| FIGURE B.1. INDOOR INHALATION OF VAPORS
(CHILD AND ADULT RESIDENT; AND NON-RESIDENTIAL WORKER)
Carcinogenic effects where:
RBTL, = Risk-based target level in indoor air [mg/m’]
TR x BW x AT % 365 TR = Target risk or the increased chance of developing cancer over a
RBTL.= - lifetime due to exposure to a chemical [-]
IR, x ET,, x EDX EF x SF, THQO Target hazard quotient for individual constituents [-]
BW = Body weight [kg]
AT, = Averaging time for carcinogens|[year]
Non-carcinogenic effects AT, = Averaging time for non-carcinogens|year]
IR, = Indoor inhalation rate [m3/hr]
RETL..— THQO x BW x AT, x 365 x RfD, ET,, = Indoor Exposure time [hr/day]
“ IR, x ET, x EDx EF ED = Exposure duration [year]
EF = Exposure frequency [day/year]
RfD; = Chemical-specific inhalation reference dose [mg/kg-day]
SF; = Chemical-specific inhalation cancer slope or potency factor
[(mg/ke-day) ]
Source: RAGS, Vol. I, Part A, 1989, p. 6-44 365 = Converts AT, AT, in years to days [day/year]
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FIGURE B.2. OUTDOOR INHALATION OF VAPORS
: : e CONSTRUCTION WORKER)
Carcinogenic effects where:
RBTL,, = Risk-based target level in outdoor air [mg/m"]
TR x BW x AT x 365 TR = Target risk or the increased chance of developing cancer over a
RBTLs= . lifetime due to exposure to a chemical [-]
IR, ET,,, x EDx EF x SF; THQ = Targethazard qucﬁ:ient for individual constituents [-]
BW = Body weight [kg]
_ . AT, = Averaging time for carcinogens|[year]
Non-carcinogenic effects ATy = Averaging time for non-carcinogens|year]
IR, = Qutdoor inhalation rate [m3 /hr]
| RBTL. = THOx BW x AT, x 365 x RfD, ET,, = Outdoor Expesure-exposure time [hr/day]
IR < ET ,xEDxEF ED = Exposure duration [year]
EF = Exposure frequency [day/year]
RfD; = Chemical-specific inhalation reference dose [mg/kg-day]
SF; = Chemical-specific inhalation cancer slope or potency factor
[(mg/kg-day) ']
Source: RAGS, Vol. I, Part A, 1989, p. 6-44 365 = Converts AT, AT, in years to days [day/year]
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TRx BW x AT, x 365 tng-H04

EDx EF x|(SF, x IR, )+ (SF, x ET x K x IR, )| Lfotinmed b srrical

Non-ecarcinoseniceffeets B — Body weight fke]

THQx BW x AT, x 365 AT = Averaging time . o]
Nan

VA N
EDxEFXH . XIRWJJFLR;D xKxETxIRaJJ — IR, = Indoorinhalationrate fm’/hr}

RBTL.=

R/D,

i
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FIGURE B.3. DERMAL CONTACT WITH CHEMICALS IN WATER

(CHILD AND ADULT RESIDENT:; NON-RESIDENTIAL WORKER; AND CONSTRUCTION WORKER)

Carcinogenic effects

TRxBW x AT, x 365 x 1000
SF, xS4,,xEV, xZxEFxED

RBTL,, =

Non-carcinogenic effects

THQ x BW x AT,, x 3651000 x RfD,
SA,, X EV,, xZx EF x ED

RBTLiw=

For organic chemicals,

* t
£t evens <t then Z:2XFA><K,,\/6T€W7
a Ve

IftLem>t*, then Z :FAXKP|:tevent 127

1+B (L+ B

(1+3B+3B2
event

)

For inorganic chemicals, Z = K , X1t

event

where:

RBTL4, = Risk-based target level for dermal contact with
groundwater [mg/L]

TR = Target risk or the increased chance of developing cancer
over a lifetime due to exposure to a chemical [-]

THQ = Target hazard quotient for individual constituents [-]

BW = Body weight [kg]

AT, = Averaging time for carcinogens|year]

AT, = Averaging time for non-carcinogens|vyear]

SAg, = Skin surface area available for contact with water [cm”]

EVey = Bvent frequency [event/day]

ED = Exposure duration [year]

EF = Exposure frequency [day/year]

RfD = Chemical-specific dermal reference dose [mg/kg-day]

SF, = Chemical-specific dermal cancer slope or potency factor
[mg/(kg-day)]"

365 = Converts AT, AT,  in years to days [day/year]

1000 = Conversion factor from cm” to L [cm®/L]

t event = Event duration [hr/event]

t = Chemical-specific time to reach steady-state [hr]

Z = Chemical-specific dermal factor [cm/event]

K, = Chemical-specific dermal permeability coefficient [cm/hr]

FA = Chemical-specific fraction absorbed in water [-]

Tevent = Chemical-specific lag time [hr/event]

B = Chemical-specific relative contribution of permeability
coefficient [-]
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where:
NMW :
B=K, e MW = Molecular weight [g/mole]
- Ko = Qctanol water partition coefficient [L/kg]
b, c = Correlation coefficient which have been fitted to the
logK, =-2.80+0.66log K, —0.0056 MW data from Flynn, G.L. (1990)
If B<0.6 or B=0.6, then, ¢t =24t,
If B>0.6 then, t* =67, x(b—b* —c?)
where,
_1+3B+3B’
3(1+ B)
2
peox 18"
V4
T o = 0.105 100%™
Source: Modified from RAGS, Vol. I, Part E, 2004.
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TR x BW x AT, x 365 x 1000 H.04

RBTL, =

"M SF x SAx PC x ET x EF x ED Lifetime dise ‘o5 chermical [
O — T | | - ontfor individual . 0
. . = '
Non-eareinogeniceffeets AT = Avceraging time lor carcinogens| vear|

_THQx BW x AT, x365x1000x RfD, —S4— = Skin-surface-area-available-for contactfem’}

RBTE# _ . . "
a SAx PCx ET x EF x ED Hmeﬂ%meﬁe@aﬁﬁﬁaqﬂe%&ﬁhemﬁm&em%ﬂ
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FIGURE B.4. DOMESTIC WATER USE (CHILD AND ADULT RESIDENT)
(ONLY FOR CHEMICALS WITHOUT MAXIMUM CONTAMINANT LEVELS)

Carcinogenic effects

RBTL. = TRxBW x AT, x 365

F
EDx EF x {(SFO x IR, )+ (SF, x ET x K, xIR, )+ (5)(;’0 xSA, xEV ,xZ,, H

Non-carcinogenic effects

THQO x BW x AT, x 365

SA,, xEV , xZ
! xIR, |+ ! xK,xETxIR, |+ wh X B b X L
5 RfD, RfD, x1000

RBTL.=

EDxEFxH
R

For organic chemicals,

Lop
[ftwb-event_é t*, then Zwb = 2XFAXKPW
T

1+3B+3B*
(1+B)

* t
[f ¢ pcvene>1t . then Z , = FAxK » —whoevent | 2T, o
T 1+B

For inorganic chemicals,Z,, = K, x¢

whb—event

Note: K= 0 for non-volatile chemicals (i.e., chemicals with a molecular weight > 200 and Henry’s law constant (dimensionless) < 4.2 x
10 or Henry’s law constant ( atm-m’ /mol) <1.5 x 107 ).
Source: Modified from RAGS, Vol. I, Part E. 2004.
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where:

RBTL,, = Risk-based target level for ingestion of groundwater [mg/L-H,0]

TR = Target risk or the increased chance of developing cancer over a lifetime due to exposure to a chemical [-]
THQ = Target hazard quotient for individual constituents [-]

BW = Body weight [kg]

AT, = Averaging time for carcinogens [year]

ATy = Averaging time for non-carcinogens [year]

IR, = Water ingestion rate [[/day]

IR, = Indoor inhalation rate [m®/hr]

ED = Exposure duration [year]

EF = Exposure frequency [day/year]

Ky = Volatilization factor [L/m’]

ET = Exposure time [hr/day]

SA,p, = Skin surface area available for whole-body contact with water [cm’]
EVp = Event frequency for whole-body contact with water [event/day]
RfD, = Chemical-specific oral reference dose [mg/kg-day]

RfD; = Chemical-specific inhalation reference dose [mg/kg-day]

RfD;; = Chemical-specific dermal reference dose [mg/kg-day]

SF, = Chemical-specific oral cancer slope or potency factor [mg/(kg-day)]”
SF; = Chemical-specific inhalation cancer slope or potency factor [(mg/kg-day) ']
SF; = Chemical-specific dermal cancer slope or potency factor [me/(kg-day)]”!
365 = Converts AT,, AT, in years to days [day/year]
1000 = Conversion factor from ¢cm’ to L [em’/L]
tb-event = Event duration for whole-body contact [hr/event]
‘r = Chemical-specific time to reach steady-state [hr]
Zh = Chemical-specific dermal factor for whole-body contact [cm/event]
K, = Chemical-specific dermal permeability coefficient [cm/hr]
FA = Chemical-specific fraction absorbed in water [-]
Tevent = Chemical-specific lag time [hr/event]
B = Chemical-specific relative contribution of permeability coefficient [-]
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FIGURE B.5. DERMAL CONTACT WITH CHEMICALS IN SOIL

(CHILD AND ADULT RESIDENT:; NON-RESIDENTIAL WORKER; AND CONSTRUCTION WORKER)

Carci ~ where:
arcinogenic effects
RBTL 4. = Risk-based target level for dermal contact of chemicals in
TRXBW x AT X365 surficial soil [mg/kg] .
RBTL ess= —~ TR Target risk or the increased chance of developing cancer
EFx EDx SF ;x10"°% 84, X EV,,;x AFXRAF , over a lifetime due to exposure to a chemical [-]
THQ Target hazard quotient for individual constituents [-]
BW Body weight [kg]
AT, Averaging time for carcinogens [year]
Non-carcinogenic effects AT, Averaging time for non-carcinogens [year]
ED Exposure duration [year]
EF Exposure frequency [day/year]
RBTL THOXBW X AT ,.x365 x RfD SAspil Skin surface area available for contact with soil [cm?’]
5 EFx EDx10°°xSA_, x EV_, x AF x RAF, EVil Event frequency [event/day] ,
AF Soil to skin adherence factor [mg/cm”-event]
RAF, Chemical-specific dermal relative absorption factor [-]
Source: Modified from RAGS. Vol. I, Part E, 2004. SF, Dermal cancer slope factor [(me/ke-day) ']
RfD, Chemical-specific oral reference dose [mg/kg-day]
365 Converts AT,, AT, in years to days [day/year]
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DRTL . — TRXBWXATCX365
I\ND11=dcss EFX EDX SFOX lo—éx SAX MXRAFd
ppry  _ LHOXBW XAT <365 x RfD,

T EFx EDx10 *xSAx M x RAF,
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| FIGURE B.6. INGESTION OF CHEMICALS IN SERFICIAL-SOIL
(CHILD AND ADULT RESIDENT; NON-RESIDENTIAL WORKER; AND CONSTRUCTION WORKER)
Carcinogenic effects where:
RBTLiyg= Risk-based target level for ingestion of chemicals in surficial soil
[mg/kg]
RBTLigs™= IR<B WXI&I_ZCX365 TR = Target risk or the increased chance of developing cancer over a
EFx EDx SF,x10 % IR ;X RAF, lifetime due to exposure to a chemical [-]
THQ = Target hazard quotient for individual constituents [-]
BW = Body weight [kg]
AT, = Averaging time for carcinogens [year]
Non-carcinogenic effects AT,. = Averaging time for non-carcinogens [year]
ED = Exposure duration [year]
RBTL - THOxBWx AT <365 x RfD, EF = Exposure frequency [day/year]
"8 EFx EDx10 % IR, % RAF, IR, = Soil ingestion rate [mg/day]
RAF, = Oral relative absorption factor [-]
SF, = Oral cancer slope factor [(mg/kg-day)"]
365 = Converts AT,, AT,. in years to days [day/year]
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| FIGURE B.7. INHALATION OF VAPORS AND PARTICULATES OF CHEMICALS IN SERFICIAL-SOIL
(CHILD AND ADULT RESIDENT; NON-RESIDENTIAL WORKER; AND CONSTRUCTION WORKER)

Carcinogenic effects

TRxBWx AT .x365

RBT in ss:
Lo P ED<SFXIR % ET,, x(VFys+ VF,)

out

Non-carcinogenic effects

RBTL . - THOXBWXAT,x365x RD,

" EFx EDX ET,, X [Ru*(VF 5+ VF ,)

Note: VF = 0 for non-volatile chemicals (i.e.,
chemicals with a molecular weight > 200 and

Henry’s law constant (dimensionless) < 4.2 x

10E-04 or Henry’s law constant (atm-m’/mol)
<1.5 x 10E-05.

where:

RBT. Linhss =

TR

THO
BW
AT,
A Tnc
ED
EF
IRao
E T out
SF;
RID;
VF,

VFss

365

Risk-based target level of inhalation of chemicals in surficial soil
[mg/kg]

Target risk or the increased chance of developing cancer over a
lifetime due to exposure to a chemical [-]

Target hazard quotient for individual constituents [-]

Body weight [kg]

Averaging time for carcinogens [year]

Averaging time for non-carcinogens [year]

Exposure duration [year]

Exposure frequency [day/year]

Outdoor inhalation rate [m®/hr]

Outdoor Expesure-exposure time [hr/day]

Inhalation cancer slope factor [(mg/kg-day)™]

The chemical-specific inhalation reference dose [mg/kg-day]
Volatilization factor for particulate emissions from surficial soil
[(mg/m’*-air)/(mg/kg-soil)]

Volatilization factor for vapor emissions from surficial soil
[(mg/m’*-air)/(mg/kg-soil)]

Converts AT,, AT,. in years to days [day/year]

Note: The depth to surficial soil for a construction worker is up to the typical
construction depth.
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FIGURE B.8. INHALATION OF VAPORS AND PARTICULATES, DERMAL CONTACT

CHEMICALS IN SERFICIAL-SOIL
(CHILD AND ADULT RESIDENT; NON-RESIDENTIAL WORKER; AND CONSTRUCTION WORKER)

WITH. AND INGESTION OF

Carcinogenic effects

out

TR x BW x AT x365
RBTL, = :
* " EFxEDx|(SF,x10° x IR,,, x RAF, )+ (SF, x107 x S4,,, x EV,,, x AF x RAF, )+ (SF, x IR, x ET,,, x(VF, + VF, ))|
PRTI TRx BW x AT, x365
¥ EF xEDx|(SF, x10° x(IR,,, x RAF, + SAx M x RAF, ))+(SF, x IR, xET,,, x\VF,, + VF, ))|

Non-carcinogenic effects

RBTL - THQOx BW x AT, x365
 prw ED| 10 X IRy X RAF, 107 xSA,, X EV,,, x AF xRAF, ET,, xIR,, x VF, +VF, )}
I RfD, RfD, RfD,
RBIL. — THQOx BW x AT,. x365
EF x ED x

Source: Modified from RAGS, Vol. 1. Part E. 2004
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Where:

RBTLy Risk-based target level of surficial soil [mg/kg]
TR = Target risk or the increased chance of developing cancer over a lifetime due to exposure to a chemical [-]
THQ Target hazard quotient for individual constituents [-]
BW = Body weight [kg]

AT, = Averaging time for carcinogens [year]

ATy = Averaging time for non-carcinogens [year]
ED = Exposure duration [year]
EF = Exposure frequency [day/year]

IR = Soil ingestion rate [mg/day]

RAF, = Oral relative absorption factor [-]
SA = Skin surface area [cmz/day]

EVioil = Event frequency [event/day]

MAF = Soil to skin adherence factor [mg/cm’]

RAF, = Dermal relative adsorption factor [-]

IR, = Outdoor inhalation rate [m’/hr]
ET,,; = Outdoor Exposure time [hr/day]
SF, = Oral cancer slope factor [(mg/kg-day)']
SF; = Inhalation cancer slope factor [(mg/kg-day) ']

RfD, = The chemical-specific oral reference dose [mg/kg-day]
RfD; = The chemical-specific inhalation reference dose [mg/kg-day]
VF, = Volatilization factor for particulate emissions from surficial soil [(mg/m3-air)/(mg/kg-soil)]
VF = Volatilization factor for vapor emissions from surficial soil [(mg/m’-air)/(mg/kg-soil)]
365 Converts AT,, AT, in years to days [day/year]
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FIGURE B.9. INDOOR INHALATION OF VAPORS (AGE-ADJUSTED RESIDENT)

Carcinogenic effects

TRx AT, x 365
IR, . xSF

ai—aa i

RBTLai-adj =

Non-carcinogenic effects

THOx AT x365x RfD.
RBTLi-agi = Q ]; /D,

ai—aa
where

_ [Rai—c XEDC XEE XET;—C + IRai—a ><EvDa XEFa XEI;—a
BW, BW.

c a

IR

Source: Modified from RAGS, Vol. I, Part B, 1991
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Where:

RBTL yj-uqj Age-adjusted risk-based target level in indoor air [mg/m’]
TR = Target risk or the increased chance of developing cancer over a lifetime due to exposure to a chemical [-]
THQ = Target hazard quotient for individual constituents [-]
AT, = Averaging time for carcinogens [year]
AT, = Averaging time for non-carcinogens [year]
IR i va = Age-adjusted indoor inhalation rate [m3/ kg]

‘ IR,;.. = Resident Ehild-child indoor inhalation rate [m3 /hr]
IR iy = Resident Adult-adult indoor inhalation rate [m3/hr]
ED, = Exposure duration for child [year]
ED, = Exposure duration for an adult [year]
EF. = Exposure frequency for a child [day/year]
EF, = Exposure frequency for an adult [day/year]
ET.. = Indoor exposure time for a child [hour/day]
ET., = Indoor exposure time for an adult [hour/day]

‘ BW, = Resident Child-child body weight [kg]
BW, = Resident Adult-adult body weight [kg]
RfD; = Chemical-specific inhalation reference dose [mg/kg-day]
SF; = Chemical-specific inhalation cancer slope factor [mg/kg-day]”
365 Conversion factor [day/year]
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| FIGURE B.10. DERMAL CONTACT WITH CHEMICALS IN WATER (AGE-ADJUSTED RESIDENT)

Carcinogenic effects

_ TR x ATex 365 x 1000
‘dew-adj SFd % (DCWiC X ZC + DCW,a X Za)

RBTL

Non-carcinogenic effects

THQOx AT, x 365 x1000x RfD,
DC, xZ +DC, ,xZ,

RBTdew-adj =

where :

ED xEF x S xEV
DCW_CZ c c I%WC aw—c
BW,

_ED, xEF,xS84,, ,XEV,,_,
B,

DC

w-a

For organic chemicals,

* t
If 7 pyen. < £, then Z:2><FA><KPW
o T

If £ gyens> £ . then

t 2
Z=FAxK,| -2 427, ﬂ
1+ B (1+B)

For inorganic chemicals, Z = K , Xt

event

Source: Modified from RAGS, Vol. I, Part E. 2004.
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where:

RBTL jev-adi. = Age-adjusted risk-based target level for dermal contact with chemicals in groundwater [mg/L-water]
TR = Target risk or the increased chance of developing cancer over a lifetime due to exposure to a chemical [-]
THQ = Target hazard quotient for individual constituents [-]
AT, = Averaging time for carcinogens [year]
AT, = Averaging time for non-carcinogens [year]
RfD, = Chemical-specific dermal reference dose [mg/kg-day]
N, = Chemical-specific dermal cancer slope or potency factor [(mg/kg-day) ']
365 = Converts AT,, AT, in years to days [day/year]
1000 = Conversion factor from ¢cm® to L [em®/L]
L event = Event duration [hr/event]
t = Chemical-specific time to reach steady-state [hr]
K, = Chemical-specific dermal permeability coefficient [cm/hr]
FA = Chemical-specific fraction absorbed in water [-]
Tevent = Chemical-specific lag time [hr/event]
B = Chemical-specific relative contribution of permeability coefficient [-]
DC,,.. = Child dermal contact rate with groundwater [cm*-event/kg]
DC,,., = Adult dermal contact rate with groundwater [cm’-event/kg]
EVay-c = Resident child event frequency [event/day]
EVo-a = Resident adult event frequency [event/day]
Z = Resident child chemical-specific dermal factor [cm/event]
Z, = Resident adult chemical-specific dermal factor [cm/event]
SA - Resident child skin surface area available for contact with water [cm”]
SAgw-a = Resident adult skin surface area available for contact with water [cm®]
BW, = Resident child body weight [kg]
BW, = Resident adult body weight [kg]
ED, = Resident child exposure duration [year]
ED, = Resident adult exposure duration [year]
EF, = Exposure frequency for a child [day/year]
EF, Exposure frequency for an adult [day/year]
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FIGURE B.11. DOMESTIC WATER USE (AGE-ADJUSTED RESIDENT)

(ONLY FOR CHEMICALS WITHOUT MAXIMUM CONTAMINANT LEVELS)

Carcinogenic effects

RBTL TRx AT, x 365

w-adj

SF,
1000

[(SFO <IR, . )+(SF xK, xIR,,, )+ (

x (DCwb—c x Zwac + Dcwb—a

XZ o )ﬂ

Non-carcinogenic effects

THOx AT, x 365

e )ﬂ

o (pc,, .xZ,, . +DC
] 8 IRw_aa * : x Kf x IRa—aa + wh—c X Lpc + wh-a X
RD, RfD, RfD, 1000
where:
ED xEF x I, ED xEF x I,
IR, = Ro B0 xEE xIR, ,

BW, BW,

_ED xEF xET, xIR,_, +EDa><EFa xET xIR_,

IRa—aa
BW. BW,
ED. xEF xS. x EV ED xEF xS x EV
D Cwb_c — (4 c Awb—c wh—c D Cwb_a — a a Awb—a wh—a
BW. BW
¢ and a
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For organic chemicals,

t
Iftwb—event_é t*, then Zwb = ZXFAXKP\W
T

. t ?
If £ v > £+ then Z,, = FAxK, [V{b—B +2r,. (%ﬂ
+ +

wb—event

For inorganic chemicals, Z , = K, x ¢

Note: K= 0 for non-volatile chemicals (i.e., chemicals with a molecular weight > 200 and Henry’s law constant (dimensionless) < 4.2
x 10 or Henry’s law constant ( atm—m3/m01) <1.5x 10™).
Source: Modified from RAGS, Vol. I, Part E, 2004.

where:

RBTLy g = Age-adjusted risk-based target level for ingestion of groundwater [mg/I.-H,0]
TR = Target risk or the increased chance of developing cancer over a lifetime due to exposure to a chemical [-]
THQ = Target hazard quotient for individual constituents [-]
AT, = Averaging time for carcinogens [year]
AT, = Averaging time for non-carcinogens [year]
RfD, = Chemical-specific oral reference dose [mg/kg-day]
RfD, = Chemical-specific dermal reference dose [mg/kg-day]
SF, = Chemical-specific oral cancer slope or potency factor [(mg/kg-day) ']
SF; = Chemical-specific inhalation cancer slope or potency factor [(mg/kg-day) ']
SF, = Chemical-specific dermal cancer slope or potency factor [mg/(kg-day)]”!
IR-4q = Age-adjusted groundwater ingestion rate [L/kg]
IR, = Resident child groundwater ingestion rate [L/day]
IR, = Resident child inhalation rate [m’/hr]
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Resident adult groundwater ingestion rate [L/day]

IR, = Resident adult inhalation rate [m’/hr]

DCpc = Child dermal whole-body contact rate with groundwater [cm*-event/kg]
DC\pyg = Adult dermal whole-body contact rate with groundwater [cm*-event/kg]
BW, = Resident child body weight [kg]

BW, = Resident adult body weight [kg]

ED, = Resident child exposure duration [year]

ET. = Resident child exposure time [hr/day]

ET, = Resident adult exposure time [hr/day]

ED, = Resident adult exposure duration [year]

EF, = Exposure frequency for a child [day/year]

EF, = Exposure frequency for an adult [day/year]

Ky = Volatilization factor [L/m’]

SA,p = Skin surface area available for whole-body contact with water [cm’]
EVp = Event frequency for whole-body contact with water [event/day]

365 = Conversion factor [day/year]

1000 = Conversion factor from cm” to L [em®/L]

t vwb-event = Event duration for whole-body contact [hr/event]

‘ = Chemical-specific time to reach steady-state [hr]

Zwh, = Chemical-specific dermal factor for whole-body contact [cm/event]

Chemical-specific dermal permeability coefficient [cm/hr]

FA = Chemical-specific fraction absorbed in water [-]

Tevent = Chemical-specific lag time [hr/event]

B = Chemical-specific relative contribution of permeability coefficient [-]
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| FIGURE B.12. DERMAL CONTACT WITH CHEMICALS IN SOIL (AGE-ADJUSTED RESIDENT)

Carcinogenic effects

RBTL _ TR x AT x 365
- ‘dcss-adj SFd % SA x RAFd % 10—6

soil—aa

Non-carcinogenic effects

_THQ x AT,. x365 x RfDa

RBTL =
sS4 x RAF4 x107°
where:
SA _ EDC XEF; X AF; X SAsoil—c X EI/soil—c + EDa X EF:J X AF;Z X SAsoil—a XEI/soil—a
soil—aa BVV; BVVa
Source: Modified from RAGS, Vol. I, Part E, 2004.
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where:

RBTL i =  Age-adjusted risk-based target level for dermal contact with soil [mg/kg-wet soil]
TR =  Target risk or the increased chance of developing cancer over a lifetime due to exposure to a chemical [-]
THQO =  Target hazard quotient for individual constituents [-]

AT, = Averaging time for carcinogens [year]

ATy = Averaging time for non-carcinogens [year]

EF, = Exposure frequency for a child [day/year]

EF, = Exposure frequency for an adult [day/year]

RAF, =  Dermal relative absorption factor [-]

AF, = Resident child soil to skin adherence factor [mg/cm’-event]

AF, = Resident adult soil to skin adherence factor [mg/cm’-event]

RfD,; = Chemical-specific dermal reference dose [(mg/kg-day)]

SE, = Chemical-specific dermal cancer slope or potency factor [(mg/kg-day) ']

SA4q =  Age-adjusted skin surface area [mg/ kg]

BW. =  Resident child body weight [kg]

BW, =  Resident adult body weight [kg]

ED, = Resident child exposure duration [year]

ED, =  Resident adult exposure duration [year]

SAsoirc = Resident child skin surface area available for contact with soil [cm*/day]

SAsoita = Resident adult skin surface area available for contact with soil [cm”/day]

EVirc =  Resident child event frequency [event/day]
EVila =  Resident Child event frequency [event/day]

365 = Conversion factor [day/year]

10° = Conversion factor [kg/mg]
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FIGURE B.13. INGESTION OF CHEMICALS IN SOIL (AGE-ADJUSTED RESIDENT)

Carcinogenic effects

RBTL, . = TR x AT, x 365
- @ SF, xIR  xRAF,x10°

a

Non-carcinogenic effects

RBTL, . .= THOx AT, <365 x Rf?o
- e IR, x RAF, x10~

where :

_ED, xEF,xIR,, ED,xEF,xIR,,

IR?—aa
‘ BW, BW,

Source: Modified from RAGS, Vol. L. Part A, 1989
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where:

RBTL ngss-ad; =  Risk-based target level for ingestion of soil [mg/kg-wet soil]
TR =  Target risk or the increased chance of developing cancer over a lifetime due to exposure to a chemical [-]
THO =  Target hazard quotient for individual constituents [-]
AT, = Averaging time for carcinogens [year]
AT, = Averaging time for non-carcinogens [year]
RAF, = Oral relative absorption factor [-]
RfD, = Chemical-specific oral reference dose [mg/kg-day]
SF, = Chemical-specific oral cancer slope or potency factor [(mg/kg-day) ']
IR 44 = Age-adjusted soil ingestion rate [mg/kg]
IR;.. = Resident child soil ingestion rate [mg/day]
IR, = Resident adult soil ingestion rate [mg/day]
BW. = Resident child body weight [kg]
BW, = Resident adult body weight [kg]
ED, = Resident child exposure duration [year]
ED, = Resident adult exposure duration [year]
EF, = Exposure frequency for a child [day/year]
EF, = Exposure frequency for an adult [day/year]
365 = Conversion factor [day/year]
10° =  Conversion factor [kg/mg]
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FIGURE B.14. INHALATION OF VAPORS AND PARTICULATES OF CHEMICALS IN SOIL
(AGE-ADJUSTED RESIDENT)

Carcinogenic effects

- ‘ss—adj IR X SE X (V}?ﬂ + VFp)

ao—aa

Non-carcinogenic effects

THQO x AT,, x365x RfD:
RBTLssfadj =
— IR, .. xVF, +VF,)
where:
IR IR, . xED,xXEF,xET,_, N IR, xED xEF xET,
— ao—aa BWC BWa

Note: VF,, = 0 for non-volatile chemicals (i.e., chemicals with a molecular weight > 200 and Henry’s law constant (dimensionless) <
42x10% or Henry’s law constant (atm-m3/mol) <1.5x 107 ).

Source: Modified from RAGS, Vol. L. Part B, 1991
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where:
RBTL s 44 Age-adjusted risk-based target level in surficial soil [mg/kg]
TR = Target risk or the increased chance of developing cancer over a lifetime due to exposure to a chemical [-]
THO = Target hazard quotient for individual constituents [-]
VEs = Volatilization factor for vapor emissions from surficial soil[kg-soil/m’-air]
VF, = Volatilization factor for particulate emissions from surficial soil [kg-soil/m’-air]
IR yo-aa = _Age-adjusted outdoor inhalation rate [m’/kg]
IR o-c = Resident child outdoor inhalation rate [m’/hr]
IR0 = Resident adult outdoor inhalation rate [m*/hr]
AT, = Averaging time for carcinogens [year]
AT, = Averaging time for non-carcinogens [year]
ED, = _Exposure duration for child [year]
ED, = Exposure duration for an adult [year]
EF, = Exposure frequency for a child [day/year]
EF, = Exposure frequency for an adult [day/year]
ET,.c = Outdoor exposure time for a child [hour/day]
ET,, = Outdoor exposure time for an adult [hour/day]
RfD; = Chemical-specific inhalation reference dose [mg/kg-day]
SF; = _Chemical-specific inhalation cancer slope factor [(mg/kg-day) ']
365 Conversion factor [day/year]
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FIGURE B.15. INHALATION OF VAPORS AND PARTICULATES, DERMAL CONTACT WITH., AND INGESTION OF
CHEMICALS IN SOIL (AGE-ADJUSTED RESIDENT)

Carcinogenic effects

TR x AT, x365

RBTL,, et =
et T SE %107 x IR, x RAF, )+ (SF, x107° x SA,,, ,, x RAF, )+ SF, x IR

<(VF, +VF,)

soil—aa ao—aa

Non-carcinogenic effects

THQOx AT, x365

RBTL

ss—combined 1

<IR,, ,, x(VF, +VF,)

ao—aa

x107° x IR, x RAF, + L 10x SA,., . xRAF, +
Rmo RfDd RfDl

Note: All parameters are defined under the individual pathway equations.

Note: VF = 0 for non-volatile chemicals (i.e., chemicals with a molecular weight > 200 and Henry’s law constant (dimensionless) <
42x 10" or Henry’s law constant ( atm—m3/m01) <1.5x 10™).

Source: Modified from RAGS, Vol. L. Part E. 2004.
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FIGURE B.16. SUBSURFACE SOIL VAPOR CONCENTRATIONS PROTECTIVE OF INDOOR VAPOR INHALATION

Lo

A Ground surface
mmmammammnyt T ssmssssssssssgissssssamsmsnsn

EncloseJ Space
Foundation Cracks

T T T TDiffusinz vapors

Vadose zone

Subsurface impacted

' Water Table|

RBTL,, = *BLa
where:
RBTL,,; = Risk-based target level for indoor inhalation of
vapors from subsurface [mg/m’-air]
RBTL,; Risk-based target level for indoor inhalation of air
mg/m’-air]
VF,, Volatilization factor from subsurface soil vapor to

Dissolved contaminz

indoor (enclosed space) air [-]

Source: ASTM E1739-95
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FIGURE B.17. SUBSURFACE SOIL CONCENTRATIONS PROTECTIVE OF INDOOR VAPOR INHALATION

RBTL, =281 La
sesp
g
m Ground surface
N
RBTL,, = Risk-based target level for indoor inhalation of Enclosed Space Vadose zone
vapors from subsurface soils [mg/kg-soil] Foundation Cracks
RBTL,, = Risk-based target level for indoor inhalation of air dts o
[mg fm3-air] Diffusing vapors
VFes, = Volatilization factor from subsurface soil to indoor
(enclosed space) air [(mg/m’-air)/(mg/ke-soil)]
Subsurface impacted soil
Wi bl
Source: ASTM E1739-95 y Watertable
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| FIGURE B.18. GROUNDWATER CONCENTRATIONS PROTECTIVE OF INDOOR VAPOR INHALATION
RBTL .
RBTL,, = “
wesp
m Ground surface
RBTL,; = Risk-based target level for indoor inhalation of Enclosed Space
vapors from groundwater [mg/L-water] Foundation Cracks Vadose zone
RBTL, = Risk-based target level for indoor inhalation of air L h,
(mg/ m’-air) Gw
VF, e = Volatilization factor from groundwater to indoor T T T T Diffusing vapors
(enclosed space) air l v
[(mg/m’-air)/(mg/L-water)] h Capillary zone
¢ ' Water Table
Source: ASTM E1739-95 e
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| FIGURE B.19. GROUNDWATER CONCENTRATIONS PROTECTIVE OF OUTDOOR VAPOR INHALATION
RBTL
RBTL,, = “
wamb
where:
RBTL,; = Risk-based target level for indoor inhalation of vapors from groundwater [mg/L-water]
RBTL,, = Risk-based target level for outdoor inhalation of air (mg/m’-air)
VF ... = Volatilization factor from groundwater to outdoor air [(mg/m’>-air)/(mg/L-water)]
Source: ASTM E1739-95
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_ TRx AT, x 365

RBF w5
ao-adj
[ IRao—aa x SE

 THOx AT, x 365 x RfD,
IR

ao-aa

DT
IND1 Lao—adj
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TRx AT, x 365

TS IR L) SF KR, )

: e o

THOx AT, x 365
RBTLW-adj = \\ / 1

L [/ 7 1 AY
xIR .. |+ xKxIR, .
L, o " )

where:

_ED xEF xIR, . ED xEF xIR_,
BW. | BW,

a

IR
T N-aa

_ED xEF xET xIR,_. ED, xEF xET,xIR_,
Ya-aa BWC ! BW

a

L

1T
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_ TRx AT-x 365 x 1000
dcw-ad] SFO x PC x DCW,M

RBTL

=+

N . e o

_THOx AT, x365x1000x RfD,

- PCxDC,
e
ne_ED XEF, XET x84, = ED,xEF, xET, x84,
= w-aa B WC ! B VV;
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- B TR x AY: x 365
T oss-ad) SFO % SAaa X RAF; X 10_6

N : e o

RBTL _ THQ x AT, x365 x RfD.

P dess —ad) SAaa X RAFd X10_6

where
o, _ ED XEF.xM_ xSA,  ED,xEF,xM,x54,
aa BWC BWa
| MRBCA Guidance Document Page B-46 February24;:2004]January 1, 2013

Final Draft




MRBCA Guidance Document Page B-47 Eebruary24,2004January 1, 2013
Final Draft




B TR x AT, x 365
" SF, x IR x RAF, x10°°

a

RBTL

N . e off

B THQX AT;C x 365 x Rﬂ)o
uuuuu ingss—adj IR . X RAFO X 10_6

S—a
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'ss—adj IR X SE X (V}?“ + VFp)

RBTL

E s

ao—aa

N . o off
RB L= THQ x AT,, x365x RfD:
IR, . x\VE, +VF,)
where
- IR, .xED,xEF,xET, IR,  xED, xEF,xET,
T *a0—-aa BVVL ' BWa
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i TR x AT, x 365
Ss—combined SFO < 10—6 % (IRsfaa % RAFO + SAM X RAFd )+ SE x IR

RBTI

x(VF, +VF,)

ao—aa

N . e off

RBTL THQOx AT, x365

ss—combined

T T

IR, .. x\VF, +VF))

ao—aa

x10™° x(IR,_,, x RAF, + SA,, x RAF, )+ 2

o 1
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oy — RBTLai
Y IND 11 5yi
VFsv
Ls
Ground surface .
Y : T e where:
Enclosed Space Vadose zone
Foundation Cracks  RBTL.; — Risk-based target level tor indoor imhalation of
3 .
Diffusing vapors vapefs—ﬁcem—sabsa%faee{mgﬁm —aﬂﬂ—. ' .
.  RBTL, — Risk-based targct level tor indoor inhalation of air
3 .
Png/m -air
: Ve B e )
Subsurface impacted v indoer-(enclosed Y air ] f
' Water Table
Dissolved contaminz
B
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L

A

Enclosed Space

Ground surface

Vadose zone
Foundation Cracks

T T T T Diffusing vapors

Subsurface impacted soil

' Water table
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where: 3

RBLE i—= Risk-based Ea{get leveHor indoor-inhalation-of Enclosed Space

e e e e Lo L L Foundation Cracks Vadose zone
h

l T T T T Diffusing vapors
Y

Hrem -anmed-Ho
g QH h Capillary zone

Ground surface

' Water Table

Dissolved contaminant
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FIGURE B.20.A. VOLATILIZATION FACTORS
(SURFICIAL SOIL TO OUTDOOR AIR)

where:
( XDy X /2 -1 VFs = Volatilizati30n factor from surficial soil to outdoor (ambient) air
3.14 XD, T) B [kg-soil/m’-air]
VE, =|0/Cx (2 X p X DA) x10°" Q/C = Inverse of the mean concentration at the center of square source
5 [(g/m’-s)/(kg/m’)]

D, = Apparent diffusivity [cm?/s]
where: T = Averaging time for vapor flux [s]

Ps = Vadose zone dry soil bulk density of surficial soil [g-soil/cm’-soil]

(6?22/3 x D*x H + 9135/3 X DW)/ 9% K, = Chemical-specific solid-water sorption coefficient [cm3-H20/g-soil]
D4= D* = Chemical-specific diffusion coefficient in air [cm?/s]
P X Kot Ous+ 0o H D" = Chemical-specific diffusion coefficient in water [cm?/s]

o, = Total soil porosity in the surficial soils [cm®/cm’-soil]
or O, = Volumetric air content in the surficial soils [cm3 -air/cm’ -soil]

O, = Volumetric water content in the surficial soils [cm3 -H20/cm3 -soil]

VE = W, xp,xd, %103 H = Chemical-specific Henry's Law constant [(L-H,O)/(L-air)]
Y U, x8, Xt 10? = Conversion factor [m*/cm’]

W, = Dimension of soil source area parallel to wind direction [cm]
Use smaller of the two VF,. d = Depth to base of surficial soil zone [cm]

Upn = Mean annual wind speed [m/s]

Oa = Breathing zone height [cm]

10 = Conversion factor [(cm3-kg)/ (m’- 2)]
Source: Soil Screening Guidance, 1996 Note: Surficial soil properties are assumed same as the vadose zone properties.
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FIGURE B.20.B. VOLATILIZATION FACTORS

(PARTICULAR EMISSIONS FROM SURFICIAL SOIL)

VF, =| 0/C x

3600

0.036 x (1— V)X(Um/Ut)3xF(x)

Source: Soil Screening Guidance, 1996

where:

VF,

= Volatilization factor for particulate emissions from surficial soil
[kg-soil/m’-air]

= Inverse of the mean concentration at the center of square source

[(g/m’-s)/(kg/m’)]

Fraction of vegetative cover [-]

Mean annual wind speed [m/s]

Equivalent threshold value of wind speed at 7 m [m/s]

Function dependent on U,,/U, derived using Cowherd et al. 1985 [-]

Empirical constant [g/m?-hr]
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FIGURE B.20.C. VOLATILIZATION FACTORS
(SUBSURFACE SOIL VAPOR TO INDOOR AIR)

DY /d,
ERxL,

VFSV = r
D /d,, DI /d,,
1+ +
ERxL, | | (DT, /L,..)x7

crack

Source: ASTM E1739-95

|

where:

VFs,

Ohs

Lcrack
ER

Dveﬁ

D crackeﬁ

n

Volatilization factor from subsurface soil vapor to indoor

(enclosed space) air [-]

Volumetric water content in vadose zone soils [cm3 -H20/cm3 -
soil]

Volumetric air content in vadose zone soils [cm*-air/cm’-soil
Depth to subsurface soil vapor samples taken [cm]

Enclosed space volume/infiltration area ratio [cm]

Enclosed space foundation or wall thickness [cm]

Enclosed space air exchange rate [1/s]

Effective diffusion coefficient in soil based on vapor-phase
concentration [cm?/s]

Effective diffusion coefficient through foundation cracks
[cm?/s]

Area fraction of cracks in foundation and/or walls
[cm?-cracks/ cm’-total area]
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FIGURE B.20.D. VOLATILIZATION FACTORS

(SUBSURFACE SOIL TO INDOOR AIR)

where:
Hxp [ DY /4 } VFesp = Volatilization3 factor from subsurface soil to indoor (enclosed
> x| — & space) air [m”-air/(mg/kg-soil)]
VE. = [6,,+ (K o X ps)+ (Hx@,) | ERxL, <10 | H = Vadose zone specific Henry's Law constant [L-H,O/L-air]
sesp | DY /d, DY /d, O = Dry soil bulk density [g-soil/cm’-soil]
" ERxL, ’ (Df,‘ffck /L, )X n Bl = Vqllilmetric water content in vadose zone soils [em’-H,O/cm’-

soi

st = Jrocv>< Koc

= Chemical-specific soil-water sorption coefficient in vadose
Source: ASTM E1739-95 zone [em’-Hz0/g-sol

O, = Volumetric air content in vadose zone soils [cm3 -air/cm’-soil

di = Depth to subsurface soil sources [cm]

Lp = Enclosed space volume/infiltration area ratio [cm]

Lerack = Enclosed space foundation or wall thickness [cm]

ER = Enclosed space air exchange rate [1/s]

Dse-ﬁ = Effective diffusion coefficient in soil based on vapor-phase

) concentration [cm?/s]

Dcmckeff = Effective diffusion coefficient through foundation cracks
[cm?/s]

n = Area fraction of cracks in foundation and/or walls
[cm?-cracks/ cm’-total area]

10° = Conversion factor [(cm3-kg)/ (m3-g)]
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FIGURE B.20.E. VOLATILIZATION FACTORS
(GROUNDWATER TO INDOOR AIR)
where:
DY L VF.ep = Volatilization factor from groundwater to indoor (enclosed space)
X {W‘GW} air [(mg/m’-air)/(mg/L-H,0)]
VE oy = ‘ ERxL, < 10° H = Vadose zone chemical specific Henry's Law constant
| DY /Ly, DY /L, [(L-FLO)(L-ain)]
1+ ERx L + ( DT /L )X . Low = Depth to groundwater [cm]
b crack © erack Lp = Enclosed space volume/infiltration area ratio [cm]
Lerack = Enclosed space foundation or wall thickness [cm]
ER = Enclosed space air exchange rate [1/s]
Dwfﬂ = Effective diffusion coefficient between groundwater and soil
Source: ASTM E1739-95 surface [ cm> /s]
Dcmckeﬁ = Effective diffusion coefficient through foundation cracks [cm2/s]
n = Area fraction of cracks in foundation and/or walls
[cm?-cracks/ cm®-total area]
10° = Conversion factor [L/m’]
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FIGURE B.20.F. VOLATILIZATION FACTORS
(GROUNDWATER TO OUTDOOR AIR)
where:
H 5 VE\yums___ = Volatilization factor from groundwater to outdoor air [(mg/m’-
VE wamb = L00xU %6 xL x10 air)/(mg/L-water)]
1+ m T " TG H = Vadose zone chemical specific Henry's Law constant
( W, x D2 j [(L-water)/(L-air)]
_Un = Mean annual wind speed [m/s]
_O4. = Breathing zone height [cm]
_Low = Depth to groundwater [cm]
DMeff = Effective diffusion coefficient between groundwater and soil
surface [cm?/s]
Weq = Dimension of soil source area parallel to wind direction [cm]
100 = Conversion factor [cm/m]
10° = Conversion factor [L/m’]
Source: ASTM E1739-95
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FIGURE B.21. EFFECTIVE DIFFUSION COEFFICIENTS

Final Draft

DS‘-’” . effective diffusion coefficient in soil based on vapor-phase concentration Dwfﬁ . effective diffusion coefficient between groundwater and surface soil
[em?’/s] [cm?/s]
SN NN ’
Dif/ :Da X - +DWX—X . off _ + hcap + ]’lv
6’%0 H 6’%0 ws = (e hy )X D& eff
where: v ‘
D’ Chemical-specific diffusion coefficient in air [cm/s] where: _ ) _
D" = Chemical-specific diffusion coefficient in water [cm®/s] ZC - ?}?Ckkﬁess 0? ca;()illlary frln[ge [im]
— . . . . . 3 .3 y = ickness of vadose zone [cm
O = Volumetr%c air content in (?apllla.ry fr1ng§ soils [cm -air/cm™-soil] D —  Effective diffusi fficient throush Hlary fii 2
Bs = Volumetric water content in capillary fringe soils o ceive Criusion coerticient through capliiaty Iringe [em?/s]
3 3 . DA = Effective diffusion coefficient in soil based on vapor-phase
[em™-H20/cm’-soil] concentration [cm?/s]
or = Total soil porosity in the impacted zone [cm’/cm’-soil] I - D
. X . = th t ter (4. h,
H = Chemical-specific Henry's Law constant [L-H,O/L-air] o epth to groundwater (ke . 1) [em]
prgﬁ': effective diffusion coefficient for the capillary fringe [cm?/s] Dorar? : effective diffusion coeff. through foundation cracks [cm?/s]
' Oucar Ova . 33 35
ngP:DaXT:+DWX_X 2.0p Digavk:DaxeLzmack—kax_x%
Or H 07 07 H 07
where: where:
D = Chemical-specific diffusion coefficient in air [cm?/s] . . . o R 5
D" = Chemical-specific diffusion coefficient in water [cm®/s] D . B Chemical-specific diffusion coefficient in air [cm®/ 5]2
Orcap = Volumetric air content in capillary fringe soils [cm’-air/cm’-soil] D : Chemlcal?spe?mﬁc dlfﬁl.SIOI’I coefﬁment in water [cm’/s]
Orveap = Volumetric water content in capillary fringe soils Ocrack a Volgmlemc 3alr content in foundation/wall cracks
[cm’-H20/em’-soil] [cm’-air/cm’-total volume]
6 = Total soil porosity [¢ m/emi-so il O,erack = Volumetric water content in foundation/wall cracks
3 3
H = Chemical-specific Henry's Law constant [L-H,O/L-air] [em 'HZQ/ cm -tptal Vogumejj] )
or = Total soil porosity [cm’/cm’-s0il]
H = Chemical-specific Henry's Law constant [L-H,O/L-air]
Source: ASTM E1739-95
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FIGURE B.22. SUBSURFACE SOIL CONCENTRATIONS PROTECTIVE OF LEACHING TO GROUNDWATER

Ground surface
ZN

Vadose zone

l l l llnfiltration (I

Subsurface impacted

l l l l Leachate

' Water Table

RBTLs = RBTL.
LF sw
where:
RBTLy; = Risk-based target level for leaching to
groundwater from subsurface soil [mg/kg-soil]
RBTL, = Risk-based target level for ingestion of
groundwater [mg/L-H,0]
LFsw = Leaching Factor (from subsurface soil to

groundwater)

- [(mg/L-H20)/(mg/kg-soil)]
Ugw—» Dissolved contaminants
_ Sgw
Source: ASTM E1739-95
< Wi > u
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FIGURE B.23. LEACHING FACTOR FROM SUBSURFACE SOIL TO GROUNDWATER

P,

LF gy, =

%)
K o 0 AHX@, I 1+ 75
[0.s+K s P, 0.][ IxW ]

g(l
where:

LFsy= 1eaching factor from subsurface soil to groundwater [(mg/L-H,O)/(mg/kg-soil)]
ps = Vadose zone dry soil bulk density [g-soil/cm’-soil]

Os Volumetric water content in vadose zone soils [cm3 -H20/cm3 - soil]
Ky = foor x K, = Chemical-specific soil-water sorption coefficient in vadose zone [cm3-H20/g-soil]
H = Chemical-specific Henry's Law constant [L-H,O/L-air]
0, = Volumetric air content in the vadose zone soils [cm3 -air/cm’ -soil]
Ugw = Ki = Groundwater Darcy Velocity [cm/yr]
K = Hydraulic conductivity of the saturated zone [cm/year]
i = Hydraulic gradient in the saturated zone [-]
O0qw = Groundwater mixing zone thickness [cm]
1 = Infiltration rate of water through vadose zone [cm/year]
We = Groundwater dimension parallel to groundwater flow direction [cm]

This equation consists of two parts (i) the Summer’s model and (ii) equilibrium conversion of the leachate concentration to a soil
concentration on a dry weight basis.

Source: ASTM E1739-95
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FIGURE B.24. SOIL CONCENTRATION AT WHICH DISSOLVED PORE WATER AND VAPOR PHASES BECOME

SATURATED

Single Component

S
CfAT:;X[HXHQS+9W5+KSVPS]

s

Multiple Components

Ps

Has
HWS
KS v
Jocv

S .
CfATzfx[ngas‘i‘gws—i—stps]

= Soil concentration at which dissolved pore water and vapor phases become saturated [(mg/kg-soil)]
= Pure component solubility in water [mg/L-H,O]

= Effective solubility of component i in water = x; x S [mg/L-H,O]

= Mole fraction of component i = (w; X MW,y )/ MW; -]

= Weight fraction of component i [-]

= Average molecular weight of mixture [g/mole]

= Molecular weight of component i [g/mole]

= Vadose zone dry soil bulk density [g-soil/cm’-soil]

= Chemical-specific Henry's Law constant [L-H,O/L-air]

= Volumetric air content in the vadose zone soils [cm’-air/cm’-soil]

= Volumetric water content in vadose zone soils [cm’-H,O/cm’- s0il]

= foow X Koo = Chemical-specific soil-water sorption coefficient in vadose zone [cm3 -H,0/g-s0il]
= Fraction organic carbon in vadose zone [g-C/g-soil]

Source: ASTM E1739-95
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FIGURE B.25. SOIL VAPOR CONCENTRATION AT WHICH VAPOR PHASE BECOMES SATURATED

Single Component

= —P;_: A;W x10°

Multiple Components

O x; X B’ x MW, 106
' RxT
where:
¢ = Soil vapor concentration at which vapor phase become saturated [mg/m’-air]
P = Saturate vapor pressure [atm]
P/ = Effective vapor pressure of component i in water = x; x P’ [atm]
R = Ideal gas constant [0.08206 atmeL/mol*K]
T = Temperature [K]
S = Effective solubility of component i in water = x; x S [mg/L-H,0]
Xi = Mole fraction of component i = (w; X MWaye)/ MW;[-]
w; = Weight fraction of component i [-]
MW, = Average molecular weight of mixture [g/mole]
MW; = Molecular weight of component i [g/mole]
Ds = Vadose zone dry soil bulk density [g-soil/cm’-soil]
10° = Conversion factor [(g/L)/(mg/m’)]

Source: ASTM E1739-95
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FIGURE B.26. DOMENICO MODEL: DILUTION ATTENUATION FACTOR (DAF) IN THE SATURATED ZONE
Domenico model for multi-dimensional transport with decay and continuous At the centerline, for steady-state (after a long time) the
source: concentration can be obtained by setting y =0, z=0,

and x <<v x tas:
(x - vt) 1+ 44
C(x,y,z,t) X 42 ay v
=05 —1/8) exp| ——[1- [1+22% | Ixerfe x
Co p|:2ax|: 1% f 2 axxvxt C(x)z exp L 1_ 1+42’ax X
c 0 2 o x \%
(v+122) (y-v22) (z+2) (z-2) erf | — L |xerf| —2—
erf | ——=2 |- erf | =2 | x| erf | =X | - erf | ——£ 4o x 2o x
2 a, X 21/ayx 21/a2x 2 a:X y z
here:

Where o . At the centerline, for steady-state the concentration
¢ = Dissolved-phase concentration [mg/L] without decay can be obtained by setting y =0, z=0,
Co = Dissolved-phase concentration at the source (at x=y=z=0) [mg/L] x << vt and L= 0 as:

% = Retarded seepage velocity [m/sec] ’ '
A = Overall first order bio-decay rate [1/day]
o = Longitudinal dispersivity [m] Cx) _ erf Y x erf Z
o = Lateral dispersivity [m] C, 4 a,x 2 a. x
o, = Vertical dispersivity [m]
X,y,z = Spatial coordinates [m] Note: Compare to ASTM E1739-95, p. 31,
t = Time [day] , , where Y=, Z= Sy v=u, and C, = Cyouree
X = Distance along the centerline measured from the downgradient
edge of the groundwater source [m] o Source: Domenico, P.A. and F.W. Schwartz, 1990,
Y = GW source dimension perpendicular to GW flow direction [m] Physical and Chemical Hydrogeology. John Wiley
Z = GW source (mixing zone) thickness [m] and Sons, NY, 824 p. (Eqn. 17.21)
DAF = C/Ck) T
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FIGURE B.27. ALLOWABLE SOIL AND GROUNDWATER CONCENTRATION FOR GROUNDWATER RESOURCE
PROTECTION

DAF,
Allowable soil concentration at the source [mg/kg] = Target groundwater concentration at the POE x ——=% x DAF 4,

N4
. . DAFpop
Allowable groundwater concentration at the POC [mg/L] = Target groundwater concentration at the POE x DAF.
POD
where:
POE = Point of exposure
POD = Point of demonstration
DAFpog = Dilution attenuation factor between the point of exposure and source estimated using Domenico’s equation
DAFpop = Dilution attenuation factor between the point of demonstration and source estimated using Domenico’s equation
DAF psar = Dilution attenuation factor in the unsaturated zone
LF gy = Dry soil leaching factor [(mg/L-H.Owater)/(mg/kg-soil)]

Concentration at POE is expressed in mg/L-H.Owater. Additional relationships used in the calculation of allowable soil and
groundwater concentration with chemical degradation:

First order decay rate [1/day] = _ 0693 RES Ki
Half" Life OrsR,
) . P xK )
Retardation factor for organics in the saturated zone (R;) = 1+ (%} , K, =f,.xK, (for organics only)
T8
where:
v = Regarded seepage velocity [cm/year]
K = Hydraulic conductivity in saturated zone [cm/year]
i = Hydraulic gradient in saturated zone [-]
Pss = Saturated zone dry soil bulk density [g-soil/cm3 -soil]
K = Chemical-specific soil-water sorption coefficient in the saturated zone [cm’-H,0/g-soil]
Koe = Chemical-specific normalized partition coefficient [cm?/g-C]
Ors = Total porosity in the saturated zone [cm®/g-C]
Jocs = Fractional organic carbon content in the saturated zone [g-C/g-soil]
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FIGURE B.28. ALLOWABLE SOIL AND GROUNDWATER CONCENTRATION PROTECTIVE OF INDOOR
INHALATION FOR RESIDENT AND NON-RESIDENTIAL WORKER

DAF,
Allowablesoil concentration at the source [mg/kg] = Target groundwater concentration below on/off - site building x —— x DAF,,,
Sw

Allowable groundwater concentration at the POD [mg/L] = Target groundwater concentration below on/off - site building x %
POD
where:
POD = Point of demonstration
DAFpiaq = Dilution attenuation factor between the on/off-site building and source estimated using Domenico’s equation
DAFpop = Dilution attenuation factor between the point of demonstration and source estimated using Domenico’s equation
DAF ysar = Dilution attenuation factor in the unsaturated zone
LFE sy = Dry soil leaching factor [(mg/L-water)/(mg/kg-soil)]

Concentration below on/off-site building is expressed in mg/L-water
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FIGURE B.29. STREAM PROTECTION: ALLOWABLE GROUNDWATER CONCENTRATION AT THE POINT OF

DISCHARGE

<

%QQ |L>< |L:Q }I<§ IN I~ ,Q

c.-res) ¢ (0.)
O O

0, =(Z+Jax x(v+2Ja,x, U,

Impacted groundwater discharge into the stream [ft’/day]

Allowable concentration in groundwater at the point of discharge into the stream [mg/L]
Stream flow upstream of the point of groundwater discharge (stream flow rate) [ft'/day]
Allowable concentration at the downstream edge of the stream’s mixing zone, i.e., the applicable stream water quality
criteria [mg/L]

The COCs’ concentration upstream of the groundwater plume discharge [mg/L]

GW source dimension perpendicular to GW flow direction [ft]

GW source (mixing zone) thickness [ft]

Lateral dispersivity [ft]

Vertical dispersivity [ft]

Distance from the downgradient edge of the groundwater source to the stream [ft]
Darcy velocity [ft/day]
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FIGURE B. 30. STREAM PROTECTION: ALLOWABLE SOIL AND GROUNDWATER CONCENTRATION AT THE
SOURCE & POCPOD
. . . DAFpo
Allowable soil concentration at the source [mg/kg] = Target concentration [mg/L] at the POE x ————= X DAF ,ysas
Sw
. . DAF, POE
Allowable groundwater concentration at the POC [mg/L] = Target concentration [mg/L] at the POE XT
POD
where:
POE = Point of exposure
POD = Point of demonstration
DAFpog = Dilution attenuation factor between the point of exposure and source estimated using Domenico’s equation
DAFpop = Dilution attenuation factor between the point of demonstration and the source estimated using Domenico’s
equation
DAF st = Dilution attenuation factor in the unsaturated zone
LFsy = Dry soil leaching factor [(mg/L-H,0)/(mg/kg-soil)]
For calculation of DAFpor and DAF pop, please refer to Domenico’s model.
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