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AIR Risk-Based Target Levels (Residential and Non-Residential Worker)

NON-CARCINOGENIC (child, adult, and age-adjusted resident and non-resident worker)

THQ X AT, X 1000 (42

RBTL = : o
———) x| ——— ) X EF X ED
(RfC> <24 (*};))

CARCINOGENIC (child, adult, and age-adjusted resident and non-resident worker)
RBTL — TR x AT,

ET
URL- X <m> X EF X ED

MUTAGENIC (residential only — child, adult, and age-adjusted resident)
Child Resident:

TR X AT,
RBTL =

d

Adult Resident:

RBTL — TR x AT;

UR; x (24’3%)) X EF X [(EDg_ 1o XADAF 1) BN(EDse»s X ADAFy4 )]
Age-Adjusted Resident:
RBTL = TRxATp

URix( ET >><EF><[(ED0_2><ADAF0_2)+(ED2_6XADAF2_6)+(ED6_16XADAF6_16)+(EDIG_ZGXADAFIG_ZG)]

24 (')

TRICHLOROETHYLENE (TCE) - MUTAGENIC (residential only — child, adult, and age-adjusted resident)
1
RBTL =

1 1
((TCE Carcinogenic RBTL) + (TCE Mutagenic RBTL))
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AIR Risk-Based Target Levels (Residential and Non-Residential Worker) CONTINUED

RBTL =

UR; X <E—7;> x EF x ED
24 (7))
UR; +

\ AT, /
Where:

RBTL = Risk Based Target Level (pug/m®)

THQ = Target Hazard Quotient (unitless)

TR = Target Cancer Risk (unitless)

AT, = Averaging Time for Non-Carcinogens (days)

AT. = Averaging Time for Carcinogens (days)

RfC = Chronic Inhalation Reference Concentration (mg/m®)

UR; = Chronic Inhalation Unit Risk (ug/m?)*

ET = Exposure Time for Inhalation (hours/day)

EF = Exposure Frequency (days/year)

ED = Exposure Duration (years)

ED,., = Mutagenic Exposure Duration - age segment 0-2 (years)

ED,.s = Mutagenic Exposure Duration - age segment.2-6.(years)

EDs.16 = Mutagenic Exposure Duration - age segment 6-16 (years)

ED16.26 = Mutagenic Exposure Duration - age ségment 16-26 (years)

ADAF,., = Mutagenic Age-Dependent AdjustmentiFactor 0-2 years (unitless)
ADAF,.¢ = Mutagenic Age-Dependent Adjustment Fagtor 246 years (unitless)
ADAFg 15 = Mutagenic Age-Dependent Adjustment Factof 6-16 years (unitless)
ADAF5.26 = Mutagenic Age-Dependent Adjustment Factor 16-26 years (unitless)

VINYL CHLORIDE (VC) - MUTAGENIC (residential only - child and age-adjusted resident only)
TR
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VAPOR INTRUSION Risk-Based Target Levels (Residential and Non-Residential Worker)
Note: Volatile chemicals are defined as chemicals with a Henry's Law Constant > 1 x 10 atm-m*mole or a Vapor Pressure > 1 mm Hg.

Target Crawlspace Air Concentration Corresponding to Target Residential or Non-Residential Air Concentration
RBTLtarget air

AF,

RBTL =

Target Sub-Slab Soil Gas Concentration Corresponding to Target Residential or Non=Residential Air Concentration
RBTLtarget air

AFs

RBTL =

Target Exterior Soil Gas Concentration Corresponding to Target Residential or'Non-Residential Air Concentration

Target Groundwater Concentration Corresponding to Target Residential or Non-Residential Air Concentration
RBTLtarget air

AFy,, x H' X 1000(-)

RBTL =

Where:

RBTL = Risk Based Target Level (ug/m®)

RBTLtarget air = Target Residential or Non-Residential Air Concentration (ug/m®)
AF. = Crawlspace Attenuation Factor (unitless)

AF¢ = Sub-Slab Soil Gas Attenuation Factor (unitless)

AFy = Exterior Soil Gas Attenuation Factor (unitless)

AF4y = Groundwater Attenuation Factor (unitless)

H’=Henry’s Law Constant (unitless)
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GROUNDWATER - Domestic Water Use Risk-Based Target Levels (Residential)

NON-CARCINOGENIC (child, adult, and age-adjusted resident)

Ingestion of Water
Child and Adult Resident:

THQ X AT,, X BW x 1000 (%)

1
(m)XIRWXEFXED

Age-Adjusted Resident:
THQ X ATnc,age—adjusted x 1000 (M)

mg

1 IRW hitg X EDcpita IRWagwie X EDgguie
(RfDo> x B | (T ) + ()

RBTL =

RBTL =

Dermal Absorption
Child and Adult Resident:

THQ X AT, x BW x 1000 (%) x 1000(""")

1
<RfDd> X DAgpent X SAyater X Fepent X EF X ED

Age-Adjusted Resident:

RBTL =

L

1 SAwater,child X EDchild SAwater,adult X EDadult
<W> X DAeventage-adjustea X Fevent X EFX [( BWehita ) + ( BWaauie )]

7 3
— THQ X ATy qge-adjuscedy A000E8)> 1000 ("

Inhalation of Volatiles
Child, Adult, and Age-Adjusted Resident:

THQ X AT, x 1000 (12)

mg

RBTL =

() > K¢ (i ) o
Total RBTL
RBTL = !

1 ) 1 1
+ +
((RBTLGWingestion (RBTLGWdermal) (RBTLGWinhalation)>
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GROUNDWATER - Domestic Water Use Risk-Based Target Levels (Residential) CONTINUED

CARCINOGENIC (child, adult, and age-adjusted resident)

Ingestion of Water
Child and Adult Resident:

TR x AT, X BW x 1000 (&)

mg

RBTL =
SF, X IRW X EF X ED
Age-Adjusted Resident:

TR X AT, x 1000 (42}

mg

IRW hitg X EDcpita IRWaauie X EDgauie
SFy x EF x |( BWoia )+ ( BW,qurs )]

RBTL =

Dermal Absorption
Child and Adult Resident:

TR X AT, x BW x 1000 (“2) x 1000(“"")

RBTL =
SF; X DAppent X SA X Fopene X EF X ED
Age-Adjusted Resident:

TR x AT, x 100047 ) X1000(% ")

SA naXeED, 1 SA X ED
SFd X DAevent,age—adjusted X Fevent X EF X [( waterg%jhild Chlld) + ( waterglc;ll;;;ult adult)]

RBTL =

Inhalation of Volatiles
Child, Adult, and Age-Adjusted Resident:

TR x AT,
RBTL =
ET
UR; X K X | =——F7= | X EF X ED
24 (7)
Total RBTL
1
RBTL = 1 1 1
+ +
((RBTLGWingestion> (RBTLGWdermal) (RBTLGWinhalation)>
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GROUNDWATER - Domestic Water Use Risk-Based Target Levels (Residential) CONTINUED

MUTAGENIC (child, adult, and age-adjusted resident)

Ingestion of Water
Child Resident:

TR x AT, X 1000 (M)

IRW ji1qa X EDg_p X ADAFO_Z) (IRWchﬂd X ED,_¢g X ADAF,_ 6)]
BWhila BWhilg

RBTL =

SF, X EF X [(
Adult Resident:

TR x AT, x 1000 (4

mg

RBTL =
SF. x EF X [(IRWadult X EDg_16 X ADAF6—16) (IRWadult X ED;6_26 X ADAF ;6= 26)]
e BWaguit BWaduig
Age-Adjusted Resident:
TRxATCx1ooo(jjf(’])
RBTL - SF XEFX[(IRWChildXEDO_ZXADAF0_2)+<IRWChildXED2 6XADAF,_ 6)+(IRWadultXEDﬁ—lﬁXADAF6—16)+(IRWadultXED16—26XADAF16—26)]
° BW¢hild BWhild BWdult BWdult

Dermal Absorption
Child Resident:

TR X AT, x 1000 (497 %1000 (%

SA hitg X EDy_, XADAF,_ SA X ED X ADAF
SFd X DAevent,child X l:event X EF X [( child BV\O]clfild 0 2) ( child BV\Z/ch611d 2= 6)]

Adult Resident:

RBTL =

TR& AT, x 1000 ( @) x 1000(“7"

SAyguit X EDgdy6 X ADAF6—16) (SAadult X EDqg-26 X ADAF;¢_ 26)]
BVvadult Bwadult

RBTL =

SFd X DAevent,adult X Fevent X EF X [(

Age-Adjusted Resident:
TRXATCXIOOO(%)MOOO(@)

SAchildXEDg—2XADAFg—2 SA(chijldXED2-6XADAF; ¢ SAadultXEDe—16XADAFg_16 SAadqultXED16—26XADAF16—2¢
+ + +
BWchild BWchild BWadult BWadult

RBTL =

SF4*xDAevent,age—adjusted XFevent XEFX [(

Inhalation of Volatiles
Child Resident:

TR X AT,
RBTL =
UR, X K X <24ET )> x EF X [(EDy_, X ADAF,_,) + (ED,_, X ADAF,_J)]
d
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GROUNDWATER - Domestic Water Use Risk-Based Target Levels (Residential) CONTINUED

Adult Resident:

TR X AT,
RBTL =

UR; X K % <i) X EF X [(EDg_16 X ADAF¢_1¢) + (ED1g_26 X ADAF;¢_5¢)]

24 (1)
Age-Adjusted Resident:

RBTL = TRXAT,

ET
= >><EF><[(ED0_2XADAFO_Z)+(ED2_6XADAF2_6)+(ED6_16><ADAF6_16)+(ED16_26><ADAF16_26)]

24 ()

URl-xKx(

Total RBTL
RBTL =

1

1 ) 1 1
+ +
<(RBTLGWingestion (RBTLGWdermal) (RBTLGWinhalation)>

TRICHLOROETHYLENE (TCE) - MUTAGENIC (child, adult, and age-adjustediresident)
1
RBTL =

1 1
<(T0tal TCE Carcinogenic RBTL) + (Total TCE Mutagenic RBTL))

VINYL CHLORIDE (VC) - MUTAGENIC (childandyage-adjusted resident only)

Ingestion of Water
Child Resident:

TR

RBTL =

SF, X IRWeniq X EF X EDgpyq X 107 (79 SFo X IRWpiiq X 107 (79

+
AT. X BWepig BW:hiia
Age-Adjusted Resident:
TR
RBTL =
, -4 ( mg
SF, x EF x 10~* (m) x (IRWchild X EDchild) + (IRWadult X EDadult) % ( 1 ) n SFo X IRWepa X 10 (u‘a)
19 BWehia BWaquie AT, BWehia
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GROUNDWATER - Domestic Water Use Risk-Based Target Levels (Residential) CONTINUED
Dermal Absorption
Child Resident:
TR x 1000(™
RBTL = )
SFd X DAevent,child X SAwater,child X Fevent X EF X EDchild + SFd X DAevent,child X SAwater,child X Fevent
AT, X BW,pq X 1000 (12 BWopia X 1000 (12 )
Age-Adjusted Resident:
TRx[ 1200 cm3

RBTL = —a(mg SAwater,childXEDchild< S:watzr,adultXEDadult 1 SFq*xDAgyent(age—adjusted)*SAchild*Fevent

(SFgxDAevent,age—adjusted*Fevent XEFX10 (W)X <( BW chila )"’( BW gqule ))X(A_Tc)] BWchldX(lo ug)
Inhalation of Volatiles
Child and Age-Adjusted Resident:

TR
RBTL =
ET
URiXKX 24—(hr) X EF X ED

k ATi ) + (UR; X K)

Total RBTL
1
RBTL = . 1 .
+ +
<(VC RBTLGWingestion) (VC RBTLGWdermal) (VC RBTLGWinhalation)>
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GROUNDWATER - Domestic Water Use Risk-Based Target Levels (Residential) CONTINUED

Where:

RBTL = Risk Based Target Level (ug/L)

THQ = Target Hazard Quotient (unitless)

TR = Target Cancer Risk (unitless)

ATnc = Averaging Time for Non-Carcinogens (days)

AT, = Averaging Time for Carcinogens (days)

BW = Body Weight (kg)

RfD, = Chronic Oral Reference Dose (mg/kg-day)

SF, = Oral Slope Factor (mg/kg-day)™

RfDg = Chronic Dermal Reference Dose (mg/kg-day)

SF4= Dermal Slope Factor (mg/kg-day)™

RfC = Chronic Inhalation Reference Concentration (mg/m®)

UR; = Inhalation Unit Risk (pg/m?)™*

IRW = Water Ingestion Rate (L/day)

DAcvent = Dermally Absorbed Dose per Event (cm/event)

SAwater = Skin Surface Area Available for Water Contact (cmz)

Fevent = Event Frequency for Dermal Contact with Water (events/day)

K = Volatilization Constant for Domestic Water Use (L/m?)

ET = Exposure Time (hours/day)

EF = Exposure Frequency (days/year)

ED = Exposure Duration (years)

ED,., = Mutagenic Exposure Duration - age segment 0-2.(years)

ED,.¢ = Mutagenic Exposure Duration - age segment 2-6 (years)

EDs.16 = Mutagenic Exposure Duration - age segment 6-16 (years)

ED16.26 = Mutagenic Exposure Duration - age segment 16-26 (years)
ADAF,., = Mutagenic Age-Dependent Adjustment Factor 0-2 years (unitless)
ADAF,.s = Mutagenic Age-Dependent Adjustment Factor2-6 years (unitless)
ADAF¢.15 = Mutagenic Age-Dependent Adjustment Factor 6-16 years (unitless)
ADAF5.26 = Mutagenic Age-Dependent Adjustment Factor 16-26 years (unitless)

Note: For K, volatile chemicals are defined as chemicals with a Henry's Law Constant > 1 x 10°° atm-m*mole or a Vapor Pressure > 1 mm Hg.
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GROUNDWATER Trench Exposure Risk-Based Target Levels (Construction Worker)

NON-CARCINOGENIC (construction worker only)

Dermal Absorption
THQ X AT,. X BW x 1000 (%) x 1000(<™)

1
<RfDd> X DAevent X SAWClte‘r X Fevent X EF X ED

RBTL =

Inhalation of Volatiles

/ THQ X AT, x 1000 (42) \

mg

RBTL = +VF,
(k) * (520 )xEFxED)
rre) *\aa ()

Total RBTL

1

RBTL =

1 1
<( RBTLcwaermai ) + (RBTLGWinhalation) )

CARCINOGENIC (construction worker only)

Dermal Absorption
3,
TR X AT, x BW x 1000 () x 1000("%)
SFg X DAgyent X SA X Foygns X EF X ED

RBTL =

Inhalation of Volatiles

/ TR x AT, \

RBTL = + VFqencn
UR; X <E—7;lr> X EF X ED
24 (%)
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GROUNDWATER Trench Exposure Risk-Based Target Levels (Construction Worker) CONTINUED

Total RBTL
RBTL =

1

1 1
<( RBTLcwaermai ) + (RBTLGWinhalation) >

Where:

RBTL = Risk Based Target Level (ug/L)

THQ = Target Hazard Quotient (unitless)

TR = Target Cancer Risk (unitless)

AT, = Averaging Time for Non-Carcinogens (days)

AT. = Averaging Time for Carcinogens (days)

BW = Body Weight (kg)

RfD4 = Chronic Dermal Reference Dose (mg/kg-day)

SF4= Dermal Slope Factor (mg/kg-day)™

RfC = Chronic Inhalation Reference Concentration (mg/m®)
UR; = Inhalation Unit Risk (pg/m?)™*

DAcvent = Dermally Absorbed Dose per Event (cm/event)
SAuaier = Skin Surface Area Available for Water Contact (cm?)
Fevent = Event Frequency for Dermal Contact with Water (events/day)
VFyencn = Trench Air Volatilization Factor (L/m®)

EF = Exposure Frequency (days/year)

ED = Exposure Duration (years)

Note: For VFyencn, volatile chemicals are definédas chemicals with a Henry's Law Constant > I x 10 atm-m*/mole or a Vapor Pressure > 1 mm Hg.
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GROUNDWATER - Dermal Absorbed Dose per Event (Residential and Construction Worker)

DA:vent (cm/event) - Inorganics
DAevent K x tevent

DA ent (cm/event) - Organics

6 X Tevent X tevent

IF teyent = < t* (hr),then DAgyen: = 2 X FAX K, x\/ -

or

Levent 1+3B+ 332>]

IF teyent > t* (hr),then DAgyens = FA X K, X i+8 + 2 X Topene X < (1 +.B)?

DAevent Supporting Equations

If B <0.6,thent” (hr) = 2.4 X Topont

OR
If B> 0.6,thent(hr) = 6 X Tepene X (b —/b? = c2)
where:
2x (14 B)? 1+ 3B+ 3B?
- T —cand ¢ ==
P 2.6

Tevent C(Cm)

6 X DSC(C’” )
where:

sz
log%c%) = —2.80 - 0.0056 x MW (%) or ::((m)) 10(-280-0.0056xMW (7))
thus:

Iye = 1073 and Dy () = I, (cm) X 10(-28-0.0056xMW (5:5,)
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GROUNDWATER — Dermal Absorbed Dose per Event (Residential and Construction Worker) CONTINUED

Where:

DAcent = Dermally Absorbed Dose per Event (cm/event)

tevent = EXxposure Time for Dermal Contact with Water (hours/event)
t* = Time to Reach Steady-State (hours)

FA = Fraction Absorbed Water (unitless)

K, = Dermal Permeability Coefficient of compound in water (cm/hour)
Tevent = Lag Time per Event (hours/event)

B = Ratio of the Permeability Coefficient of a Compound through the Stratum Corneum Relative to its Permeability Coefficient Across the Viable
Epidermis (unitless)
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GROUNDWATER - Trench Volatilization Factor (Construction Worker)

Note: Volatile chemicals are defined as chemicals with a Henry's Law Constant > 1 x 10° atm-m*/mole or a Vapor Pressure > 1 mm Hg.

K; x Ax Fx1073(_L) x10,000(“") x 3600( ;%)
ACH XV

VFirench =

VFirench Supporting Equations
1

K; = (%)+[(%)]

A = Liyench X Werencn

V = Lirench X Wirencn X Dirench
MW,,

Ky = (—-)%° x <L> x K;
L Mw 298 Loz

Kic = (%)0'335 X (ZTE)I'OOS X Kic,H20

Where:

VFyencn = Trench Air Volatilization Factor (L/m®)

Ki = Overall mass transfer coefficient (cm/s)

A = Area of Trench (m?)

F = Fraction of floor through which contaminant can enter (unitless)

ACH = Air changes per hour (h™)

V = Volume of Trench (M*) = Lyench * Wirench * Dyefien

Lirench = Length of Trench (m)

Wirench = Width of Trench (m)

Dtrench = Depth of Trench (m)

Ki_ = Liquid-phase mass transfer coefficient (cm/s)

R = Ideal gas constant (8.2E-05 atm-m*/mol-K)

T = Average system absolute temperature (K)

H' = Henry's Law Constant (atm-m®/mol)

Kic = Gas-phase mass transfer coefficient (cm/s)

MW, = Molecular Weight of O2 (32 g/mol)

MW = Molecular Weight (g/mol)

Ki o2 = Liquid-phase mass transfer coefficient of O2 at 25°C (cm/s)

MW,20 = Molecular Weight of Water (18 g/mol)

Kic.H2o = Gas-phase mass transfer coefficient of water vapor at 25°C (0.833 cm/s)
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SOIL Direct Contact Risk-Based Target Levels (Residential, Non-Residential Worker, and Construction Worker)

NON-CARCINOGENIC (child, adult, and age-adjusted resident, non-resident worker, and construction worker)

Incidental Ingestion of Soil
Child and Adult Resident, Non-Residential Worker, and Construction Worker:
THQ X AT,. X BW

RBTL = 1
6
(RfD >><1RS><RBA><10 (L) x EF x ED
Age-Adjusted Resident:
RBTL = THQ X ATnc,age—adjusted

() o x 107 (o) e (g X PP - (B

Dermal Contact with Soil
Child and Adult Resident, Non-Residential Worker, and Construction Worker:
THQ X AT, x BW

RBTL = 1
6 (kg
(prd>><5A><AF><ABS><10 ( )xEFxED
Age-Adjusted Resident:
RBTL = THQ x ATnc,age—adusted

1 -6 SAchita X Abenifa ¥ EDcrita SAgauir X AFgauie X EDgauir
(RfDd> X ABS x 107 ( ) * EF X [( Wchild ) + ( Wadult )]

Inhalation of Volatiles and Particulates Emitted ffom Soil
Child, Adult, and Age-Adjusted Resident, Non-Residential Worker, and Construction Worker:

THQ x AT,

RBTL = - - : Q n;T

(Rfc> X (W + PEF) X (24 ('?f)> X EF X ED
Total RBTL

1
RBTL = " 1 :
+ +

((RBTLSOILingeStiOn> (RBTLSOILdermaz) (RBTLSOILinhalation)>
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SOIL Direct Contact Risk-Based Target Levels (Residential, Non-Residential Worker, and Construction Worker) CONTINUED

CARCINOGENIC (child, adult, and age-adjusted resident, non-resident worker, and construction worker)

Incidental Ingestion of Soil
Child and Adult Resident, Non-Residential Worker, and Construction Worker:
TR X AT, X BW

SF, x IRS x RBA x 10~ 6(’(@) x EF X ED
Age-Adjusted Resident:

RBTL =

TR x AT.
RBTL =
SE, x RBA x 106 (kg) x EF % [(IRSchgng EDchild) + (IRSadétlI;:Vx EDadult)]
child adult

Dermal Contact with Soil
Child and Adult Resident, Non-Residential Worker, and Construction Worker:
TR x AT, X BW

SF4 X SA X AF x ABS x 10=¢ (;‘Tq) X EF X ED
g
Age-Adjusted Resident:

RBTL =

— TR x AT,
B k SAchita X AFcnifa X EDgpita SAgauie X AFgauie X EDgguir
SFq X ABS x 1076 (0 ) x EF x | (Zehild = prehlld = Z2gita) (8 Radule = pppdult 2= Zadult )|

Inhalation of Volatiles and Particulates Emitted from.S@il
Child, Adult, and Age-Adjusted Resident, Non-Residential Worker, and Construction Worker:

TR X AT,
RBTL = " - N
ug
UR: X (77 + pgg) X 1000 (45 x <—2 1 (,3.)> x BF x ED
Total RBTL
1
RBTL = - - 1
+ +
<(RBTLSOILingeStion> (RBTLSOILdermal) (RBTLSOILinhalation)>
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SOIL Direct Contact Risk-Based Target Levels (Residential, Non-Residential Worker, and Construction Worker) CONTINUED
MUTAGENIC (child, adult, and age-adjusted resident)
Incidental Ingestion of Soil
Child Resident:
RETL — TR x AT,
IRS .14 X ED X ADAF IRS X ED X ADAF
6 ( kg child 0—2 0-—2 child 2-6 2—6
SF, X RBA x 10~ ( ) x EF X [( BW- ) ( B )]
Adult Resident:
RBTL — TR x AT,
- IRS X ED¢_,r X ADAF._ IRS X EDy¢c_>c X ADAF,+_
SF X RBA X 10 6( kg X EF X adult 6—16 6—16 + adult 16—26 16—26
(%) It e )+( B )l
Age-Adjusted Resident:
RBTL = TRXAT,
SFoXRBAX10~ (kq)xEFx[(IRSChildX;VI\)](Z;iZIZADAFO—Z>+(lechildX;xi;iﬁleDAFz_6>+(IRSadultXizs;;j;ADAFs_ls)+(IRSadultXE];;S;;E;ADAF16—26)]
Dermal Contact with Soil
Child Resident:
RETL = TR.X AT,
B SFy X ABS X 10-6 ( ) % EF X [(SAchild X AFchild‘;\(] EDy1p X ADAFo—z) n (SAchild X AFChild\/)\; ED;_g X ADAFz—e)]
child child
Adult Resident:;
RBTL — TR X AT,
o SA X AF X ED X ADAF SA X AF X ED X ADAF
-6 ( kg adult adult 6=16 6—16 adult adult 16—26 16—26
SFq X ABS X 10 (Lo} x EF x [( o )+ ( W )
Age-Adjusted Resident:
RETL = TRXAT,
SFqXABSX10~ (’“’ )XEFX[(SAchildXAFchél‘gi:i?gﬂXADAF("Z)+(SAchildXAFchélv%iEi'?;%XADAFZ‘ﬁ)+(5Aadu1tXAFadl§‘t/;<;i€;t-16XADAF6‘16)+(SAadultXAFadulé:f;tslt—zesXADAFlé—zs)]
Inhalation of VVolatiles and Particulates Emitted from Soil
Child Resident:
TR x AT,
RBTL = 1 1 T
UR; X (VF 5 EF) x 1000 (mq) <24 ,“)> X EF X [(EDy_, X ADAF,_,) + (ED,_¢ X ADAF,_¢)]
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SOIL Direct Contact Risk-Based Target Levels (Residential, Non-Residential Worker, and Construction Worker) CONTINUED

Adult Resident:

TR X AT,
RBTL =

11 ET
UR; X (VF PEF) x 1000 (1) x (24—(,d)> X EF X [(EDg_16 X ADAF4_1¢) + (EDyg_26 X ADAFyg_56)]

Age-Adjusted Resident:

RBTL = TRXAT,

ET
UR; x(VF+PEF)><1000(,‘,‘1g) L |XEFX[(EDg_p X ADAFy_)+(ED;_gXADAF, _g)+(EDg_16XADAFg_16)+(EDy16—26XADAF16_36)]
24 (d)

Total RBTL
RBTL =

1

1 ) 1 1
+ +
<(RBTLSOILingestion (RBTLSOILdermal) (RBTLSOILinhalation)>

TRICHLOROETHYLENE (TCE) - MUTAGENIC (child, adult, and age-adjusted resident)
1
RBTL =

1 1
<(T0tal TCE Carcinogenic RBTL) + (Total TCEMutagenic RBTL))

VINYL CHLORIDE (VC) - MUTAGENIC (child andiage-adjusted resident only)

Incidental Ingestion of Soil
Child Resident:

RBTL = R

SFy X IRSchitg X RBA X 1076 (X9) X EF X EDgpyq SFo X IRScpisg X RBA X 1076 (12

+
AT, X BW hiia BW . hita
Age-Adjusted Resident:
TR
RBTL =
SFo X IRS piiq X RBA X 1076 (12
SF, x RBA x 10~ 6(1\4}) « EF % (IRSchild X EDchild) n (IRSadult X EDadult) % ( 1 ) n 0 child mg
" BW:hiia BWaauie AT, BW:niia

Missouri Risk-Based Corrective Action Page E-33 December 2015 DRAFT

Technical Guidance, Appendix E



SOIL Direct Contact Risk-Based Target Levels (Residential, Non-Residential Worker, and Construction Worker) CONTINUED

Dermal Contact with Soil
Child Resident:

RBTL = R

SFy X SAsoichita X AFenita X ABS X 1076 (X0 ) x EF X EDcpiig  ([5Fa X SAsoitcnita X AFonita X ABS  10- =6 (ko)

AT, X BW¢piiq BW:nia
Age-Adjusted Resident:
TR
RBTL = ,
kg SAsoilchild*AF chila*EDchild )\ , (SAsoiLadult*AFadult*ED adult 1 SFdXSAsoil,childXAthildXABSXlO_é(%)
SFgxABSX10~ (, )xEFx ( g >+< AT ) X(A—TC) W

Inhalation of VVolatiles and Particulates Emitted from Soil
Child and Age-Adjusted Resident:

TR
RBTL =
1 1 ET
/UR x 1000 (42 ) x (777 + pgF) X (24 @ ) x EF X ED\ .
|\ AT, /l + (UR X 1000 (%) x (77 + 77 F)>
Total RBTL
1
RBTL = 1 y 1
)+ ( )+ )
Ve RBTLSOILingestion 49 RBTLSOILdermal Ve RBTLSOILinhalation
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SOIL Direct Contact Risk-Based Target Levels (Residential, Non-Residential Worker, and Construction Worker) CONTINUED

Where:

THQ = Target Hazard Quotient (unitless)

TR = Target Cancer Risk (unitless)

AT, = Averaging Time for Non-Carcinogens (days)

AT. = Averaging Time for Carcinogens (days)

BW = Body Weight (kg)

RfD, = Chronic Oral Reference Dose (mg/kg-day)

SF, = Oral Slope Factor (mg/kg-day)™

RfD4 = Chronic Dermal Reference Dose (mg/kg-day)

SF4= Dermal Slope Factor (mg/kg-day)™

RfC = Chronic Inhalation Reference Concentration (mg/m?)

UR; = Inhalation Unit Risk (pg/m?)™*

IRS = Soil Ingestion Rate (mg/day)

RBA = Oral Relative Bioavailability (unitless)

SAqi = Skin Surface Area Available for Dermal Contact with Soil (cmz)

AF = Adherence Factor of Soil to Skin (mg/cm?)

ABS = Soil Absorption Fraction (unitless)

VF = Soil to Air Volatilization Factor (m*/kg)

PEF = Soil Particulate Emission Factor (m®/kg)

ET = Exposure Time (hours/day)

EF = Exposure Frequency (days/year)

ED = Exposure Duration (years)

EDo., = Mutagenic Exposure Duration - age segment 0-2 (years)

ED,.s = Mutagenic Exposure Duration - age segment 2-6 (years)

EDs.16 = Mutagenic Exposure Duration - age segment 6-16 (years)

ED16.26 = Mutagenic Exposure Duration - age segment 16-26 (years)
ADAF,., = Mutagenic Age-Dependent Adjustment Factor 02 years (unitless)
ADAF,.¢ = Mutagenic Age-Dependent Adjustment Factor 2-6 years (unitless)
ADAF;.16 = Mutagenic Age-Dependent Adjustment Factor 6-16 years (unitless)
ADAF 526 = Mutagenic Age-Dependent Adjustment Factor 16-26 years (unitless)

Note: For VF, volatile chemicals are defined as chemicals with a Henry's Law Constant > 1 x 10 atm-m*/mole or a Vapor Pressure >/ mm Hg.
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SOIL - Volatilization Factor (Residential and Non-Residential Worker)
Note: Volatile chemicals are defined as chemicals with a Henry's Law Constant > I x 10” atm-m*/mole or a Vapor Pressure > I mm Hg.

Volatilization Factor (residential and non-residential worker only)
1 2
Q/Cygl X (3.14‘ X DA X T)E X 10—4(771 )

cm?

VF
2 X p, XD,

VFE Supporting Equations
10/3 , 10/3 2
[<6a XDjg XH +86,,°° X Diw>/n ]
pp XKys+6,+6, xH

D, =

6,=n-20,

i (5
Ps

K, (organics) = K,. X f,.; K;(inorganics) = default values

Where:

VF = Soil to Air Volatilization Factor (m%/kg)

Q/C.o = Inverse of the Ratio of the Geometric Mean Air Congentration to'the Volatilization Flux at the Center of a Square Source (g/m?3-s kg/m®)
Da = Apparent Diffusivity (cm?/s)

T = Exposure Interval (s)

pb = Dry Soil Bulk Density (g/cm®)

6, = Air-Filled Soil Porosity (Lair/Lsoit)

n = Total Soil Porosity (Lpore/Lsoit)

&y = Water-Filled Soil Porosity (Lwater/Lsoil)

ps = Soil particle density (g/cm®)

Dia = Diffusivity in Air (cm?/s)

H’ = Dimensionless Henry’s Law Constant (unitless)
Diw = Diffusivity in Water (cm?/g)

Kg = Soil-Water Partition Coefficient (cm®/g)

Koc = Soil Organic Carbon Partition Coefficient (cm®/g)
foc = Fraction Organic Carbon in Soil (g/g)
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SOIL - Subchronic Volatilization Factor (Construction Worker)
Note: Volatile chemicals are defined as chemicals with a Henry's Law Constant > 1 x 10° atm-m*/mole or a Vapor Pressure > 1 mm Hg.

Subchronic Volatilization Factor (construction worker only)
(3.14x D, x T)'/2
VE, =
2 X pb X DA

' 1
—4(m
x 10 (CW)XQ/CsaxF—D

VF Supporting Equations
(8% x Dy x H' + 8,°° x Dy, ) /n?]
N prKd+6W+9axH,

Dy

6,=n—20,

i (5
Ps

K, (organics) = K,. X f,.; K;(inorganics) = default values

Where:

VFs. = Subchronic Soil to Air Volatilization Factor (m*/kg)
Da = Apparent Diffusivity (cm?/s)

T = Total Time Over Which Construction Occurs (S)

pb = Dry Soil Bulk Density (g/cm?)

QI/C, = Inverse of the ratio of the 1-h geometric mean air conceftration to the volatilization flux at the center of a square site (g/m?-s kg/m?)
Fp = Dispersion Correction Factor (unitless)

6, = Air-Filled Soil Porosity (Lair/Lsoit)

n = Total Soil Porosity (Lyore/Lsoit)

&, = Water-Filled Soil Porosity (Lwater/Lsoil)

ps = Soil particle density (g/cm®)

Dia = Diffusivity in Air (cm?s)

H’ = Dimensionless Henry’s Law Constant (unitless)

Dj = Diffusivity in Water (cm?/g)

Kg = Soil-Water Partition Coefficient (cm®/g)

Koc = Soil Organic Carbon Partition Coefficient (cm®/g)
foc = Fraction Organic Carbon in Soil (g/g)
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SOIL - Particulate Emission Factor-Wind (Residential and Non-Residential Worker)

Soil Particulate Emission Factor-Wind (residential and non-residential only)

PEFW = Q/Cwind X [ 3600(%) 3 ]
[0.036 x (1—-V) x (({]—T) x F(x)J

Where:

PEF,, = Soil Particulate Emission Factor for Wind-Blown Dust (m*/kg)

Q/Chying = Inverse of the Ratio of the Geometric Mean Air Concentration to the Emission Flux-at.the Center of a Square Source (g/m?-s per kg/m®)
V = Fraction of Vegetative Cover (unitless)

Un, = Mean Annual Windspeed (m/s)

U, = Equivalent Threshold Value of Windspeed at 7m (m/s)

F« = Function Dependent on U,/U; (unitless)
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SOIL - Subchronic Particulate Emission Factor-Vehicle Traffic (Construction Worker)

Subchronic Soil Particulate Emission Factor-Vehicle Traffic (construction worker only)

[
PEF,. = Q/Cyy X — ! ! T X Ar !
N ST F d
0 I[556 x (g)o'4 x (3626(?&) ?) x ZVKTJ|

Where:

PEF.. = Subchronic Soil Particulate Emission Factor for Construction Traffic on an Ufipaved Read (m*/kg)

Q/Cq = Inverse of the Ratio of the 1-h Geometric Mean Air Concentration to the Emission Flux Aleng a Straight Road Segment Bisecting a Square Site
(g/m?-s per kg/m®)

Fp = Dispersion Correction Factor (unitless)

T = Total Time Over Which Construction Occurs (s)

Ag = Surface Area of Contaminated Road Segment (m?)

W = Mean Vehicle Weight (tons)

p = Number of Days with at Least 0.01 inches of Precipitation (days/year)

> VKT = Sum of Fleet Vehicle Kilometers Traveled During thedExpesure Duration (km)
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SOIL - Protection Of Groundwater Risk-Based Target Level (Soil Migration to Groundwater)

Soil Migration to Groundwater

6, +6,xH
Kd+<w a )
Pp

RBTL = C, x

Soil Migration to Groundwater Supporting Equations

C,, = Risk — Based Groundwater Concentration or MCL (%) x 1074 (Z—f) X DAF
K, (organics) = K, X f,.; Ki(inorganics) = default values

6,=n-20,

n=1- (p—b>
Ps

Where:

Protection of Groundwater RBTL (mg/kg)

C. = Target Soil Leachate Concentration (mg/L)
DAF = Dilution Attenuation Factor (unitless)

Kg = Soil-Water Partition Coefficient (cm®/g)

Koc = Soil Organic Carbon Partition Coefficient (cm®/g)
foc = Fraction Organic Carbon in Soil (g/g)

&, = Water-Filled Soil Porosity (Lwater/Lsoil)

6, = Air-Filled Soil Porosity (Lair/Lsoit)

pb = Dry Soil Bulk Density (g/cm?)

n = Total Soil Porosity (Lyore/Lsoit)

ps = Soil Particle Density (kg/L)

H’ = Dimensionless Henry’s Law Constant (unitless)
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SOIL Saturation Limit

Soil Saturation Limit

S
Csat = E X [(Kd X pb) + gw + (H, X ga)]

Csat Supporting Equations
K, (organics) = K,. X f,.; K;(inorganics) = default values

6,=n-20,
_ (Pb)
n= —_ —
Ps
Where:

Csat = Soil Saturation Concentration (mg/kg)

S = Solubility in Water (mg/Lwater)

pp = Dry Soil Bulk Density (kg/L)

Kg = Soil-Water Partition Coefficient (L/kg)

Koc = Soil Organic Carbon Partition Coefficient (L/kg)
foc = Fraction Organic Carbon in Soil (g/g)

&, = Water-Filled Soil Porosity (Lwater/Lsoil)

H’ = Dimensionless Henry’s Law Constant (unitless)
6= Air-Filled Soil Porosity (Lai/Lsoir)

n = Total Soil Porosity (Lpore/Lsoit)

ps = Soil Particle Density (kg/L)
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