL!
Permeability Coefficient specific | tab
NA Dia Diffusivity in Air (cm?/s) chemical | Chemical Database | EPA RSL'
specific | tab
NA Diw Diffusivity in Water (cm?s) | chemical | Chemical Database | EPA RSL'
specific | tab
NA FA Fraction Absorbed in chemical | Chemical Database | EPA RSL!
Water (unitless) specific | tab
NA GIABS Fraction of Contaminant chemical | Chemical Database | EPA RSL!
Absorbed in Intestinal specific | tab

Tract (unitless)
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Default

Location for Data

Justification for Default

R PRI AT Value Entry in Calculator | Value
NA H' Henry's Constant chemical | Chemical Database | EPA RSL!
(unitless) specific | tab
NA Kq or Ks Soil-Water Partition Kqis for | Chemical Database | EPA RSL!
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'
Water Partition Coefficient specific | tab
NA Kp Dermal Permeability chemical | Chemical Database | EPA RSL'
Constant (cm/hr) specific | tab
NA RBA Relative Bioavailability chemical | Chemical Database | EPA RSL!
Factor (unitless) specific | tab
NA t* Time to Reach Steady chemical | Chemical Database | EPA RSL!
State (hr) specific | tab
NA Tevent Lag Time (hr/event) chemical | Chemical Database | EPA RSL!
specific | tab
NA THQ Target Hazard Quotient 0.2 Exposure Factors NC DEQ
(unitless) individual, | and Target Risk tab
1
cumulative
NA TR Target Carcinogenic Risk 1.0E-06 | Exposure Factors NC DEQ
(unitless) individual, | and Target Risk tab
1.0E-04
cumulative
NA EDmi Exposure Duration for Soil 70 Individual calculator | EPA RSL'
Leaching to Groundwater tabs
Mass Limit Equation (yrs)
NA K Andelman Volatilization 0.5 Individual calculator | EPA RSL'
Factor (L/m3) tabs
NA POEg Distance to Protection of 0 Parameters tab NCDEQ
Surface Water POE (ft)
NA POEsw Distance to Protection of 0 Parameters tab NCDEQ
Groundwater Use POE (ft)
NA da Aquifer Thickness (cm) no Parameters tab Site Specific
default/site
specific
NA ds Depth to Base of Sail 1,244 Parameters tab NC DEQ
Source Area (cm)
NA foc Fraction Organic Carbon | 0.006/0.002 | Parameters tab EPA RSL'. The two values

(unitless)

shown reflect the defaults
for (1) VF & PEF equations
/(2) Soil to Groundwater
equations.
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Default

Location for Data

Justification for Default

R PRI AT Value Entry in Calculator | Value
NA I Infiltration Rate (cm/yr) 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 Hydraulic Gradient no default/ | Parameters tab Site Specific
(unitless) site specific
NA Tgw Average Groundwater 25 Parameters tab EPARSL'
Temperature (°C)
NA K Aquifer Hydraulic no Parameters tab Site Specific
Conductivity (cm/d) default/site
specific
NA L Length of Soil Source no Parameters tab NC DEQ default.
Area Parallel to default/site Equivalent to 16 ft. (No
Groundwater Flow (cm) specific EPA or ASTM defaults
established).
NA LT Lifetime (years) 70 Parameters tab EPARSL'
NA n Total Soil Porosity 043 Parameters tab EPARSL'
(unitless)
NA Qsw Surface Water Flow Rate 0 Parameters tab NCDEQ, conservatively
(cm3/d) assumes no surface water
flow.
NA Sq Groundwater Source no Parameters tab Site Specific
Thickness (cm) default/site
specific
NA Sw Groundwater Source no Parameters tab Site Specific
Width (cm) default/site
specific
NA Wawsw Width of Groundwater no Parameters tab Site Specific
Plume at Surface Water default/site
Interface (cm) specific
NA Osw Thickness of Groundwater no Parameters tab Site Specific
Plume at Surface Water default/site
Interface specific

(cm)
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R Default | Location for Data Justification for Default
eceptor Parameter Name vV .
alue Entry in Calculator | Value
NA 0, Air Filled Soil Porosity 0.28/0.13 | Parameters tab EPARSL '. The two values
(unitless) shown reflect the defaults
for (1) VF & PEF equations
/ (2) Soil to Groundwater
equations.
NA Bw Water Filled Soil Porosity 0.15/0.3 | Parameters tab EPA RSL . The two values
(unitless) shown reflect the defaults
for (1) VF & PEF equations
/ (2) Soil to Groundwater
equations.
NA Pb Dry Soil Bulk Density 1.5 Parameters tab EPARSL'
(g/cm3)
NA \Y Fraction of Vegetative 0.5 Parameters tab EPARSL'
Cover (unitless)
NA As Areal Extent of Site or Soil 0.5 Parameters tab EPA RSL default'. Only
Contamination (acres) values between 0.5 and
500 are valid.
NA A EPA Dispersion Constant 12.3675 | Supplemental EPA RSL' for Raleigh, NC
(unitless) Equations tab region.
NA B EPA Dispersion Constant 18.6337 | Supplemental EPA RSL' for Raleigh, NC
(unitless) Equations tab region.
NA C EPA Dispersion Constant 212.7284 | Supplemental EPA RSL' for Raleigh, NC
(unitless) Equations tab region.
NA F(x) Function Depending on 0.0086 Supplemental EPA RSL' for Raleigh, NC
Um/Ut (unitless) Equations tab region.
NA T Exposure Interval for Al 26 Supplemental EPA RSL".
Receptors Except Equations tab
Construction Worker
(years)
NA T(s) Exposure Interval for Al 820,000,000 | Supplemental EPARSL'
Receptors Except Equations tab
Construction Worker
(seconds)
NA tc Construction Worker 8,400 Supplemental EPARSL'
Exposure Interval (hours) Equations tab
NA Un Mean Annual Wind Speed 3.44 Supplemental EPA RSL' for Raleigh, NC
(m/s) Equations tab region.
NA Ut Equivalent Threshold 11.32 Supplemental EPA RSL' for Raleigh, NC
Value of Wind Speed at Equations tab region.
m
NA T(S)ew Construction Worker 30,240,000 | Supplemental EPARSL'
Exposure Interval Equations tab
(seconds)

NA — Not Applicable

ASTM - 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 backcalculated using a chemical’s
calculated risk value. To maintain consistency in cleanups in NC, these calculated risk values
shall incorporate 2 significant figures.

88



