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APPENDIX 3
DERIVATION OF RISK-BASED SCREENING LEVELS
(RBSLs)

1.0 Conversion Calculations for Henry’s Law Constants

Henry’s Law constants (“H”) are required to complete the calculation of risk-based screening
levels (RBSLs) as provided below. The value H is a sensitive parameter in modeling
volatilization, since it can vary with temperature, pressure, and concentration. The best value for
H in any given model is obtained by direct measurement under field conditions. For the South
Shore Remediation project, H was not previously measured, so literature values were obtained for
use in the screening assessment. The highest calculated values of H (shown in bold text) were
used to derive the RBSLs.

Conversion | Converted

Chemical Units H Factor H (unitless)
Benzene atm 230 7.38E-04 0.17
atm-m3/mole 5.50E-03 41.0 0.23
PCE]| atm 1035 7.38E-04 0.76

atm-m3/mole na 41.0 na

TCE atm 544 7.38E-04 0.40
atm-m3/mole 8.92E-03 41.0 0.37
1,2-DCA atm 51 7.38E-04 0.04
atm-m3/mole 1.10E-03 410 0.05
1,1-DCE atm 1841 7.38E-04 1.36
atm-m3/mole 1.50E-02 410 0.61
Chloroform atm 171 7.38E-04 0.13
atm-m3/mole 3.39E-03 41.0 0.14
1,1,2-TCA atm 4] 7.38E-04 0.03
atm-m3/mole 1.18E-03 41.0 0.05
Bromoform atm 35 7.38E-D4 0.03
atm-m3/mole 5.32E-04 41.0 0.02

References: (1) ASTM. 1995. Standard Guide for Risk-Based Comrective Action Applied at
Petroleum Release Sites. American Society for Testing and Materials.
@) CalTOX. 1995
(3) Nyer, EX. 1993, Practical Techniques for Groundwater and Soil Remediation.
Lewis Publishers. p. 36.
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2.6 Derivation of RBSLs

The following tables provide the values used to derive RBSLs at the risk management threshold

of 1x10°°. The equations used to complete the calculations are provided below.

Step 1: Calculate RBSL for inhalation of chemical vapors in air

From Table X2.2, Medium: Air

TR x BW x ATe x 365225 x10° £2
RBSL.i]- HE _ years mg
m’ —air SF, x IRas x EF x ED

Where: RBSL,; = mnsk-based screening level for inhalation of vapors
= target excess individual lifetime cancer risk (unitless)
BW = adult body weight (kg)
AT.= averaging time for carcinogens (years)
SF;= inhalation cancer slope factor (mg/kg-day)™
IR.i; = daily outdoor inhalation rate {m’/day)
EF = exposure frequency (days/years)
= exposure duration (years)

Using the equation provided above and the values provided in the following spreadsheets gives
the RBSL for inhalation.
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Step 2: Calculate RBSL for groundwater, assuming volatilization and transport of constituents
through the vadose zone and emission at the ground surface followed by inhalation of chemical
vapors from air

From Table X2.2, Medium: Groundwater, ambient (outdoor) vapor inhalation

RBSL-&[ ;ug - ]
mg ]= m —a!r_xxlogi_g

RBSLa
L~ H20 VFwamh mg

Where: RBSL, = risk-based screening level for inhalation of vapors that have
migrated from the groundwater through the vadose zone to the
soil surface and into the air

RBSL,, = givenin Step 1 above
VFumas = the cross-media volatilization factor from groundwater to ambient
(outdoor) vapors (defined in Step 3, below)

Using this equation with gives the value in the box in the spreadsheet. This is the value of interest
in this risk assessment.

Calculate VFuume
From Table X2.5:

(mg/ m’~ air) H , L

Vanb = x 10 -
(mg/L'HZ O) 1+ [Uliﬂ’alirLGW :| m
wDg
Where: VFpums = the cross-media volatilization factor from groundwater to ambient
(outdoor) vapors
“H= Henry’s law constant [(cm®-H 0/cm’-air)]

U= wind speed above ground surface in ambient mixing zone (cm/s)
= ambient mixing zone height (cm)
= depth to groundwater = h,, + b, (cm)
= Width of source area paralle! to wind, or ground water flow
direction (cm)
DE = effective diffusion coefficient between groundwater and soil
surface (cm/s). See below.
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Calculate DT

-1

2 h h
p=| 8 i=(h, +h ) —24+—
= bu )5z 0

Where: DF = effective diffusion coefficient between groundwater and soil
surface (cm?/s)
he,p = thickness of the capillary fringe (cm)
h,= thickness of the vadose zone (cm)
D& = effective diffusion through the capillary fringe (cm’/s). See
below.
D= effective diffusion in soil based on vapor-phase concentration
(cm?/s). See below.
Calculate DT
2 g 8**
Di cm =D |c2cp + Dw.; _1_ w:ap
s 6 H 6;
Where: D,j':;-— effective diffusion through the capillary fringe (cm’/s)
D" = diffusion coefficient in air (cm’/s)
D™ = diffusion coefficient in water (cm/s)
f,.,= volumetric air content in capillary fringe soils
[(cm*-air/em*-soil)]
6,..,= volumetric water content in capillary fringe soils
[(cm®-H,0/cm®-so0il)]
6,= total soil porosity [(cm*/cm™-soil)]
H= Henry’s law constant [(cm’-H,0/cm’-air))
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Calculate D

o o
. 2

2

5 61 H ¢

Where: D= effective diffusion through the capillary fringe (cm’/s)
D™= diffusion coefficient in air (cm%s)
D™ = diffusion coefficient in water (cm’/s)
@.= volumetric air content in vadose zone soils
[(cm’-air/cm®-soil)]
8, = volumetric water content in vadose zone soils
[(cm®-H,0/cm*-soil)]
@,= total soil porosity [(em®/cm’-s0il)]
H = Henry’s law constant [(cm®-H,0/cm’-air)]
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PERC

| |
RBSL, outdoor wir,_commerdal isnd use ~ ﬁ_ T
Riuk-Basad Screening Leve!] RBSLy p'm’-akr__| 2.81E+00 _Dl'lunlon ooafficlent In alf Dt o 8.60E-01 e Crows-medis voletlization fector Vs 8, 10E-04
Taigat moess indMdual lifelime! TR unttiess | 1.00E-03 Diffusion cosficient in water] Dy cmifs 8.80E-05 Effective diffusion cosfliclent In soll bawsd) [+N 5.15E-02
canoer on vapor-phase concentration
Adutt body weightl  Bw g 70 Henry's taw con H cm’ M, 0/m’ar | 076 Effective diffusion coeficisnt through [T 1.08E-04
_— _caplllary fringe —
Averaging time lor carcinogens| AT, ysare ro Thiskrees of caplilary fri [ om 5 Effective diffusion cosfficiant batween O 3.48E.03
e - groundwater and soll surfece
Inhaletion cancer slope factor]  8F) (mghg-day)'| 0051 Thickness of vadose zone| h, om 168 Rizl-Based Screening Level, smbient alr,| RBSL, | 2.816400
— Inhalation, commercial exposure
inteletion rete] (R m'idey 0 Depth lo groundwaler] Low orm 113 Risk-Based Screening Level, groundwater] RBS{ s |5.50E+00
{0 umblent #lr, commercial axposure)
Exposure eqoency]  EF daysiysar 250 Wind speed above ground suface || U o 375
_ — amblert mixing zone|
Exposure durstionl  ED youn 25 Width of source srea paraliel to wind, off W om 1500
ground water low direction;
Ambient alr mxing 2one height By om 200
Volumetnc alr conlent in capillary fringel 8, om’-air fom*-sof 0.038
scils|
Volurnetric sir content In vadose 2orw [} cm®-sk fom®-sof 0.4
soits)
Total soll porosityt [ oemem®-soi 0.38
Volumetric water cortert In capiliatyl 8.y | om*-H,Ofcm’-ack | U.342
fringe soils
Volumetric wates contert In vadose zone [: % emt-H O fcmiaoi | 0.12
80ils
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Risk-Based Screening Levol[ RBSLm | jgim'-akr | 8425400 Diffusion coeficiert inalrf Dy cms 0.88 Cross-media volstiization cior Ve 3.07E-04
Target excess individusl Hetime| ™ unitiess 1.00E-05 | Diffusion coeflicient Inwater; Dy cmils 2.00E-05 | Effeciive diffusion coeflicient in soil based) Dy §531E-02
cAncef rul on vapor-phass concentration:
Adutt mwwgul Bw g 70 Henrys Law constant] H Y, Ofomak | 037 Effective diffusion coeficlerd through|~ Desp 1.35€-04
capiilary fringe
Averaging time for AT, yeam ~70 Tiickness of capifiary finge| sy om 3 Effeciive difusion GoeMcient betwoan|  Dys | 4.30E-03
grouncwater and soll surface
inhatstion cancer siope factor]  5F (mp/hgdayy!| 0.017 Thickness of vadosa Zone, hy em 168 th Based Screening Level, smblent air,| RBSL,, |8.42E+00
_ inhalation, commerolal exposure|
Inhalation rete] IRe miday 20 Depth to groundwater] Ly, cm 173 Risk-Based Screening Level, groundwater] RBSUgeem | 2.74E+04
o ambient air, commercial mposLine)
Exposire froquency]  EF daysiyenr o] Wind speed sbove ground surface In| U cmls 225
smblert mbdng zone| N
BExposure dunstion|  ED yours 25 | Width of source area paraliel o wind, of] W om 1500
ground water fiow direction
Amblent air mixing zone height B cm 200
Volumetric air content in capiftary fringe| 8, cm®-ad fom*-sod 0.038
soils
Volumetric air content In vadose zone| 0, cm-air fom®-sof 0.26
solis)
Total sofl porosityl 61 em?fom’-sol 0.38
Volumnetric water content In capilany] ey | em*HyO/cm*-soff | 0342
fringe soils|
Volumetric water content In vadose zone| e cmPHyOlom®-sok | 012
s0ils
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Risk-Basad Screening Lavel RBSLw | _pgimi-ak_ | 4 83E+00 — Dffusion coeficlert inaif] D cm'ss 0.093 Cross-media volatizotion Pocior]  Vews | 2.90E-05
Target axcess individusl ™ unitiesa | 1.00E-H8 Diffusion cosfolent in waler] Dy ems 1.10E-05 { Efective diffusion coefliclent In soil Dy 7.26€.03
CBNoer on vapor-phass concartration
At hodyweigm| W kg - 70 Henry's Law oonstantl H emt-HOlombair | 0.22 Efective diffusion coeficlent through]  Deey 217E-05
— — capliiary finge}
Averaging time for w ATy yoors 10 Thickness of capiliary Mngal New o [ Effective diffusion cosfficient [« 9 4,02E-04
grounciwater and sol .
Inhaiation cancer siops tactor]  SF; (mong-deyy?| 0.029 Thickness of vadoss [ om 188 Risk-Based Screening Level, smbiant alr,| RBSLy [4.93E+00
_ inhalation, commercial exposure
inhatation rate] Rg mirday 20 DOepth to groundweter] Ly, cm 173 | Risk-Based Screening Level, groundwatet] RBSLg.em | 1.70E402
to smbient afr, commercial sposuns)
Ewﬁmwr EF daysiyear 750 Wind speed above ground surdece in| Uy o/ 228
- amblent miing Zohe|
Esxposurs duratiory  ED years 23 Width of source area parallel o wihd, off W cm 1500
ground water flow direction}
Ambient air mixing zone heighti 8, cm 200
Volumetric air content in capiiary fringe| Dy, cm*-ar fom?-sod 0.038
solls
Yolumedric air contert In vadoae ;u:meL [ cm-aiicm’-soi! 0.26
solls!
Total soll porosity] By emPfom?-sol 038
Volumetric water content in capitiary] Oy  [em’H,O/cmb-sod | 0342
fringe solis|
Volumetric water content In vadose Zone [: T em®-H 3 0 fem®-sclt 0.12
solis
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| 1
RBSL, oUtdoor i, commerciel jand use 1
Risk-Besed Soreaning qul| RBSLw | ugm’.ek | 1.57E+00 Diftusion coefclent In el  De omi/e 0.74 Crose-media volatiiizetion factor] Ve 1,19E-04
Teiget excess individusl iifet R unitless 1.00E-05 Diffusion coefficlent in water| Dy omfa 9.70E-05 | Effective diffusion cosfickent in soil based D, 5.7BE-02
cancer - bn vapor-phase concentration)
Achutt body nlghl] [ 70 Henry's Law constant H em-HOlom'-ar | 0.045 Effective diffusion coefficlant through) 47 5.15E-04
cepiflary Minge
Averaging time for carcinogensl AT, yennt 70 Thickness of caplliary finge| e, cm 5 Eftective difusion coeficient between Dy 1.378-02
. groundwater and soll surface!
inhalation cancer slope factor]  5F, (mong-day)*| 0.091 Thickness of vadose zone h, cm 168 Risk-Dased Screening Level, amblent air,| RBSLy, | 157400
inhalstion, commercial exposure|
inheimtion rate] Ry 7dey 20 Depth to groundwater]  Los om 173 | Risk-Based Screening Level, grou RESLgern | 1.32E+01
to ambient air, commercial
Exposure frequency]  EF doyuyesr | 260 Wind spead above ground surmoe | Um omis 725
_ ambilent mixing xohe|
Exposume durstion|  ED yeors 25 | Width of sourca aree parairet to wind, off | W om 1500
ground water flow direction|
Amblent alr mixing zone height] B, cm 200
Volumetric air content in capillary Mng':l Ouse | cmt-siiom’-sof | 00348
Ll
Volumnetric air content In vadose m:l [ em?-airfom®-sol 0,28
sol
Total ol porosity] By emlon®-sof 0.238
Volumetric water content In capillary]  Guy | c’H,0fcm’sof | 0.342
fringe soifs|
Volumetric water contert In vadose zone| 04 |em®H;0/cmiwok | 012
solls
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I |
HB5L, muAdoor o, commerdial iand use
iek-Hased Gomening Lol RBSLwm | uim’.ag | 1.19E-01 Diffusion coefficient In al] Dy omifs 0.77 , Cross-medin volstization 18ctor, Ve | 9.57E-04
oo Uniieas | 1,00E.08 Gifkision oosfioient (1 watet] Des omin 1.00E.04 | Effectiv difusion couficient In soff based) Oy 38.01ED2
oanoer fi . On Vapor-phiss conoemisian
AduR Gody BW kg 70 Henry's Law oomtnrdi ¥ emi-HiOfomiair | 1.3 afunion coefficient IRFOUGh] Dy 114E-04
_ capillary fringe]
Averaging time for udrwumr AT, yoars 70 Thiciness of capiftary fri New cm [3 Effective diffusion coefficient [+ 3.70E-03
grounchwater and scil .
Inhalstion cancer slope factor]  SF, {mgig-day)”’ 12 Thickness of vadose zoner hy em 188 Risk-Baned Screering Level, amblent air,] RBSL.e | 1.19E-01
_ Inhalstion, commercial aqposumal
Inhatation Ry m’my 20 Depth to groundweatern Lgw om 113 Risk-Basad Screening Level, groundwater] RBSUgem | 1.25E-01
1o smbrent mir, commercial exposure
Exposure requency]  EF daysiysar 250 Wind speed sbove ground surface In| U o 725
_ amblent mixing zone
Exposure duration; €D yeorn 25 Width of source area paraliel to wind, or w cm 1500
ground water flow direction|
Ambient air mbdng zone height S cm 200
Volumetric air cortent in capitary finpge] Oy cm-adrfom®-soi 0038
s
Volumetric air content in vedose Zore) [: I8 om-ak fomn®-solf 0.28
solts]
Total soll porosity] Oy emiticm®-sof 0.38
Volumetric water contert in capillary] Oueq | cm®.H;0/cm’-sof | 0342
fringe solls
Volurnetric water contert In vadoee 70 em'-H , O fem*-solf 0.12
soital
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ﬁm am;_unn BBl | uotar 11.776+00 Difusion coemlciend 1 B Owr oy 0.77 Cross-media volstiizetion factor] V. 2. 08E-D4
“'ﬁdm-havuuu TR | untiesa | 1.00800 “GRfUsion aoRMolert 11 waler  Dwa omire T 1DE-D4 | ERoctia dffusion cosiaier in «ol ba E! 8EDZ
of vitpor-phass concsntration
Adut mmrq W ™) 70 Herwy's mmml A |[emH;Ofcmbar | 014 Effective difusion coefhoient thiough|  Desy | 2 82E-04
_ caplilary frings|
Averaging time for Aty years 70 Thicknesa of capiisry eaw om ) Efective difusion coeficient between Do 7.84E03
groundweter ard soif surfsce)
Inhelation canoer slops R (moig-deyr’| 0.081 Thickness of vadose zuml hy om 168 Risk-Based Screening Level, smblent ol | RBSLyy, | 1.77E+00
Inhatution, commercial mgosum
Inheietion rwte| IRy misey 20 Depih to grouncwater]  Le om 173 | Risk-Dased Screening Leval, grou Lpwra | 8.56E300
to arnblent sif, somimencial exposuts
Exposurs frequency]  EF daysiyear 70 Wind speed above ground suriace | Uw o 225
nmbilent midng Zorw
Exposure duretion ED years 3 ‘Width of source area paraliel to wind, or] w cm 1500
ground water flow direction|
Ambient air midng zone height [ cm 200
Volumetric alr contert in capillaty fringe] Qg em’-ai fem®-soft 0.038
soiie
Yolumetric nir contert in vadose zore| B, cm*-air fom®-soff 026
Bolis
Tolat sol porosity| 9y em*om®-sof 0.8
Volumetric water contert in capilary}]  Oyey  {em'-H Ofem.sot | 0.342
fringe soils
\drmumtrm»mmereoumntlmnmosa»zoneJ 6 |em'HsOkem scH| 0.2
acils|
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