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November 4, 1993
Project 330-06.23

Ms, Juliett Shin :
Alameda County Health Care Services Agency
80 Swan Way, Room 200

- Qakland, California 94612

Re: ARCO Service Station 0608
- 17601 Hesperian Boulevard
San Lorenzo, California

Dear Ms.. Shin;

On behalf of ARCO Products Company (ARCO), Pacific Environmental Group,

. Inc. (PACIFIC) is conducting environmental services at the site referenced above.
"Fhis letter confirms a telephone conversation between Dr. Ravi Arnlananthan with
the Alameda County Health Care Services Agency (ACHCSA) and Mr. Keith
Winemiller (PACIFIC) on November 2, 1993 regarding the referenced site.

" Based on the conversation, it is PACIFIC’s understanding that the modified risk
assessment results, indicating risk below levels established by the State of
California, have been approved by ACHCSA. Consequently, Remedial
Investigation and Feasibility Study (RIFS) report requirements will be changed.
PACIFIC would therefore like to schedule a meeting between ARCO, ACHCSA
(including Dr., Arulananthan), and PACIFIC to discuss these changes. Due to
scheduling conflicts between PACIFIC, ARCO, ACHCSA, and the upcoming
holidays, PACIFIC proposes to schedule the meeting in January 1994. As a result,
submittal of the RIFS report has been rescheduled from fourth quarter 1993 to
second quarter 1994. PACIFIC will provide ACHCSA with a detailed schedule for
the RIFS submittal following the January 1994 meeting.
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Certified Mail #

04/06/95
STID# 3

Notice of Requirement to Reimburse

Edgar B. Howell
Owner - "think Tank" Site Responsible Party #1
242 Fresno Ct. Property Owner

Hayward, C A 94545

Gordon Coleman

Acting Chief Responsible Party #2

1131 Harbor Bay Pkwy #243 Contact Person

Alameda C A 94502-6577 Contact Company

"Think Tank" Site Date First Reported 03/15/95
1131 Harbor Bay, #243 SITE Substance: Waste 0il
Alameda, CA 94502-6577 Petroleum: (X)Yes

The federal Petroleum Leaking Underground Storage Tank Trust Fund
(Federal Trust Fund) provides funding to pay the local and state agency
administrative and oversight costs associated with the cleanup of
releases from underground storage tanks. The legislature has
authorized funds to pay the local and state agency administrative and
oversight costs associated with the cleanup of releases from underground
storage tanks. The direct and indirect costs of site investigation or
remedial action at the above site are funded, in whole or in part, from
the Federal Trust Fund. The above individual(s) or entity(ies} have
been identified as the party or parties responsible for investigation
and cleanup of the above site. YOU ARE HERERY NOTIFIED that pursuant
to Title 42 of the United States Code, Section 6991b{h) (6) and Sections
25297.1 and 25360 of the California Health and Safety Code, the above
Responsible Party or Parties must reimburse the State Water Resources
Control Board not more than 150 percent of the total amount of site
specific oversight costs actually incurred while overseeing the cleanup
of the above underground storage tank site, and the above Responsible
Party or Parties must make full payment of such costs within 30 days of
receipt of a detailed invoice from the State Water Resources Control
Board.

Please contact Ariu LEVI, Supervising Hazardous Materials Specialist
at this office if you have any questions concerning this matter.

Ariu Levi, Acting Chief
Contract Project Director

cc: Mike Harper, SWRCE

SWRCEB Use: : X Reasgon:




 Shaw E. Garakani
. Project Engineer

November4 1993 - ' _. -~
Page2 '

“_PACIFIC will contact you in December 1993 to arrange a convenient day and time
- for the meeting. If you have any questions regarding this letter, please do not
. hesitate to call. : :

“Sincerely,

Pacific Environmental Group, Inc.

cc: Mr. Michael Whelan, ARCO Products Company
Mr. Chris Winsor, ARCO Products Company
Mr. John Meck, ARCO Products Company
Dr. Charles Lapm, ARCO Products Company
Ms. Susan Hugo, Alameda County Health Care Services Agency
Mr. Richard Hiett, Regional Water Quality Control Board -
S.F. Bay Reglon

3300623/ACHSALR1 .
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Dr. Ravi Arulanantham : < :{ &

Department of Environmental Health a4 T '
Hazardous Materials Division ¢ /5' }ﬁ 2
Alameda County Health Care Services Division / )

80 Swan Way, Room 200
Qakland, California 94621

Re: ARCO Service Station 0608
17601 Hesperian Boulevard
San Lorenzo, California

Déar Dr. Arulanantham: .

This letter presents the proposed methodology and variable values to complete a
modified health risk assessment (RA) for the off-site groundwater associated with
the site referenced above. The RA will evaluate three health risk scenarios
defined by Alameda County Health Care Services Agency (ACHCSA), in a meet-
ing with ARCO Products Company (ARCO) and Pacific Environmental Group,
Inc. (PACIFIC) on February 24, 1993. The minutes of this meeting, prepared by
PACIFIC in a memorandum to ARCO and ACHCSA on March 4, 1993, are
included as Attachment A.

HEALTH RISK SCENARIOS

ARQO will determine the health risk associated with the off-site shallow ground-
water for the following three scenarios defined by ACHCSA: -

o Scenario 1 - Children Playing in Irrigating Groundwater: This
scenario assumes that children could play in extracted ground-
water potentially containing dissolved petroleum hydrocarbons.
As a consequence, children could be exposed to petroleum hydro-
carbons via the inhalation, dermal contact, and ingestion exposure
route pathways.

o Scenario 2 - Adults Working or Resting Adjacent to Irrigating
Groundwater: This scenario assumes that adults will work or rest
adjacent to extracted groundwater potentially containing

2025 Gateway Place, Suite 440, San jose, California 95110 {408} 441-7500 FAX (408} 441-7539
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dissolved petroleum hydrocarbons. As a consequence, adults
could be exposed to petroleum hydrocarbons via the inhalation
exposure route pathway, During the February 24, 1993 meeting,
ACHCSA agreed that the ingestion and dermal contact exposure
route pathways should not be considered for adults.

0 Scenario 3 - Benzene Vapor Transport Through Soil: This
scenario assumes that dissolved petroleum hydrocarbons will
volatilize from the groundwater, and that the vapor will migrate
through the soil to the ground surface. As a consequence, chil-
dren and adults could potentially be exposed to soil vapors
containing petroleum hydrocarbons via the inhalation exposure
route pathway.

Contaminants of concern have been identified in the off-site shallow groundwater,
including benzene, toluene, ethylbenzene, and xylenes. Benzene is a known
human carcinogen. Toluene, ethylbenzene, and xylenes are not classified as
carcinogens, but have subchronic effects. Both carcinogenic (benzene) and non-
carcinogenic (toluene, ethylbenzene, and xylenes} health risk will be determined
for these three scenarios using established United States Environmental Protection
Agency (EPA) and site-specific risk assessment parameter values (Tables 1 and 2).
A detailed methodology to determine health risk for each scenario is described
below.

SCENARIO 1- Children Playing in Irrigating Groundwater

Carcinogenic Risk

Carcinogenic health risk associated with inhalation of benzene will be determined
using the variable values and the equation presented in Table 3. The concentra-
tion of benzene in air will be estimated based on the following assumptions:

1. Dissolved benzene, if present in the extracted groundwater, will
partially volatilize at a constant rate during irrigation regardless
of temperature, pressure, and other factors. This assumption
represents a maximum exposure estimate and will provide a
benzene vapor mass for each irrigation well, based on the concen-
tration of benzene in groundwater, volume of groundwater
extracted, and partitioning coefficient. The following equation
will be used to estimate the maximum benzene vapor mass at
each irrigation well location:

M=CW*Q*CF*T*PC

3300614\RAMETHOD
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where:
. M = Mass of Benzene [grams]
- CW = Highest Historical Concentration of Benzene in
Irrigation Well Groundwater [micrograms per liter]
Q = Flow of Extracted Groundwater [liters per second]
Flow will be estimated using on- and off-site aquifer
testing data and irrigation well-specific operational
data, and will be normalized to an hourly basis.
CF ' = Unit Conversion Factor '
T = Time (normalized to an hourly basis) {second]
PC = Partitioning Coefficient [fraction]

2. The partitioning coefficient is estimated to be 0.5, which suggests
that 50 percent of the benzene in water will volatilize during irri-
gation. The partitioning coefficient is being used to more accu-
rately estimate health risk by differentiating the benzene mass to
each exposure route pathway; 50 percent of the benzene mass will
be available to the inhalation route, and 50 percent will be avail-
able for the dermal contact and ingestion route pathways, The
proposed vatue of the partitioning coefficient is not fixed, and
could be adjusted. However, the partitioning coefficient is neces-
sary to prevent an unrealistic overestimation of health risk.

3. The benzene vapor mass will instantaneously disperse during irri-
gation into a fixed volume of air surrounding the irrigation well.
This volume will be conservatively based on the area of the
homeowners backyard multiplied by a dispersion height. The
area of each backyard will be based on review of aerial '
photographs, and will include only the landscaped area behind the
residence; other buildings, like sheds, side yards, and the front-
yard will not be included in this value. The area of each backyard
will then be muitiplied by 1.5 meters to obtain a volume. This
value conservatively represents the maximum height in which the
benzene mass will volatilize, Wind effects will be incorporated
into the calculation using a simplified model. Wind will be esti-
mated at 4.5 miles per hour, or 2 meters per second. These
assumptions should provide a realistic maximum exposure esti- .
mate. ‘The following equation will be used to calculate the _
concentration of benzene in the air volume surrounding the irri-
gation well: :

CA=(M/(V,+ (v*H*W*T)*CF

3300614\RAMETHOD
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where:
. CA = Concentration of Benzene in Air [milligrams per

cubic meter]

M - = Mass of Benzene [grams]

Vy = Volume of Air Surrounding the Irrigation Well
(based on area of backyard multiplied by dispersion
height) {cubic meters] ,

v. = Wind Velocity (Nonmalized to an hourly basis)
[meters per second] '

H = Dispersion Height [meter]

W = Width of Backyard [meter]

T = Time (normalized to an hourly basis) [second]

CF = Unit Conversion Factor

and where the expression:
(v: * H* W * T) represents the volume of air in the
backyard due to wind effects [cubic meters]

The concentration of benzene in the air volume surrounding the irrigation well will
be determined for each irrigation well location and used in the equation shown on
Table 3. :

Carcinogenic health risk associated with dermal contact and ingesting benzene-
impacted groundwater will be determined using the variable values and the equa-
tions presented in Tables 4 and 5, respectively. As suggested by ACHCSA during
the February 24, 1993 meeting, the contact rate associated with swimming will
serve as the basis for determining the ingestion rate of groundwater.

Non-Carcinogenic Health Risk

Non-carcinogenic risk associated with inhalation, dermal contact, and ingestion
exposure to extracted groundwater containing dissolved petroleum hydrocarbons
will be calculated using the variable values and equations presented in Table 6.

SCENARIOQ 2 - Adults Warking or Resting Adjacent to Irrigating Groundwater

Carcinogenic Risk

Carcinogenic health risk associated with inhalation of benzene will be determined
using the variables and the equation presented in Table 7. The concentration of
benzene in air will be estimated based on the equations and assumptions used in
Scenario 1. However, the air volume surrounding the irrigation well for adults will
be determined using the area of the backyard multiplied by a height of 2 meters.

3300514\RAMETHOD
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Non-Carcinogenic Health Risk

Non-carcinogenic risk associated with inhalation exposure to extracted ground-
water containing dissolved petroleum hydrocarbons will be calculated using the
variable values and equations presented in Table 6.

SCENARIO 3 - Benzene Vapor Transport Through Soil

Carcinogenic Risk ‘

Carcinogenic health risk associated with inhalation of benzene will be determined
for children and adults using the variable values and the equations presented in

Tables 8 and 9, respectively. The concentration of benzene in air will be estimated
based on the following assumptions:

1. ‘The highest concentration of benzene in the off-site groundwater
(MW-10, March 16, 1993) will be used to determine the concen-
tration of benzene in soil vapor. This assumption overestimates
the potential health risk to homeowners across the site.

2. Volatilization of dissolved benzene will be determined using
- Henry's Law. The value obtained will provide a maximum
benzene concentration in air at the groundwater-air interface.
Henry’s Law is:

Yy = (Hy * Xo) / Pe

. where:
Yp= Mole Fraction of Benzene in Air [fraction)
Hey= Henry's Law Coefficient for Benzene {atmosphere]
Xy = Mole Fraction of Benzene in Water [fraction]
P, = Total Partial Pressure [atmosphere]

R 3. Farmer’s equations will be used to determine the benzene flux
" from the groundwater-air interface through the soil cover, and
was verbally approved for application by ACHCSA. Farmer’s
equations are: '

P=-Du*(Cam-Cs) /L
and
P, = P*dT
where:
- P =Pollutant Flux Across Soil Surface
[micrograms per square centimeter per second]
D,, =Apparent Steady State Diffusion Coefficient in Soil
Vapor [square centimeters per second]

3300614\ RAMETHOD
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Cam = Concentration of Benzene at Ground Surface
{micrograms per milliliter]

C.. =Concentration of Benzene in Sail Vapor
[micrograms per milliliter]

L =Depth of Soil Cover [centimeter]

P, =Total Pollutant Flux Across Soil Surface
[micrograms per square centimeter]

dT =Length of Simulation Time [second]

The soil diffusion coefficient for benzene will be related to the air
diffusion coefficient for benzene using the following Farmer
equation: :

Dn, = Dy * ((@m)* / 1)

where:
D, =Apparent Steady State Diffusion Coefficient in Soil
Vapor [square centimeters per second]
D, =Apparent Steady State Diffusion Coefficient in Air
[square centimeters per second]
an  =Soil Porosity [fraction]
m,; =Soifl Moisture [fraction]

Based on soil lithology data collected during soil boring and
groundwater monitoring well installation, soil porosity is esti-
mated at 25 percent, and soil moisture is estimated at 20 percent.

The background concentration of benzene in air is estimated to
be 1.98 micrograms per liter (ug/L). This value represents the
4-year average (1987 through 1990} background benzene concen-
tration at the Bay.Area Air Quality Management District’s
(BAAQMD's) sampling location in San Leandro, California.
According to a BAAQMD official, the sampling data were
collected in a light commercial area near residential homes, and
the background concentration of benzene in air results from the
operation of automobiles.

Depth of soil cover varies with cyclical fluctuations in the piezo-
metric groundwater elevation surface. Based on quarterly moni-
toring data since 1988, the depth of soil cover varies from
approximately 13.62 to 9.83 feet. The average of these values
(11.72 feet) will be used in Farmer’s equation.

The pollutant flux across the soil surface will remain constant and
will instantanecusly disperse into a 2-meter high volume for
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adults, and a 1.5-meter high volume for children (which represent
the dispersion height). Additionally, pollutant flux will be deter-
mined on an hourly basis in order to correspond with the units of
inhalation rate (m?*/hour). These assumptions should provide a
realistic maximum exposure estimate.

Non-Carcinogenic Health Risk

Non-carcinogenic risk associated with inhalation exposuré to soil vapor containing
dissolved petroleum hydrocarbons will be calculated using the variable values and
the equations presented in Table 6.

SUMMARY

This letter presents the proposed methodology to perform a modified health risk -
assessment £or ths referénced site; The modified health risk assessment will eval-
uate the three health risk scenarios defined by ACHCSA during a February 24,

- 1993 meeting with ARCO and PACIFIC. Several assumptions, with justification,
are presented in this letter. Based on these conservative assumptions, this
methodology will be used to determine the potential health risk to the residential
homeowners. Once this methodology is approved by ACHCSA, PACIFIC will
prepare a letter summarizing the potential health risk associated with the off-site
groundwater. This summary letter will be submitted to ACHCSA thirty days
following verbal approval of this methodology.

If you have any questions regarding this methodology, please do not hesitate to
call

Sincerely,

Pacific Environmental Group, Inc.

il

Keith Winemiller
Senior Staff Engineer

Lo
Debra Ma: .

Project Manager
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Table 1
Domestic lrigation Well Analytical Data
Total Petroleumn Hydrocarbons
(TPH as Gasoline and BTEX Gompounds)

ARCO Service Station 0608
17601 Hesperian Boulevard
San Lorenzo, California
TPHas
Well Date Gasoline Benzene Toluene Ethylbenzene Xylenes
Address  Sampled (ppb) (ppb) (ppb) (opb) {ppb)
590 11/13/91 <30 <0.3 <03 <0.3 <0.3
10/14/92 <50 <05 <0.5 <Q.5 <0.5
12/21/92 <50 <05 <0.5 <05 <0.5
03/16/03 <50 <05 <05 <05 <0.5
633 0o-11/91 NS NS ’ NS NS NS
10/g2 NS NS NS NS NS
12/21/92 <50 <05 <05 <05 <05
03/16/93 <50 . <05 <05 <0.5 <05
634 08-11/81 NS NS NS NS NS
10/92 NS- NS NS NS NS
12/92 NS NS NS NS NS
03/16/93 NS NS NS NS NS
642 11/13/0 <30 <0.3 <0.3 <D.3 <0.3
10/16/92 <50 <05 <0.5 <05 <05
12/21 /92 <50 <05 <0.5 <0.5 <05
03/16/93 <60 <0.5 <05 <05 <0.5
675 as-11,/91 NS NS NS NS NS
10792 NS NS NS N3 NS
12/92 NS . NS NS - NS NS
03/16/93 NS NS NS NS NS
ez | 11713501 <30 <0.3 <0.3 <0.3 <0.3
10/14/92 <50 <0.5 <0.5 <05 <05
1221 /a2 <50 <0.5 <05 <05 <0.5
03/16/93 <50 <0.5 <0.5 <05 <0.5
17200 11/13/9t 440 27 <0.3 <0.3 12
10/92 NS NS NS NS NS
12/18/92 160 14 <0.56 <05 34
03/16/93 <50 <05 <0.5 <0.5 <0.5
17203 11/13/91 <30 <03 <0.3 <0.3 <0.3
10/92 NS NS NS NS NS
12421 /92 <50 <05 <0.5 <0.5 1.3
03/16/93 <50 | <08 <05 <0.5 <0.5
3300614 /RAMETHOD July 27, 1993
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Table 1 {(continued)
Domestic Irigation Well Analytical Data

Total Patroleum Hydrocarbons
(TPH as Gasoline and BTEX Compounds)

ARCO Service Station 0808
17601 Hesperian Botdevard
. San Lorenzo, Californla
TPHas _
Well Date Gasoline Benzena Tolugne Ethylbenzene Xylenes
Address  Sampled {ppb) {ppb) {ppb) {ppb) (ppb)
17302 10/21 /91 72 0.64 <0.3 0.44 <03
10/92 NS NS NS NS NS
12/21 /92 <50 <05 <05 <05 <05
03/16/93 <50 <0.5 <05 <05 <05 -
17348 09-11 /91 NS NS NS NS NS
10/92 NS NS NS NS NS
12/21/92 <50 <05 <0.5 <0.5 <0.5
03/16/93 <50 <0.5 <0.5 <0.5 <0.5
17349 08/27 /a1 780 130 <30 <3.0 <30
10/14/92 2,200 <50 <5.0 <5.0 110
12/18/92 1,500 14.0 1.8 741 56
, 03/16/93 1,100 16.0 42 1.8 1.8
737 11/13/91 870 90 10 2.1 4.5
' 10/14/92 <50 <05 <05 <05 . <0.5
12/18/92 <50 <05 <05 <05 <05
03/16/93 500 8.7 <0.5 3.9 al
17372 | ogyer/en 300 55 <0.60 13 072 -
10/14/g2 220 <1.0 <10 <1.0 <1.0
12/18/92 290 338 0.83 0.99 12
03/16/93 110* <0.5 <05 <05 <0.5
17353 | t1/13/91 31 <03 <0.3 <0.3 <0.3
10/a2 NS NS NS NS NS -
12/18/92 <50 <05 <0.5 <05 <05 -
03/16/93 <50 <05 <05 <0.5 «<0.5
= Parts per blllion
< = Mot detected at or above laboratory detection limit
NS = Notsampled :
* = Non-typical chromatograph pattern.
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Table 2

Domestic (rrigation Well Operational Data

ARCO Service Station 608
17601 Hesperian Boulevard
San Lorenzo, California

"Frequency of  Durationof  Estimated Area
Wall Operat Operation of Backyard
Identification (days/year) (hours/day) {m?)
590 82 6to7 NA
633 NA NA NA
634 NA NA NA
642 260 1to 15 NA
675 NA NA NA
17197 52 NA NA
17200 NA NA 2,369
17203 24 15 NA
17302 155 b 102
17348 NA . NA NA
17349 - 260 1 185
173N 24 2 11t
17372 260 2 445
17393 NA NA NA
.m? = Square meters .
NA = Not avallable or not applicable
3300614/RAMETHOD July 27, 1993




Table 3
Inhalation of Yolatilized Groundwatar: Children Exposure

ARCO Service Station 0608
17601 Hesperian Baulevard
San Lorenzo, Califomia
Equation:
Risk=  CAxIRxETxEFxEDxSF
BWx AT
Whare: .
CA = Banrene Concentration in Alr [mgfoubic meter]
1R = |phelation Rate [cubic meters/howr]
ET = Exposure Time [hours/day]
EF = Exposure Frequency [deys/yesar]
= Exposure Duration [years]
8F = Slope Factor [mg/kg—day]
BW = Body Welght [kg)
AT = Averaging Time [days]
Proposad Varieble Values:
CA = Irigation Well—Specific Concentration
Determined for each location using method described In text
L3 = {16 oubic meters/hour (Showering, all age group; EPA, 1389)
s - Assumes children will playhh‘-g.dlons.pray

ET = Imigation Well —Specific Value (Homeawner Lisison)
EF = Wrigation Well—Specific Value (Horeowner Laison)
ED  =9years (by convention; EFA, 1986}

SF = 0.029 mp/ky—day { EPA RIS Datsbase)

BW = 25 kg {6<9 year old boys and gils; EPA, 1589)

AT = 25550 days (EPA, 1989)
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T : Table 4
Dormal Contact with Groundwater: Children Exposure

ARCQ Service Station 0608
17601 Hesperian Bouwlevard
San Lorenzo, California

- Equation;
Hisk = CW x 8A x PC x ET x EF x ED x CF x 8F
BWx AT

Whetea:
CW = Banzene Concentration in Alr {mg/l)
SA = Skin Surface Aren Avadable for Contact [square contimeters]

. PC = Dermal Permanbility Constant [emvour]

ET = Exposure Time [haurs/day]
EF = Exposure Frequency [days/year]
ED = Exposure Duration {years]
CF = Volumelric Conversion Factor for Wadar [1 liter/4,000 cuble centimeters]
SF = Slope Factor jmg/kg—day]
BW = Body Weight lkg]
AT = Averaging Tume [daye]

Propasad Variable Values:

CW = Irrigation Well - Specific Concentration
Maximum groundwater benzene concentration detocted in esach irigation weil will be used

= 4,570 square centimeters (Hands, erma, legs, §<10 year olds; EPA, 1968)
=a41m

= Hrigation Well—Spacific Value (Hameowner Liaison)

= imigation Well~ Specific Value (Homecwrier Lisisen)

= @ years (by convention; EPA, 1889)

= 0,001 fitors/cublc centmeter

SF = 0.029 mg/ikg—dey (EPA (RIS Database)

BW = 25 kg (6<0 ysar old boys and girs; EPA, 1688)

AT = 25550 days (EPA, 1989)
Assumes 70 yeer lifeime tor carcinogeric effects
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Table 5
{ngestion of Gr dweter: Children Exposure

ARCQ Service Stadion 0608
17601 Hesperian Boulevard
San Lorenum, Califorria

Equation;
Risk = CWxIRx EFxED XSF
BWx AT

Where:

CW = Banumne Concantration in Water [mg/liter]

IR = Ingestion Rate [iiterafday]

EF = Exposure Frequency [days/year]

ED = Exposure Duration [years]

8F = Slope Factor [mg/kg—day]

BW = Bady Weight fig]

AT = Awveraging Time [days]
Proposad Variable Values:

CW = lrigation Well ~Specific Concentration

Maximum groundwater benzene concentration detected In each imigation weil mllbeused

IR = 0.35 itersfdey (EPA, 1989 and Homeowner Liaison)

Based on 7 hour contact tirve and 50 mLfhour contact rate

.ET = inigation Well—Specific Vaiue (Homeowner Lisison)

EF

= InigaﬁonWell-Spodﬁc Value (Homaowner Lialson)

ED = ¥ yoars {by convention; EPA 1968}

8F

8w

AT

= 0.029 mg/kg—day (EPA IRIS Datahase)
= 25 kg (6<9 yeer oid boys and girls; EPA, 1989)

= 25,550 days (EPA, 1985)
Assumes 70 year [etima for carcinogenic sfiects
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Table &
. Non-—Carcinogenic Risk Detarmination: Children and Adult Exposure

ARCO Service Station 0608
17601 Hasperian Boulevard
San Lorerzn, California

Equations: Ingestion trhalation Dermal Contact

Risk = CW* IR CW'SA"PC*ET

8w

gR
8%

= Toluerw, Ethylk Xytane Concentration in Weter fmg/L]

= Toluene, Ethyilt Xylene Concentration in Alr [mgfcubic mater]
= Ingeation Fate [liters/day]

= Skin Swiiace Area [sq certimaters]

= Darmal Parmaabiity Conatant [em/hour]

= Exposurs Time [hours/day]

= Body Weight [kg]

= Reference Dose [mg/kg—day]

= Referance Concentration [mg/cubic meter]

332038502

HMVMVdM:
CW = imigation Wefi— Specific Concentration
Maxirum groundwater concentration of each component detected in sach well will be used

CA = imigation Well—Spacific Concentration
Determinaed for sach location using method described in taxt

IR = (Water) 0.35 Ljday (ACHCSA)

= (Air) 20 cubic meters/day (Adult, averaga; EPA, 1586}

= {Alr) 20 cublc meters/day (Children, assumed)

= {rigation Well-SpadﬁcVoiueWLhiﬂm) )

= 4,470 square certimetors (Harda, arms, legs, 910 year olds; EPA, 1583)

= 0.41 centimeters/hour

g3 ¢ 19

= 70 kg (Adult, evernge: EPA, 1589}
= 25 kg (6>9 yoar old boys and gile; EFA, 1889)

RD = (Eﬁ-uibum) 0.1 mg/kgrday (EPA IRIS Daiabate)
= (Toluane) 0.2 mafkp/day (EPA IRIS Database)
= (Xylens) 2 mglkg/day (EPA IRIS Databass)

RGC = (Ethylbenzene) 1 mg/cuble meter (EPA IRIS Database)
= (Toluene) 0.2 mg/cubic meter (EPA IRIS Dedebase)
= {(Xylene) 0.8 mg/cubic meater (EPA IRIS Database)
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Table7
Inhalation of Volatilized Groundwater: Adult Expasure

ARCO Service Station 0608
17601 Hespedan Bouevard
San Lorenzo, Celiformia
Equation:
Risk=  CAxIRxETxEFx EDxSF
BW x AT
Whavea:
CA = Benzene Concentration in Alr [mg/oubic maeter]
-] = inhalation Rete {cubic maters/our)
T = Exposue Tima [hours/day]
EF = Exprosure Frequecy [daysfyear]
€D = Exposure Durefion [years]
SF = Slope Factor {mg/kg~day]
BW = Body Weight [kgl
AT = Averaging Time jdays]
Proposed Variable Values:
GA = lrrigafion Well =Specific Concentration
Dietermined tor each location using method described in taxd
IF_I = 20 culic metersfday (Adult, average; EPA, 1569)
ET = imigation Wall—Specific Velue (Homeowner Lialson)
EF = lrrigation Well-Specific Value (Homeowner Liaison)
€D = 70 years (Lifatima, by convertion; EPA, 1985)
SF = 0.029 mg/kg—day (EPA (RIS Databese)
BW =70 kg (Aduit, average; EPA, 1989)
AT = 25550 days (EPA, 1989) :
Assumes 70 year {ifetime for carcinogenic effects
330081 NRISK\TABLEZ WK1
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© . . Table 8
Inhalation of Goil Vapor: Children Exposure

ARCQ Service Station 0608
17601 Hespedian Bouleverd
San Lorerzo, California

Rigk = CAxIRxET x SF
BW x AT

CA

2g%95
|
i
i

BW = Body Weight [kg]
AT = Averaging Time [days]

Proposed Vatiable Values; .
CA = To ba datarmined using methodology described In toxt

R = 0.6 cublc meters/howr (Showaring, all age groups; EPA, 1989)
Assumes children will play within the Irigation spray

ET  « 15.96 hows/day (EPA, 1959)

EF = 355 daysfyear
Assumes continuous dalfly axposure

- B} = 9years (by convention; EFA, 1989)
S5F = 0.029 mg/kg~day (EPA IRIS Datnbase}
BW = 25kg (6«9 yoar old boys and girls; EPA, 19839)

AT = 25,550 days (EPA, 1960} . .
mmwﬂlkﬂmhwﬂmm
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Table 9 )
Inhalation of Soil Vapor: Adult Exposure

ARCO Service Station 0608

17601 Hasperian Bouleverd
San Lorenzo, Califomia
Equation:
Risk = ChxIRxETx EFx ED x SF
BW x AT
Where:
CA = Benzerm Concentration In Air fmg/euble meter]
IR = Inhalation Rate [cubic metars/hour)
ET = Exposwe Time [hours/day]
EF = Exposure Frequency [daysfyear]
ED = Exposure Duration fyears]
SF = Slope Factor [mgfkg —dey]
BW = Body Weight [lgl
AT = Avareging Tura Jdays]
Proposed Variable Values:
CA = To be determined using proposed methodology described in text
R = (0,83 qubic metersfhouwr (Adult, average; EPA, 198S)
Based on EPA Guidance
ET = 15.36 hours/dey (EPA, 1989)
EF = 355 days/year
Assumes continuous daily exposine
ED = 70 years (Lifetime, by convention; EPA, 1983)
SF = 0.020 mg/kg-day (EPA RIS Detabase)
BW = 70 kg (Adult, average; EPA, 1965}
AT = 25550 doys (EPA, 1969)
Assumes 70 year lifatima for carcinagenic effects
330061 HRISKA\TABLE( July 27, 1993




ATTACHMENT A

ALAMEDA COUNTY HEALTH CARE SERVICES AGENCY
FEBRUARY 24, 1993 MEETING MINUTES
MEMORANDUM




AN

To:

From:

Subject:

PACIFIC
ENVIRONMENTAL .
GROUR INC.

MEMORANDUM

Mr. Michael Whelan

ARCO Products Company
P.O. Box 5811

San Mateo, California 94402

Dr. Charles Lapin, ARCO
Dr. Ravi Arulanantham, ACHCSA
Mr. Chiis Winsor, ARCO

Mr. Keith Winemiller

- Pacific Environmental Group, Inc.

2025 Gateway Place, Suite 440
San Jose, California 95110

ARCO Service Station 0608 -
17601 Hesperian Boulevard
San Lorenzo, California

March 4, 1993
Project 330-06.14

SENT

MAILED (] BY HANI
[ FED BX [ COURIER
[] FAXED O FINAL

Qurs [ DRAFT i
NSTER i

This memorandum presents the minuies of the meeting between Alameda County

- Health Care Services Agency (ACHCSA), ARCO Products Company (ARCO), and
Pacific Environmental Group, Inc. (PACIFIC) conducted on February 24, 1993

. regarding the above referenced site. Meeting atiendees included: ACHCSA - Dr. Ravi
Arulanantham, ARCO - Dr. Charles Lapin (via telephone), and PACIFIC - Mr. Keith -
Winemiller. The putpose of this meeting was to discuss the risk assessment parameter
values proposed in PACIFIC's letter to ACHCSA, dated December 8, 1992. The main
discussion topics and subsequent action items are summarized below:

o Dr. Arulanantham indicated that he supports the utilization of site-

specific risk assessment parameters to more closely determine site-
specific health risk. However, Dr. Arulanantham indicated that, due

2025 Gateway Place, Suite 440, San jose, California 95110
620 Contra Costa Blivd., Suite 209, Pleasant Hill, California 94523

{408) 441-7500
(510) 825-0855

FAX (408} 441-753%
FAX {510} 825-0882




March 4, 1993
Page 2

to the nature of the impact, specifically the proximity to, and impact of
residential irrigation wells, hore conservative risk assessment )
parameters are appropriate,

o Dr. Arulanantham outlined three scenarios which the risk assessment
must evaluate. These scenarios are:

1. Children playing in irrigating groundwater. Health risk to
children playing in benzene-affected, irrigating groundwater
will be determined for the inhalation, ingestion, and dermal
contact exposure pathways.

2. Adults adjacent to Brrigating groundwater. Health risk to
adults as a result of working, or resting adjacent to, irrigating
groundwater will be determined for the inhalation exposure
pathway. '

3. Benzene vapor transport through soil. Health risk to adults
and children due to inhalation of benzene, which has migrated
through the soil from the groundwater surface into the homes
of well owners.

¢ Dr. Arulanantham indicated that these scenarios can be effectively
modeled, and that additional air sampling will be unnecessary.
PACIFIC will prepare a summary of the models which will be used to
determine inhalation exposure and soil vapor transport parameters,
and will putline the procedure for conducting the risk assessment. This
outline should be submitted to ACHCSA for approval.

¢ Dr. Arulanantham indicated that the benzene concentration in
groundwater used for the first and second scenarios may be well-
specific. ARCO may also use the highest benzene concentration
detected in any irrigation well to determine health risk for these two
scenarios. Additionally, the maximum benzene concentration in
groundwater detected off site should be used for the third scenario.

o Dr. Arulanantham agreed that the adults should not ingest
groundwater; therefore, ARCQO will not calculate health risk
associated with groundwater ingestion for adults. Furthermore, he
indicated that children will ingest groundwater during play-activities.
He suggested that the ingestion rate associated with swinming may be
appropriate for this activity.

3300614/MET02934
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o Dr. Arulanantham indicated that exposure duration should be based
on lifetime exposure.

o Dr. Arulanantham indicated that the well operation data used for
exposure time and exposure frequency should not be averaged. He
indicated that the maximum values observed for exposure frequency
and exposure time may be used in place of worst case scenario values
(24 hours per day and 365 days pér year, respectively).

o Dr. Arulanantham agreed that if well use is discontinued all exposure
routes, except for benzene vapor transport through soil, wilt be
eliminated. :

o ARCO indicated that no data exists to determine past health risk;
however, data is available to determine current health risk.

3300614/ MET0293A




ological testing consisted of a heterotrophic plate count, and florescent
Pseudomonas and hydrocarbon degraders count.

In-situ Bioremediation Testing Results

o Nutrient Analysis; Ammonia and phosphate were not detected in
any sample. Nitrate was not detected in any sample, except for
sample B-11 at a concentration of 2.4 ppm. Elevated concentra-
tions of potassium, calcium, magnesium, and iron were detected
in all samples:

Potassium concentrations ranged from 333 to 756 ppm.

Calcium concentrations ranged from 3,100 to 4,340 ppm.

Magnesium concentrations ranged from 2,820 to 6,150 ppm.

Iron concentrations ranged from 9,460 to 19,200 ppm.

o Moisture Content and pH: The moisture content and pH of all
samples were within the normal range to support microbial
growth: '

- Moisture concentrations ranged from 11.76 to 23.82 percent.
- pH concentrations ranged from 7.24 to 8.28 units.

o Microbiological Testing: Normal levels of heterotrophic plate
count organisms should be in the 10° to 10 colony forming units
per gram (CFU/gm) range. The results of the heterotrophic plate
counts show levels that are below normal, which ranged from
non-detected (less than 1,000 CFU/gm) to 6.2 x 10* CFU /gm.
The florescent Pseudomonas and hydrocarbon degraders levels
should be in the 10° and 10° CFU/gm range, respectively.
Florescent Pseudomonas were not detected in any sample.
Hydrocarbon degraders were not detected in any sample, except

~ for sample B-11 at a concentration of 4.0 x 10° CFU/gm.

In-situ Bioremediation Testing Conclusions

Based on the baseline analytical results, it appears that insignificant bioremedia-
tion is taking place at this time. Further, column testing was not performed on any
sample since the observed characteristics favorable to bioremediation were not
sufficient to warrant further study.

3300622/REPORT
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It may be possible to enhance in-situ bioremediation with nutrient addition.
However, nutrient addition could be severely limited due to site lithology, and
would have to be carefully buffered to prevent inorganic precipitation due to the
high minerals content observed in all samples. In order to conclude to the feasi-
bility of enhancing bioremediation with nutrient addition, further field study would
be necessary. Given the results of the baseline analysis and the site lithology,
further field study is not recommended at this time. PACIFIC recommends
conducting a comparison of alternative soil remedial technologies prior to initia-
tion of further field study. ‘

SUMMARY

. PACIFIC conducted aquifer testing, air sparge, SVE, and in-situ bioremediation
feasibility testing at the referenced site. The results of the feasibility testing indi-
cate that air sparge, SVE, and in-situ bioremediation technologies have no or
limited feasibility at the site. PACIFIC recommends conducting a comparison of
alternative groundwater and soil remedial technologies prior to initiation of any
remedial system design. PACIFIC will conduct this comparison in the proposed
Remedial Investigation and Feasibility Study.

If you have any questions regarding this letter, please call us at (408) 441-7500.

Sincerely,

Pacific nMal Group, Inc.
Keith Winemiller :

Senior Staff Engineer

Al

Shaw Garakani
Project Engineer

3300622/REPORT
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CALCULATIONS, FEBRUARY 4, 1992




)

PACIFIC
ENVIRONMENTAL
GROUP INC.

February 4, 1991
Project 330-06.13

Mr. Chuck Carmel

ARCO Products Company
P.O. Box 5811

San Mateo, California

Re: Groundwater Analytical Results and
Risk Assessment Calculations
ARCO Service Station 608
17601 Hesperian Boulevard at Hacienda Avenue

Dear Mr. Carmel:

This letter presents the results of the sampling of the domestic irrigation water-
supply wells located downgradient of the above referenced site. Pacific
Environmental Group, Inc. (PACIFIC), on behalf of ARCO Products Company
(ARCO) performed the groundwater sampling to determine whether groundwater
has been impacted by petroleum hydrocarbons. PACIFIC and ARCO assume that
the water-supply wells are only used for irrigation purposes, and not as a drinking
water source. The sampling events were performed on September 27, October 21,
and December 13, 1991. All groundwater samples were submitted to a state-
certified laboratory to be analyzed for total petroleum hydrocarbouns calculated as
gasoline (TPH-g), and benzene, toluene, ethylbenzene, and xylenes (BTEX
compounds) in groundwater.

Laboratory analysis of the groundwater samples collected from the domestic irriga-
tion wells has detected TPH-g and benzene at concentrations ranging between
non-detected and 870 parts per billion (ppb), and non-detected and 13 ppb, respec-
tively.

. Since the chemical benzene is listed in Proposition 65, PACIFIC performed a risk

assessment to determine if a threat to human health exists as a result of the
benzene noted in groundwater.

1601

Civic Center Drive, Suite 202, Santa Clara, California 95050 - (408) 984-6536 FAX: (408) 243-3911
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INITIAL RISK ASSESSMENT

The initial risk assessment was calculated using potency values from the EPA
Health Effects Assessment Summary Tables, January 1991. These tables corre-
spond to the EPA’s Integrated Risk Information System (IRIS) Database which is
updated on a monthly basis. The IRIS potency value (slope factor) for benzene is
2.9 x 102 (mg/kg-day)"L

The results of the calculations using the IRIS potency vatues for ingestion and
dermal absorption of groundwater are 1.08 x 10~ and 2.01 x 1075, respectively.
Attachment A presents the assumptions used in the calculation of the initial risks
for each specific pathway.

PRESENT RISK ASSESSMENT

The present risk assessment was calculated using values for benzene obtained from
California Department of Health Services Title 22, which are based on the
following risk assessment documents:

0 Report to the Scientific Review Panel on Benzene. Prepared by the
California Air Resources Board and California Department of
Health Services, November 27, 1984.

o Interim Quantitative Cancer Unit Risk Estimate Due to Inhalation
of Benzene. EPA 600/X-85-022. Interim Report. United States
Environmental Protection Agency, February 15, 1985.

Potency values (slope factors) estimated by the California Department of Health
Services (CDHS) were calculated from epidemiological studies on humans and
animal cancer bioassays (mice and rats). The epidemiological studies analyzed
leukemia incidence data for humans occupationally exposed to benzene via inhala-
tion. The use of mice and rats provide an increase in the potency value (slope
factor) since these animals are more sensitive to the effects of benzene than
‘humans. The CDHS established a potency value (slope factor) of 0.1
(mg/kg-day) ! for estimating risks from the exposure of benzene.

Several assumptions were made in calculating the risks. The assumptions include:
(1) the ingestion of groundwater at a rate of 1/2 and 1 liter per day (liter/day) and
(2) the exposure duration of an individual living in the area and coming into
contact with benzene is 35 years.

‘The calculations using the CDHS potency value (slope factor) for ingestion of
groundwater at a rate of 1/2 and 1 liter/day, and dermal absorption of

3300513/RISKLTR4
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groundwater are 929 x 10, 4.64 x 10, and 3.47 x 105, respectively.
Attachment B presents the assumptions used in the calculation of present risks for

each specific pathway
If you have any qucsuons regarding the contents of this letter, please call.

Sincerely,

 Pacific Environmental Group, Inc.

LS o

Kelly C. Brown
Senior Staff Geologist

Debra 3. Moser
Senior Geologist

Attachments: Attachment A- Initial Carcinogenic Risk Calculations Based on
Using IRIS Potency Value
Attachment B - Prescnt Carcinogenic Risk Calculations Based on
Using CDHS Potency Value *

cc:  Mr. Charles Lapin, ARCO Products Company
Mr. John Meck, ARCO Products Company
Mr. Chris Winsor, ARCO Products Company

1300613/RISKLTR4
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ATTACHMENT A
INITIAL CARCINOGENIC RISK CALCULATIONS
BASED ON USING IRIS POTENCY VALUE

The risk level was calculated using Environmental Protection Agency (EPA) guidelines
(BPA, Risk Assessment Guidance for Superfund. Volume 1., December 1989), and The
California Safe Drinking Water and Toxic Enforcement Act of 1986, which establishes
specific regulatory levels posing no significant risk. The EPA standard values are
developed to include safety factors to protect the sensitive individual. These values are
conservative for the majority of the population.

The risk assessment due to existing conditions covers the groundwater environmental
media. Possible exposure pathways are evaluated for the groundwater media. These
pathways include; (1) ingestion of groundwater and (2) dermal absorption of ground-
water. In other words, this assessment considers the risk by (1) 2 person drinking
2 liters (approximately 1/2 gallon) of the groundwater everyday for 70 years and (2) a
person wetting their skin with the groundwater for 1/2 hour everyday for 70 years.

Because benzene is the only carcinogen of the compounds identified at the site, the
carcinogenic risk is determined by evaluating the presence of benzene.

Data used in the risk assessment was obtained from the groundwater sampling events
performed during the months of September, October, and December 1991. Due to the
low concentrations of benzene detected in groundwater, the highest concentration
(13 micrograms per liter [ug/L}]) noted in all of the neighborhood water-supply wells
will be used to determine any risks to human health,

Assumptions used in the calculation of a risk for a specific pathway are discussed in the
individual sections below.
Carcinogenic Risks

The carcinogenic risk is the estimated excess probability of an individual developing
cancer over a lifetime as a result of exposure to the potential carcinogen. The numeri-
cal value generated for the carcinogenic risk is a unitless number. The values are based
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on a formula using known parameters and assumptions. The use of these parameters
and assumptions in the calcnlation will result in the carcinogenic risk estimate to be
generally a high estimate. The EPA is reasonably confident that the "true risk™ will not
exceed the risk estimate.

Ingestion of Groundwater:

Risk = CWxIRxEFxED x SF
BWx AT

CW = The concentration of the compound in the water (milligrams
per liter {mg/L]). This is the highest benzene concentration calculated
from the September, October, and December 1991 results for all wells

sampled (0.013 mg/L).
IR = The ingestion rate of water (liters per day [L./day]). The EPA
value of 2 L/day (approximately 0.5 gallon) was used.

EF = Pathway specific exposure frequency (days per year [day/yr]). A
residential exposure of 365 days/yr was used.

ED = Exposure duration (years [yr]). A duration of 70 years was used.
This assumption is based on the average lifetime of an individual.

SF = Slope factor (milligrams per kilogram per day {mg/kg/day] ™).
This is the compound-specific slope for increased cancer risk. The
value for benzene is 2.9 x 102 (mg/kg/day)? (IRIS Database, EPA
1989).

¢4 BW = Body weight (kilograms [kg]). 2 The EPA standard value of 70
, {bﬁf‘f" A £~ kg for the average body weight of an adult was used.
[ p

a4

s @9'“"} AT = Averaging time (day). This is calculated by the number of days

};}f | in a year multiplied by the average lifetime of an individual, which is
70 years (365 day/yr x 70 yr) = 25,550 day.

'EFxEDx SF = constant = 740.95 day(jmg/kg/day]"™)
Risk = (0.013 mg/L)(2 L/day)(740.95 dayfmg/kg/day] ™))
(70 kg)(25,550 day)
Risk = 1.08x 103
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Dermal Absorption of Groundwater:

Risk = CWx CFxSAxPCx ETx EFxED x CF x SF
BWx AT

CW = The concentration of compound in water (mg/L). The highest
benzene concentration for the wells was 0.013 mg/L.

- CF = Conversion factor (1 L/1,000 cm3).

SA = Skin surface area available for contact (centimeter squared
[cm?]). The surface area for an adult male is 1.94 meter squared (m?)
and the surface area for a adult female is 1.69 m®. The average of
these two, 1.82 m? or 18,200 cm? for total skin area. To consider the
incidental contact caused by landscape watering and other outdoor
activities, one tenth of the total, or 1,820 cm? was used.

PC = Chemical specific dermal permeability constant (centimeter per
hour [cm/hr]). Benzene is poorly absorbed through the skin (NIOSH
1974); therefore, a factor of 0.41 cm/hr was used. This is an estimate
and is being further researched.

" ET = Exposure time (hours per day [hr/day]). A value of 0.5 hr/day
was used. This represents the time for watering landscape, washing
cars, and other outdoor chores.

EF = Exposure frequency (365 day/yr).
ED = Exposure duration (70 yr).
SF = Slope factor for benzene (2.9 x 102 (mg/kg/day) ™).
BW = Body weight (70 kg).
AT = Averaging time (25,550 day).
'EF x ED x SF = 740.95 day([mg/kg/day]1)
Risk = (0.013 mg/L)(1 L/1000 cm¥)(1820 cn?)(0.41 cm/ha)(0.5 h/day) (74095 da([me/kg/dayl ")
(70 kg)(25,550 day)

Risk = 2.01 x 10

This calculated risk for the exposure to groundwater was based on the drinking of
2 liters of water, or skin contact for 70 years, 365 days a year. It is very unlikely that this
! amount of exposure will occur. Also, the risk is based on the current concentration of
} benzene existing at the same concentration for 70 years. Under these conditions,
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benzene concentrations usually decline with time. Therefore, the actual risk will be less
than the calculated risk< Therefore, there is no increased risk to health based on the
use of the IRIS potency value for benzene. >
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ATTACHMENT B
PRESENT CARCINOGENIC RISK CALCULATIONS
BASED ON USING CDHS POTENCY VALUE

The risk level was calculated using Environmental Protection Agency (EPA) guidelines
(EPA, Risk Assessment Guidance for Superfund. Volume 1., December 1989), and The
California Safe Drinking Water and Toxic Enforcement Act of 1986, which establishes
specific regulatory levels posing no significant risk. The EPA standard values are
developed to include safety factors to protect the sensitive individual. These values are
conservative for the majority of the population.

The risk assessment due to existing conditions covers the groundwater environmental
media. Possible exposure pathways are evaluated for the groundwater media. These
pathways include: (1) ingestion of groundwater and (2) dermal absorption of ground-
water. In other words, this assessment considers the risk by (1) a person drinking 1/2 to
1 liter (approximately 1/4 to 1/2 gallon) of the groundwater everyday for 35 years and
(2) a person wetting their skin with the groundwater for 1/2 hour everyday for 35 years.

Because benzene is the only carcinogen of the compounds identified at the site, the
carcinogenic risk is determined by evaluating the presence of benzene.

Data used in the risk assessment was obtained from the groundwater sampling event
performed during the month of September, October, and December 1991. Due to the
low concentrations of benzene detected in groundwater, the highest benzene concentra-
tion (13 ug/L) noted in all of the neighborhood water-supply wells will be used to
determine any risks to human health.

Assumptions used in the calculation of a risk for a specific pathway are discussed in the
individual sections below.

- Carcinogenic Risks
The carcinogenic risk is the estimated excess probability of an individual developing
cancer over a lifetime as a result of exposure to the potential carcinogen. The numeri-

cal value generated for the carcinogenic risk is a unitless number. The values are based
on a formula using known parameters and assumptions. The use of these parameters
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and assemptions in the calculation will result in the carcinogenic risk estimate to be
generally a high estimate. The California Health and Welfare Agency has established
these levels determining "no significant risk.”

Ingestion of Groundwater (Ingestion Rate = 1 L/day):
‘Risk = CWxIRx EFXED x SF |

BWx AT

CW = The concentration of the compound in the water (milligrams
per liter [mg/L]). This is the highest benzene concentration calculated
from the September, October, and December 1991 results for all wells
sampled (0.013 mg/L). '

IR = The ingestion rate of water (liters per day {L/day}). The value of
1 L/day (approximately 0.25 gallon) was used.

EF = Pathway specific exposure frequency (days per year [day/yr]). A
residential exposure of 365 days/yr was used.

ED = Exposure duration (years [yr]). A duration of 35 years was used.
This assumption is based on the average time an individual would
remain living in the area.

SF = Slope factor (milligrams per kilogram per day [mg/kg/day]™).
This is the compound-specific slope for increased cancer risk. The
value for benzene is 0.1 (mg/kg/day)™! (CDHS, 1990).

BW = Body weight (kilograms [kg]). .The EPA standard value of 70 kg
for the average body weight of an/adult was used.

AT = Averaging time (day). This is calculated by the number of days
in a year multiplied by the average lifetime of an individual, which is
70 years (365 day/yr x 70 yr) = 25,550 day.

EF x ED x SF = constant = 1,277.50 day([mg/kg/day] )

Risk = (0.013 mg/L)(1 L/day)(1,277.50 day[mg/kg/day] )

(70 kg)(25,550 day)

Risk = 929 x 106
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Ingestion of Groundwater (Ingestion Rate = 1/2 L/day):

Risk = CWx IR xEF x ED x SF
BWx AT

CW = The concentration of the compound in the water (mg/L). This

- is the highest benzene concentration calculated from the September,
October, and December 1991 results for. all wells sampled
(0.013 mg/L). -

IR = The ingestion rate of water (liters per day [L/day]). The value of
1/2 L /day (approximately 0.25 gallon) was used.

EF = Pathway specific exposure frequency (days per year [day/yr]). A
residential exposure of 365 days/yr was used.

ED = Exposure duration (years [yr]). A duration of 35 years was used.
This assumption is based on the average time an individual would
remain living in the area,

SF = Slope factor (milligrams per kilogram per day [mg/kg/day]).
This is the compound-specific slope for increased cancer risk. The
value for benzene is 0.1 (mg/kg/ day)! (CDHS, 1990).

BW = Body weight (kilograms [kg]). The EPA standard value of 70 kg
for the average body weight of an aduit was used.

AT = Averaging time (day). This is calculated by the number of days
in a year multiplied by the average lifetime of an individual, which is
70 years (365 day/yr x 70 yr) = 25,550 day.

EF x ED x SF = constant = 1,277.50 day(Img/kg/ daf]'l)
Risk = (0.013 mg/L)(0.5 L/day)(1,277.50 day[mg/kg/ day]'ll)
(70 kg)(25,550 day)

Risk = 4.64x 106

Dermal Absorption of Groundwater:

Risk = Q:ﬂzﬁ:ﬁ;QAEEQxBTxEFxEDxQFxSF
: BWx AT

CW = The concentration of compound in water (mg/L). The highest
benzene concentration for the wells sampled in September, October,
and December 1991 was used (0.013 mg/L).

3300613 /RISKLTR4 ' B-3 February 4, 1992




CF = Conversion factor (1 L/1,000 cm?).

SA = Skin surface area available for contact (centimeter squared

{cm?]). The surface area for an adult male is 1.94 meter squared (m?)

and the surface area for a adult female is 1.69 m%. The average of

these two, 1.82 m? or 18,200 cm? for total skin area. To consider the

incidental contact caused by landscape watering and other outdoor

activities, one tenth of the total, or 1,820 cm? was used.

PC = Chemical specific dermal permeability constant (centimeter per
hour [cm/hr]). Benzene is poorly absorbed through the skin (NIOSH
1974); therefore, a factor of 0.41 cm/hr was used. This is an estimate
and is being further researched.

ET = Exposure time (hours per day {hr/day]). A value of 0.5 hr/day
was used. This represents the time for watering landscape, washing
cars, and other outdoor activities.

EF = Exposure frequency (365 day/yr).
ED = Exposure duration (35 yrs).
SF = Slope factor for benzene (0.1 (mg/kg/day) ™).
BW = Body weight (70 kg).
AT = Averaging time (25,550 day).

EF x ED x SF = 1,277.50 day([mg/kg/day]™})

Risk = (0.013 mg/L)(1 L/1,000 cm®)(1,820 cm?)(0.41 cm/hr)(0.5 hr/day)(1,277.50 day([mg/kg/day] ™)
| (70 kg)(25,550 day)

Risk = 3.47x 10

This calculated risk for the exposure to groundwater was based on the drinking of 1/2
to 1 liter of groundwater, or skin contact for 35 years, 365 days a year. It is very unlikely
that this amount of exposure will occur. Also, the risk is based on the current concen-
tration of benzene existing at the same concentration for 35 years. Under these condi-
tions, benzene concentrations usually will decline with time. The actual risk will be less
than the calculated risk. Therefore, there is no increased risk to health based on the
use of CDHS potency value for benzene.
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