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Bechtel Job No. 22214

Contract No. N68711-92-D-4670
File Code: 0227

IN REPLY REFERENCE: CTO0-0164/0309
July 31, 2002

Contracting Officer

Naval Facilities Engineering Command
Southwest Division

Ms. Karen Rooney, Code 02R1.KR
1220 Pacific Highway

San Diego, CA 92132-5190

Subject: Final Technical Memorandum — Risk Evaluation for an Off-Station
Agricultural Worker, Dated July 2002
MCAS El Toro, CA

Dear Ms. Rooney:

It is our pleasure to submit this copy of the Final Technical Memorandum — Risk Evaluation for an Off-
Station Agricultural Worker — for the Marine Corps Air Station (MCAS) El Toro, California. This
document was prepared under Contract Task Order (CTO) 0164 and Contract No. N68711-92-D-4670 in
support of the Record of Decision for Sites 18 and 24.

This technical memorandum evaluates the risk to an agricultural worker from exposure to groundwater in
the off-Station portion of the VOC groundwater plume and incorporates comments submitted by U.S.
EPA, DTSC, and RWQCB on the draft technical memorandum on the same subject. Responses to
regulatory agency comments are being submitted under separate cover. The risk assessment confirms
that the risks to the agricultural worker are within the range considered unconditionally acceptable by the
U.S. EPA.

We appreciate the opportunity to be of service to you on this project. If you have any questions or would
like further information, please contact John Scholfield at (619) 744-3093, or me at (619) 744-3004.

Sincerely,

Thtrman L. Heironimus, R.G.

Project Manager
TLH/sp
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Final Technical Memorandum

RISK EVALUATION FOR AN OFF-STATION
AGRICULTURAL WORKER

1 INTRODUCTION

Groundwater from the principal aquifer in the vicinity of Marine Corps Air Station
(MCAS) El Toro (Station) is used primarily for agriculture and to a lesser extent as a
secondary source of local municipal water supply. Currently only one well, 18 ET1, is
screened within the principal aquifer groundwater plume. Groundwater from this well is
treated using air stripping prior to agricultural use. Groundwater in the shallow
groundwater plume is not used for agricultural purposes, nor is such use likely due to
high total dissolved solids (TDS) and nitrate concentrations and to the relatively
low yield.

In 1989, Orange County Water District (OCWD) performed a risk assessment to evaluate
the risk to an agricultural worker from groundwater extracted from areas within the
volatile organic compound (VOC) plume in the principal aquifer (Med-Tox 1989). A
copy of this assessment is attached. The OCWD assessment concluded that the excess
cancer risk to the agricultural worker is on the order of 6.37 x 107° to 3.185 x 10™* and
that the noncancer risk is on the order of 2.45 x 10™° to 1.23 x 10®. The assessment
was based on a maximum trichloroethene (TCE) concentration of 40 micrograms per

liter (ug/L).

This risk assessment is being performed to confirm the results of the OCWD risk
assessment and assist in determining whether institutional controls prohibiting use of
untreated groundwater from the groundwater plume for agricultural purposes are
necessary. To be conservative, concentrations of VOCs from well 18 MCAS03 were
used in the risk assessment. This well is located within the off-Station portion of the
shallow groundwater unit in an area with TCE concentrations (140 pg/L) over two times
greater than the maximum concentration of TCE reported anywhere in the principal
aquifer (61 pg/L).

This memorandum presents the methodology used in the human-health risk assessment
and tabulates the risk estimate results.

2 HUMAN-HEALTH EVALUATION METHODOLOGY

The risk assessment was conducted in accordance with guidelines published by the
United States Environmental Protection Agency (U.S. EPA) in the Risk Assessment
Guidance for Superfund: Part A (U.S. EPA 1989) and Part B (U.S. EPA 1991) and
supporting documents and guidelines published by the California Environmental
Protection Agency (Cal/EPA) (1992). Exposure conditions used in the estimation of
risk are chosen to represent “reasonable maximum exposure” (RME) conditions. Use of
these exposure conditions tends to overestimate risk. This overestimation of risk is
deliberate; it provides risk managers with a margin of safety when making
risk-management decisions.

Final Technical Memorandum — Risk Evaluation for an Off-Station Agricultural Worker page 1
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4.1

411

4.1.2

EVALUATION OF ANALYTICAL RESULTS

- Well 18_MCASO3 is located in the shallow groundwater unit in the area with the highest

off-Station concentrations of TCE (Figure 1). Therefore, the agricultural scenario risk
evaluation was based on exposure to all the VOCs reported at this well. The analytical
data associated with 18_MCASO3 is presented in Tables 1 and 2.

To address potential exposure to groundwater VOCs at well 18 MCASO03 the maximum
concentration was used in the risk assessment. All VOCs reported above the laboratory
detection limit were identified as chemicals of potential concern (COPCs). Table 3
presents the VOCs and their maximum reported groundwater concentration.

EXPOSURE ASSESSMENT-

The agricultural worker was assumed to be exposed to VOCs in the shallow groundwater
unit, at well 18_MCASO03, through inhalation of vapors released from the groundwater as
it is being used for agricultural purposes. Groundwater is assumed to be pumped to the
surface and diverted throughout the agricultural fields via irrigation ditches.

The following exposure settings were considered in this assessment:
e agricultural scenario where the worker performs moderate activities

e agricultural scenario where the worker performs heavy activities

Quantification of Exposure

The final step in the exposure assessment is to quantify the exposure for the inhalation of
vapors released from the groundwater that accumulated in the ditches. Exposure
quantification is a two-step process. Step 1 entails estimating exposure-point
concentrations (EPCs), and step 2 entails estimating dose rates.

ESTIMATING EXPOSURE-POINT CONCENTRATIONS

The concentrations of chemical vapors released from groundwater were calculated based
on the highest reported concentration. Groundwater pumped to the surface is assumed to
collect in the irrigation ditches as semistagnant water. The predominant exposure
scenario at the agricultural fields is assumed to be inhalation of VOCs emitted from the
water collected in the irrigation ditches. The U.S. EPA “lagoon model” (U.S. EPA 1988)
was used to estimate vapor emissions from the irrigation ditches and the “box model”
(Cal/EPA 1994) was used subsequently to predict air concentrations associated with the
estimated vapor emissions. Attachment 1 presents the equations and Table 3 the resultant
vapor-phase concentrations.

ESTIMATING DOSE

Dose rate is the amount of chemical to which a receptor is exposed per unit of body
weight and time. Dose rates were estimated by integrating intake variables such as
inhalation rate, body weight, and exposure duration with the contaminant concentration.
Exposure assumptions describe the rate of contact that the receptors could have with the

Final Technical Memorandum — Risk Evaluation for an Off-Station Agricultural Worker page 2
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vapor phase. U.S. EPA guidelines on upper-bound exposure assumptions are designed to
address conservatively the behavior or activity patterns of more than 90 to 95 percent of
the receptor populations. The intent is to estimate an RME.

Exposure parameters for evaluating agricultural exposures have not been promulgated by
U.S. EPA and Cal/EPA. Hence, in order to estimate an RME for this scenario,
conservative assumptions were implemented in the risk assessment. This deliberate
attempt to overestimate dose is made in the interest of public protection. This approach is
designed so that there is high confidence that the actual risk is not underestimated.

The exposure assumptions for a hypothetical agricultural receptor exposed to VOCs
released from the groundwater during agricultural activities are as follows.

Agricultural Worker — Moderate Activity Level

e Exposure by an adult was assumed to occur 8 hours a day, 250 days a year
for a total of 25 years.

¢ Inhalation of vapors was assumed to occur at a moderate activity rate of
1.6 cubic meters per hour (m’/hour).

Agricultural Worker — Strenuous Activity Level

¢ Exposure by an adult was assumed to occur 8 hours a day, 250 days a year
for a total of 25 years.

¢ Inhalation of vapors was assumed to occur at a demanding activity rate of
2.5 m*/hour.

The dose equation for inhalation of vapors is as follows.
Inhalation of Airborne Chemical Vapors
D, = (C, x IR, x ET x EF x ED)/(BW x AT)

where

D, = dose resulting from mhalatlon of chemical vapors (mg/kg-day)

C, = chemical concentration in air (mg/m ) (predicted based on modeling)
IR, = air intake rate by inhalation (m’/hour)

ET = exposure time (hours/day)

EF = exposure frequency (days/year)

ED = exposure duration (years)

BW = body weight (kilogram)

AT = averaging time (day)

The values assigned to the parameters in the dose formula are presented in Table 4.

5 TOXICITY CRITERIA

The toxicity values used in.the risk assessment consist of cancer slope factors (CSFs) for
carcinogenic effects and reference doses (RfDs) for chronic exposures associated with the
noncarcinogenic effects. The health criteria were obtained from the table of preliminary

Final Technical Memorandum — Risk Evaluation for an Off-Station Agricultural Worker page 3
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6.1

remediation goals (PRGs) published by U.S. EPA Region 9 (U.S. EPA 2000) and confirmed
by a review of the U.S. EPA Integrated Risk Information System (IRIS) database and the
U.S. EPA Health Effects Assessment Summary Tables [HEAST] (U.S. EPA 2002 and
U.S. EPA 1997, respectively). The IRIS database and HEAST were also searched for
toxicity criteria for chemicals not listed in the table of PRGs. Table 5 lists the U.S. EPA
toxicity values used in the risk characterization.

CSFs developed by the Cal/EPA were also implemented in the risk assessment. The
CalVEPA CSFs are listed in the Office of Environmental Health Hazard Assessment
(OEHHA) toxicity database (Cal/EPA 2002). Use of Cal/EPA toxicity values in addition
to the U.S. EPA CSFs permits dual tracking of the cancer risk. Dual tracking of the risk
consists of a risk assessment evaluation solely using U.S. EPA toxicity values and a

‘separate risk assessment evaluation using California toxicity values. Table S lists the

Cal/EPA toxicity values used in the risk characterization.

RISK CHARACTERIZATION RESULTS

Results for moderate and strenuous activity by a hypothetical agricultural worker are
described below.

Shallow Groundwater Unit — Hypothetical Agricultural Worker at
a Moderate Activity Level

The estimated cancer risk for the hypothetical agricultural worker exposed to VOCs
generated from the groundwater as it is being used in agricultural fields for 250 days per
year over a course of 25 years is quantified at 1.1 x 10® (U.S. EPA) and 3.4 x 10®
(Cal/EPA). This estimated risk level is considered unconditionally acceptable under
U.S. EPA and Cal/EPA guidance. '

The estimated hazard index for this scenario is 0.00079. A hazard index value of less
than 1 indicates that there is not a potential for adverse noncancer health effects under the
scenario evaluated, even among the most chemically sensitive individuals. Cancer risk
and hazard index are summarized in Table 6. Attachment 2 presents the risk estimates
associated with each VOC evaluated in the risk assessment.

It should be noted that the results associated with this hypothetical scenario are
considered conservative estimates of exposure and risk. This risk assessment considered
a groundwater-to-air modeling approach with minimal dispersion. Hence, the resultant
concentrations in the vapor phase are not overly attenuated by climatic conditions and
would be higher than concentrations derived by use of a dispersion model. In addition, it
is unlikely that an agricultural worker will remain at the same location for the 25-year
period considered in this assessment. Lower exposure duration would lead to lower risks
than those estimated. In addition, concentrations of TCE at well 18 MCASO03 are over
two times greater than the maximum concentration of TCE reported anywhere in the
principal aquifer.

Final Technical Memorandum — Risk Evaluation for an Off-Station Agricultural Worker page 4
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6.2 Shallow Groundwater Unit — Hypothetical Agricultural Worker at
a Strenuous Activity Level

The estimated cancer risk for a hypothetical agricultural worker from the inhalation of
VOCs released from -groundwater over a course of 25 years is quantified at 1.7 x 107
(US. EPA) and 5.2 x 10® (Cal/EPA). The estimated cancer risk is considered
‘unconditionally acceptable under U.S. EPA and Cal/EPA guidance. The hazard index is
quantified at 0.0012, indicating that systemic toxicity is unlikely. Attachment 2 presents
the risk estimates associated with each VOC evaluated in the risk assessment.

As previously discussed, the risk estimates associated with the agricultural scenario are
considered conservative estimates of the actual risk because they are based on upper-
bound assumptions and exposure values. Thus, the risks quantified in this assessment are
considered overestimates of the agricultural scenario.
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Table 1
Detected Volatile Organic Compounds in Groundwater at Well 18_MCAS03, 170 feet bgs Base Screen
MCAS El Toro
“ Primary VOCs Detected and Regulatory Standards
Concentrations in
TCE PCE ccy 1,1-DCE 1,2-DCE Chioroform ‘Benzene Other Compounds Detected
Base Screen Sample (Total)
Station 1D (. bgs) Date 5 5 05 6 6 100 1 Result
18_MCAS03-2 170 12-Jun-68 05U 05U 05U 05U 05U 07 05U
6-Dec-88 05U 05U 05U 05U 05U 07 05U
30-Jan-89 o5y 05U 05U 05U 05U 05J 05U
13-Apr-89 05U 05U 05U 05U 05U 054 05U
10-Oct-69 46 05U 05U 05U 05U 1 05U
9-Feb-90 146 osu 05U 05U 05U 0.5 05U
13-Mar-90 184 05J 05U 05U 05U 05 05U
17-May-90 76 oSy 05U 05U 05U 05J 05U
2-Sep-90 146 05U 05U 05U 05U 05 05U
11-Sep-90 157 07 05U 05U 05U 07 05U
9-Nov-90 15.7 07 05U 05U 05U 07 05U
4-Apr-91 234 11 05U 05U 05U 27 05U
18-Jul-91 206 1 05U 05U 05U 054 05U
18-Oct-91 493 22 05U 05U 05U 12 05U
14-May-02 422 16 05U 05U 13 054 05U
15-Sep-92 237 07 o5u | osu 08 08 05U
6-Feb-93 4.1 14 05U 05U 16 06 05U
10-Jun-93 414 14 05U 05U 06 05U
2-Jun-93 447 16 05U 05U 08 05U
10-Jun-93 524 1.8 05U 05U 06 05U
19-Nov-93 524 18 WU 1 1u 1U 1u
16-Jun-94 307 ND ND ND ND Trace ND
20-Dec-95 76 1.8 " ND ND 0.8 Trace ND
6-Feb-96 33 1 1U 1U 1U 1U 1u
15-Jun-96 846 1.8 ND ND 11 Trace ND
B6-Nov-96 115 2 1U 1U 4 1u iU
11-Mar-07 107 5U 5U s5U 44 5U 5U
4-Apr-g7 64 15 ND ND 57 08 ND
1-Jul-97 88 1 1iu 1U 4 1U 1U Vinyl Chloride 74
14-0ct-97 4! 064 14 1 43 03J 10 Methylene Chioride 1
14-Oct-97 72 06J 1u 1U 44 1U 1U
8-Oct-98 130 0.9J 1uU 1U 7 05J 1U Toluene 14
. 13-Jul-99 140 078 1U 1U 85 1U 1U
© 13-Jul-99 140 0.94 1U 1U 92 1u 1U
@ 22-Feb-0t 110 50U 50U 50U 5J s0U 50U
~ 11-Sep-01 140 5U 5U 5 9 5U 5y

6/18/2002 1:52 PM



Table 2
Detected Volatile Organic Compounds in Groundwater at Well 18_MCAS03, Base Screen 230 feet bgs
MCAS El Toro
Primary VOCs Detected and Regulatory Standards
/ Concentrations in pgi
TCE PCE ccl 1,1-DCE 1,2-DCE Chioroform Benzene Other Compounds Detected
Base Screen Sample {Total)
Station ID (ft. bgs) Date 5 5 0.5 6 6 100 1 Result
18_MCAS03-3 230 12-Jun-88 05U 05U 05U 05U 05U 05U 05U
6-Dec-88 05U 05U 05U 05U 05U 05U 05U
30-Jan-89 05U 05U 05U 05U 05U 05U 05U
13-Apr-89 05U 05U 05y 05U 05U 05U o5y
10-Sep-89 05U 05U 05U 05U 05U 05U 05U
9-Oct-89 05U 05U 05U 05U 05U 05U 05U
9-Feb-90 05U 05U 050 05U 05U 05U 05U
13-Mar-80 05U 05U 03 05U 05Uy 05Uy 05U
17-May-90 05U 05U 04 05U 05U 05U 05U
2-Sep-90 05U 05U 14 1U 05U 05U 05U
11-Sep-90 05U 05U 1u 1U 05U 05U 05U
9-Nov-90 05U 05U 1y 1u 05U 05U 05U
4-Apr-91 05U 05U 1y 1u 05Uy 05U 05U
18-Jul-91 05U 05U 1y 1U o5y 05U 05U
18-Oct-91 05U 05U 1U 1U 05U 05U 05U
14-May-92 05U 05U 05Uy 05Uy 05U o5y
158epa2 [ osu 05U o5y o5y 05U 05U
6-Feb-93 050 I 1U 1u 1u 05U osu
2-Jun-93 05U 05U 1U 1U 1y 05U 05U
10-Jun-93 05U 05U 10 1U 10 osu 05U
6-Oct-93 05U 05U 1y 10 1y 05U 05U
19-Nov-93 1u 1U 1U 11U . 1U 10 1U
16-Jun-94 ND ND 10 1U ND ND ND
20-Dec-95 ND Trace 1U 1U ND ND ND
6-Feb-96 1u 1U 1U 064 10 1 1U
15-Jun-96 ND Trace ND ND ND ND ND
6-Nov-96 1u 1U 05U 10 1U 1U
11-Mar-97 1u 1U 1U 1u 10 1u 1u
4-Apr-97 ND Trace 10 1U ND ND ND
1-Jul-97 1U 1U 1U 10 1U 10 10
14-Oct-97 034 1u iy 10 1uU 10 1U Methylene Chioride 044
8-0ct-98 1U 1u 1u 1u 1U L1y 1U Acelone 174
- 8-0ct-98 1U 1U . Carbon Disutfide 17
% 12-Jul-99 iU 1U 1U 1U 1U 1U 1U
@ 22-Feb-01 10U 10U 10U 10U 10U 10U 10U
@ 11-Sep-01 04J 044 1U 1u4 1y 14 1U

6/18/2002 1:52 PM
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Table 3 .
Well 18_MCAS03 Groundwater and Associated Vapor-Phase Concentrations

Groundwater Concentration Vapor-Phase Concentration
CAS Number Analyte (mg/L) ‘ (mg/m®)
67-64-1 Acetone 1.70E-03 3.92E-07
75-15-0 Carbon disulfide 1.70E-02 3.87E-06
56-23-5 Carbon tetrachloride 1.00E-03 1.62E-07
67-66-3 Chloroform 8.00E-03 1.45E-07
540-59-0 1,2-Dichloroethene 9.20E-03 1.85E-06
75-35-4 1,1-Dichloroethene 6.00E-04 1.21E-07
75-09-2 Methylene chloride 1.00E-03 2.15E-07
127-18-4 Tetrachloroethene 1.80E-03 2.74E-07
108-88-3 Toluene 1.40E-03 2.9E-07
79-01-6 Trichloroethene 1.40E-01 2.44E-05
75-01-4 Vinyl chloride 7.00E-03 1.75E-06
Acronyms/Abbreviations:
CAS - Chemical Abstracts Service
" mg/L — milligrams per liter
mg/m® — milligrams per cubic meter
Table 4

Shallow Groundwater Unit

Values Assigned to Dose Equation Parameters

Agricultural Worker ata  Agricultural Worker at a
Equation Parameter Unit Moderate Activity Level Strenuous Activity Level
Inhalation of Vapors
Inhalation rate m’/hour 1.6 2.5
Exposure time hours/day 8 8
Exposure frequency days/year 250 250
Exposure duration years 25 25
Body weight kilograms 70 70
Averaging time (cancer) days 25,550 25,550
Averaging time (noncancer) days ED x 365 ED x 365
Acronyms/Abbreviations:

ED - exposure duration

m®/hour ~ cubic meters per hour

Final Technical Memorandum — Risk Evaluation for an Off-Station Agricultural Worker
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Table 5
Toxicity Values
‘ U.S. EPA - US.EPA Cal/EPA Inhalation
CAS Number Analyte Inhalation CSF* Ref® Inhalation RfD® Ref® CSF* Ref®
67-64-1 Acetone NA 1.00E-01 R NA
75-15-0 Carbon disulfide NA . 2.00E-01 1 NA
56-23-5 Carbon tetrachloride 5.25E-02 ' I 7.00E-04 R 1.50E-01 0
67-66-3 Chloroform 8.05E-02 I 8.60E-05 N 1.90E-02 0]
540-59-0 1,2-Dichloroethene NA 9.00E-03 R NA
75-35-4 1,1-Dichloroethene 1.75E-01 I 9.00E-03 R NA
75-09-2 Methylene chloride 1.65E-03 I 8.57E-01 H 3.50E-03 18]
127-18-4 ' Tetrachloroethene 2.03E-03 N 1.14E-01 N 2.10E-02 0]
108-88-3 Toluene NA 1.10E-01 1 NA
79-01-6 Trichloroethene 6.00E-03 N 6.00E-03 R 1.00E-02 o
75-01-4 Vinyl chloride 3.10E-02 I 2.86E-02 | 2.70E-01 o

Notes:
2 units in inverse of milligrams per kilograms per day
® Reference:
| - Integrated Risk Information System
N — National Center for Environmental Assessment, formerly known as Environmental Criteria and Assessment Office
O - Office of Environmental Health Hazard Assessment
R — route-to-route extrapolation
€ units in milligrams per kilograms per day
Acronyms/Abbreviations:
CAS - Chemical Abstracts Service
CSF — cancer slope factor
NA — not available
Ref — reference
R — reference dose
U.S. EPA - United States Environmental Protection Agency

0l @bed

6/27/2002 3:11 PM sam l:\word_processing\reports\clean ii\cto164\echmemo\table 5.doc
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Table 6
Summary of Lifetime Cancer Risk and Hazard Index by Pathway
Agricultural Receptors

Cancer Risk Cancer Risk
Receptor US.EPA*® State Hazard Index

Agricultural Worker at a Moderate
Activity Level

Vapor Inhalation Risk 1.1E-08 3.4E-08 0.00079
Agricultural Worker at a Strenuous
Activity Level

Vapor Inhalation Risk 1.7E-08 5.2E-08 0.0012

Notes:

® risk was calculated using U.S. EPA toxicity values
risk was calculated using Cal/EPA toxicity values

Acronyms/Abbreviations: .
Cal/EPA - California Environmental Protection Agency
U.S. EPA - United States Environmental Protection Agency

Final Technical Memorandum — Risk Evaluation for an Off-Station Agricultural Worker page 11
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Attachment 1 »
AIR MODELING METHODOLOGY

The United States Environmental Protection Agency (U.S. EPA)-approved “lagoon model”
(described in the Superfund Exposure Assessment Manual [U.S. EPA 1988]) was used to
estimate vapor emissions from semistagnant water contained in irrigation ditches. Current
maximum observed groundwater concentrations were used for model input concentrations
(CDM 2002). The model was originally developed by Mackay and Leinonen (1975) for
estimating volatilization releases from water bodies such as hazardous waste lagoons. The
following is a list of the model assumptions:

e No constant addition of contaminants occurs.

o Diffusion is liquid-state controlled; it occurs from a well-mixed water phase to a
well-mixed air phase across a stagnant water/air interface.

e Atmospheric background levels of the contaminants of concern are negligible.

The emission rate for a chemical from a water body takes the following form:

Ei=KC;s
where
E; = emission rate (g/cm’-sec)
" K; = overall mass transfer coefficient (cm/sec) (chemical specific)
C; = contaminant liquid-phase concentration (g/em’)
The overall mass transfer coefficient (K;) is calculated via the following relationship:
1 1 RT
Ki ky Hkg
where
K; = overall mass transfer coefficient (cm/sec)
ki = liquid-phase mass transfer coefficient (cm/sec)
R = ideal gas law constant (8.2 x 10® atm-m*/mol-°K)
T = temperature (°K) ‘
H, = Henry’s law constant of compound i, (atm-m’/mol)
kic = gas-phase mass transfer coefficient (cm/sec)
Final Technical Memorandum — Risk Evaluation for an Off-Station Agricultural Worker page 1-1
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The following table summarizes the input parameters for the overall mass transfer coefficients
Xi):

Ki* R T H® 1K, K

Chemical (cm/sec) (atm-m*/mol-K) (K)  (atm-m’/mol) (cm/sec)  (l/em/sec)  (cmv/sec)
Trichloroethene 6.69E-05 8.20E-05 289 1.03E-02 0.35 1.50E+04 6.69E-05
Tetrachloroethene 5.85E-05 8.20E-05 289 1.84E-02 0.32 1.71E+04 5.85E-05
1,2-Dichloroethene® 7.74E-05 8.20E-05 289 4.07E-03. 0.39 1.29E+04 7.73E-05
Chloroform 6.96E-05 8.20E-05 289 3.66E-03 0.36 1.44E+04 6.95E-05_
Vinyl chloride 9.61E-05 8.20E-05 289 2.71E-02 .0.45 1.04E+04 9.61E-05
Methylene chloride 8.27E-05 8.20E-05 289 2.19E-03 0.41 1.21E+04 8.25E-05
Toluene 7.95E-05 8.20E-05 289 6.63E-03 0.40 1.26E+04 7.94E-05
Carbon tetrachloride 6.23E-05 8.20E-05 289 3.05E-02 0.34 1.61E+04 6.23E-05
1,1-Dichloroethene 7.74E-05 8.20E-05 289 5.61E-03 0.39 1.29E+04 7.74E-05
Acetone 1.00E-04 8.20E-05 289 3.88E-05 0.46 1.13E+04 8.85E-05
Carbon disulfide 8.75E-05 8.20E-05 289 3.02E-02 0.42 1.14E+04 8.75E-05

The following footnotes are noted for the K; summary table above:

*  Calculation of chemical-specific liquid-phase mass transfer coefficient (Ky) is:
Ky = (MWO,/MW)*® x (T/298) x ki, 02

This equation is described in further detail below.

®  Source for ideal gas law constant (R) U.S. EPA 1988. Superfund Exposure
Assessment Manual.

©  Source for Henry’s law values (H): U.S. EPA 1998. User’s Guide to the Johnson
and Ettinger Model.

¢ Calculation of chemical-specific gas-phase mass transfer coefficient (Kic) is:
Kic = (MWO,/MW)0.33 x (T/298)"* x (kg,02)

where

MWO, is the molecular weight of oxygen

MW, is the molecular weight of the chemical

T is the temperature of the chemical

Kg 02 is the gas-phase mass transfer coefficient for oxygen at

25 degrees Celsius (°C) (Smith et al. 1983)

¢ Use Henry’s constant for cis-1,2-dichloroethene

Hwang (1982) provides a method for determining a compound’s liquid-phase mass transfer
coefficient (kir) for use in the above equation. To estimate ki, the following equation is used:

Mw, 05( T )
. = 2 .. k ,O

Final Technical Memorandum — Risk Evaluation for an Off-Station Agricultural Worker page 1-2
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where
kp = liquid-phase mass transfer coefficient (cm/sec)
MWo; = molecular weight of oxygen
MW; = molecular weight of compound i
T = temperature (°K)
k O, = liquid-phase mass transfer coefficient for oxygen at 25 °C (cm/sec)

The gas-phase mass transfer coefficient can be calculated in an analogous fashion using the
gas-phase mass transfer coefficient for oxygen (however, the exponent value is changed to 0.33).
Liquid- and gas-phase mass transfer coefficients for oxygen (0.00014 and 0.583 cm/sec,
respectively) were obtained from Mackay et al. (1985) and Smith et al. (1983).

In order to estimate exposure-point concentrations (EPCs) associated with predicted vapor
emission rates for the chemicals of potential concern (COPCs), a simple California
Environmental Protection Agency (Cal/EPA)-approved air dispersion model (the “box model™)
was used (Cal/EPA 1994). The model takes the form of the following equation:

C, = Eix A
LS xV x MH
where
C, = airconcentration (mg/m’)
E; = emission rate over the irrigation ditch (mg/m’-sec)
A = area of irrigation ditch (m?)
LS = length dimension perpendicular to the wind (m)
V = average wind speed with the mixing zone (m/sec)
MH = mixing height (m) (approximate height of breathing zone)

Cal/EPA default values for average wind speed and mixing height are 2.25 meters per second
(m/sec) and 2 meters (m), respectively. However, the values used for this evaluation were
5.76 m/sec for wind speed and 1.5 m for mixing height. The wind speed value of 5.76 m/sec
represents an average of five site-specific wind speeds provided in the 1989 Risk Assessment
(Med-Tox 1989). The mixing height was reduced to 1.5 m to keep the model conservative. The
irrigation ditch is assumed to be 2 m wide. The worker is assumed to be exposed to VOCs that
have volatilized along an approximately 3-m upwind stretch of the ditch.

Final Technical Memorandum — Risk Evaluation for an Off-Station Agricultural Worker page 1-3
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The table below is a summary of final air concentrations:

Dimension
: Areaof Perpendicular  Mixing : Air
Emission Rate - Ditch to Wind Height  Wind Speed Concentration

Chemical (mg/m*-sec) (m?) (m) (m) (m/sec) (mg/m°)
Trichloroethene 9.36E-05 6 2 15 5.76 3.25E-05
Tetrachloroethene 1.05E-06 6 2 1.5 5.76 3.65E-07
1,2-Dichloroethene 7.11E-06 6 2 1.5 5.76 2.47E-06
Chloroform 5.56E-07 6 2 1.5 5.76 1.93E-07
Vinyl chloride 6.72E-06 6 2 1.5 5.76 2.33E-06
Methylene chloride 8.25E-07 6 2 15 5.76. 2.87E-07
Toluene 1.11E-06 6 2 1.5 5.76 3.86E-07
Carbon tetrachloride 6.23E-07 6 2 1.5 5.76 2.16E-07
1,1-Dichloroethene 4,64E-07 6 2 1.5 576 1.61E-07
Acetone 1.50E-06 6 2 1.5 5.76 5.22E-07
Carbon disulfide 1.49E-05 6 2 15 5.76 5.16E-06

Acronyms/Abbreviations:
m - meter

m? — square meter
mg/mg-sec — milligrams per square meter per second
mg/m” — milligrams per cubic meter

REFERENCES
Cal/EPA. See California Environmental Protection Agency.

California Environmental Protection Agency. 1994. Preliminary Endangerment Assessment
Guidance Manual, Department of Toxic Substances Control.

CDM. See CDM Federal Programs Corporation.

CDM Federal Programs Corporation. 2002. Final Groundwater Monitoring Report, September
2001, Monitoring Round 14. 14 February.

Hwang, S.T. 1982. Toxic emissions from land disposal facilities. Environmental Progress.
11). | B

Mackay, D., and P. Leinonen. 1975. Rate of Evaporation of Low-Solubility Contaminants from
Water Bodies to Atmosphere. Environ. Sci. Technol. 9(13).

Mackay, D., S. Paterson, B. Cheung, and W. Neely. 1985. Evaluating the Environmental
Behavior of Chemicals with a Level III Fugacity Model. Chemosphere. 14:335-374.

Med-Tox. See Med-Tox Associates, Inc.

Med-Tox Associates, Inc. 1989. Public Health Risk Assessment for the OCWD/IRWD
Proposed Trichloroethylene Containment Program, Irvine, California. June.

Final Technical Memorandum — Risk Evaluation for an Off-Station Agricultural Worker page 1-4
6/27/2002 3:12 PM sam l\word_processing\reporisiclean il\cto164\techmemo\atiachment 1.doc



CLEAN 1]
CTO-0164/0309
Date: 07/01/02

Attachment 1 Air Modeling Methodology

Smith, J.H., D.C. Bomberger, and D.L. Haynes. 1983. Volatilization of Pesticides from Water.
Residue Review. 85:73-88.

United States Environmental Protection Agency. 1988. Superfund Exposure Assessment
Manual. Office of Remedial Response. EPA/540/1-88/001.

. 1998. User’s Guide to the Johnson and Ettinger Vapor Migration Model (source for
Henry’s law constants).

U.S. EPA. See United States Environmental Protection Agency.
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BEC Risk - EV3.0.4

Chemical
Chemical Name CAS Type

Carbon tetrachloride 56-23-5 \'%
Chloroform 67-66-3 \'
Dichloroethylene-1,1 " 75-35-4 v
Methylene chloride 75-09-2 v
Tetrachloroethylene (PCE) 127-184 A\
Trichloroethylene (TCE) 79-01-6 A"
Vinyl chloride 75-01-4 v
Notes:

CAS - chemical abstract service number

mg/kg-day - milligrams per kilograms-day

mg/m® - milligrams per meter cube

L:\cleaniirisk\eltoro\CHMIWFED.RTF

Attachment 2 Table 1
El Toro CTO 164
Summary of U.S. EPA Total Lifetime Cancer Risks for the Agricultural Worker with a Moderate Activity Level
Cross Pathway Sum by Chemical

Medium

Air Volatiles

Air Volatiles

Air Volatiles

Air Volatiles

Air Volatiles

Air Volatiles

Air Volatiles

Exposure
Point
Concentration

22E-07 mg/m3

1.9E-07 mg/m3

1.6E-07 mg/m3

2.9E-07 mg/m3

3.7E-07 mg/m3

" 32E-05 mg/m3

2.3E-06 mg/m3

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation

6/19/2002 9:10:22 AM

Dose
Exposure Route (mg/kg-day)

9.7E-09
Air Volatiles
Carbon tetrachloride

8.6E-09
Air Volatiles
Chloroform

7.2E-09
Air Volatiles
Dichloroethylene-1,1

1.3E-08
Air Volatiles
Methylene chloride

1.6E-08
Air Volatiles
Tetrachloroethylene (PCE)

1.5E-06
Air Volatiles
Trichloroethylene (TCE)

1.0E-07
Air Volatiles
Yiny! chloride

Page 1 of 1

Lifetime
Cancer Risk

5.1E-10
5.1E-10
5.1E-10

7.0E-10
7.0E-10
7.0E-10

1.3B-09
13E09
13E-09

2.1E-11
2.1E-11
2.1E-11

3.3E-11
3.3E-11
3.3E-11

8.7E-09
8.7E-09
8.7E-09

3.2E-09
3.2E-09
3.2E-09



BEC Risk - EV3.0.4

Chemical
Chemical Name CAS Type

Carbon tetrachloride 56-23-5 v
Chioroform 67-66-3 \'
Methylene chloride 75092 v
Tetrachloroethylene (PCE) 127-18-4 v
Trichloroethylene (TCE) 79-01-6 - \'4
Vinyl chloride 75-01-4 A"
Notes:

CAS - chemical abstract service number

mgkg-day - milligrams per kilograms-day

mg/m® - milligrams per meter cube

L:\cleaniitrisk\eltoro\CHMIWCA.RTF
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Attachment 2 Table 2
El Toro CTO 164
Summary of State Total Llfetlme Cancer Risks for the Agricultural Worker with a Moderate Activity Level
Cross Pathway Sum by Chemical

Medium

Air Volatiles

Air Volatiles

Air Volatiles

Air Volatiles

Air Volatiles

Air Volatiles

Exposure
Point
Concentration

22E-07 mg/m3

1.9E07 mg/m3

2.9E-07 mg/m3

3.7E-07 mg/m3

3.2E-05 mg/m3

23E-06 mg/m3

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation

Dose
Exposure Route (mg/kg-day)

9.7E-09
Air Volatiles
Carbon tetrachloride

8.6E-09
Air Volatiles
Chloroform

1.3E-08
Air Volatiles
Methylene chloride

1.6E-08
Air Volatiles
Tetrachloroethylene (PCE)

1.5E-06
Air Volatiles
Trichloroethylene (TCE)

1.0B-07
Air Volatiles
Vinyl chloride

Page 1 of 1

Lifetime
Cancer Risk

1.5E-09
1.5E-09
1.5E-09

1.6E-10
1.6E-10
1.6E-10

4.5E-11
4.5E-11
4.5E-11

3.4E-10
3.4E-10
3.4E-10

1.5E-08
1.5E-08
1.5E-08

2.8E-08
2.8E-08
2.8E-08



B isk - EV3.0.4

Chemical Name

Acectone

Carbon disulfide

Carbon tetrachloride

Chloroform

Dichloroethylene (mixture)-1,2

Dichloroethylene-1,1

Methylene chloride

Tetrachloroethylene (PCE)

L:\cleaniitrisk\eltoro\CHMIWHAZ RTF

CAS
67-64-1

- 75-150

56-23-5

67-66-3

540-59-0

75-354

75-09-2

127-18-4

Chemical

Type
%

Attachment 2 Table 3
El Toro CTO 164
Summary of Chronic Hazard Index for the Agricultural Worker with a Moderate Activity Level
Cross Pathway Sum by Chemical

Medium

Air Volatiles

Air Volatiles

Air Volatiles

Air Volatiles

Air Volatiles

Air Volatiles

Air Volatiles

Air Volatiles

Exposure
Point
Concentration

5.2E-07 mg/m3

52E06 mg/m3

2.2E07 mg/m3

1.9E-07 mg/m3

. 2.5B-06 mg/m3

1.6E-07 mg/m3

2.9E-07 mg/m3

3.7E-07 mg/m3

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation

®
6/19/2002 9:1 AM
Page 1 of 2
Dose Hazard
Exposure Route (mg/kg-day) Index
6.5E-08 6.5E-07
Air Volatiles 6.5E-07
Acetone 6.5E-07
6.5E-07 3.2E-06
Air Volatiles 3.2E-06
Carbon disulfide 3.2E06
2.7E-08 3.9E-05
Air Volatiles 39E-05
Carbon tetrachloride 3.9E-05
2.4E-08 2.8E-04
Air Volatiles 2.8E-04
Chloroform 2.8E-04
3.1E-07 3.4E-05
Air Volatiles - 34E-05
Dichloroethylene (mixture)-1,2 34E-05
2.0E-08 2.2E-06
Air Volatiles 2.2E-06
Dichloroethylene-1,1 2.2E-06
3.6E-08 4.2E-08
Air Volatiles 4.2E-08
Methylene chloride 4,2E-08
4.6E-08 4.0E-07
Air Volatiles 4.0E-07
Tetrachloroethylene (PCE) 4.0E-07

{table continues)
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Page 2 of 2

Attachment 2 Table 3 (continued)

Exposure
Chemical Point Dose Hazard
Chemical Name CAS Type Medium Concentration Exposure Route (mg/kg-day) Index
Toluene 108-88-3 \"
Air Volatiles 3.9E-07 mg/m3  Inhalation 4.8E-08 4.4E-07
Air Volatiles 4.4E-07
Toluene 44E07
Trichloroethylene (TCE) 79-01-6 v
Air Volatiles 3.2E-05 mg/m3  Inhalation 4.1E-06 6.8E-04
Air Volatiles 6.8E-04
Trichloroethylene (TCE) 6.8E-04
Vinyl chloride 75-01-4 \'%
Air Volatiles 2.3B-06 mg/m3  Inhalation 2.9E-07 1.0E-05
Air Volatiles 1.0E-05
Vinyl chloride 1.0E-05
Notes:
CAS - chemical abstract service number
mg/kg-day -  milligrams per kilograms-day
mg/m® - milligrams per meter cube
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Attachment 2 Table 4
El Toro CTO 164
Summary of U.S. EPA Total Lifetime Cancer Risks for the Agricultural Worker with a Strenuous Activity Level
Cross Pathway Sum by Chemical
Exposure
Chemical Point Dose Lifetime
Chemical Name ) CAS Type Medium Concentration Exposure Route (mg/kg-day) Cancer Risk
Carbon tetrachloride 56-23-5 \'
Air Volatiles 2.2E-07 mg/m3  Inhalation 1.5E-08 7.9E-10
' Air Volatiles 7.9E-10
Carbon tetrachloride 7.9E-10
Chiloroform 67-66-3 v
Air Volatiles 1.9E-07 mg/m3  Inhalation 1.3E-08 1.1E-09
' Air Volatiles 1.1E-09
Chloroform 1.1E-09
Dichloroethylene-1,1 75-354 \'4
Air Volatiles 1.6E-07 mg/m3  Inhalation 1.1E-08 2.0E-09
' Air Volatiles 2.0E-09
Dichloroethylene-1,1 2.0E-09
Methylene chioride 75-09-2 v .
: Air Volatiles 2.9E-07 mg/m3 Inhalation 2.0E-08 3.3E-11
Air Volatiles 33E-11
Methylene chloride 3.3E-11
Tetrachloroethylene (PCE) 127-184 v
Air Volatiles 3.7E-07 mg/m3  Inhalation 2.6E-08 5.2E-11
' . Air Volatiles 5.2E-11
Tetrachloroethylene (PCE) 5.2E-11
Trichloroethylene (TCE) 79-01-6 v .
Air Volatiles 3.2E-05 mg/m3  Inhalation 2.3E-06 1.4E-08
Air Volatiles 1.4E-08
Trichloroethylene (TCE) 1.4E-08
Vinyl chloride 75014 v
Air Volatiles 23E-06 mg/m3 Inhalation 1.6E-07 5.1E-09
Air Volatiles 5.1E-09
Vinyl chloride 5.1E-09
Notes:
CAS - chemical abstract service number
mgkg-day - milligrams per kilograms-day
mg/m® - milligrams per meter cube
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Attachment 2 Table 5
El Toro CTO 164
Summary of State Total Lifetime Cancer Risks for the Agricultural Worker with a Strenuous Activity Level
Cross Pathway Sum by Chemical
Exposure
: Chemical Point Dose Lifetime
Chemical Name CAS Type Medium Concentration Exposure Route (mg/kg-day) Cancer Risk
Carbon tetrachloride 56-23-5 v
Air Volatiles 2.2E-07 mg/m3  Inhalation 1.5E-08 2.3E-09
Air Volatiles 2.3E-09
Carbon tetrachloride 2.3E-09
Chloroform 67-66-3 A%
Air Volatiles 1.9E-07 mg/m3  Inhalation 1.3E-08 2.6E-10
’ Air Volatiles 2.6E-10
Chloroform 2.6E-10
Methylene chloride 75-09-2 A\
Air Volatiles ~ 29E-07 mg/m3  Inhalation 2.0E-08 7.0E-11
- ’ Air Volatiles 7.0E-11
Methylene chloride 7.0E-11
Tetrachloroethylene (PCE) 127-18-4 \'
Air Volatiles 3.7E-07 mg/m3  Inhalation 2.6E08 ° S4E-10
Air Volatiles 54E-10
Tetrachloroethylene (PCE) 54E-10
Trichloroethylene (TCE) 79-01-6 v
: Air Volatiles 32E-05 mg/m3 Inhalation 2.3E-06 2.3E-08
Air Volatiles 2.3E-08
Trichloroethylene (TCE) 2.3E-08
Vinyl chloride 75-01-4 v
Air Volatiles 2.3E-06 mg/m3 Inhalation 1.6E-07 4.4E-08
Air Volatiles 44E-08
Vinyl chloride 4.4E-08
Notes:
CAS - chemical abstract service number
mgkg-day - milligrams per kilograms-day
mg/m* - milligrams per meter cube
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Attachment 2 Table 6
El Toro CTO 164
Summary of Chronic Hazard Index for the Agricultural Worker with a Strenuous Activity Level
Cross Pathway Sum by Chemical
Exposure
Chemiecal Point Dose Hazard
Chemical Name CAS Type Medium Concentration Exposure Route (mg/kg-day) Index
Acetone 67-64-1 \ o
Air Volatiles 5.2BE-07 mg/m3  Inhalation 1.0E-07 1.0E-06
Air Volatiles 1.0E-06
Acetone 1.0E-06
Carbon disulfide 75-15-0 v
Air Volatiles 5.2E-06 mg/m3  Inhalation 1.0E-06 5.1E-06
Air Volatiles 5.1E-06
Carben disulfide 5.1E-06
Carbon tetrachloride 56-23-5 v .
Air Volatiles 22E-07 mg/m3 Inhalation 4.2E-08 6.0E-05
Air Volatiles 6.0E-05
Carbon tetrachloride 6.0E-05
Chloroform 67-66-3 -V \
Air Volatiles 1.9E-07 mg/m3 Inhalation 3.8E-08 44E-04
Air Volatiles 44E-04
Chloroform 4.4E-04
Dichloroethylene (mixture)-1,2 540-59-0 \' .
Air Volatiles 2.5E-06 mg/m3  Inhalation 4.8E-07 5.4E-05
Air Volatiles 5.4E-05
Dichloroethylene (mixture)-1,2 5.4E-05
Dichloroethylene-1,1 75-354 \'%
Air Volatiles 1.6E-07 mg/m3  Inhalation 3.2E-08 3.5E-06
Air Volatiles 3.5E-06
Dichloroethylene-1,1 3.5E-06
Methylene chloride 75409-2 \'%
Air Volatiles 2.9E-07 mg/m3 Inhalation 5.6E-08 6.5E-08
Air Volatiles 6.5E-08
Methylene chloride 6.5E-08
Tetrachloroethylene (PCE) 127-184 v
Air Volatiles 3.7E-07 mg/m3  Inhalation 7.2E-08 6.3E-07
Air Volatiles 6.3E-07
Tetrachloroethylene (PCE) 6.3E-07

L:Acleaniirisk\eltoro\CHMEWHAZ.RTF

(table continues)



s G R n N E AN e ------T-
' 6/19/2002 9:1 PP AM

B isk - EV3.0.4

Page 2 of 2
Attachment 2 Table 6 (continued)
Exposure
Chemical Point Dose Hazard
Chemical Name CAS Type Medinm Concentration Exposure Route (mg/kg-day) Index
Toluene 108-88-3 \'
Air Volatiles " 39E-07 mg/m3 Inhalation 7.6E-08 6.9E-07
Air Volatiles 6.9E-07
Toluene 6.9E-07
Trichloroethylene (TCE) 79-01-6 v
Air Volatiles 3.2E05 mg/m3  Inhalation 6.4E-06 1.1E-03
Air Volatiles 1.1E-03
Trichloroethylene (TCE) 1.1E-03
Vinyl chloride 75-01-4 v
Air Volatiles 2.3E-06 mg/m3  Inhalation 4.6E-07 1.6E-05
. ' Air Volatiles 1.6E-05
Vinyl chloride 1.6E-05
Notes: .
CAS - chemical abstract service number
mg/kg-day -  milligrams per kilograms-day .
mg/m® - milligrams per meter cube
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EXECUTIVE SUMMARY

INTRODUCTION

The Orange County Water District (OCWD) has discovered that
groundwater underlying portions of the City of Irvine is

contaminated with trichloroethylene. ‘Hydrogeological studies

performed by the Orange County Water District and other parties
have revealed that a plume of trichloroethylene contaminated
groundwater is migrating westward and poses a threat to drinking

groundwater aquifers in the County of Orange. To help contain the
westerly migration of this contaminated groundwater plume, the
Orange County Water District and the Irvine Ranch Water District
propose to pump the contaminated groundwater from the western end
of the plume and use it for irrigation of agricultural fields and
greenbelts. The pumping program would be operated jointly by the
Orange County Water District and the Irvine Ranch Water District.

The purpose of this risk assessment is to evaluate the magnitude
and probability of public health risks associated with potential
trichloroethylene emissions from trichloroethylene contaminated
water used for irrigation. ,

PROJEC TE_DESCR ON

In 1985, as a part of the District's ongoing water quality
monitoring program, the Orange County Water District detected
trichloroethylene in three Irvine area irrigation wells. Initial
water quality tests revealed elevated trichloroethylene levels in
an irrigation well located on the El Toro Marine Corps Air Station
and in two wells located west of the air station. These westerly
wells are considered to be down gradient with respect to regional
groundwater flow from the contaminated well located at the air
station. '

To characterize the magnitude of the trichloroethylene
contamination in the aforementioned wells, the Orange County Water
District and. the El Toro Marine Corps Air Station initiated a
program of additional groundwater testing. This additional testing
revealed evidence of both groundwater contamination at the base and
up to three miles down gradient. The groundwater contamination was
discovered to extend to a depth of approximately 200 to 450 feet
below the surface and is estimated to impact 150,000 acre-feet of

iii
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groundwater. Furthermore, the Orange County Water District study
suggested that the trichloroethylene contamination discovered on
the El1 Toro Marine Corps Air Station may be contiguous with the
off-base contamination plume’'.

The westward migration of the trichloroethylene contaminated plume
poses a significant threat to domestic wells located west _of
Newport Boulevard which are used as drinking water sources®.

Water quality tests performed during 1985 to the present time have
revealed that the concentrations of trichloroethylene in wells
nonitored have ranged from "trace" to 90 ug/L. State of California
and Federal drinking water quality standards mandate that drinking
water should not contain trichloroethylene in excess of 5 ug/L.

The Orange County Water District and the Irvine Ranch Water
District have proposed a plan to contain the westward migration of
+his trichloroethylene contaminated groundwater plume.  They
propose to pump trichloroethylene contaminated groundwater at a
rate of 700 gallons per minute into the existing Irvine Ranch Water
District's reclaimed water distribution system. This mixed water
will be used for drip and sprinkler irrigation of agricultural
fields and greenbelt areas in the City of Irvine.

A well and pumping station will be developed near the intersection
of Jeffrey Road and Irvine Center Drive in the City of Irvine. The
agricultural field where irrigation will occur is bounded by Irvine
Center Drive to the north, Jeffrey Road to the east, the San Diego

Freeway to the south and Culver Boulevard to the west. The

proposed well will be located at the western edge of the existing
trichlorocethylene contaminated plume near two existing wells, TIC
35 and 47. Trichloroethylene contaminated groundwater has been
punped and used for sprinkler and drip irrigation in agricultural
fields since at least 1985 and probably longer from these two
wells. :

'Pphase I Report Investigation of TCE contamination in the
vicinity of the El Toro Marine Air Corp. Station by Roy L. Herndon
and James F. Reilly, OCWD, March 29, 1989. '

2 orange County Water District: Results of an investigation
of the TCE removed during sprinkler and drip irrigation in the
Irvine area, March 1989.
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Risk assessment has four basic elements: hazard identification,
dose-response assessment, exposure assessment, and ' risk
characterization. Hazard identification involves identifying the
types of health and environmental risks that are associated with
the chemicals of concern. Once the potential hazards are
identified, the amount of exposure or dose necessary to produce
adverse effects is evaluated. Since all chemicals are toxic at
some dose, this step provides a preliminary assessment of the types
of toxic effects that would be anticipated from. exposure to a

chemical at a given dose. Exposure assessment identifies which

populations are potentially exposed, delineates the potential
exposure routes and quantifies the potential level of exposure at
each identified receptor site. Risk characterization is the

process of defining the probability or risk that adverse health

effect will occur in the exposed population.
The risk assessment process is targeted to identify the potential
exposure pathways that have the greatest probability of adversely
impacting public health and the environment. Conservatism is
incorporated into the risk assessment process. Conservative
assumptions are used in predicting exposures and dose-response
relations. Therefore, the predicted risks likely overestimate
actual risks.

Two conservative exposure scenarios are used to estimate the. dose
or amount of trichlorcethylene exposure that community residents
and on-site workers might receive from trichloroethylene emissions
associated with sprinkler and drip irrigation. One exposure
scenario, the worst case scenario, assumes that pumped
trichlorocethylene containing groundwater will not be mixed with
reclaimed water in the Irvine Ranch Water District's delivery
systen. Another conservative exposure scenario, the plausible
exposure scenario, assumes that the trichloroethylene contaminated
pumped groundwater is mixed with reclaimed water to be twenty
percent of the original concentration.

The operational plan for pumping water anticipates that there will
be diurnal and ‘seasonal variations in water consumption demands.
In this risk assessment, to be conservative it is assumed that the
contaminated groundwater will be continually applied at the maximal

usage rate to the smallest area thereby producing the greatest

release potential of trichloroethylene. Both the worst case and
plausible exposure scenarios assume that trichloroethylene will not
be degraded after volatilization. Both exposure scenarios
conservatively assume that community residents will be exposed
twenty-four hours daily for seventy years and on-site workers will
be exposed five days a week, eight hours a day for forty years.
Both scenarios assume that 100% of the emitted trichloroethylene
will be absorbed by breathing.

|



The risk characterization process is designed to prudently avoid
underestimation of risk since the factors used to determine the
potency of a chemical to induce chronic toxicity or carcinogenicity
are conservative. In the case of carcinogens, a multistage, non-
threshold, linearized model is used to extrapolate potential cancer
risks from high dose to low dose. This multistage, non-threshold,
linearized model assumes that any exposure is associated with some
cancer risk even though other scientific models might not predict
such risks. Cancer potency factors that have been developed to
predict human cancer risk assume that humans are as sensitive as
the most sensitive animal species.

CONCLUSIONS

' Populations at risk from potential trichloroethylene exposure
include on-site workers and nearby community residents.  Both
~ populations are at risk from potential air -emissions of

trichlorocethylene vapors since - trichloroethylene is readily
volatilized from applied water. Fugitive dust emissions of soil
contaminated with trichloroethylene are Jjudged not to be
significant. Empirical data do not provide any evidence of
residual trichloroethylene soil contamination even though such
soils have been irrigated with trichloroethylene contaminated water

since at least 1985 and probably longer. Groundwater is not used

as a drinking water source and therefore does not present a direct
human health risk from ingestion at present.

The exposure assessment reveals that using the assumptions in the

worst case scenario the incremental project related annual average
trichloroethylene concentrations in the impacted area will be 3-4
x 1078 ug/nP The total amount of trichloroethylene applied to the
project area daily will be 57.2 gnm. Trichloroethylene is a
chemical routinely found in the South Coast Air Basin. Air quality
tests during 1986-1987 performed by the South Coast Air Quality
Management District and California Air Resources Boa;d have
revealed a trichloroethylene annual average of 1.07 ug/m” in the
Irvine Regional Park area. Therefore, the project-related
incremental concentration of trichloroethylene release is de
minimus in comparison to background trichloroethylene exposure
levels found in the south coast air basin.

The potential public health risks from exposures to released
trichloroethylene associated with this project are insignificant
or de minimus. Using the conservative assumptions in both the
plausible and worst case exposure scenarios, potential cancer risks
from project related emissions range from 6.37 x 10 © to 1.486 X
10" for both nearby community and on-site workers. Therefore, even
if the entire Orange County population of over two million persons

vi
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were to be exposed to trichloroethylene from the project, 24 hours
a day for 1lifetime, not even one excess cancer case from the
project-related trichloroethylene emissions would be expected.
The potential cancer risks for all potentially exposed person are
well below the one-in-one-million (1 x 10°°) risk commonly
considered to be insignificant by regulatory agencies and
scientific bodies. .

There is no evidence that any potentially exposed persons would be
~at significant risk for developing any other adverse health
effects. The Hazard Index is used to assess potential risks for
non-carcinogenic effects. It should be emphasized that the Hazard
Index is not a mathematical predictor of the incidence or severity
of toxic effects but rather is an indicator of the degree to which
acceptable levels of a contaminant are exceeded. If the Hazard
Index exceeds unity, the public health concern is the same as if
the individual chemical exposure exceeded the acceptable level by
the same proportion. Using the assumptions in both the worst case
and plausible exposure scenarios, the Hazard Index associated with
potential‘groject-related trichloroethylene emissions ranged from
2.45 x 10°™ to 5.7 x 10”7 for on-site workers and nearby community
residents. :

If unchecked, the trichloroethylene contaminated groundwater plume
will move westward and within 3 to 5 years reach County of Orange
drinking groundwater aquifers. The health risks associated with
ingestion of groundwater contaminated with 8 ppb trichloroethylene
for lifetime greatly exceed the risks associated with lifetime
inhalation of trichloroethylene released from applied water using
‘the assumptions in the plausible exposure scenario. Furthermore,
if the County of Orange drinking groundwater sources become
contaminated with trichloroethylene, the risks associated with this
contamination could not be mitigated solely by relying on another.
available drinking water source since there would still be
associated health 1risks from trichloroethylene inhalation
associated with non-drinking domestic water use activities such as
showering.

vii
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1.1 Environmental Chronology of the Project

The objective of this risk assessment is to evaluate the
potential human health risks associated with the proposed
use of trichloroethylene (TCE) contaminated groundwater
in drip and sprinkler irrigation of agricultural fields
‘and greenbelt areas in the City of Irvine. Risk -
assessments are designed to evaluate the magnitude and
probability of potential public health risks posed by
chemical contaminants found in the environment. Health
risk information can then be used by risk managers in
evaluating the risks associated with a planned project.

The Orange County Water District (OCWD) was established
in 1933 to mange and protect the common groundwater
supplies of the northwestern portion of Orange County,
California. The mission of District is being-guided by
its adopted Groundwater Quality Protection Policy which
directs the District to 1) maintain a groundwater supply -
of suitable quality for all existing and potential
beneficial uses, 2) prevent degradation of the quality
of the groundwater supply, and 3) assist, insofar as
possible, the responsible regulatory agencies - in
identifying sources of pollution to assure cleanup by the
responsible party(s) (OCWD, 1987).

The groundwater underlying part of the El Toro. Marine
Corps Air sStation (MCAS) and a portion of the  City of
Irvine was discovered to be contaminated with
trichloroethylene in 1985 by the Orange County Water
District. Extensive studies have been conducted by the
Orange County Water District and the El Toro Marine Corps
Air Station to determine the source(s) and the extent of
this contamination (OCWD, 1989a, 1989b). These studies
have revealed extensive trichloroethylene groundwater
contamination. The trichloroethylene contamination
currently extends approximately three miles west of the
air station at depths ranging from 200 to 450 feet below
ground surface. It underlies approximately 2,900 acres
and impacts as much as 150,000 acre-feet of groundwater.
The trichloroethylene laden water body is migrating
westward at an estimated rate of one to four feet a day.

The spreading of trichloroethylene contaminated water
poses a significant thrpat to County of Orange drinking
water supplies. Given the rate of current migration, it
is estimated that downgradient drinking water sources
will be contaminated in approximately 3 to 5 years. To
protect the quality of County of Orange drinking water
sources, the Orange County Water District has proposed
a trichloroethylene containment program. The program will

1-1
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remove the trichloroethylene contaminated water by
pumping the water to the ground so that it can be used
for greenbelt and agricultural irrigation in the City of
Irvine. Groundwater containing trichloroethylene will be
connected to the Irvine Ranch Water District (IRWD)
reclaimed water system and used for sprinkler and drip
irrigation over an estimated area of 205 acres (IRWD,
1989). _ ’

1.2 Guidance Documents

A standard format for preparing risk assessments has not
been defined by regulatory agencies or professional
societies. However, guidance has been provided by
regulatory agencies concerning how risk assessments
should be performed for assessing human health and
environmental risks of chemical exposures. The principal
guidance documents used in preparing this risk assessment
include: ‘ : '

o The California Site Mitigation Decision Tree Manual.
Department of Health Services, State of California,
1986 (DHS, 1986). -

o ‘The Endange ssessment book. US EPA Office
. of Waste Programs Enforcement, draft dated August
1985 (ICAIR, 1985a).

o Superfund Public Health _ Evaluation Mapual.
Washington, D.C.: US EPA, Office of Emergency and
Remedial Response. Contract No. 68-01-7090 Task 7,
EPA 540/1-86/060, October 1986 and EPA, 1989. (EPA,
1986f, 1989).

o Guidance on Feasibility Studies under CERCLA.
Chapter 5, "Evaluate Protection of Public Health
Requirements", U.S. Environmental Protection Agency,
Office of Research and Development, Cincinnati,
Ohio; and Office of Solid Waste Programs
Enforcement; and Office of Solid Waste and Emergency
Response. Washington, D.C., June, 1985. (EPA,
1985b) . ' |

Other risk assessment guidance documents, health risk
assessment reports, and references consulted and used in
the preparation of this risk assessment, include the
following:
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co book: inciples Re to H dous
Was e vesti i . (ICAIR, Life Systems,

Inc., 1985b),

"Guideline for Carcinogen Risk Assessment", (EPa,
l986a),

"Guideline for Estimating Exposure", (EPA, 1986b),

"Guideline for Mutagenicity Risk Assessment", (EPA,
1986c),

"Guideline for Heaith Risk Assessment of Chemical
Mixtures", (EPA, 19864),

"Guidelines for the Health Risk Assessment of
Suspect Developmental quicants", (EPA, 1986e),

"Toxic Air Pollutant Source AsseSsﬁent Manual for
California Air Pollution Control District Permits"
(CAPCOA, 1987),

Drinking Water and Health, Volumes 1 - 6, (NRC,
1977, 1980, 1982, 1983, 1986),

Format of the Risk Assessment Report

Typlcally, a risk assessment contains four. ba51c
elements. These are: 1) hazard identification, 2)
dose-response assessment, 3) exposure assessment and
4) risk characterization.

Hazard Identification characterizes the threat to

human health and the environment posed by the
intrinsic toxicological and chemical properties of the
detected contaminants. A qualltatlve assessment is
made of the toxicological significance of the chemical
constituents identified. For example, the detected
chemicals may be identified as carcinogens,
neurotoxins or reproductive toxins. Trichlorocethylene
is the chemical evaluated in this risk assessment.
Chapter 2 presents the toxicological properties,
environmental fate and transport characteristics of
trichloroethylene.

Dose-Response Assessment is the critical examination
of toxicological data used to determine the
relationship between the exposure or dose levels and
the predicted response of a receptor. Major strengths
and uncertainties of the animal or epldemlologlcal
data are identified. For example, in assessing risks
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to humans, human epidemiological data is preferred
over estimates derived from animal toxicology data.
Other factors examined in the dose-response assessment
include: the choice of the mathematical extrapolation
model used for extrapolating from high (administered
doses) to low (environmental doses); the overall
weight of evidence for carcinogenicity of a partlcular
chemical; and the accuracy of :mterspec:.es compar:.sons
(i.e., adjustment by the ~investigators using
standardized scaling factors to account for the
differences between humans and experimental test
animals).

Absorption rates for dermal, inhalation and ingestion
exposures are examined in light of the matrix in which
the chemical is found. For example, a chlorinated
solvent bound in a soil matrix will likely absorb more
slowly through the human gastrointestinal tract than
it would if ingested as a laboratory grade liquid.
Dose-response assessment is contained in both Chapters
2 and 3, but not as a separate topic.

W evaluates the plausibility and

‘importance, relative to public health and
environmental considerations, of possible exposure
pathways. The environmental concentrations of site
~contaminants at the receptor locations are predicted
and the receptor's potential exposure is gquantified.

An assessment of pathway "completeness" is made. 1In

other words, is there a complete (ie. unbroken)
exposure pathway for the chemical to travel from the
source to a receptor? And, 1is there a suitable
receptor in the exposure pathway? If no complete
pathway is present, probable pathways are hypothesized
and receptors are identified. Chapter 3 contains the
exposure assessment.

cteri i estimates the incidence or
probability of an adverse health or environmental
effect occurring under the exposure conditions defined
in the exposure assessment. The risk characterization
process integrates exposure information such as
ambient air concentration data to determine the amount
‘of net chemical intake by the receptor.

The net amount of chemical intake by a receptcr is
called the effective dose. An associated risk is
predicted from the effective dose. The risk
characterization process provides quantitative
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carcinogenic and non-carcinogenic risk estimates that
can be used by policy makers to reach deciSions
regarding the planned project. Risk characterization
is presented in Chapter 4.

The process of risk assessment includes conservative
assumptions which are likely to overestimate risk. The -
nature and limitations of the predicted risks are
discussed in Chapter 5. The implications of
introducing assumptions into the risk assessment and-
how such assumptions lead to uncertainties are also
discussed.
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HAZARD IDENTIFICATION

M

ED-TOX

ASSOCIATES, INC.



1
¥
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In 1985, during the course of a routine basinwide
groundwater monitoring of all active production wells, the
Orange County Water District discovered, for the first
time, trichloroethylene in three Irvine area irrigation
wells located west of the E1l Toro Marine Corps Air Station.
Detected trichloroethylene water concentrations ranged from
trace to 50 ug/L (OCWD, 1989a). 3 ) -

Immediately after the discovery of trichloroethylene, the
Orange County Water District and the El Toro Marine Corps
Air station conducted hydrogeological studies to determine
the extent and possible sources of the trichloroethylene
groundwater contamination. New monltoring wells as well as
active and inactive irrigation wells in the Irvine -area
were incorporated in the water quallty'monltorlng programs.
The location of these wells is presented in Figure 2.1.
Sampling at 13 off-base wells conducted between 1985 and
1987 revealed the presence of trichloroethylene in 4 wells:
TIC 35 (11.4-48.7 ug/L), TIC 74 (not detected -0.6 ug/L)
TIC 47 (3.4~-10.5 ug/L) and TIC 68 (not detected - 0.8 ug/L)
(Figure 2.1).

Groundwater studies at the El Toro Marine Corps Air Station
have revealed the presence , of trichloroethylene
contaminated groundwater below the base. Trichloroethylene
was detected in seven base wells at concentrations ranging
from "not detected" in wells PS-5 and PS-7 to 90 ug/L in
well PS-8 which is located near the southwest base property
line. Trichloroethylene was found in the following base
wells: PS-1 (19 ppb):; PS-3 (64 ppb): PS-4 (78 ppb); PS=-6
(11 ppb): PS-8 (90 ppb): DW-135 (7 ppb):; -and TIC 55 (0.9
ppb) .

The Orange County Water District studies have provided an
estimate of the boundaries of the trichlorocethylene
contamination and these are illustrated in Figure 2.2 (OCWD
1989 a,b). The southern boundary of the trichloroethylene
plume is estimated to approach San Diego Creek and the Agua
Chinon Wash which is a probable groundwater recharge source
for the margin of the basin. The northern boundary of the
trichloroethylene plume appears to be fairly well defined
by non-detectable trichloroethylene concentrations in wells
TIC 111, TIC 110, and TIC 113 (Figure 2.1). The westerly
extent of trichloroethylene contamination appears to lie
between the Woodbridge North Lake well, TIC 78 on Culver
Drive and well TIC 106 (OCWD, 1989 a,b).
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The vertical distribution of the trichloroethylene plume
has been delineated by cluster wells near the TIC 55 well
on the Marine Corps Air Station and at four MP monitoring
wells (Figure 2.1). In wells MCAS-1, MCAS-2 and MCAS-7,
trichloroethylene contaminated groundwater was found at
depths between 200 and 450 feet. The highest concentration

. was present below 300 feet. Trichloroethylene was detected. -
in cluster wells DW-135, DW-450, and DW-540 at the E1l Toro
Marine Corps Air Statlon at depths of 135, 450, and 540
feet, respectively (OCWD, 1989%9a).

i

Trlchloroethylene was not detected in the MP monitoring
wells at shallow depths above 200 feet, discounting the
possibility that the trichloroethylene groundwater
contamination was due to superficial contamination sources
at these locations. Trichloroethylene was not detected in
MP monitoring wells below depths of 450 feet. ~ A reason
for the lack of tnchloroethylene groundwater contamination
at depths below 450 feet is the relative immobility .of
groundwater at this depth. It is estimated that the
trlchloroethylene-contam1nated groundwater aquifer is at
least 200-feet thick, covers 2,900 acres and impacts as
much as 150,000 acre-feet (OCWD 1989Db).

.In November 1988, the monitoring well named "North Lake"
located in Woodbridge Village was discovered to . be
contaminated. with 0.9 ppb trichloroethylene for: the first
time. Prior water quality tests for trichloroethylene had
been negative in this well. The presence of
trichloroethylene in this well provn.ded evidence to suggest
that the trichloroethylene plume is migrating westward.
The Orange County Water District has estimated this
migration to be in the range of one to four feet per day
(OCWD 1989Db).

2.2 Description of the Proposed TCE Containment Project

The Orange County Water District has proposed a plan to
immediately contain the westerly migration of the
aforementioned trichlorocethylene plume by pumping the
contaminated groundwater so that it can be used for
1rr1gation. Pumped groundwater will be connected to
existing or future Irvine Ranch Water District reclaimed
water distribution lines and used for irrigation. The water
will be distributed to greenbelt areas by a sprinkler
system and to agricultural fields by drip 1rrlgat1on
systen.
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This project calls for the installation of a pumping
station near the intersection of Jeffrey Road and Irvine
Center Drive in the City of Irvine. The proposed main
pumping station will be located on the western end of
existing contaminated plume and near the existing wells TIC
35 and 47 (Figure 2.2).

Irrigation wells TIC 35 and 47 have been in service since
at least 1985 and probably longer. Studies have shown that
inflow into these wells is almost exclusively derived from
the contaminated trichlorocethylene zones (OCWD, 1989b).
Pumping these wells along with proposed pumping from the
new well will serve as an effective measure to control
trichloroethylene migration.

The project, if approved, will be jointly operated by the
Orange County Water District and Irvine. Ranch Water
District. This project will pump trichloroethylene
containing water at a rate of 700 gallons per minute to the
existing Irvine Ranch Water District reclaimed water
distribution system and be used for irrigating agricultural
lands and greenbelt areas. Every day between hours 9 PM and
6 AM the pumped out water will be mixed with reclaimed IRWD
water and used for drip and sprinkler irrigation.

IRWD has evaluated five operation scenarios to determine
the potential flow, distribution and dilution of pumped
trichloroethylene contaminated groundwater. The five
scenarios are based upon historical diurnal and seasonal

" water consumption demands of the entire supply system in

the region (IRWD, 1989). The five scenarios include maximum
day/peak hour, average day/peak hour, average day/minimum
hour, minimum day/peak hour, minimum day/minimum hour usage
patterns. During the maximum day/peak hour times, water
usage is approximately 9 times greater than usage rates in
the average day use scenario.

The operational plan calls for trichloroethylene
contaminated water to flow north to the Rattlesnake
Reservoir during non-irrigation hours of 6 AM to 9 PM and
to flow south during the irrigation period (9 PM to 6 AM).
The trichlorcethylene water entering the proposed system
at Jeffery Road and Irvine Center Drive will be immediately
mixed with water coming down from the Rattlesnake Reservoir
and other sources. This mixed water will then be
distributed to the irrigation system as indicated in Figure
2.3. The Irvine Ranch Water District estimates the mixed
water will contain 8 ppb of trichloroethylene.
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To be conservative this risk assessment assumes that
irrigation of agricultural fields and greenbelt areas- will
be at the maximum day/peak hour flow rates. (section’3.1).
For purposes of this risk assessment the exposure models
are based on the assumption that local water demand on the
pumped out water will be the greatest and sprayed over the
smallest area (approximately 205 acres). This water use
'scenario predicts the highest concentrations of airborne
trichloroethylene since the largest quantity is being
applied to the smallest area of land.

2.3 Toxicology of Trichloroethylene
2.3.1 Pharmacakinetics and Metabolism

The pharmacokinetlcs and metabolism of trlchlcroethylene
have been studied in man and animals. Trichloroethylene
is well absorbed by the inhalation and oral routes but
dermal adsorption appears to be poor (EPA 1985f).
Trichloroethylene is extensively metabolized to
trichlorocethanol, trichloroethanol glucuronlde,
trichloroacetic acid and other minor metabolites in both
humans and animals (Powell, 1945). :

Human metabolism occurs principally in the 1liver but

extrahepatic metabolism has been described in the kidney
and lungs. Metabolism has been reported to be saturated

with high levels of exposure. The biological half life of

trichloroethylene has been reported to be between 1.75 to

2.25 hours in blood, however elimination from the fat is

longer. In humans the majority of an absorbed dose is

excreted in the urine, however a small amount is exhaled.

through the lungs. (Stott et al., 1982).

2.3.2 Toxicological Aspects in Man and Animals
2.3.2.1 Central Nervous sttem

Inhalation studies in humans reveal that trichloroethylene
produces central nervous system effects characterized by
narcosis (Nomiyama and Nomiyama, 1977). Trichlorocethylene
was used in the past as an anesthetic gas. Case reports
have revealed that short term high level exposures have
produced central nervous symptoms including dizziness,
headaches, confusion, and at very high levels
unconsciousness (EPA, 1985f). Animal inhalation studies
have alsoc revealed behavioral changes and other central
nervous system effects.
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Long term or chronic exposure has been associated with
central nervous symptoms including memory loss, vertigo and
other symptoms (Grand Jean et al, 1955). However, the
absence of adequate exposure data in published studies
makes the interpretation of any dose~-response relationship
difficult. Other effects attributed to long term exposure
include trigeminal neuralgia, decreased appetite and sleep
disturbances. Although behavioral effects and impaired
psychomotor performance have been reported at exposure
levels of 200 ppm and greater in both experlmentally
exposed humans and in some epldemlologlcal studies, there
is no data to suggest that impairment of the central
nervous system would occur from chronic low level exposures
(EPA, 1985f).

.+ 2.3.2.2 Hepatic .
Trichloroethylene has been reported to produce hepatic or
liver injury in man and animals. Although case reports
have linked acute occupational exposures with hepatic
injury, no quantitative exposure data is available, from
these case reports. Trichlorocethylene was not observed to
induce 1liver injury in 250 neurosurgical patients
undergoing prolonged anesthesia with trichloroethylene
(Brittain, 1948).

Acute and intermediate duration inhalation exposures in
animals have produced some evidence of liver injury.
Hepatic effects that have been observed include an increase
in liver weight. However in many of these studies 1liver
histology was not examined. One study involving several
mice strains exposed to trichloroethylene for 30 days at
150 ppm biochemical indices of possible liver damage and
also some histopathological <changes were observed
(Kjellstrand et al, 1983). Male mice appear to be the most
sensitive species. There was no evidence of any hepatic
injury with low level trichloroethylene exposures.

2.3.2.3 Kidney

There is little evidence that trichloroethylene induces
renal or kidney disease in humans. There have been some
case reports linking trichloroethylene exposure and renal
injury after high 1level occupational exposures or
intentional exposures (EPA,1985f). No quantltatlve data
describing the extent of exposures was presented in these
case reports.
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Animal studies have demonstrated that inhalation and oral
exposures have produced renal damage (Nomiyama, et
al.,986). Renal toxic effects that have been reported
include kidney enlargement with acute and intermediate
duration inhalation and oral feeding exposures in rodents.
Chronic oral and inhalation exposures have produced
histological changes compatible with renal tubular injury
or toxic nephropathy in mice and rats. In rodents, renal
effects occur less frequently than hepatic changes and
there is little information regarding the mechanism of
injury. A chronic inhalation study of mice exposed to 100
ppm was reported as not demonstrating any adverse renal
effects; however there was a decrease in overall survival
at this dose. (Kjellstrand et al 1981). There is no
evidence that low level trichloroethylene exposures would
produce any adverse renal effects. '

2.3.2.4. Hematological Systenm

There is no evidence that trichloroethylene has induced
hematological abnormalities in exposed humans (EPA, 1985f).
Animal exposure studies have revealed several hematological
changes including a reduction of amino levulinic acid
dehydratase activity in rat liver and bone marrow cells as
well as dose related changes in hemoglobin, reticulocyte
count, hematocrit, and leukocyte counts. The significance
of these findings is unclear tc human exposures since there
is no evidence of hematological abnormalltles in exposed
humans.

2.3.2.5. Immunological Systen

Although 1little data is available concerning the
immunotoxic potential of trichloroethylene, like other
chlorinated hydrocarbons it has been reported to produce
evidence suggestive of immune depression in rodents. Rats:
exposed to 800 ppm for 12 weeks were reported to have
increased thymus weights but such changes were not seen in
rats exposed to 50 and 200ppm (Nomiyama et al., 1986).
Male and female CD-I mice administered trichloroethylene
in drinking water for four to six months showed
abnormalities in immune function (Sanders et al., 1982).
Humoral and cell mediated responses to sheep erythrocytes,
and bone marrow stem cells were reported to have been
depressed. Some of these immunological changes have been
observed at doses of 17 to 19 mg/kg/day. Bone marrow stem
cell colonization has been reported to be an' early
indicator of immune injury. The lowest dose producing any
disturbance of bone marrow stem cell colonization was 18
mg/kg/day in CD-I mice exposed to trichloroethylene
containing water for four to six months.

2-9
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2.3.2.6. Reproductive Toxicity

Reproductive toxicity refers to adverse effects of the
reproductive system. This type of toxicity can occur as

a result of damage to the reproductlve organs or to the
endocrine glands involved in the reproductive cycle.
Manifestations of this type of toxicity can be varied and -
include alterations in sexual behavior, fertility and
pregnancy outcome.

A review of the literature reveals that there have been no
studies that have thoroughly evaluated the reproductive
effects of trichloroethylene exposure in humans. Animal
studies have revealed an effect on sperm morphology but no
evidence of impaired sperm function. A signlflcant
increase in morphological abnormalities was reported in
mice exposed to 2,000 ppm, four hours daily for S days (EPA
1985f). This data provides suggestive evidence that high
concentration of trichloroethylene can cause damage of the
spermotocytes.

Studies involving chronic oral feeding have demonstrated
decreased testicular and epididymal weights in rodents with
chronic dietary exposures of trichlorocethylene exceeding
0.15% of the diet by weight. At 0.06% no effects on the
reproductive system including histology, fertilization or
other reproductive performance parameters were observed in

' male or female rats (NTP, 1982). Mating behavior is
effected at doses of 1,000 mg/kg/day but these may be
related to the narcotic properties of trichloroethylene and
not to any effect on the reproductive systen.

2.3.2.7. Developmental Toxicity'

Developmental toxicity refers to an adverse effects of a
chemical on a developing organism that 'results from
exposure prlor to conception, prenatally and postnatally
to the time of sexual maturity. Developmental toxic
effects include several distinct types of toxic effects
including embryotoxicity, fetotoxicity and teratogenlclty

Embryotoxicity and fetotoxicity refer to toxic effects on
the fetus as a result of prenatal exposure to the chemical.

They are d:.stingulshed by what stage of development a
chemical exerts its action. Teratogenicity refers to a
chemicals ability to produce a structural damage to a
developing fetus or what is commonly regarded as a birth
defect.
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There is inconclusive evidence that trichloroethylene
produces developmental toxic effects in humans. One ‘study
reported an increase of miscarriages in hurses exposed to
trichloroethylene and other anesthetics in operating rooms
(Corbett et al., 1974). However, since the nurses in this
study were exposed to other anesthetics and possibly other
chemicals, it is not possible to causally 1link
trichloroethylene to any of the reported abnormalities.
Lagakos (1986) reported a statistical association between
the ingestion of well water contaminated with chlorinated
hydrocarbons including trichloroethylene and eye, ear and
central nervous system congenital anomalies. Well water
pollutants reported in this study, included,
trichloroethylene at concentrations of 0.61 ppb,
tetrachloroethylene at 21 ppb and 32 other hydrocarbons at
various other concentrations. The. significance of .this
data is unclear since the health surveys used by Lagakos
to collect birth defects data were biased and his grouping
of diagnoses. has been considered to be meaningless
(MacMahon, 1986).. Therefore any reported association
between ingestion of well water contaminated with several
chlorinated hydrocarbons including trichloroethylene and
the aforementioned birth defects could be due to chance
alone.

Inhalation studies provide some evidence that
trichloroethylene is fetotoxic but not teratogenic.
Reported effects consistent with delayed development
observed in Wistar rats exposed to 130 ppm on day 8 to 21

gestation include, decreased fetal weights but no anomalies,
(Healy et al., 1982). However, in this study there was no

determination as to whether the doses that produced
fetotoxic effects also produced maternal toxicity. Other

inhalation studies in mice and rats have not demonstrated

any evidence of developmental toxicity at levels that do
not adversely affect maternal well being. Theses studies
provide evidence that trichloroethylene is not toxic to the
fetus at doses that do not cause maternal toxicity (EPA,
1985f). .

" The absence of any developmental toxic effects at doses
that are not maternally toxic is‘'significant since many
teratologist believe that any chemical administered at some
dose or route of exposure can cause some disturbance in
embryonic development in some species (Karnofsky, 1965).

For a chemical to be considered a developmental toxicant
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it should produce disturbances in embryonic development at
exposure levels that do not produce toxicity in the mother.
Therefore if a chemical disturbs embryonic development at
a dose that produces maternal toxicity it does not indicate
that the <chemical produces selective or unique
developmental toxic effects. :

There is no data to prove that trichloroethylene is a
teratogen. A single inhalation study involving rats
exposed to 500 ppm demonstrated a statistically
insignificant increase in a rare anomaly, external
hydrocephalus (Beliles et al., 1980). EPA has evaluated
this study and determined that the observed external
ydrocephalus "was not dose dependent and the significance
of this finding could not' be assessed from this study"
(EPA, 1985a).

2.3.3. Carcinogenicity

There is‘ insufficient human epidemiological data to
ascertain if trichloroethylene is carcinogenic in
chronically exposed humans. Three studies of workers
exposed to trichlorocethylene at concentrations greater than
would be anticipated from environmental exposures did not
demonstrate any measurable excess cancer risk. (Axelson et
al., 1978; Tola et al., 1980; Malek et al., 1979; Shindell
and Urlich, 1985). However, since these studies had several
lz.'mz.tat:.ons including small sample sizes, and lack of
analysis by tumor site they do not prove that
trichloroethylene is not a human carcmogen (Axelson et
al., 1978).

Trichloroethylene has been found to be carcinogenic in
rodents (NCI, 1976; NTP 1982, 1986). Chronic inhalation
of tr:.chloroethylene has. produced an increased incidence
of lung tumors in mice (Fukuda et al., 1983), as well as
testicular Leyd:.g cell tumors in rats (Maltoni et al,
1986). Chronic feeding studies have produced an 1ncreased
incidence of hepatocellular carcinomas in mice and a
marginal increase incidence of renal adenocarcinomas in
rats (NTP 1982, 1986).

The EPA Carcinogen Assessment Group has classified
trichloroethylene as a Group B2 - probable human carcinogen
(EPA, 1985f). The International Agency for Research on
Cancer (IARC) classifies trichloroethylene as a Group 3
Chemical - not classifiable as to carcinogenicity in
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* humans. At the time of the IARC evaluation in 1982 the
available animal toxicological data was limited and the
Maltoni and Fukuda data had not yet been published. The
cancer slope factor for trichloroethylene inhalation is 1.3
X 107° (mg dose/kg/day)., and the unit risk is 1.3 x 10°® per
ug/nF (EPA, 1985f). This cancer potency slope factor is
derived from the chronic feeding studies data (NTP, 1982). -

EPA has proposed lowering the cancer potency factor for
trichlorcethylene in light of new lung tumor incidence data
from the inhalation exposure studies (Maldoni et al., 1986,
‘Fukeda et al., 1983) to 1.7 x 0% (mg dose/kg/day) ' with
a new unit risk 1.7 x 10 ° ug/m :

2.3.4  Summary of Trichloroethylene Toxicity

The pharmacokinetics, metabolism and ~ toxicity of
trichloroethylene have been studied in man and animals.
Trichloroethylene is well absorbed following inhalation-and
oral ingestion.

Evidence from animal toxicity studies, experimental human
exposure studies and clinical data from exposed persons
suggests that for effects other than carcinogenicity "long-
term exposure of humans to environmental (ambient) levels
of trichloroethylene is not likely to represent a health
concern" (EPA, 1985f). o : : ' '

Occupational exposure to very high levels of airborne
trichloroethylene has produced central nervous systems
effects but little or no evidenced damage to other organs
including the liver or kidneys. Trichloroethylene was
previously used as an anesthetic gas. Chronic inhalation
and oral exposure studies have demonstrated adverse hepatic
and renal effects in rodents.

Trichloroethylene should be considered to be a probable
human carcinogen. Trichloroethylene has been reported to
cause cancer in mice, in both sexes, at two sites, by two
routes of administration in four separate experiments.
Although epidemiological studies of occupationally exposed
workers do not show an increased cancer risks from
exposures, these studies have limitations and cannot be
used to detract from the evidence of carcinogenicity in
rodent.

Available studies do not provide any evidence that
trichloroethylene is toxic to the fetus at levels below
maternally toxic doses and maternal toxicity would not be
expected from typical environmental exposures. :

2-13
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Developmental toxic effects including teratogen1c1ty

provide data to suggest that the conceptus is not uniquely -
susceptible and "animal studies suggest that at low ambient

levels that do not cause maternal toxicity -

trichloroethylene would not pose a significant hazard to

a developing conceptus" (EPA, 1985).

2.4 Environmental Fate and Ttansport of TCE . -~

Trichloroethylene is known to be ubiquitous in the
environment. Trichloroethylene has been detected in
drinking water (EPA, 1975a,b,c), in marine water, in rain
water, food, human tissues (Pearson and McConnell 1975;
McConnell et al., 1975), in the atmosphere (Pearson and
McConnell 1975; McConnell et al., 1975; Singh et al.,
1978), and in marine organisms (Pearson and McConnell,
1975).

Humans are env1ronmenta11y exposed to trlchloroethylene by
inhaling outdoor air contaminated with trichloroethylene
or 1ngest1ng contaminated groundwater. Trichloroethylene
released into the environment has many sources including
emissions from plants manufacturing paints and coatings,
incineration of municipal waste and from waste disposal.
Products containing trichloroethylene can include
typewriter correction fluids, paint remover, paints, and
other solvents. . :

2.4.1 Factors Affect the Fate and Transport of a Chemical

The mobility or the fate and transport of a chemical in
the environment is dependent upon its physical and chemical
properties. The major physical and chemical parameters
affecting a chemical's environmental fate and transport are
described below. '

Water Solubility is the maximum concentration of a chemical
that dissolves in pure water at a specific temperature and
pH. It is a critical property affecting environmental fate
and transport. Chemicals with high water solubility will
tend to dissolve in water and be transported from soil to
groundwater or surface water rather than remaining in soil.

Vapor Pressure is a measure of the volatlllty of a chemical
in its pure state and is an important determinant of the
rate of volatilization. Values of this parameter, in units
of mm Hg, are given for a temperature range of 20 to 30°C.
Constituents with a high vapor pressure are more likely to
migrate from soils and be transported into air via
evaporation. Also they are more likely to volatilize from
groundwater and migrate through soil into ambient air.

2-14
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Henry's Law Constant is a parameter important in assessing
chemical volatility. Values for Henry's Law Constant (H)
are calculated using the following equation:

H (atm-m’/mole) =

v t | weight mo | -
water solubility (g/m") ‘

Organic Carbon Partition Coefficient (K,.) is a measure
of the tendency for an organzc chemical to be adsorbed
to soil and sediment and is expressed as:

K, = ng chemical adsorbed/kg organjc carbon in matrix
mg chemical dissolved/liter of solution

The K, is chemical specific and is largely independent
of soil properties. The higher the K, value the more
adsorbable the compound. The K, generafﬁy'decreases with
symmetry and polarity of the compound

Octanol-Water Partition Coefficient (K ) is defined as
the ratio of a chemical's concentration in the octanol
phase to its concentration in the aqueous phase of a two-
phase octanol-water system. K is a measure of how a
chemical is distributed at equillibrium between octanol
and water. K, is an important parameter and is often
used in the assessment of environmental fate and
transport of organic chemicals. _

High K, values are generally indicative of a chemical's
ability to accumulate in fatty tissues and therefore
biocaccumulate in the food chain. The K, also helps to
characterize a chemical's movement from an organic matrix
to water. Additionally, K, is a key variable used in the
estimation of skin permeabllity The K, gJenerally
decreases with symmetry and polarity of the compound.

Bioconcentration Factor (BCF) as used in this risk
assessment is a measure of the tendency for a chemical
in water to accumulate in fish tissue. The concentration
of a chemical in the edible portion of fish tissue can
be estimated by multiplying the concentration of the
chemical in surface water by the fish bioconcentration
factor for that chemical. This parameter is therefore
an important determinant for human intakes via the
aquatic food ingestion route. This is also important for
other fish eatlng species, such as, larger fish, birds,
and larger carnivorous mammals.

2-15
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Chemical Half~Lives are used as a measure of’perszstence,

or the length of time a chemical will remain in various

environmental medla. ’ /
2.4.2 Physical and Chemical Properties of TCE

The general physical and chemical properties of
trichloroethylene are complied below.

Molecular weight 131.39 g/mole (Weast 1977)

Melting point -73°C (Weast 1977)
Boiling point at  87°C (Weast 1977)
at 760 torr -
Vapor pressure 57.9 torr (Pearson and McConnell
at 20°C 1975)
Solubility in 1100 mg/L (Pearson and McConnell
water at 20°C 1975)
Log octanol/water 2.29 (Leo et al. 1971)
partition
- coefficient
Specific Gravity  1.4642 | (EPA, 1986f)
at 20C
Vapor Pressure - 60mm Hg (EPA, 1986f)
at 20°C
Vapor Density 4.53 (EPA, .1986f)
Henry's Law 9.1 x 107 (EPA, 1986f)
consta?
(atm-m’/mol)
K, (ml1/q) 126 (EPA, 1986f)
Fish BCF (1/kg) 10.6 : " (EPA, 1986f)
2.403 Probable Fate of Trichloroethylene in the
Environment .

Trichloroethylene contaminated groundwater which is used
for irrigation and may undergo a variety of chemical and
physical reactions. This section describes the probable
mechanisms affecting the fate of trichloroethylene in the
environment.

2=-16
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1. Volatilization

Volatile organics like trichloroethylene have been observed
to vaporize readily from water. The volatilization of
trichloroethylene from water has been found to be strongly
dependent on its vapor pressure and solubility in water,
although other factors such as the molecular diffusion
coefficient will also influence volatilization (Dilling,
1977) .

bnce"trichloroethylene enters the troposphere, hydroxyl

radicals attack the double bond resulting in the subsequent
formation of dichloroacetyl chloride and phosgene as the
principal initial products. The tropospheric 1lifetime

(time for reduction to 1/2 of initial concentration) of

trichloroethylene based on its rate of reaction with
hydroxyl radicals is reported to be 3.7 days (Dilling et
al,. 1981). Due to the reactivity of trichlorocethylene
with hydroxyl radicals in the troposphere, it is unlikely
that unreacted trichloroethylene will diffuse upward to the

stratosphere. The photooxidation products of

trichloroethylene are readily hydrolyzed (Dilling et al.,
1981). :

2. otolys d Photoxidatio

Based on the available literature, it does not appear that
direct photodissociation of carbon-carbon or carbon-
chlorine bonds contributes to the fate of trichloroethylene
in the aquatic or the atmospheric environment. This is a
result of the relatively rapid volatilization from aquatic

" - systems and the rapid rate of hydroxyl radical attack in-

the troposphere (EPA, 1985f).

Little information is available about the specific rate of
direct photolysis of trichlorcethylene in the aqueocus
environment under ambient conditions (Jensen and Rosenbert,
1979; Jaffe and Orchin, 1962)

3. oxidation

Oxidation in the aquatic environment does not appear to be
a significant fate process, although there is evidence of
some oxidation of trichloroethylene in aqueous, closed
systems in the presence of sunlight (EPA, 1975c.)
Hydrolysis, probably does not occur at a sufficient rate
to be an important fate pathway for trichloroethylene (EPA,

,
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1975c) . There 1is, however, some evidence _that
trichloroethylene is metabolized by higher organisms
leading to chlorinated acetic acid products (EPA, 1975¢c).
Chlorinated acetic acids, in turn, have been shown to be
susceptible to degradation by microorganisms in seawater
(EPA, 1975¢). :

4.  Bioaccumulation

There is some evidence of biocaccumulation ~of
trichloroethylene in marine organisms but no evidence for
biomagnification in aquatic food chains. In addition, no
evidence was found of selective concentrations of
trichloroethylene in marine sediments, thus indicating that
adsorption may not be an important transport process (EPA,

1985¢) . ‘ , -

s.  Sorptien

Several researchers have investigated the mechanics of
adsorption of trichloroethylene in a soil (Pearson and
McConnell, 1975; McConnell et al., 1975; Dilling, et al.,
1975). Once trichloroethylene is applied to the soil
matrix, adsorption has the effect of retarding the

transport of '‘trichloroethylene as it moves through the
soil. Dilling et al (1975) found that the adsorption of

"trichlorocethylene in soil occurs primarily with the solid

organic matter present in the porous medium. At the soil

grain or soil an organic surface, an immobile layer of

water exists which the organic chemical like

trichloroethylene must diffuse through before adsorption

can occur. Likewise, the immobile region must also be
crossed for desorption to take place (Pearson and

McConnell, 1975).

It is generally agreed that the amount of trichloroethylene
that is absorbed to the soil matrix is to be proportional
to the trichlorocethylene concentration in the water phase.
The greater the concentration in-the water phase the

greater the trichloroethylene concentration on the solid
phase or mass absorbed. If the trichloroethylene
concentration in the water decreases, the desorption of
trichloroethylene may occur (McConnell et al., 1975)

6. .g;‘otragsfomagiog and Biodegradation

There is limited and in part conflicting information on the
microbial biodegradation of compounds such as -
trichloroethylene. Most ‘researchers report that low
mdlecular weight chloroaliphatics are not metabolized
(Pearson and McConnell 1975; McConnell et al., 1975). In
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mammals, the metabolic pathways of trichloroethylene lead
to chlorinated acetic acids, either directly ot via
chloroethancls. Chlorinated acetic acids have all been
shown to be susceptible to further degradation by
microorganisms in seawater (Pearson and McConnell 1975).
McConnell et al., (1975) concluded that the simple
chloroaliphatic compounds are not particularly persistent,
and that their degradation products are simple species
commonly found in the environment.

O i

i

7. ate d sSpo t a

Table 2.1 summarizes the aquatic fate information discussed
above. The oxidation rate presented is a photooxidation ,
rate and refers to the rate of reaction of
trichloroethylene with hydroxyl radicals - in - the
troposphere. o

Due to the relatively high vapor ' pressure of
trichloroethylene, volatilization from the aquatic system
to the atmosphere is quite rapid. Once in the troposphere,
hydroxyl radicals attack the double bond, resulting in the
subsequent formation of dichlorocacetyl chloride and
phosgene as the principal products. The tropospheric
lifetime of trichloroethylene based on its rate of reaction

with hydroxyl radicals is reported to be 3.7 x 10° seconds,
corresponding to a lifetime of approximately 4 days. Due
to the relatively high reactivity of trichloroethylene with
hydroxyl radicals in the troposphere, it is unlikely that
unreacted trichloroethylene will reach the stratosphere.

2.5 Trichloroethylene Water and Air Quality 'Standards or
Recommendations - .

Table 2.2 describes both Federal and State of California
water and air quality standards for trichloroethylvene‘.

N
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Tabte 2.1
Summary of Aquatic Fate of Trichloroethylene

Environmental Summary .Half-Life Confidence -
Process Statement Rate L2 72) of Data
5
Photolysis Probably does not occur since photo- - - High

oxidation destroys trichloroethylene
before it can reach the stratosphere,
which iz the region above the ozone
layer where direct photolysis could

occur.
' - . .
IOxidatlon' Photooxidation in the troposphere 3x1012 clusaec°‘| -4 daysb High
| appears to be the predominant fate

of this compound; photooxidation
in the aquatic environment occurs
at 2 slow rate; direct oxidstion
at ambient conditions does not
occur in the aquatic or atmos-

pheric environment.
— : .

Hydrolysis Probably occurs too slouly to be a 0.065 months-1¢ - 10.7 months High
significant fate process.

Volatilization The primary transport process. ' - ~20 llnutesd Righ

Sorption Probably not fmportant - _ - Medium

ON! '$31IVIDOSSY
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A

B8iocaccumutation There is evlde;ncc of some - . - Nedium

biocaccumslation by marine
organisms, but there is
no evidence of biomagni-

fication up the food chain.
F L]

8iotransformation/There is evidence that metabolic - - Medium
Biodegradation of trichloroethylene from higher

organisms can be biodegraded by
microorganisms in sea water.

-

d.

The predominant environmental process which s thought to determine the fate of the compound.

Reported as a lifetime of -3.7:105 seconds, corresponding to a lifetime of about l.>dayt.

Hydrolysis rate is probably a maximum rate.

Half-lives are on the order of seversl minutes to s few days, depending on the degree of agitation, the vaiue
presented was determined under conditions of continuous mechanical stirring at 200 rpm.
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Applicable Air and Water quality Standards for Trichloroethylene

Table 2.2
/“
california State Applied Action Lml’ 7.0 vg/L
(water)

california State Applied Action Level 7.0 ug/us -

(air)
EPA Suggested No-Adverse-Response Learelz 75.0 ug/L .

{SNARL) : g
EPA One-in-a-million Cancer R'ihsk Lml3 3.0 ug/t

(water) :
EPA One-in-a-million Cancer Risk Levek3 0.8 ug/m3 5
P (air) : :
Maximum Contiainanz Level (MCL) - :
for Drinking Water 5.0 ug/L
Ambient Water Guality Criteria (wac)
to Protect Freshwater Aquatic Life,
Acute Toxicity 45.0 og/L
Ambient Water Quality Criteris (wac)
to Protect Saltwater Aquatic Life,

2.0 mg/L

Acute Toxicity

o.---...-.--l.--o----.-..---c--------.‘--..q-...-------go---

1Applied Action Level is developed for the protection of human health and welfare (Dec. 15, 1988 version)
zsNARI,..‘ is established for water cuality objective for the protection of husmn receptors. .
3Source of data: Integrated Risk Information System, USEPA.

4puplic Health Risk Evaluation Database (PHRED), EPA, 1983.
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- 3.1 Exposure Pathway

The risk assessment process includes an evaluation of
all known and/or potential exposure pathways
associated with potential receptors. This Chapter
provides a quantitative assessment of the exposure
pathways by which human receptors may come into
contact with trichloroethylene emissions from the
proposed project. For human receptors, potential
pathways of exposure are defined. The significance
of each pathway 1is assessed. This chapter also
describes the assumptions, models and methods that are
used to determine trichloroethylene concentrations at
the receptor points.

In order to establish an exposure pathway, four
elements are required to be present: ’

o Demonstration of a chemical release source

o Demonstration of a transport medium

o Demonstration.of a receptor

] Demonstration of route(s) of exposﬁre for
receptor

The 'potential risk associated with each exposure
pathway .is discussed in Chapter 4.

3.1.1 Exposure Scenario

As stated in section 2.2, to illustrate the maximum
potential risks associated with exposure to project
related trichloroethylene emissions, two conservative
exposure assumptions are used.

-~ The worst case exposure scenario assumes irrigation
with undiluted trichlorcethylene contaminated water
year round, at maximum day/peak hour demand flow rates

- that would only be anticipated to be. present during
the summer months (i.e. the greatest demand of water

, supply), - 1003 evaporation of irrigation water
- containing trichloroethylene, and no degradation.
| These are conservative estimates because they assume
no dilution of contaminated water in -the irrigatiecn
systen. ’ :
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Persons potentially exposed to trichlorocethylene
contaminated groundwater include on-site workers and
nearby community residents. Workers are assumed to
be exposed 8 hours a day, 5 days a week for 40 years.
Nearby community residents are assumed to be exposed
24 hours daily for 70 years.

The plausible exposure scenario provides a more
realistic and still conservative estimate of risk.
This scenario assumes year round irrigation with
trichloroethylene contaminated water that has been
mixed with IRWD water. This model also assumes that
water will be applied year round at maximum day/peak
hour demands normally only observed in summer months.
The same conservative assumptions regarding duration
of exposure for on-site and community residents are
used as in the worst exposure scenario.

Both the plausible and worst case exposure scenarios
provide a conservative estimate of the actual range

of possible exposures. ~

Receptor Definition

The reéeptor(s) defines the population at risk of
potential exposure -from project related
trichloroethylene emissions. The receptor(s) are
defined after analyzing the following factors:

o Identification of potentially exposed
populations; : :

o Characterization of populations; and

o Analyses of population activities.

" The first step requires comparing data on distributien

and potential mobility of trichloroethylene
contaminated groundwater with population data in order
to identify and enumerate the potentially exposed
human population. Population characterization
involves identifying those groups within the exposed
population which may experience a greater risk than
the average population such as infants, the elderly,
and women of child-bearing age. :
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Human Receptor

The agricultural field where the contaminated
groundwater will be used and nearby residential and
industrial areas super;unposed by 1/4 mile and 1/2 mile
radii to 2 mile from the site are described in Figure
3.1. The proposed site is bordered by the Irvine
Center Drive to the north; Jeffrey Road to the east;
San Diego Freeway to the south; Culver Blvd. to the
west (Fig. 3.1).

In characterizing the current nearby human receptor
population, the "~ following two assumptions were
employed:

o The 1980 census data (Appendix A) with an
annual population growth rate of 2% is
representative of the present population
characteristics and distribution in the study
area. The 2% annual rate of population growth
was obtained from the Health Care Agency (HCA)
of Orange County. According to HCA, the County
has experienced an annual growth rate of 2% in
population growth since ‘1980 census survey
(USDc, 1982, 1983).

o Census tracts which intersect radial zones
(Fig. 3.1) in portions were assigned a percent
occupancy -within that zone. The total:
population in the particular census tract was
multiplied by the percent occupancy within the
radial 2zone to arrive at an estimated
representative population in the radial zone
(Table '3.1).

After a thorough review of site specific data,

- information pertinent to receptor definition can be

summarized as follows:

-] No schools were identified in the 2.5 mile

radius emanating from Jeffrey Road and Irvine
Center Drive. The Irvine Unified School
‘District indicated that schools are not located
along the flight patterns of the Tustin Marine
Corps Air Station and the El Toro Marine Corps
Air Station " (IUSD, 1989). These ¢two air
stations are located west and east of the outer
fringes of the 2.5 mile radius.

X
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Under present conditions, the potential worker
population is limited to authorized personnel
working at the site and surrounding orchard.
The total number of workers is est;mated to be
less than 100 people.

The total current population in the one-quarter
mile zone is princ:.pally comprised of
occupat:.onal and residential populations. This
population is estimated to be 965 people. There
are no day-care centers, schools, hospitals or
elderly care centers in the area

Based on the 1980 census data, the maximum
current residential population estimated to
reside within a one~half mile radius of the
site is 2218 (Table 3.1). This estimated
population, based on the above census data, is
expected to be comprised of 126 children under
5 years and 43 adults over 65 years (Table
3.1).

An estimated total residential -x:opula'xtion of
12,974 is currently located within one mile
distance from the proposed site.

An estimated total population of 22,842; 36,744
and 49,133 persons are currently located w1thin
the 1.5, 2.0, and 2.5 mile radial =zone,
respectively. ' ’

Most housing in the site vicinity is occupied
year-round.

There is no consumption of underlying
groundwater in the subject area. All drinking
water is provided by the Irvine Ranch Water
District municipal water supply system that--
derives its supply from clean sources.
‘Therefore, exposure from contaminated drinking
water will not be considered in this
assessnent. :
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Potential Exposure Pathways and Scenarios

All potential exposure pathways by which human
receptors may be exposed to trichloroethylene are
identified in Table 3.2. The pathways investigated
include inhalation of vapors or resuspended soil
partlculates, dermal contact with soil, ingestion of
soil, and ingestion of water and contamlnated food.

According to the proposed trichloroethylene
containment plan, human receptors working at the
proposed project site or 1living in the immediate
vicinity of the site may be exposed to vaporized
trichlorocethylene from pumped out groundwater via
inhalation (Table 3.2).

Other exposure routes are incomplete and/or highly
unlikely. They are listed for evaluation because the
purpose of the exposure assessment is to determine
which are complete pathways with the potential to
produce human health effects (Table 3.2).

3.4.1 2ambient Air Exposure Pathway

The potential ambient air exposure pathway was
assessed using methods described in the Superfund
Exposure - Assessment Manual (EPA, 1986f). The

“yolatilization of trichlorocethylene from pumped out

water and from contaminated soil into ambient air as-
well as the 1release of trichloroethylene via
respirable dust particles are the major release
mechanisms considered in the air exposure route
evaluation (Table 3.2). :

There is a potential for inhaling trichloroethylene:
released from the contaminated groundwater that has ..
been applied to soil due to the high volatility of

-trichloroethylene. Potential human exposure via

inhalation of volatilized trichloroethylene from
irrigated water is the most sanificant exposure
pathway (Table 3.2).

xposure of human receptors to trichloroethylene from .
fugitive dust or vapor emissions from residual
trichloroethylene in the soil is considered highly
unlikely. The reason for this is that -
trichloroethylene does not appear to accumulate in

Y
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Table 3.2 Potential Alr Exposure Pathuays
" (El Toro TCE Pumpout Project)

\

\

Traraport/
Exposure Medium

Potential
Receptor Expogqure
Point(s)

Potential
Expesure Route(s)

Commesnitg

Alr

Alr

Chealcals emanating
from contaninated
soils.

Chemicals absorbed
to particles and
become airborne

Inhatation of
volatiles.

Inhalation of

particulates

Pathuay does not exist. Sofl samples coliected from
the proposed project area do not contain TCE.
The datection Limit used was one part per bitlion (ppb).

Pathuay does not exist. Sofl samples collected from
the proposed project area do not contain ICE.
The detection Limit used was one part per billion (ppb).
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Table 3.2 (Continued) Soil Dermal Contact and Soil Ingestion Exposure Scenarios
(El Toro TCE Pumpout Project)

Exposure Kedium

Potential .

Recsptor Exposure
Polint(a) .

Potential
Exposure Route(s)

3ite occupational
or comsunity
exposure scenario

8oil ingestion and
dermal contact.

Exposure to TCE vis direct dermal contact and soil ingestion
by on-site workers or nearby residents is not tikely becsuse
the surface sofls in the proposed site locatfon is not conta-

minated with YCE.

T Y YN  -.%



Table 3.2 (Continued) Grounduwater Exposure. Scenarics
(El Yoro TCE Pumpout Project)

v
\
A}

Yranspogrt/
Exposure Mediua

Potential

Receptor Expogure
Point{s) ’

Potential
Exposure Routa(s)

Comaents

Grounduater (on-site)

Srounduater (off-aite)

Crounduater (on-alte)

None exists.

tone exists.

1CE released into
ambient sir during

pumpout and irrigetion
processes.

Ingestion (drinking
sater and/or food)
and dermal sbzorption

ingestion (drinking
uater and/or food)
and dermal sbeorption.

Inhalation of
volatiiized TCE

Under current conditions no use is made of gn-gite
direct consumption. Consequently this sxposure
scenario will not be viable and is not quantified in
the exposure assessment.

Under current conditions no use is made of aff-aite
direct consumption. Consequently this exposure
scenarfo will not be viable and is not quantified in
the exposure assessment.

Chemical emissfon rates and receptor exposure point

concentrations are estimated according to methods

outlined {n the California decision tree method and EPA
u
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soil. A total of ten soil samples were collected from
the proposed project site area on May 15, 1989. Soil
samples were analyzed for volatile organic
hydrocarbons according to EPA method 8010 (Appendix
B) . Results indicated that after at least 5 years and
probably longer of continual irrigation with
trichloroethylene contaminated water from the TIC 35
and TIC 47 wells there was no residual
trichloroethylene detected in the soils where this
water was applied. The detection limit was one part
per billion (ppb). ‘

3.4.2 8Soil Ingestion and Dermal Contact Exposure Pathways

Exposure to trichlorocethylene via ingestion of soil
(and dust) could potentially occur by inadvertent
consumption of soils found on hands, tools or other
objects; from nail biting or consumption of soil
itself. Ingestion of abnormally large amounts of soil,
a pathological condition known as pica can also occur.
Trichloroethylene exposure from ingestion of or dermal
contact with on-site soils by human receptors is not
likely, since no residual trichloroethylene was
detected in surface soils presently undergoing
irrigation with trichloroethylene contaminated water
from TIC 35 and TIC 47. -

 3.4.3 Groundwater Exposure Pathway

Current uses of groundwater at the subject site were
examined to ascertain if they presented a potential
health risk (Table 3.2). Presently, the underlying
groundwater is used solely for irrigation and there
is no reported domestic household use (drinking,
bathing, showering, etc.). Thus, direct contact with
groundwater for domestic use is not likely and is not
. quantified in this exposure assessment. o

3.5 Trichloroethylene Emission Rate Prom Irrigated Water

Trichloroethylene emission rates and receptor exposure
point concentrations in the potential impacted areas
are estimated according to the methods outlined in the
~California Site Mitigation Decision Tree (DHS, 1986)
and EPA Superfund Exposure Assessment Manual (EPA,

- 1986f).
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Parameters and assumptions used in the emission rate
calculations are presented in Table 3.3. The concept
of worst case and plausible exposure scenarios are
used in inhalation exposure pathway analyses to
provide information on the quantitative range of
possible exposure concentrations to on-site workers
and nearby community residents. .

The trichloroethylene containment project ~ will
withdraw 700 gallons of water per minute from the
underlying aquifer. The pumped water will be connected
to the IRWD reclaimed water system and be mixed with
clean water from other sources for irrigation use. On
a daily basis, blended water will be used for

. landscape (sprinkler) and agricultural (drip)

irrigation between 9 PM and 6 AM. The pumped water
will be stored in the Rattlesnake Reservoir during the
remaining hours (6 AM to 9 PM) (IRWD,.1989).

IRWD has estimated the maximum trichlorcethylene
concentration under such conditions will not exceed
40 ppb by hydraulic modeling using the proposed design
of the system. = The maximum concentration of
trichloroethylene in the mixed water which will be
used for irrigation will be 8 ppb. (IRWD,1989).

’Using the assumption in the worst case exposure

scenario, the daily amount of trichloroethylene
emitted into the ambient air from pumped out water can
be estimated according to the following equation:

E=FRXDXCFxC

Where

E = emission mass (g)

FR = pumpout flow rate (gallon/min)

P = iri'igation duration on a daily basis
o (min) .

CF = _conversion factor (3.785L/gallon)

c = concentration of trichloroethylene

in water (g/L)

Assuming no blending with reclaimed IRWD water and
100% volatilization of trichloroethylene "into the
ambient air, the amount ¢f .daily trichloroethylene
emission can then be calculated.
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. Tabla 3.3 Parameters Used In Estimating Asbfent TCE Concentrations From Pumped Out Water

and On-sfte Receptor®s Effective Dose, EL Toro TCE Pumpout Project

Parameter . ‘Plausible Case Uorst Cese Scenario
1. Hode of Release votatilization volatilization

2. Degree of Vaporization 100X 100X

3. Duration of irrigation per day ‘9 hours 9 hours

4. Pumping Rate 700 gatlons par minute 700 gallone per minste
5. Concentration of Contaminant 8 ppb 40 ppb

6. Size of Irrigation Ares (-2.) i 8.296 x 10° 8.206 x 10°

7. Dispersion Hodel 18CSY _ 1sCST

3. Meteorologicsi Dats A SCAQMD El Toro Station (1981) SCARD £ T Station (1981)
9. Inhalation Rete : 10 w3/day 10 w>/day

10. Body Walight 70 kg 70 kg

11. Exposure Duration 40 years 40 years

12. Absorption Factor o 100% 100X

13. Age Range 18 - 63 18 - &5

14. Daily Exposure Duration . 8 hours 8 hours

ED-IO;
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Table 3.3 (Continued) Parsmeters .lhad In Estimating Asbient TCE Concentrations kelessed From Pumped Out Vater

and Off-site Receptor's Effective Dose, El Toro TCE Pumpout Project

Parameter

Plausible Case VWorst Case Scenario
‘ Y
1. Mode of Release Volatitlization Volatitization
2. Degree of Vsporization _ 1092 100X
3. Dt;rntlon of irrigation per day 9 hours 9 hours
4. Pumping Rate 700 galions per minute 700 gallons per mirute
5. Concentratfon of Contaminant 8 ppb 40 ppb
&, Size of Irr_iglﬂon Area (-z) 8.296 x 10s 8.294 x 10s
7. Dispereion Modet -18CST ) 1sCsY
8. Meteorological Dats SCAQKD E{ Toro Statfon (1981) SO0 £ T Station (1581)
9. Inhalation Rate 0 u3/day 20 w3/day
10. Body Ueight 70 kg | 70 kg
1. Exposure Durastion 70 years 70 years
12. Absorption Fector 100% ioox
13. Daily Exposure puration 24 hours 24 hours

MeD-To)
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E = 700 gallon/min x 540 min x 3.785
L/gallon x (40 x 10" g/L)

= 57,2292 g

Thus under the worst case community exposure scenario,
57.2292 grams of trichlorocethylene will emitted from
an estimated 205 irrigated acres during 9 hours of
irrigation. The emission rate of trichlorcethylene is

(57.2292 g)/(540 min)/ (205 acres)
= 2 x 10° g/sec/m?

Using the assumptions in the plausible exposure
scenario, tg; enissiqgn rate of trichlorcethylene will
be 0.4 x 10~ g/sec/m’.

3.6 Receptor's Exposure Point Concentration

A Gaussian dispersion model, the Industrial Source
-Complex Short Term (ISCST) (EPA, 1986g, 1987) was
employed to estimate the incremental annual average
concentrations of trichloroethylene at 99 on-site and
off-site receptor locations using assumptions .in the
worst case exposure scenario (Table 3.4).

The ISCST model assumes a normal distribution of gas
emissions about a plume centerline directly downwind
from a point source (Holzworth, 1972, Shen, 1981,
Turner, 1970). Additional major assumptions
"underlying this dispersion study include:

) there are no chemical reactions in the
atmosphere

- flat terrain exists between source and receptor

o continuous emissions at a steady concentration

The summary data of the ISCST model under the worst
case exposure scenario is contained in Appendix C.

The incremental annual average concentration is the
estimated value by which background trichlorocethylene
concentrations will be increased from the proposed
project emissions. Site specific meteorological data
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Table 3.4 Summary of Predicted On-site and Off-site Incremental Ancal TCE Aversge Concentration (ng/-3)
Under the Worst Case Exposurs Scenario

Y-AXIS / X-AX1S (METERS)
(METERS) / «1610.0 «1207.% -805.0 -402.5 .0 402.5 805.0 1207.5 1610.0
I 2500.0 / 00003 .00003 .00003 .00003 .00003 .00003 .00003 .00003 .00003
- 2000.0 / .00003 .00003 .00003 .00003 -00003 .00003 .00003 . 00003 .00003
1500.0 / .00003 .00003 . 00003 .00003 »00003 . 00003 .00003 .00003 .00003
' 1000.0 / .00003 - 00003 .00003 .00003 .00003 .00003 00003 .00003 .00003
500.0 / . 00003 .00003 .00003 00003 .00003 .00003 .00003 -00003 .00004
0/ . 00003 . 00003 .00003 .00003 «00003 00003 .00003 .00003 .00004
-500.0.7 .00003 .00003 .00003 .00003 .00003 -00003 .00003 +00004 .00004
-1000.0 / .00003 00003 .00003 .00003 .00003 .00003 00004 -00004 .00004
=1500.0 / .00003 .00003 .00003 .00003 -00003 .00003 .00004 00004 .00004
=2000.0 / .00003 00003 .00003 .00003 . 00003 00004 .00004 . 00006 .00004
-2500.0 I .00003 .00003 .00003 .00003 .00004 . 00004 .00004 00004 .00004

The arigin (0 m, 0 m) is located at the crosssection of Jeffrey Road snd Irvine Center Orive.

'! 0 :
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collected by the South Coast Air Quality Management
District (SCAQMD) at the SCAQMD El1 Toro monitoring
station in 1981 were used in the estimation of the
incremental trichloroethylene concentration.

The size of the air dispersion study covers a 3.2 km
by 5.0 km (2.0 miles x 3.1 miles) area, with the
proposed pumpout station located at the center of the

plot (Appendix C). Use of site specific meteorological

data provides the best estimation of the long term
incremental trichloroethylene concentrations at
receptor points surrounding the proposed site.

Using the assumptions in the worst case exposure
scenario (i.e., no mixing of contaminated water), the

incremental annual - average trichloroethylene .

concentration related to the proposed aproje?t is
estimated to range from 3 x 10 to 4 x 10™° ug/m over
the entire study area (Table 3.4). This should be
considered to be the maximum exposure level for both
on-site workers and community residents. This level
is insignificant when compared to existing background

annual average air trichlorocethylene concgntrations.

in the Los Angeles Ajir Basin (1.66 ug/m’) and in
Irvine Park (1.07 ug/mw’) (Table 3.5) (SCAQMD, 1988).

Ambient Air Sampling

Ambient air sampling was performed by Med-Tox on May
15, 1989 at ten locations at and in the vicinity of
the proposed project site. Three sets of air samples
were collected from each of the following test points:
TIC 35, TIC 47 and the crossroad of Jeffrey Road and
Irvine Center Drive. In addition, one air sample was
collected approximately 1 mile east of TIC 47 serving
as field control (Appendix B).

- Alr samples were collected using personal sampling

pumps operating at 0.20 liters per minute, with 2

liter Tedlar bags. Trichloroethylene analysis of the .

samples was performed by Environmental Analytical
Services, Inc. of San Luis Obispo, California.

The South Coast Air Quality Management District
performs similar sampling for volatile hydrocarbons
in Anaheim, Azusa, Burbank, and Hawthormne, Maywood,
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Table 3..5

Comparison of Predicted Project-related Incremental and Measured Background Ajrborne TCE
Concentrations
Irichlorcethylene
{ug/a3)
CAR8 (1986-1987) arrwal average 1.66
(Los Angeles basin)
CARB (1984-1987) amnual average 1.07
(Irvine Park)
On-site air sampling 0.807
(Average value of all sasples)
- '1SCST modeling maximm conc, LE-8

over an srea of 3220m x S000m
(Worst case incremental value)
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Bell Gardens, Gardena, Rancho Dominguez, Yorba Linda,
and Irvine Park (Table 3.6). The California Air
Resources Board (CARB) also performs routine sanpling
for volatile hydrocarbons at E1 Monte, Long Beach, Los
Angeles, Rubidoux, and Upland (SCAQMD, 1988).

Trichloroethylene air concentrations measured in the
agricultural field where irrigation water from this
project will be used, revealed a trichloroethylene
levels that are higher than the annual average
concentrations reported by the South Coast Air Quality
Management District throughout the basin. In addition,
the airborne trichloroethylene concentrations are
higher than the airborne levels
measured by the California Air  Resources Board
measurements at the Irvine Regional Park. Moreover,
the airborne trichloroethylene concentrations detected
at a site distant from the agricultural field are

higher than the average concentrations measured at the

Irvine Regional Park.

There are several reasons for the ambient
trichlorcethylene air levels that were measured in
this study. First the field samples are short term
samples and therefore may not be indicative of average
or long .term values. Furthermore, at the time of
sampling + other possible , releases. of airborne
trichloroethylene that might have . temporarily
increased the background concentration such, as off-
site industrial releases could not be excluded. 1In
addition, laboratory test variability could have been
a contributing factor. However, even though the
measured levels ‘are higher than average levels
reported by SCAQMD and California Air Resources Board
the measured levels did not differ by more than an
order of magnitude. The projected incremental
trichloroethylene concentrations that would be emitted

~by irrigated water would be several orders of

magnitude less.

The measured airborne trichloroethylene in the ambient
air cannot be attributed solely to irrigation with
trichlorcethylene contaminated water from TIC 35 and
TIC 47 wells. Water samples collected at TIC-35 and
TIC 47 well heads at the time of the air monitoring
study contained 7 ppb trichlorocethylene. The total
pumping rate of trichloroethylene containing water at
these two wells was 1,300 gallons per minute during
the air monitoring period (OCWD unpublished data).
Using the worst case assumptions including complete

3=16
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TABLE 3.6
- . AVERAGE AMBIENT C,FNCENTRAT]ONS OF TCE
DURING THE MATES' PERIOD (1984-1987)
CCONCENTRATIONS IN ppb)

SCAQGMD - NETWORK ) ARS
ANAHEIM AZUSA BURBANK HAWTHORNE EL Monte  LONG BEACH L.A. RUBIDOUX UPLAN(I
\ve. Conc. 3-.5 6-.7 T7-.8 2.4 : 73 .210 .250 .126 496
Std. Dev. - <5 o7 BN o3 .082 .092 .083 070 - .572
Jetection Limit .2 2 . 2 ‘ .2 .005 .005 .005 .005 .005
Sample Size/<#OL 31/17 32710 2674 9/ 10/0 28/0 31/0 27/0 31/0
Jata Category B |- I 8 8 A A A A A .
SCAQMD - NETWORK ARB
L.A SCHOOL MAYWOOD BELLGARDENS ATLT GARDENA RANCHO YORDA IRVINE L.A. BURSANJ
DIST. HRAWTHORNE . DOMINGUEZ  LINDA PARK FIRE DEPT. POLIC
.v'/ ’
\ve, Conc. o-.5 3.4 1.3 .1-.3 ) 0-.3 1.3 1.3 e1-.3 2 1.3 .3-.5.
itd. Dev. N4 .9 S 9 2 2 b 3 . 4 -
letection Limit 2 .2 2 2 ] 2 .2 2 .2 .2
lanple Size/<L 30711 31721 29s21 30/26 30/27 /3 31/30 29724 32729 31714
lata Category -8 8 . B B B B c B c B

lote: a - Data catagory codes: A - Most of thedata above detection limits (>90%), C « Very few of the data points are above detection
limits (<10X), and B - Several data points fall above and below detection Limits. .

b - standard deviation not calculated for Data Catagory C.
(1). Multiple Air Toxic Study, AGMD

<#OL - Number of samples reported below the detection limit

317
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use of pumped water within the test area (500 m by
1000 m), 100% trichloroethylene evaporation from
applied water, and rapid mixing of the released
trichloroethylene’ up to 10 m height in the ambient
air, the amount of trlchloroethylene released from
irrigation water during the 10-minute air sampling
period was 4.095 x 10 g. This amount of
trngchloroethylene release would result in a 1.53 x

ppb incremental trichlorocethylene concentration
to the existing air quality. The measured

' trichloroethylene concentration was more than five

orders of magnitude greater than the amount that could
be contributed by TIC 35 and ‘TIC 47 wells.

The predicted incremental trichloroethylene
concentration from the proposed project is too low to
be distinguished from ambient background measurement.
Therefore, for the purpose of this exposure
assessment, field monitoring results have suggested
that airborne trichloroethylene found in the air at
the proposed site area are attributable to the.
regional air quality issue. Future air monitoring
tests will be performed in conjunction with this
project. Potential emissions of trichlorocethylene
from irrigation water are insignificant or de minimum
when compared to Dbackground trichloroethylene
concentrations. The health risks from such exposures
are assessed in Chapter 4. ,
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4.1 Risk Assessment Methodology

This chapter describes the potential risks associated
with the potential project related trichlorocethylene
emissions utilizing the methodology described in Sections
4,1 - 4.3, Potential human health risks are described
for each exposure pathway identified in Chapter 3.

Table 3.2 describes the potential inhalation exposure
pathway. Table 3.3 describes the assumptions used in the
calculations of potential exposure levels for the worst
case and plausible scenarios for on-site workers and
residential populations. The potential human health
risks for nearby residents or on-site workers are
determined by comparing the effective dose (in terms of
exposure concentrations and duration) to appropriate
health criteria. If the effective dose ©of
trichloroethylene is below the pertinent toxicity level
(threshold in the case of non-cancer effects and
"acceptable" in the <case ©of cancer risks for
carcinogens), actual risk will be negligible.

4.1.1 Evaluation Parameters

Two different evaluation parameters (carcinogenic and
non-carcinogenic) are used to evaluate the risk from
trichloroethylene exposures. The individual lifetime
incremental cancer risk is used for carcinogenic effects
‘and the Hazard Index for non-carcinogenic effects.

4.1.1.1 Carcinogenic Risk

EPA, in developing the cancer potency factors (CPF's)
for carcinogens, has required that the linearized
multistage non-threshold model using data that represents
the 95% upper confidence limit be used to evaluate
carcinogen dose-response relationships. The <cancer
potency slope expresses the probability of a human
developing cancer from daily 24 hour exposure over a 70-
year lifetime. This quantification of cancer potency is
expressed as 1l/(mg/kg/day) and is often route-specific.
The inhalation and oral cancer potency slope factor og
trichlorocethylene is 1.3 x 102 mg/kg/d and 1.1 x 10
mg/kg/d, respectively (EPA, 1989).

Since a cancer risk is considered to be present if
exposure occurs at any level above zero (non-threshold),
cancer risks are stated in terms of additional
(incremental) cancer risk attributed to the exposure from
the suspected carcinogen at the estimated effective dose.

e 4-1



MED-Tox i

ASSOCIATES. INC.

For example, a 1 x 10"® cancer risk would be equivalent
to one additional cancer case expected in an exposed
population of one million as compared to the cancer
probability of the same size in an unexposed population.

4.1.1.2 Ncn-Carcinogenic Risk

Current risk assessment methodology for non-carcinogens
is based on the derivation of a chemical exposure level
which is not anticipated to cause significant adverse
effects from a lifetime of exposure. These values are
derived from either human epidemioclogical or animal
toxicity studies. If no human epidemiological data is
available upon which a safe exposure level can be based,
conservative assumptions incorporating safety factors are
used to extrapolate safe human exposure levels from
animal study data.

Safe human exposure levels are expressed in several ways
including maximum exposure level (MEL), acceptable daily
intake (ADI), acceptable intake chronic (AIC), reference
dose (RfD) or an applied action level (AAL) (DHS, 1987).
The MELs, ADIs and RfDs are estimates of long term daily
exposure of the general population to a substance which
would not produce any deleterious effects. Safety
factors are incorporated in the development of these
intake levels,

Since an inhalation RfD of trichloroethylene has not been
developed by the EPA, for this risk assessment an
acceptable intake chronic (AIC) or (ADI) was derived from
the air Applied Action Level established by California
Department of Health Services.

The Apglled Action lLevel (air) for trichloroethylene is
7 ug/ (Table 2.2). That means an adult receptor can
receive up to 140 micrograms of trichloroethylene daily
without significant risk of developing long-term non-
catcinogenic effects. The daily allowable level (AL) of
trichloroethylene for such receptor is equivalent to 2

ug/kg/d.

Characterizing risks from non-carcinogenic effects
involves comparing the expected exposure level (EL) to
the allowable level (AL). The resultant ratio, or Hazard .
Index (HI), is a numerical indicator of the transition
between acceptable and unacceptable exposure levels.
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The hazard index is a numerical indication of the degree
to which acceptable levels are exceeded. As the hazard
index approaches unity, concern for the potential hazard
posed by the chemical increases. If the hazard index
exceeds unity, the public health concern is the same as
if an individual chemical exposure exceeded the
acceptable level by the same proportion.

In using the hazard index system, it should be noted that
the U.S. EPA (EPA, 1986f) has emphasized that the hazard
index is not a mathematical prediction of incidence or
severity of effects. It is simply a numerical indicator
to help identify potential exposure problems. Similarly,
in the development of allowable daily intakes (ADIs) or
other acceptable standards (which are used in this study)
for non~carcinogenic effects of trichloroethylene, AAL
levels established by California DHS were used. .

Charaqterization of Potential Risk

The approach taken throughout this assessment is very
conservative and includes many health protective
assumptions that will likely overestimate actual risks
were used in the process. For example:

o On-site receptors are assumed to be exposed to
predicted concentrations for 8 hours/day, 5
days/week over an average lifetime of 40 years.

o Off-site receptors are assumed to be’expcsed to
predicted concentration for 24 hours daily for an
average lifetime of 70 years.

o 100% of the dissolved trichlorocethylene in water is
assumed to be emitted to the ambient air by
vaporization with no reduction factor taken into

. account.

o The risks quantified based on EPA cancer potency
factors are the 95% upper-bound estimate of risk.

The adoption of all these assumptions is designed to be
prudently conservative so as to not underestimate the
potential risk. Predicted risks can be assumed to be
upper limit estimates (i.e. the actual risks will be
lower than predicted).
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The ambient air pathway was assessed using methods .
described in Sections 3.5 and 3.6. The ISCST Air
Pollution Dispersion Model was used to determine the
incremental annual concentration for trichlorocethylene
both on-site and at the nearest residential areas under
the worst case scenario (Appendix C). Table 3.4
summarizes the predicted incremental annual average
trichloroethylene levels on-site and the surrounding
residential area for the worst case exposure scenario.
The origin of this table (0 m, 0 m) is the proposed
location of ‘pumping station at the intersection of
Jeffrey Road and Irvine Center Drive. The predicted
projected related incremented trichloroethylene
concentration in the southeastern quadrant of the study
area is slightly higher than the rest of areas primarily
due to the predominant local meteorological conditions
such as wind direction.

4.2.1 Ambient Air Exposure Pathway

For the plausible exposure scenario established in this
study, the only different assumptions used (as compared
to the worst case scenario) is the concentration of
contaminant (Table 3.3). The resultant ambient
trichlorocethylene concentration using assumptions in the
plausible exposure scenario is 20% of the predicted
incremented exposure levels to the worst case scenario.

4.2.1.1 cCarcinogenic Risk, Ambient Air

Cancer risk is calculated by multiplying chronic daily
chemical intake by the route specific cancer potency
slope of the chemical. The risks are predicted based on
conservative exposure and toxicological assumptions.

Table 4.1 describes the potential cancer risks associated
with the ambient trichlorcethylene exposure pathway for
both on-site and surrounding residential areas utilizing
the conservative worst case and the plausible exposure
scenarios.

The estimated incremental cancer risks associated with
on-site and off-site human exposures using the
conservative assumption in both exposure scenarios are
at least seven order of magnitude less than the 1 x 10°¢
probability, a risk level commonly accepted as an
insignificant cancer risk (Table 4.1).
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4.2.1.2 -Non-Cancer Risk, Ambient Air

Table 4.2 presents the Hazard Index for on-site and off-
site receptors and includes the most plausible and worst
case exposure scenarios. Under both exposure scenarios,
the trichloroethylene released from the proposed project
does not present an unacceptable non-cancer risk to the
on-site workers and nearby residents. The predicted risks
are at least 8 orders of magnitude less than the unity.

4.3 Risk Characterization Summary

The risk characterization process reveals that the
potential public health risks from possible
trichloroethylene emissions from the OCWD/IRWD proposed
trichloroethylene pumpout project are Jjudged as
acceptable using health protective criteria developed by
regulatory agencies. The potential cancer risks for on-
site workers and nearby community residents will not
exceed the one-in-one-million risk commonly considered
to be acceptable. :

. The Hazard Index is used to assess potential non-
carcinogenic risk from exposure to trichloroethylene. The
Hazard Index for inhalation of released trichloroethylene
vapors does not exceed unity using the assumptions under
the worst case and plausible exposure scenarios for both
on-site and off-site human receptors.

The purpose of this risk assessment is to provide an
estimate of the potential public health impact of the
released trichloroethylene with the proposed project.
One of the principle purposes of risk assessment is to
identify which exposure pathways have the greatest
potential to adversely impact human health. Extreme
conservatism is incorporated into both the plausible and
worst case scenarios in an effort to identify which
exposure pathways have the greatest potential to produce
an adverse impact rather than to determine what actual
risks are likely to be. Public health is best protected
by utilizing such a conservative process even though it
overestimates potential risks.
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Table 4.1: Potential Receptor's Cancer Risk Associated With Irhalation of YCE Emitted From The Proposed OCMD/IRUWD Pumpout Project
off-site off-site - On-gite on-gite
Plausible Worst Case - Plausible Uorst Case

Annuat incremenial
TCE conc. (ug/m”)
in the ambient air

Inhalation rate
(m" /day)

Exposure duration (yr)
8ody weight (kp)

Effective dose
(ug/kg/day)

Cancer Potency Factor
(1/ug/fkg/d)

Total Risk

0.8 x 1078
20

70

70

2.29 x 1077
1.3 x 107
2.97 x 10° %

4x 108

20
70
70

1.14 x 108

1.3 x 1077

1.486 x 10°13

0.6 x 1078
10

40

70

4.9 x 10710
1.3 x 1070
637 x 1015

3x 108

10
40

70
2.45 x 1077

1.3 x 1070

3.185 x 10”14
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Table 4.2: Potential Receptor's Non-Cancer Risk Associated With Inhalation of TCE Emitted From The Proposed OCUD/IRMD Pumpout Project
Off-site off-site - On-site on-site
Plausible Morst Case Plausible Yorst Case

Annuat increnenial

TCE conc. (ug/m™) -8 -8 ’ -8 -8

in the ambient air 0.8 x 10 & x 10 0.6 x 10 3Ix10

Ingnlntion rate

(m” /day) 20 20 10 10

Exposure duration (yr) 70 70 40 40

Body weight (kg) 70 70 70 70

Effective dose -9 -8 -10 -9

(ug/kg/day) 2.29 x 10 1.14 x 10 4.9 x10 2.45 x 10

Allousble levcl.

(ug/kg/d) 2 2 .2 2

Ratio of doge to . -9 -9 -10 -9

allowsble level 1.145 x 10 $.Tx 10 2.5 x 10 1.3 x10

W
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Introduction of Uncertainties

Potential public health risks associated with this
proposed pumpout project have been estimated in this
risk assessment. The risk assessment process has
some inherent uncertainties and require the risk
assessor to make assumptions and use professional
judgement in this process.

Uncertainties inherent in the risk assessment
process include:

o) possible errors from sampling and chémical
analysis of trichlorocethylene in various media,
) comprehensiveness of a sampling program,
) projections of chemical concentrations at
exposure points, :
o estimates of human intake levels, and
o extrapolation of dose response data from

animals to humans.

Tn risk assessments it is important that all sources
of uncertainty associated with final risk estimates -

are documented and understood (Slovic, 1987; Wilson

and Crouch, 1987; USEPA, 1986c).

The following factors, although not all inclusive,
are nevertheless representative of the factors that
may overestimate and/or underestimate health risks.

Uncertainties Which Could Overestimate Risk’

a. Dose-Response Relationship

o] - Cancer potency factors developed by the EPA
were used in this study. These levels are
developed based on a 95 percent upper-bound
1imit. Therefore, the actual risk will most

" likely not be higher and is likely to be
considerably lower.
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In the absence of human data, the EPA assumes
a linear dose response model for extrapolating
health effects observed at higher doses or
exposures . in animals to low dose human
exposure. The cancer potency factors used to
predict cancer incidence from low exposure are
based upon the most potent dose-response aninmal
study data. Humans are assumed. to be as
sensitive as the most sensitive animal species
tested.

EPA uses a non-threshold, linearized multistage
model for extrapolating responses observed at
high doses to low doses. Carcinogens are
assumed to cause some risk at any exposure
level. Other dose-response models may assume
that there is a threshold for carcinogenic
effects and therefore there may be an exposure
. level that is without adverse effect.

The lung absorption rate is estimated using
health protective assumptions. For example,
100% absorption efficiency is assumed for the
inhalation route even though human experimental
evidence or animal toxicological data may not
reveal complete absorption.

This  risk assessment  assumes that
trichloroethylene is 100% bicavailable to the
receptor or target organ.

osure Aspects

Exposure to trichloroethylene is assumed to
remain constant over a lifetime, i.e., the on-
site worker is assumed to be exposed to project
related ambient pollutant concentrations 8
hours a day for 40 vyears, while off-site
receptors are assumed to be exposed 24 hours
daily for a lifetime (70 years). In reality,
lifestyle changes due to age and actual
residence time will reduce exposure duration.
Thus, the actual effective dose may be much
lower than the dose used in this analysis and
therefore the health risk would be less.

Using assumptions in the worst case exposure
scenario trichloroethylene contaminated water
is assumed to be undiluted and uniformly
distributed in the proposed irrigation systen.

5=2
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In actuality, trichloroethylene will not be
evenly distributed in the entire proposed
system. The actual trichloroethylene
concentration at any given node of the system
is a function of its relative distance from the
main pumpout station and the operation
scenarios identified in section 2.2. The
~assumption that the irrigated water will be
uniformly contaminated with the maximum
concentration possible_throughout the proposed
irrigation system produces a significant
overestimation of the exposure risk.

o The exposure to and concentration of
trichloroethylene at the exposure points is
held constant over a 70-year lifetime. In
reality, trichloroethylene fate and transport
mechanisms will alter the concentration of
trichlorocethylene in the environment.

5.3 Uncertainties Which Could Underestimate Risk

o There is a possibility that people who have
been previously exposed to airborne pollutants
at injurious concentrations, or who are
chronically ill may have an increased risk of
adverse health effects from exposure to
pollutants. .

o Biochemical individualism indicates that there
may be high susceptibility for some population
groups because of metabolic differences and/or
their inherent differences in their response
to the effects of carcinogens.

5.4 Interrisk Comparisons

In this risk assessment, the human receptor's
quantitative potential carcinogenic risks associated
with exposures to trichloroethylene potentially
released from the proposed pumpout station is
estimated. An interrisk comparison is provided
herein to put the predicted health risks into
perspective. An interrisk comparison compares the
incremental cancer risks .from exposure to an
environmental contaminant to other commonplace
activities which also have incremental cancer risks
or increases in the chance of death or a reduced
life expectancy (Hutt, 1984; Slovic, 1987).

5=3



MED-ToX

ASSOCIATES, INC.

Cancer is the second leading cause of death in the
U.S. The national risk of death due to cancer (all
causes) over a 70 year lifespan is very high, and
is estimated at 2.7 x 10!, or a chance of
approximately one in four. The 2.7 x 10"’ cancer
risk 1is the baseline situation or background
incidence of cancer.

As a point of reference, the cancer risk associated
with lifetime exposure from air pollutarits commonly
found in the Los Aqgeles basin exceeds the one in
one million (1 x 10™°) risk level generally accepted
as insignificant by most agencies. For example, the
lifetime risk associated with trichloroethylene
inhalation exposure at background concentrations
found in the Los An%eles basin (1.66 ug/mﬁ and
Irvine Park (1.07 ug/m’) all exceed one~in-a-million
cancer risk from a lifetime of exposure. A one-in-
one million gisk occurs with a lifetime of exposure
at (0.8 ug/m’). In comparison, the project-related
incremental annual trigchlorocethylene average
concentration (4.0E-8 ug/n?) is an equivalent of a
5.0E-14 incremental cancer risk.

An incremental cancer risk of 1 x 10 (ie. one
incremental lifetime cancer risk per one million
population) is selected as the "acceptable" level
in this study. Interrisk comparisons provide
perspective to the meaning of a 1 x 10" cancer risk
by relating this incremental 1level of risk to
commonly experienced or practiced daily activities.
A discussion of what has been deemed an "acceptable"”
level of risk in managing hazardous waste
contaminated sites by various regulatory agencies
is also provided (Crouch and Wilson, 1984; Wilson,
1979).

"In the field of hazardous waste management or
environmental risk associated with new projects,
there is no one universally agreed to level of
acceptable incremental cancer risk. The EPA has not
promulgated any standard value that constitutes an
acceptable, allowable or appropriate incremental
cancer risk level. As a general rule, an
incremeptal cancer risk ranges between 1 x 10" and
1 x 10’ have been deemed "acceptable" by several
regulatory agencies (EPA, 1985d).
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U.S. Courts recognize the legal doctrine referred
to as de minimus non curat lex, or simply de
minimus. This maxim holds that the law does not
concern itself with trifling matters and that courts
should be reluctant to apply the literal terms of
a statute to mandate pointless results (FDA, 1985).
Courts have wupheld this principle in their ‘
interpretations of the Food Additives Amendment, |
the Clean Air Act, the polychlorinated biphenyl
pravisions in the Toxic Substances Control Act, and
the Occupational Safety and Health Act (FDA, 1985;
Hutt, 1984; OSHA, 1985). Several judicial decisions
have defined an "acceptable", de minimus or
minsignificant” risk as 1 x 10°° (ie. one incremental
lifetime cancer risk per one million population). |
California's Proposition 65 uses a 1 x 10 risk :
value as an "allowable" risk value. Therefore,
potential cancer risk from this project is
insignificant or de minimus.

The Department of Health Services (DHS), State of
California (DHS) has performed many risk analysis
concerning the release of hazardous air toxics to
the environment. DHS has stated that if a project
related incremental pollution concentration or
incremental risk is 100 times lower than the
corresponding value for Tregional: levels, a
facility's emission and its associated risks are
deemed de minimus (DHS, 1988). Therefore, the risk
associated with this project should be considered

as de minimus.

A one-in-a-million lifetime risk (1 x 10 is an
increment, or addition to the 2.7 x 10" baseline
risk of getting cancer (an increase from 0.27 to
0.270001). From an epidemiological perspective, the
. baseline cancer risk is so high that incremental
risks-less than perhaps 1 x 10" (or one case in a
population of ten thousand) are not likely to be
measurable. The risk associated with this proposed
project cannot be measured using epidemiological

techniques. _ ‘ ‘ §

The purpose of the risk assessment is to provide
risk data that will be useful in making decisions
about the hazards associate with the project. It
is important to gain some perspective about the
meaning of the magnitude of the risk. Comparisons
can be useful in this context. Table 5.1 shows a
variety of risks expressed in a similar manner, as

5-5
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TABLE 5.1

EXAMPLES OF ONE IN A MILLION RISKS IN EATING AND DRINKING

o 40 DIET SODAS (SACCHARIN)
o 6 POUNDS OF PEANUT BUTTER (AFLATOXIN)
) 180 PINTS OF MILK (AFLATOXIN)

o 200 GALLONS OF DRINKING WATER FROM
NEW ORLEANS OR MIAMI

o ‘90 POUNDS OF BROILED STEAK
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an average annual incremental risk and an
incremental lifetime risk assuming 70 years (Crouch
and Wilson 1984; Wilson, 1979; and Wilson and
Crouch, 1987). Wilson (1979) cites other common
activities estimated to increase the chances of
death in any g:wen year by 0.000001 (one-in-a-
million or 1 x 10° ) These are given in Table 5.2.

By comparing measures of risk due to activities of
everyday life with similar measures of risk from
chemicals, it is evident that the lifetime risk of
cancer or death associated with many activities in
the U.S. 1is relatively high when compared to
"acceptable" risks for the general population, or
a one-in-a-million incremental risk. Furthermore,
the risk associated with this project are estimated
to be 100 times less than a one-in-one-million

‘cancer risk.

Risk Associated With No Action Remedial Alternative

One of the viable remedial alternatives in dealing
with current trichloroethylene groundwater
contamination in the El1 Toro and Irvine areas is
the "no action" plan. Under such an alternative
option, the plume of trichloroethylene containing
water will continually migrate westwardly at a rate

~ of one to four feet daily toward one of the major
.drinking water supply sources in Orange County
(OCWD, 1989a).

Following the exposure assessment methods presented

in Chapter 3, it can be estimated that the predicted

worsi: case project-related incremental cancer risk
from 1nhalat}on of volatilized trichloroethylene
(1.486 x 10°°) is less than the risk of a person
consuming two liters of water daily for a lifetime

‘coritaining 4.458 x 10”7 ug/L of trichloroethylene.

" Aniother way to provide basis of comparison is to

compare the predicted worst case off~site receptor's

cancer risk (1.486 x 10°") with the potential risks

associated with "no action" plan. If an adult
consumes two liters of a . day containing 8 ppb

~trichloroethylene (the value used in the plausiblea

exposure scenario), he will have a 2.667 x 10
lifetime cancer risk, a level exceed the
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TABLE 5.2
EXAMPLES OF ONE IN A MILLION RISKS . ' .

Tlme to Accumulate cne in a million risk of death
in the occupational indicated:

o Manufacturing 4.5 Days §

o Service and Government 3.5 Days
o Transportation and ' 1.0 Day

Public Utilities'

o Agriculture 1.5 Hours
o Construction 14 Hours
"o Mining and Quarrying 9 Hours
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EXAMPLES OF ONE IN A MILLION RISKS

Time to Accunulate One in One Million Risk of Death
from the Cause Indicated

o] DROWNING ’ 10

o  FIRES 13
) FIREARMS 36
) ELECTROCUTION | | 2
o TORNADOES ~, 20
) FLOODS 20
) LIGHTNING 2
) ANIMAL BITE OR STING 4
5-9

DAYS
DAYS
DAYS
DAYS
MONTHS
MONTHS
YEARS

YEARS
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insignificant risk value. If the worst case
trichloroethylene concentration (40 ppb) is used,
the lifetime cancer risk for the same individual
will increase to 1.3 x 107°.

Such analysis indicates that under "no action" plan,
the continual westerly migration of the

trichlorocethylene plume poses a potential

significant health threat to the population that use
this aquifer as a source of drinking water. In
addition, residents who would rely on contaminated
water for drinking and household purposes would also
be a risk from inhalation of trichloroethylene
contaminated water from other domestic use
activities. Trichloroethylene can volatilize into
the atmosphere from activities such as bathing,
showing, dishwashing, laundering, cooking, toilet
flushing and other activities. This risk assessment
does not quantify the inhalation risks from these
trichloroethylene exposures. Therefore, if the
drinking water aquifers were to be contaminated with
trichloroethylene in the County of Orange, community
resident's health risks could not be eliminated by
solely using an alternate drinking water source
since they would 1likely continue to use
trichloroethylene contaminated water for other daily
activities.

5-10
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TABLE 2: POPUAATION OY AGE AND SEX FOR ENTIARE CENOUS TRACTS

TRACT: (S PPREBSED) 4. 13 423.13 423 14 324. 04 9. 0O 2324 048 S2e 078 334 OB 324 09

AOE BY SEX 1)

TOTAL MALES aJ1e 2048 270 8 2368 1992 o 28 3190 4102
UNDER | YEAR 54 2 7 126 L) b ) &1 ] o4
1 AMD 2 YEARS w7 97 70 29 103 .7 11 11 120
3 AND & YEARS 76 37 0 193 [ ] 54 3 1le 141
3 YEARS 34 2N 20 54 47 9 o4 37 9
& YEARS n 1y o4 L~ 40 20 a1 &0 74
7 YO 9 YEARS 119 ] 1e 199 2 33 143 2 oms

10 TO 13 YEARS 142 n 179 123 133 138 192 303 434
14 YEARS 32 29 40 16 23 bad 34 70 se
19 YEARS 14 -] 0 -] a - 32 & LYY
16 YEARS a2 a7z - 17 n 20 a2 -9 103
17 YEARS a7 k14 (34 33 23 Fo 0 L2 L 2
18 YEARS 33 o4 L <] be = 286 3 43 % ai
19 YEARS 26 [ 1} > 700 19 18 - 42 87
20 YEARS 20 ” 41 739 18 17 a8 Fal e
21 YEARS 40 3 43 963 14 20 a1 24 47
22 TO 24 YEARS 158 0 109 271 o8 L} 191 &2 111
29 TO 29 YEARS' 33 491 242 (%} 200 L 24 J84 192 31
20 YO 24 YEARS 291 239 a2 2803 3% 1o2 404 450 ade
33 TO &4 YEARS a%¢ 243 A40 166 327 322 CETY 46 81l
4% YO 34 YEARS 1% 19 30% - 241 172 20 29 429
2% TD 7 YEARS o4 103 161 ® 120 1 b 107 122
&0 AND 81 YEARS ai - 14 44 o 43 20 3 2 22
‘&2 TO &4 YEARS % 49 [ 24 < 30 L ] 3 < 36
43 TO 74 YEARS 121 100 136 Q 119 1a n 43 &0
73 TO 84 YEARS 34 [ -] 3 1 18  J 1 %1 11 1!
83 YEARS AND OLDER 10 14 10 (-] -] [} Q 3 1
UNDER 5 YEARS 2% 134 167 204 204 124 263 266 a3as

9 = 17 YEARS 430 ar? a3 410 443 408 *3 1230
18 = 44 YEARS 1464 2077 1808 4380 1480 1001 2002 1988 2469
63 AND OVER 183 1% 189 1 138 27 4 CL] 72
REDIAN ARE (2) 0.1 20.0 n.2 21.0 2.0 30.1 28.9 3.3 27 7

TOTAL FEMALES /33 2304 2840 272 =279 1972 Feg ] A4 4083

~ UMDER | YEAR AL 20 P 199 49 an 33 34 &2
1 AND 2 YEARS [ ) % o4 209 73 e 120 - 108 109
3 AND 4 YEARS L] 9 r2 .17 s 37 111 126 132
9 YRARS E -] 14 : 74 = = 2 (%) 73
& YEARS a1 10 o) -] n 33 3 74 77
7 TD * YEARS 108 s 1a 148 10 [ 7Y 1% 1Y 202
10 TO 13 YEARS 147 = 1% 110 116 131 1% 280 92
14 vears a» 28 kY 20 13 2 34 °? 77
13 YEARS aa a2 o2 3 az as £ ] <] *
16 YEARS 33 o4 o7 a1 F o] 3 28 - 117
17 YEaRS 1 n L ad k] 19 26 20 ¢ [ ]
18 YEARS x 4 0 34 19 W a 4 [~
19 YEARS a3 3% * 108 n a4 s b ] 47
20 Years 42 e Lo 118 19 19 n ae o9
21 YEARS =] L 24 a7 123 26 1? 36 14 a2
22 TO 34 VEARS 161 ar 109 e -~ § L} by 143 7 tat
23 TO 29 YEARS J1e 249 289 - -7 2% 13¢ 7 208 e
0 TO J4 YEARS a8 37 9 163 323 217 499 241 963
39 TO &4. YEARS a70 179 447 116 I a%e 28 370 - 79
43 TO 34 YEARS 214 193 k=) a3 b 190 197 %8 338
33 TO 37 YEARS 130 L ] 1§ 1] 3 13 L1 3% 100 101
60 AMD 81 YEARS 36 30 » (] %4 11 16 b4 22
42 TO o4 YEARS 93 a3 -3 2 5% 13 1a 28 -1
&3 TD 74 YEANS 199 121 166 3 128 20 34 L] [y
79 TO 84 YEARS 37 76 sa 1 19 12 b4 11 a3
€3 YEARS AND OLDER 16 17 ° ] b4 1 3. 3 1t
UNDER 3 YEARS 194 11 161 £~ <) 20% 124 Vs E. ) . 203

9 = 17 YEARS as) ara £ 1Y) a7 ara 408 285 ®79 1109
18 - &4 YEARS 1992 1747 1901 1358 1343 1008 1819 2037 2919
€3 AND OVER a%8 ane A7 4 134 n 4 20 102
FEDIAN ACE () 9.2 7.7 n.e 20. 1 n.a 0.8 7.8 <. 2 8 3

TOTAL POPULAYION 4773 2012 9390 7760 4344 2190 5493 436 8187
POPRATION BY AQE (1)

UNDER 3 YEARS . 411 287 32 1037 443 248 %e9 394 838

9 = 17 YEARS 91 9490 1111 *30 782 949 1193 1778 2298
48 = &4 YEARS 20%0 3826 3739 373e 029 2009 s 3993 4960
69 AND OVER 413 I70 92 ] 292 &0 L] 11 178
WPPRINEED 9 0 -] (-] o 14 2 -0 0
mEDIAN ACE (D) 20. 7 ar. v . 8 W. 8 AL 0 0 @ 2 av 8 as 1

by



TABLE 2: POPWLATION BY AGE AND SEx FOR ENTIRE CENSUS TRACTS

TRACY. (8=SUPPREESED) 324. 10 224. 11 323. 010 229. 02 °23. 00 329, 04 225 03 339. 08 9. 07

AGE BY SEX (1}

TOTAL MALES oee F -] 130 20954 2443 2192 2211 1431 1524
UNDER 1 YEAR 28 29 L} a9 n a1 20 13 26
1 AND 2 YEARS 82 »” L] 71 b} L) LT 7Y 30
3 AND 4 YEARS '] £1) 17 o 7 70 53 - 36 ‘48
3 YEARS a7 = ] 29 ] 42 33 -3 27
& YEARS a7 a3 12 2 2 e 7 28 20
7 YO 9 YEARS 100 144 34 209 200 133 8 ” 110
10 TO 13 YEARS 143 207 29 nz 200 179 153 187 149
14 YEARS 34 20 3 74 % 22 ] e -7
19 YEARS 43 °4 [ ] -] 37 43 36 33 21
16 YEARS 27 'y 3 74 0 3’ 43 a7 26
17 YEARS b3 4 a7 2 kg ] &1 24 32 30 N
18 YEARS 32 43 »” 31 e ] 1Y 23 26 23
19 YEARS 16 %0 244 43 20 28 n 29 13
20 YEARS 29 3v a8 34 2 18 19 Y 13
21 YEARS 24 ] 191 29 20 34 n 24 14
22 TO 24 YEARS 7 88 109 o4 47 87 139 a2 as
29 TO 29 YEARS 200 161 -] 144 72 187 304 e 124
30 TO 34 YEARS 292 196 o4 248 34 mny 263 129 a2
39 TO 44 YEARS 337 363 » 39 878 407 . 32 207 32
45 TO 54 YEARS 210 249 E ] 349 9 167 174 174 150 .
39 TO %% YEARS 119 [ - ° 122 o8 - 7 53 a4
&0 AND 61 YEARS 4 = 0 v 9 19 29 10 L]
42 TO 64 YEARS 76 2 (-] 2 10 - ] 34 10 1? ‘
&3 YO 74 YEARS 262 32 o - b~ 1 a7 19 13 .
73 YO 84 YEARS 94 21 o a L/ 1 3 10 'S
89 YEARS AND OLDER 19 ' () ] - ] » ) 1
UNDER 3 YEARS 169 192 20 1" 176 1ve 143 " 124
9 - 17 YEARS 428 #20 109 "7 84s Se1. 443 43 401
18 = &4 YEARS 1846 1354 1177 187 1997 1373 1444 878 L)
63 AND OVER 343 bad B -] 121 34 32 17 20 20
MEDIAN AGE () 24.0 27.1 20.7 30.3 26.0 28.3 29.4 28.9 202 '
TOTAL FERALES 2637 2282 297 e 2500 2100 2442 1443 1601 )
UNDER 1 YEAR a7 26 ? ) o8 B - ] 37 - 48 1% 20
1 AND 2 YEARS 22 1Y 20 -8 ) 72 70 28 kD
3 AND 4 YEARS 3! 78 26 o o 78 22 e 43 :
9 YEARS 28 24 b4 .0 ”» a7 3 18 F-2)
6 YEARS -1} 34 18 ] 2T ) 40 Fe 7 Fad
7 TO 9 YEARS 101 127 . 170 189 140 o7 111 s
10 TO 13 YEARS 154 a2 b -] 3%4 200 160 1% 148 118
- 14 YEARS - Az 1a -2 o 14 32 2 a9
19 YEARS ar o2 s 74 %4 439 30 7 av
16 YEARS 33 ¥ 8 oy o7 47 34 » 24
17 vEARS E -] L] 1 1%4 E =] 30 a3 e 16
18 YEARS 20 91 7 43 0 ar 29 3’ 17
19 YEARS = 32 12 &0 n n a7 1Y 12
20 YEARS <] an 16 33 17 16 47 2 16
21 YEARS 29 24 3 25 18 23 ] 12 13
22 TO 24 YEARS 112 101 14 76 3”7 ” 172 37 14
29 TD 29 YEARS 248 174 49 208 160 206 203 7% 132
30 TO 34 YEArS 207 281 LT 29 243 32 204 13 a7
33 YO 44 YEARS 273 307 E ] &3 33 an 219 N2 326
49 TO 94 YEARS o4 209 a asa 177 143 190 132 117
39 TO 39 YRARS 158 73 1 134 94 %0 113 20 - 48
&0 AND &1 YEARS o7 2% ] 3% [ ] as 7 ® 14
62 TO o4 YEARS 108 .29 1 e 18 18 97 13 12
63 TO 74 YZARS 204 99 0 101 39 3 178 a an
73 TO B4 YEARS 108 24 1 S 13 12 30 ' 9
93 YEARS AND OLDER 20 3 ° 13 . 9 a ] a 11 :
UNOER 3 YIARS 1%0 181 28 181 196 197 170 [ ] F-1] :
9 « 17 YEARS 442 27 132 o7y 839 2% o33 453 367
18 = &4 YEARS 1999 1412 188 2022 1414 1999 1602 96 1044
&9 AND OVER 429 [ -} | 148 23 20 236 39 a7
REDIAN AGE () 34.0 27. 9 19.1 3.9 .7 0.0 @ e 00 3 ? -
TOTAL POPULATION 2011 4303 1670 IS -] 4943 42340 4633 2916 21338 l
POPULATION BY AOE (1)
UMDER 9 YCARrS s 212 78 372 a2 379 213 180 21 )
3 - 17-vYEARS 871 1269 229 1812 1681 111? 878 %00 770
18 - 64 vEans 2041 2764 1382 3849 2803 2764 2047 1776 2033
&9 AND OVER 764 18} H 299 87 Y -] a1d Iy &7
RPPRESSED -] 0 3 (] 0 -] o -] -]
MEDIAN AGE (2) 2 0 27 9 20 & 210 ar 28 1 29 % 293 30 9
97 '



TASLE 2: POPULATION BY AGE AND SEX FOR EMTIRE CENSUS TRACTS

TRACT: (e=SUPFREBSED) 3. 08 329. 0% 929. 10 626. 04 a26. 03 20 O7 628, 08 &2 10 b 1

AGE BY SEX (1)

TOTAL MALES 3L, ] [ T%4 2 1958 1629 2843 3012 bl 1368
UNDER | YEAR ka4 10 . 19 18 32 4 [-] 19
§ AND 2 YEARS 108 1? 2 1?7 . a2 . [} 1 e
3 AND 4 YEARS 1R 14 k] b= L] 40 2 [-] 26
3 YEARS ol 1? Q 13 . 19 -} -] 13
& YEARS 1'Y4 13 3 19 9 a2 1 0 14
7 TO ¥ YEARS 199 87 10 L] 14 79 . 0 37
10 70 13 YEARS 260 Lz4 & 107 5 132 1 0 ol
14 YEARS ) 73 20 1 18 10 az H 0 10
19 YEARS 46 26 4 29 22 28 -} 1 14
16 YEARS 2 0 3 20 18 39 1 [-] 12
17 YEARS 34 20 -] k- 1? b ) ] [-] 19
18 YEARS 7 = 4 * b~ ] 40 1 -] 18
17 YEARS A 24 4 29 19 32 13 (-] &7
20 YEARS L5 14 3 29 27 37 27 [} “
21 YEARS 47 14 a2 24 3 LY 21 1 :
22 TO 24 YEARS 219 4 ka4 ” 134 123 73 3 143
29 YO 29 YEARS 7 20 15 104 7 249 &7 ? 24e
30 TQ J4 YEARS ba8 o4 77 199 204 209 43 ? 202
39 TD 44 YEAARS 709 194 &7 263 299 ave 41 -] 217
43 7O 94 YVEARS a8 [ ™ 7 2647 141 294 a2 1 17®
33 TO 5% YEARS 149 24 14 131 70 199 42 2 %}
&0 AND &1 YEARS o 3 10 o 3 79 23 [ 1?
62 TO &4 YEARS 44 & L] o8 20 119 sS4 -] 24
43 TO 74 YEARS 72 e [ ] 169 103 324 748 o 37
73 TO 84 YEARS 19 a 1 84 R 156 1409 -] ]
83 YEARS AND OLDER a 1 -] ah . 26 24 393 ] 3
UNDER S YEARS 347 43 1 ¥ % &9 121 10 1 (%

3 ~ 17 YEARS 780 as2 7 2 162 38) 13 1 202
18 = 44 YEARS 2962 229 479 1333 12a2 1837 441 23 1232
#3 AND OVER 2 13 )/ are 171 506 %8 [-] o8
PEDIAN AGE (2) 3.0 2s8.2 20.8 3.0 R0 37. 9 77. 8 28 & 29.7

TQTAL FEMALES 4363 849 S64 20467 1847 046 8019 8 1744
UNDER 1 YEAR 74 9 1 19 39 b -] 1?7
1 AND 2 YEARS [}~ ] 25 6 19 39 1 [} 13
3 AND A4 YEARS 143 ar 4 19 1e = 1 1 »
3 YEARS 71 19 a * [ ] 18 . 3 o 10
& YEARS a7 16 K . ) a2 1 [} 16
7 TO 9 YEARS 17 2 ] R - 74 76 2 (] 3
10 TO 13 YEARS 247 [ 1 [ ] 101 ~ 138 ? [} 70
16 YRARS [} 24 (-] 2 19 20 ] [} 1e
19 YEARS 20 as - a 34 31 t 24 2 [} =
16 YEARS (% 22 Q N 19 E ] (-] 2
17 YEARS % 14 3 E b~ 40 4 o 0
10 YEARS 40 13 11 N 22 a1 14 -] Qe
19 YEARS » 18 | ] aa 20 = = 1 [
20 YEARS 4“4 12 9 a2 23 =] a2 [} 42
21 YEARS 32 7 17 16 34 20 20 Q o8
22 YO 24 YEARS e a ” % 1 121 [ ] 1 Yy
23 TO 29 YEARS &40 &7 139 160 229 291 &0 -] 28!
30 TO I4 YEARS - 709 " 77 163 108 B 4 1 220
33 TO 44 YEARS [ve ) 172 &0 204 167 34 ” [} 21
43 TO 54 YEARS Ja09 &7 0 3 138 92 (3] 2 172
93 YO 9% YEARS 160 21 14 147 [ -] 204 1nz 2 ©0
&0 AND &3 YEARS 32 e 7 3% E 4 ” [ 2] ] 14
42 TO 64 YEARS k-] L4 & L ] 9 133 183 Q. »n
43 TO 74 YEARS | <] 7 11 284 a8 463 197 -] re
73 TO 84 YEARS 20 ) 9 194 202 260 2830 -] 2
89 YEAAS AND OLDER 'y 1 ] % 74 4 704 (-] 3
UNDER 9 YEARS 390 97 11 70 L 7Y 102 3 ] 33

9 - 17 YEARS 767 208 20 204 199 379 19 o a0
18 =~ &4 YEARS 3149 308 8?7 1279 1129 1812 726 ? 13%
&9 AND OVER 109 ¥ 1é 434 17 7%7 3263 ) 113
NEDIAN ARE () 9.4 2% 9 3v. 9 41. 9 J9. 0 4} 8 7.3 Ao 7

TOTAL POPULATION 8342 1713 1086 463% 2472 %11 027 A INn2
POPULATION BY AQE (1)

UNDER § YEARS 39 100 a2 129 L4 23 19 2 11

A = 17 YEARS 1347 930 47 976 =2 7% 32 H a1
18 = &4 YEARS 131 1037 992 2614 47 3649 11867 Fs) <991
49 AND DVER 199 29 a3 708 708 1283 7813 -] 101
BUPPRESSED -] -] -} -] -] -] -] Q o
AEDIAN ASE (2) -2 2 29. 4 29.9 ) M7 40 7 76 9 W2 7

*”



TABLE 2 mﬁAflm SY ACE AND SEX FOR ENTIRE CENSUR TRACTS

TRACT (paSUPPRESEED) 3812 &J6. 13 36 14 626, 130 626. 10 6l6. 17 o6 10 o6 19 626 20

AGE BY SEX (1)

TOTAL MALES e -] 1979 -] e 1967 J290 2137 2320
UNDER 1 YEAR k14 Q 24 -] Ead 13 J4 2 o4
1 AMD 2 YEARS 72 -] 27 o 20 21 71 29 e
3 AND 4 YEARS &3 o 26 ) 74 a2 o1 20 az
S YEARS 4s o ¢ ] 49 18 4 14 3
& YEARS 99 -] 13 [} 43 1?7 33 1v 18
7 TO ? YEARS 169 Q 14 o 174 %Y 1% S& &9
10 TO 13 YEARS 263 [} 26 o 302 132 are 131 ] 109
14 YEARS &3 0 2 -] 49 = ] 78 as .20
13 YEARS [3) -] 3 -] [ 43 ” an 3
16 YEARS L 2% ) 3 Q 73 33 aQ 7 28
17 YEARS 81 [} -] [} 7 &0 [ } b} 30
18 YEARS 74 Q in o [ 3} 37 [+ 0 28
19 YEARS &4 ] 263 -] E-H] : % 3& 6
20 YEARS 32 Q 1 [} b1 ] 24 43 -~ a8
21 YEARS 30 0 147 Q N 17 40 a4 a9
22 TO 24 YEARS 106 [+] 201 Q | 14 49 a2 " 136
23 TO 29 YEARS 151 Q 282 [-] 1463 52 Lad 223 an
30 YO 34 YEARS Fald (-] L 0 an 76 D7 s 39
39 YO 44 YEARS 972 (4] = -} 717 97 043 L3 ] 18
49 TO 54 YEARS 448 (-] 4 -] 479 380 13 29568 J08
99 TO 99 YEARS 248 (-] ) -] 1% 201 180 103 116
60 AND 63 YEARS [ ] 0 [J] -} 56 &2 43 44 2
63 TO &4 YEARS [ -] [+) (-] %0 70 49 &4 3
&% TO 74 YEMS 3192 o Y (-] | 34 194 94 108 114
79 TO 84 YEARY 4“2 -] -B -] N 43 21 %0 an
B9 YEARS AND OLDER 13 -] -] -] ) 12 7 3 16
UNDER 9 YEARS 164 -] ” ] by ~] (e 186 ” "9

S - 17 YEARS 29 -] 74 ] L <23 419 0 e 22
18 = &4 YEARS 41 }) -] 1433 Q b~ }Y 1274 2092 1338 1924
&3 AND OVER 2N (-] 1 Q 110 2AUN0 132 164 179
FHEDIAN AOE (2) .7 .0 20.9 Q.0 3.9 42.3 33. 4 34.7 34.2

TOTAL FEMALES 36313 -] 1423 ] 3400 2014 429 2103 aar?
UNDER i YEAR » (-] R34 (-] 14 11 37 12 19
1 AND 2 YEARS 2 0 a7 [-) [ <] -3-] ) 70 33 A7
3 AND 4 YEARS [ -] -] 20 (] [ ) 9 &7 a 0
9 YEARS - Q 9 (-] 47 19 43 L4 . 16
& YEARS [} (] 9 [} L1 10 a1 17 19
7 TO 9 YEARS 13y -] 16 -} 1% «3 190 49 &0
10 TQ 12 YEARS e - 20 Q 209 136 208 129 "
14 YEARS &b o 1 -] 7 26 o8 20 a3
13 YEARS [ o 1 3 (-] ™ 43 3 b a2
14 YEARS [ o ] -] ” L B 17 0
17 YEARS 73 0 1a (-] 70 26 v 43 W
18 YEARS (] -] b =] (] - 44 % n 18
19 YEARS 2 (-] 219 -] &0 26 4 36 < )4
20 YEARS 39 ] 189 -] B 13 44 a3 36
21 YEARS 36 -} * (] €0 a3 N N 286
22 TO 24 YEARS 130 ] 169 0 * 47 ” ” 112
2V TO 29 YEare 31 [ 193 (] 186 o4 180 180 a1
50 TO 34 YEARS ' 37 Q 72 -] I 103 ne 210 2
39 TO 44 YEMRS &v7 -] ®B 0 710 394 ne %2 - 378
43 TO 34 YEAR3 448 Q 4 e e 368 L 1} =20 24
99 T0 99 YEARS R ° 1 -] 168 199 178 123 101
0 AND &1 YRARS [3) -] Q © 47 2 » k=] »
62 TO o4 YEARS [ -] (] (-] -] L] kL] 2 9 a3
43 TO 74 YEARS 197 [} -] Q 104 134 24 102 149
79 TC 84 YEARS - -] -] -] s 0 [} 107 119
29 YEARS AND OLDER 13 ] -} [-] LB 19 a1 as 44
UNDER 3 YEARS 10 -} ob -} 1% - &8 174 n 92

S = 17 YEARS 734 ] 70 -] 230 39 a2 - - =] 266
19 = &4 YEARS 2424 ] 1287 [-] t-384 1368 222 1824 1E-241
63 M OVER a0 [-) -] -] 137 194 180 arn e
MEDIAN ABE (D) 39.2 Q.0 0. 2 0.0 .8 41. 6 e 3. 2 4 9

TOTAL POPULATION L7090 -] 2999 Q 6768 3982 6678 4340 [ Y4 24
POPULATION BY ASE (1)

UNDER O YEARS Nn? (-] 143 -] 377 129 W0 190 107

9 = 17 YEARS 1303 -] 144 [-) 1684 [ ] 1742 [* ¥ &08
19 = 44 YEARS 4513 <] 2710 (-] 4840 2042 4274 2992 34993
&9 A ORR 30! -] 3 -] as7 404 302 437 907
BUPPREDEED -] -} -] 2 -] -] [-] -] -]
MEDIAN ACE (20 34 9 -} 20 9 00 R a1 9 b= 3% 9 34 2
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TARLE 2: POPULATION BY AGE AND SEI FOR ENTIAE CENSUS TRACTS

TRACT  (@e@UPPRESSED) 2. 1 26 IR 26 27, 00 4238. 00 &29 00 630. 01 630 04 A0. 03

ACE BY SEX (1)

TOTAL MALES 181 1913 2081 3360 29% 980 3009 2612 81t
UNDER 1 YEAR 7% 0 ° 0 19 ? -] 9 2
1 AND 2 YEARS 37 o ] 43 22 12 32 s 1
J AND & YEARS 39 1 1 a2 2 ] 43 11 L]
9 YEARS as ] Q 1Y ) 14 19 a2 3 1
& YEMS 19 Q ] <0 10 - 14 9 3
7 TO ¢ YEARS kad -] (-} L o) 4 n L ] 31 11
10 TO 13 vEARS N 0 ] 194 78 s2 201 &7 30
14 YEARS 19 -} o 40 a7 18 43 26 S 7
19 YEARS 19 ] ] 41 24 14 [~ 229 -
16 YEARS 19 0 - % a2 7 20 &7 a3 11
17 YEARS 39 -] -] 99 44 20 78 [} is
18 YEARS 18 o 13 Fad 42 14 [ L ?
19 YEARS 12 ] [+] 46 44 -+ L) 24 v
20 YEARS -} 1] -] =] e 12 &b b 1Q
21 YEARS 19 -] -] 37 &7 a1 3] 28 ?
22 TO 24 YEARS ”? 1 a 23 229 e =] 210 LY 33
29 YO 29 YEARS 209 B ) 1 486 J04 pe ] 2974 162 7
0 TQ 34 YEARS 3 ] 3 04 %4 41 249 1956 L ad
39 TO 44 YEARS 100 19 3 90 B 124 306 7% 128
43 TO 94 YEARS 118 a3 11 393 a8t 140 &30 99 161
39 7O 37 YEARS 47 a7 &4 218 199 % 4] 299 78
60 AND &1 YEARS 18 20 36 =0 46 0 112 s? 29
42 TO 64 YEARS 2 120 106 [ ] 49 13 136 a6
3 TO 74 YEARS 129 543 1021 206 198 7 284 311 )
73 TO 84 YEARS 101 &39 70% 1 63 :? ” 120 11
83 YEARS AND OLDER 10 128 1az <~ a1 7 a9 - 2
UNDER 3 YEARS ” 3 1 102 [ -] 20 ¥? 24 1

9 ~ 17 YEARS are -] -] 432 297 179 e - =1% e
18 =~ &4 YEARS 08 173 23 2504 2009 «54 X744 1704 [
€9 AMD OVER 2W8e 139 1897 a2 2329 123 <7 %) 433 ka4
MEDIAN ADE (2) .4 79.9 no M. 4 31.0 4.1 29.0 8.3 42 7

TOTAL FEMALES 1744 2831 J336 4132 2999 1082 ra%} 981 a1
UNDER | YEAR 19 0 1 =9 19 3 0 ? -]
1 AND 2 YEARS L -] -] 1 a3 0 10 o k 2
J AND 4 YEARS 2 - o - 19 ® 3 9 [
9 YEARS : 17 1 (-] 14 Y ] - 4 1?7 9 3
& YEARS 3 (-] o 16 L 4 11 b -] [
7 TO.9 YEARS ”n 3 Q .14 o8 ae 102 k14 12
10 TO 13 YEARS L 44 1 -] 129 | 74 81 176 %4 n
14 YEARS ¢ ] (-] ] &4 H 2 * &3 ae ]
19 YRARS iv -] (-] 2 16 16 o * ]
16 YEARS 17 ] Q « ¥ 20 [ ] 3¢ 13
17 YEARS 10 o -] N 220 1 ¥ 4 7 b - 10
18 YEARS 17 Q o 4% n 21 39 IR 7
19 YEARS 19 -] 2 49 47 18 L] b -] L
20 YEARS 17 -} L] 34 L. J 19 oh 2 [}
23 YEARS b4 (-] Q & [ «* &0 e - ?
&2 TO 38 YEARS 102 3 2 M9 aan 31 197 [ 24 3
2% TO 2% YEAMS 236 9 4 b1~ ] 343 N 214 182 | ]
30 TO 34 YEARS 183 H 2 s 190 7 aal 199 70
39 TO 44 YEARS 179 12 12 494 2432 144 319 400 192
43 YO %4 YEARS 110 n A2 4310 300 19¢ (11} 409 134
93 TO 99 YEARS 2 [ ] 143 avn 1 119 319 3 [
&0 MD 4l YEARS = 0 " 107 *®0 3 [ 117 a2
&2 TO 64 YEARS 4 137 242 an o9 L] 132 18t L
43 TD 74 vEArs 200 1181 1693 7 196 L L] 31} 40% &t
73 TO 84 YEARS 110 1160 1078 ans 128 5 130 24 18
B89 YEARS AND GLDER 14 190 206 kg4 9 11} a1 » L
UNDER 3 YEARS 113 Q 2 108 . 94 19 [ ] N 13

9 = 17 YEARS 143 3 -] 43 209 197 &02 37 re
18 =~ &4 YEARS 1033 317 208 2941 1837 743 3320 20950 632
&3 AND OVER 327 2311 Faal) &2 xR 163 909 71 [
MEDIAM AGE () 1.9 74.3 7.3 .9 . ¢ 49. 9 41. ¢ 3. 6 40 8

TOTAL POPULATION 333 444 61?7 76%2 %193 2062 7918 3393 1622
POPULATION BY AQE (1)

UNDER 3 YEARS aii 1] 3 e 134 47 177 47 a3

A = §7 YEARS 3%0 ) 3 -] %03 82 a32 1201 468 160
19 - &4 YEARSD 2021 490 761 3839 IBe2 1397 3364 3794 1264
43 ARD OVER 973 3930 4939 1094 07 286 are 11324 167
SUPPREBIED Q0 -} -] -] Q Q -] Q -]
REDIAM AGE (2) 31.9 74. & 72.9 3.7 331 44 8§ 0. % 49 ° a4y 7
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TABLE 2 POPUWATION §Y AGCE AND SEX FOR ENTIRE CENSUS TRALTS

TAACT: (0=BUPPRESSED) 630. Ob 630. 07 £30. 00 631 Ole #31. 02 631, 02 32 01 832 O 833 0

AGE 8Y SEX (1)

TOTAL MALES 1647 1491 48 1297 a7 1334 1677 19 28
UNDER 1 YEAR 'y 12 o 13 N 17 n 24 48
1 AND 2 YEARS 1% 4 19 -} 13 74 a9 41 Fad &?
3 AND 4 YEARS 10 20 0 12 4% 24 3= k) 4
3 YEARS 7 10 ° ? 19 17 13 14 I
6 YEARS C 10 ° L 21 13 -3 10 2s
7 YO ? YEARS 43 &2 0 = 78 .- 0 av e )
10 TO 13 YEARS 71 111 0 .2 722 100 79 *» % -
14 YEAMRS 17 42 o 17 as 24 it 20 N
19 YEARS 1® 42 -] 19 a7 21 16 19 3
14 YEARS 18 L2} <] 17 3 <~ 4 1 16 fo e §
17 YEARS 21 38 0 14 a2 40 24 24 a
18 YEARS Fed 22 0 20 = as 21 24 40
19 YEMS 91 41 0 20 43 27 7 = 82
20 YEARS a2 3l [ n 4 26 32 33 87
21 YEARS 72 23 [ = ] 34 47 29 71
22 TO 24 YEARS 172 28 2 106 286 2 148 136 208
29 TO 29 YEARS 202 43 1 3 473 119 203 =2 a2
30 TO 34 YEARS 139 49 0 124 310 3 177 171 aie
39 TO &4 YEARS 173 212 ] 19 a2 157 198 198 208
43 TO 354 YEARS 174 a9 1 18 200 190 1486 137 . 281
33 TO 57 YEARS L 1632 10 7 L ®0 &3 72 148
60 AND &1 YEARS 23 3¢ i 2 © 49 24 20 n st
&2 TD &4 YEMRS a aY 3 » 93 28 29 44 *0
&3 TO 74 YEARS 128 Lad 13 o8 LY [ ] 26 79 a7 i
73 TO B4 YEARS 3 2 12 11 43 23 a3 a8 83
83 YEARS AND OLDER 4 s 0 10 19 o 12 1e 21
UNDER 9 YEARS -~ a ] 2 191 b 104 ” 162
8 - 17 YEARS 206 a9 ° 138 329 29 224 210 340 )
18 = &4 YEMRS 1220 ?91 24 1032 1080 203 1210 1091 2084
&3 AD OVER 188 120 27 a? 149 L] T191 129 3z -
i
MED AR AGE (2) 20.7 avr. e 87.0 20.1 296 29. @ 20.8 29.7 30 9 '
TOTAL FENALES 2082 1910 &3 1209 747 1401 1691 1663 3278 o
. ’
. UMDER 1 YEAR o 10 ° 14 a1 13 28 be ] 42 : ;
1 AND 2 YEARS i9 a ° o1 Iy 22 % 29 ae
3 AMD 4 YEARS 11 26 0 20 - 48 a I > 20 .
5 YEARS . 7 0 » » 13 11 s 20
o YEARS 7 12 ) 7 ] 13 12 12 E)
7 YO * YEARS 23 4 ] " &7 47 L 43 7
10 TD 13 YEARS o8 122 ) 1) ” 86 50 ol 108
14 YEMS aa 32 -] k4 b~ 9 12 13 20
19 YEARS as 3s 0 12 38 24 20 a2 26
14 YEARS 20 24 0 18 32 19 19 19 43
17 YEARS ax» 43 0 19 3 19 18 17 a3 .
18 YEARS a7 =] ° n 43 23 22 a 47
19 YEARS bb a8 ° a2 97 2 -] k<] 72
20 YEMRS @ 14 0 30 st as re F 76 '
21 YEARS 116 14 ] a1 &7 20 7] a8 £ Y
22 TO 24 YEARS e 42 0 142 i "2 109 133 281
29 TO 29 YEARS ..26Q ae 1 190 147 243 an? 294
20 TO 24 YEARS 166 2% 0 104 -79Y T 114 164 129 209
33 7O ¢4 YEARS 182 are ] o -1 179 194 187 201
43 TO 54 YEARS 149 27 7 199 208 189 197 142 202
99 TO 29 YEARS 129 128 12 a7 123 e ™ 100 212
60 ND &) YEARS -8 20 1 2 49 34 ] 29 )
62 TO &4 YEARS v 43 ) n 1Y 4 20 IV t1 122
63 TO 74 YEARS 169 4 26 3 124 7} . 98 143 320
7% 7O 94 YEARS 103 9 13 a» " = 4 e7 193
89 YEARG AMD OLDER 10 ] ° 20 71 %Y Nn 3 . e
UNDER 9 YEARS Ja 87 ° -] 199 ey 12 o2 140
8 « 17 YEARS to® ax ° 194 04 249 20 197 97
18 - o4 YEARS 1562 10'e 20 L] 1962 933 117% 1113 64
43 AND OVER 280 119 37 311 % 133 178 263 584
MEDIAN ACGE (2) 29.9 3.8 87.9 9.7 29. 4 2.9 20. 9 32.3 3 4
TOTaL POPVLATION 3730 3009 131 1 3204 2799 3348 2194 bsled l
POPULATION BY AGE (1)
UNDER 5 YEARS 67 toe ° L) 308 132 223 193 202
s - 17 YEARS 409 062 ) 202 ox] 942 444 407 r27
18 - o4 YEARS 2782 1970 a7 2020 2890 18% 397 2202 4220
a9 and OVEA 47 24% v 180 449 239 202 402 07
SUPARLSRED 0 ° [} ° ° (-] ° 0 °
MEDIAN AGE () 30 2 39. 8 67 2 L ;e a1 20 7 20 8 a9
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Appendix B
REPORT ON THE SOIL AND AIR TESTINGS

AT THE PROPOSED TCE-CONTAINING WATER PUMPOUT SITE
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INTRODUCTION

on May 15, 1989, surface soil and ambient air samples were
collected at and adjacent to the proposed Orange County ' Water
District Irvine Ranch Water District (OCWD/IRWD) proposed
trichloroethylene water pumpout station which will be located at
the cross-section of Jeffrey Road and Irvine Center Drive in the
Ccity of Irvine, California. The objectives of this survey were 1)
to determine if there is residual trichloroethylene concentration
in the top layer of soils which have been irrigated with
trichlorcethyle-containing water for at least 5 years and probably
longer and 2) to document the airborne concentrations of
trichloroethyle at and in the immediate vicinity of the site while
the drip irrigation was in service in order to provide reference
measurements as to the pre-construction existing trichloroethylene
concentration in the area.

PROJECT AND SITE BACKGROUND INFORMATION

In 1985, during the course of a routine basinwide groundwater
monitoring of all active wells, the OCWD detected trichloroethylene
for the first time in three Irvine area irrigation wells. Further
investigations revealed that trichloroethylene groundwater
contamination had extended as far as approximately three miles west
of the El1 Toro Marine Corps Air Station (MCAS) at depths ranging
from 200 to 450 feet below ground level. It wunderlines
approximately 2,900 acres and impacts as much as 150,000 acre-feet
of groundwater. Further, the trichlorocethylene laden water body is
migrating westward at an estimated rate of 1 to 4 feet per day.

In order to protect the Orange County water supply sources that
are located downgradient, OCWD has proposed a trichlorocethylene
containment program to slow and curtail the westerly migration of
the trichlorocethylene plume. The program will install a pumping
station that withdraws 700 <gallons of trichlorcethylene .
contaminated water per minute for irrigation use. The proposed
pumping station is on the west side of the trichlorcethylene plume
and located at the cross-section of Jeffrey Road and Irvine Center
Drive. The pumped ocut trichloroethylene water will be connected to
the existing IRWD reclaimed water delivery system, blended with
trichlorcethylene-free water from other sources, and then used in
drip and sprinkler irrigation in the City of Irvine. .

Concurrent with pumping station design, OCWD is in the process of
preparing a health risk assessment to determine the probability and
magnitude of potential health risks that may associate wit@ the
proposed trichloroethylene water containment progran. Preliminary
findings indicate that inhalation is the significant exposure
pathway by which emitted trichlorcethylene may reach to potential
impacted human receptors. Volatilization of dissolved

R525/02
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trichlorcethylene is the major major mechanism of potential
trochloroethylene release. This study was therefore designed and
executed to determine the existing'trlchloroethylene concentrations
in the soils and ambient air in the proposed project area. !

At the present time, the proposed project area is an orange

orchard. It has received water from The Irvine Company's (TIC)

irrigation wells #35 and #47 since 1985.' TIC-35 and TIC-47 draw
water from the same aquifer as the proposed plan but at different
depths. Soil and air samples were collected in this study at and
in the immediate vicinity of the proposed pumping station as well
as TIC 35 and TIC 47 wells to document pre-construction
trichlorocethylene concentrations in the soils and ambient air.

Due to the short duration of the sampling, the measurements
reported here are indicative of air quality in the study area and
serve to provide a reference point to determine the project-related
incremental risks of potential trichlorcethylene emissions. The
findings of this study are not meant to be definitive as
trochlorocethylene emissions from the site but rather correlative.
This study also serves as the start of a long-term air quality and

soil testing which would offer more definitive assessment to

trichloroethylene emissions from the proposed project.

SUMMARY OF SAMPLING AND ANALYTICAL METHODS
a. Air Sahpling

Amblent air samples were collected using SKC personal sampling
pumps calibrated to flowrates of 0.20 liters of air per minute.

Air was collected to a 2 liter Tedlar bag attached to the pump by
1 inch of tygon tubing at 0.20 liter per minute for 10 minutes.
Samples were then sealed and placed in light resistant polyurethane
bags. Bags were containerized and transported to the laboratory

with chain of custody for trichloroethylene analysis with a

detection limit of 0.03 part per billion (ppb).

A total of 9“Samples were collected on-site concurrent with 1 off-
site sample serving as site control. Figure 1 identifies the
locations of monitoring stations. Specifically, three samples were
collected at distances of 20, 200 and 500 meters north of each of
the following three reference points: ’

Reference Pt. 1 - Intersection of Jeffrey Road
and Irvine Center Drive (JICD)

Pt. 2 - Tic 35 Well Head (35)
Pt. 3 = Tic 47 Well Head (47)

R525/02
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The following nine samples were collected from the site:

Reference Pt. 1 - MY0515~JICD/20 A
MY0515-~JICD/200 A
MY0515-JICD/500 A

‘Reference Pt. 2 - MY0515-35/20 A
: MY0515-35/200 A
MY0515-35/500 A

Reference Pt. 3 - MY0515-47/20 A
MY0515-47/200 A
MY0515-47/500 A

Sample identification was designated by the reference point and its
corresponding distance from the reference point. For example,
sample MY0515-JICD/20m A indicating the air (A) sample was
collected on May 15 at 20 m north of the cross-section of Jeffrey
Road and Irvine Center Drive (JICD). Sample MY0515-BKGD was taken
at a location approximately 1 mile east from TIC 47 to serve as
site control. It was bagged and sent with the rest of the samples.
All air samples were collected 4 ft. above ground.

Air samples were analyzed for trichlorocethylene by Environmental
Analytical Services (EAS), Inc. of San Luis Obispo, CA according
to EPA method TOl4 with gas chromatograph/electron capture detector
method.. ,

b. Soil Sampling

Scil samples were collected -on the same date at the same 9
preselected locations as the air samples. The only difference being
the soil samples were taken at the first orange tree to the east
of the intersection of the reference point. The soils were
collected below the surface between 4 to 6 inches at the first
outlet of the drip irrigation of the corresponding orange tree.
At the time of sampling, soil samples were saturated with water due
to lrrlgatlon Soil samples were then labeled and placed in 8 oz.

Mason jars and sealed with teflon 1lids. Samples were then
delivered to Chemical Research Laboratories (CRL) at Garden Grove,
CA where trichlorocethylene analysis was performed according to EPA
" method 8010 at a detection level of 1 part per billion (ppb).

Nine soil (S) samples collected are as follow: - !
Reference Pt. 1 - MY0515 - JICD/20 m S

MY0515 - JICD/200 m S
MY0515 - JICD/500 m S

R525/02
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Reference Pt. 2 - MY0515 = 35/20
MY0515 - 35/200
MY0515 - 35/500

sgHd

nhnn nounn

Reference Pt. 3 = MY0515 - 47/20 m
MY0515 - 47/200 m
MY0515 - 47/500 m

RESULTS AND DISCUSSIONS

A copy of the laboratory reports on air and soil analysis is
attached at the end of this report for reference.

trichlorocethylene was measured in all 9 on-site air samples and one
off-site sample. Airborne trichloroethylene concentrations detected
on the site ranged from 0.32 to 1.20 ppb and one sample of the site
MY0515-BKGD was measured at 0.25 ppb (EAS report).

All nine detected trichlorocethylene concentraticns at the site were
higher than the 1986-1987 annual average trichloroethylene
concentration reported by the South Coast Air Quality Management
District and California Air Resources Board measured at the Irvine
Regional Park (0.2 ppb) (Table 1). The airborne trichlorocethylene
concentration (0.25 ppb) detected at the location which served as
site control (sample MY051589-BKGD) was alsc higher than the 1986-
1987 annual average measured at the Irvine Regiocnal Park.

Because both on-site and off-site locations all detected higher
trichloroethylene concentrations than the 1986-1987 annual average

trichloroethyleneconcentration measured in the same region, the

observed higher trichloroethylene concentrations may serve as an
indicator of a trend indicating airborne trichloroethylene in the
study area. Furthermore, due to the characteristics of short-term
nature of collected samples, the possibility of some still-to-be-
determined off-site trichlorcethylene releases during the time of
air monltorzng could not be ruled out.

The p0551ble sources of airborne trichlorcethylene cannot be
determined at present time with certainty. The detected
trichloroethylene concentration at the sxte may result from off-
site industrial or household releases’ , on-site irrigation of
trichloroethylene containing water, and the levels are near the
reglonal background concentration as reported by the SCAQMD .and
cARB' TAhey could also be affected by laboratory analysis validity
or potential error.

! 1985 Annual Average Ambient Air Concentrations of various
Toxic Organic Gases in the South Ccast Air Basin.
R525/02
1G-3388 , 4
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The detected trichlorcethylene is believed not to be solely from
the irrigated water based on the following calculations:

¥

Water samples collected at TIC-35 and TIC~47 well heads at the time
of air monitoring contained 7 ppb trichloroethylene. Total pumping
rate of trichlorcethylene containing water at these two wells was
1,300 gallons per minute during the air monitoring period (OCWD
unpublished data). Under the worst case scenario which assumes
complete use of pumped water within the test area (500 m by 1000
m), 100% trichloroethylene evaporation from applied water, and
rapid mixing of the released trichlorcethylene up to 10 m height
in the ambient air, the amount of trichlorocethylene released from
irriq;tion water during the 10-minute air sampling pericd was 4.095
X 10" g. This amount of trichloroethylene release would result in
a 1.53 x 10~ ppb measured trichlorcethylene concentration to the
existing air quality. The calculated trichloroethylene incremental
concentration was more than five orders of magnitude greater than
the amount that could be contributed by TIC-35 and TIC-47 wells.
The contribution of trichlorcethylene released from drip irrigation
operation was therefore determined de minimus as compared to the
existing trichloroethylene concentrations in the region.

It is evident that at the time of sampling there was a
trichloroethylene concentration variation throughout the sampling
area which measured approximately 500 m by 1000 m in size A. Close
examination of the measured trichlorocethylene concentrations on-
'site reveals that there is no apparent correlation between
trichloroethylene concentrations and the locations of monitoring
stations and the location drip irrigation head. This conclusion
is based on the examination of relative distance between location
of the monitoring stations and well heads. The nine monitoring
stations wells basically located on three parallel "lines" all
running northeast to southwest with the TIC-35 "line" being at the
center (Figure 1). The detected airborne trichlorcethylene
concentrations at TIC-35 "line" were between 1.1 to 1.2 ppb
comparing to 0.77 to 0.94 ppb at JICD "line" and 0.32 to 0.83 ppb
at TIC-47 "line™. JICD "line" and TIC-47 "line" is located
approximately 250 m northwest and 750 m southeast of TIC=35 "line™",
respectively. Samples taken from TIC-35 "line" consistently had
higher trichlorcethylene concentrations than the ones collected
from JICD "line" in spite of longer delivery distance (up to 500
m from the well head as compared to approximately 250 m).

None of the. 9 soil samples collected contained trichlorcethylene
at more than 1 ug/kg (CRL report). This finding is significant with
respect to future risk assessment since the soils were sampled from
an area that has been receiving trichloroethylene contaminated
water for irrigation for more than five years. Such results
suggested that after the application of contaminated water,
trichlorcethylene is very likely quickly evaporated into ambient

R525/02
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air and there is no detectable amount of trichloroethylene remains
in the surface soil as a residual. '
@
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TABLE 1
AVERAGE AMBIENT CENTRAT!ONS OF TCE
DURING THE MATES ' PERIOD (1984-1987)

l. (CONCENTRATIONS 'IN ppb) ;

SCAGMD - NETWORK : ARS
ANAHEIM  AZUSA  BURBANK  HAWTHORNE El Monte . LONG BEACH  L.A. RUBIDOUX  UPLAND
A’ Conc. . 3.5 67 .7-.8 2.4 v a3 210 .2%0 26 .49
s Dev. .5 .7 6 5 .082 .092 .083 070 572
Detection Limit .2 .2 .2 .2 .005 .005 .005 .005  .00S
sagple Size/<#OL 31717  32/10 26/4 29/22 10/0 28/0 31/0 2776 3170
Di Category B B 8 ] A A A A A
1 SCAGMD - NETWORK ARB
© L.A SCHOOL MAYMOCD BELLGARDENS  ATAT GARDENA  RANCHO  YORDA  IRVINE  L.A.  BURBANK
DIST. HAWTHORNE DOMINGUEZ LINDA  PARK  FIRE DEPT. POLICE
ave. Conc. beS J3ub -3 1.3 .0-.3 -3 1.3 -3 A3 35
std. Dev. 4 .9 b .5 .2 .2 . 3 * "
odiRction Limit .2 .2 .2 .2 .2 .2 .2 .2 .2 .2
le Size/<#OL 30/11 31721 29721 30/26 30/27 323 3130 29726 32/29  31/%
Category 8 8 8 B . 8 8 [ B c 8

N': a - Data catagory codes: A - Most af thedata above detection Limits (>90%), C - Very few of the data points are above detection
limits (<10%), and B - Several data points fall above and below detection limits.

l b - standard deviation not calculated for Data Catagory C.

(1) Multiple Air Toxic Study, AGMD

<#0L - Number of samples reported below the detection limit



Figure 1: Locations of Soil and Air Sampling Stations ®
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Enseco - CRL / South Coast
7440 Lincoln Way * Garden Grove, CA 92641
(714) 898-6370 « (213) 598-0458 * (800) LAB-1-CRL
FAX: (714) 891.5917

= =

May 18, 1989

MED-TOX ASSOC INC : Analysis No: G-8913512-001/009
1431 Warner Avenue Date Sampled: 15-MAY-1989
Suite A Date Sample Rec’d: 16-MAY-1989
Tustin, CA 92680 Project: MY051589

Attn: Mr. Michael Yang
Enclosed with this letter is the report on the chemical and physical analyses on the
samples from ANALYSIS NO: G-8913512-001/009 shown above.

The sémples were received by CRL in a chilled state, intact and with the chain-oféc@:ody
record attached.

Please note that ND( ) means not detected at the detection limit expressed wvithin the
parentheses.

Solid samples are reported on "as ‘received” basis.

Preliminary data vere provided on May 17, 1989 at 2:00 P.M. to Mr. Michael Yang.

Tha Repert Cover Lotiar is an integral part of this rapert.

Tes report pertains oy 10 the Sampies inveshgaled ana does not necessanty apply to other apparently 1dentical or Simiar maienals. Tiis report 1s Submitted for the exclysive
(cs2 of the Clent 10 whom £ 13 3607eSsed. Any reproauchon of 1is report or usa of this Laoratory s name for aavertising of pudlicity pUroses without 3utRonzalion 1S preMIdited.



Enseco - CRL / South Coast
7440 Lincoin Way ® Garden Grove, CA 92641
(714) 898-6370 » (213) 598-0458 » (2800) LAB-1-CRL

FAX: (714) 891-5917 Laboratory Report

-----------------------------------------------------------------------------
---------

Analysis No.: G-8913512-001

MED-TOX ASSOC INC

1431 WARNER AVENUE

SUITE A

TUSTIN, CA 92680

ATTN: MR. MICHAEL YANG
Project: MY0S51589

Sampla ID: MY051589-§35-20%

------------------------------------------------------------------------------------
-

Date Sampled: 15-MAY-1989

Date Sample Rec’d: 15-MAY-1989
Date Analyzed: 16-MAY-1989

Sample Type: SOLID

Halogenated Volatile Organics (EPA 8010)

Chloronethana
Bromomethane

Vinyl Chloride
Chloroethane

Methylene Chloride
Trichlorofluoromethane
1,1-Dichloroethene
1,1-Dichloroethane
trans-1,2-Dichloroethene
Chloroform
1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon Tétrachloride
Bromodichloromethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
cis-1,3-Dichloxopropene
2-Chloroethylvinyl ether
Bromoform
Tetrachloroethene .
1,1,2, 2-‘re:rachloroethane
Chlorobonzeno
1,2-Dichlorobenzene
1,3.Dichlorobenzene
1,4-Dichlorobenzene

Detection
Result: Blank Limic

355555355553%%55553555355335
CEEEEEEEEEEEEEEEEEEEEEEEEREE

0 1 0 s 1t 1 1 et 1 s et e e 1 e et b et et S et e e e el et

The Repert Cover Latter is 28 integral part of this repert.

Thes report pertains oy 10 (e samples inveshgated and does not necessanty appty 10 GKher apparently :gentical of SiMiar matenals. Trus repert s sutmutted for e exclusive
usa of the chient {0 whom ol 1S 200ressed  Any re0o0uchion of this report of usa of s Laboratory's name tor 3overtising or publicity purposes without authonzation s prombited.
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Easeco - CRL / South Coast
7440 Lincoin Way ¢ Garden Grove, CA 92641
(714) 898-6370 » (213) 598-0458 ¢ (300) LAB-1-CRL

FAX: (714) 891.5917 Laborat;ory Reporc
MED-TOX ASSOC INC Analysis No.: G-8913512-002
1431 WARNER AVENUE Date Sanpled 15-MAY-1989
SUITE A ' Date Sample Rec’d: 15-MAY-1989
TUSTIN, CA 92680 Date Analyzed: 16-MAY-1989
ATTN: MR. MICHAEL YANG Sample Type: SOLID

Project: MY051589
Sample ID: MY051589-#$35-200M

--------------------------------------------------------------------------------------

o/ Halogenated Volatile Organics (EPA 8010)
Units: ug/kg
Detection

Parameter | Result  Blank Limit

--------------------------- L X X ssecevems cemsces “ncwsosea

Chloromethane
Bromomethane

Vinyl Chloride
Chloroethane

Methylene Chloride
Trichlorofluoromethane
1,1-Dichloroethene
1,1-Dichloroe:hane
trans-1,2-Dichlorocethene
Chloroform
1,2-Dichloroathane
1,1,1-Trichloroethane
Carbon Tetrachloride
Bromodichloromethane
1,2-Dichloropropane
trans-1l,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
cis-1,3-Dichloropropene
2-Chloroethylvinyl ether
Bromoform
Tntrachloroethenn
1,1,2,2- Tecrachloroechane
Chlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene .
1,4-Dichlorobenzene

555855885855555553885838538338
3553555335%555%5553555553555

ann IIIII'HIII - "llli G N EE . i|II; GaE am Allll - . III"IEIII

* The Report Cover Lotinr i 3@ iatsgral part of this repert.
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Enseco - CRL / South Coast
7440 Lincoln Way ® Garden Grove, CA 92641
(714) 898-6370 ¢ (213) $98-0458 » (800) LAB-1-CRL

FAX: (T14) 891-5917 Laboratory Report
MED-TOX ASSOC INC Analysis No : G-8913512-003
1431 WARNER AVENUE Date Sampled: 15-MAY-1989
' SUITE A . : ©  Date Sample Rec’d:. 15-MAY-1989
TUSTIN, CA 92680 Date Analyzed: 16-MAY-1989
ATTN: MR, MICHAEL YANG Sample Type: SOLID
l Project: MY051589 o
Sample ID: MY051589-#35-500M
Halogenated Volatile Organics (EPA 8010)
l Units: ug/kg ‘
Detection
Parameter Result Blank Limie
' Chloromethane ND ND 1
Bromomethane ND ND 1
Vinyl Chloride ND ND 1
l Chloroethane: ND ND 1
Methylene Chloride ND ND 1
Trichloroﬂuoromethane . ND ND 1
1,1-Dichloroethene XD ND 1
. 1,1-Dichloroethans ND ND 1
trans-1,2-Dichloroethene ND ND 1
Chloroform ‘ ND KD 1
1,2-Dichloroethans ND ND 1
. ' 1,1,1-Trichloroethanes ND ND 1
Carbon Tetrachloride KD ND 1
Bromodichloromethane XD KD 1
1,2-Dichloropropane ND ND 1
trans-1,3-Dichloropropene RD ND 1
Trichloroethene ND ND 1
Dibromochloromethane ND ND 1
1,1,2-Trichloroethane ND ND 1
cis-1l,3-Dichloropropene ND ND 1
2-Chloroethylvinyl ether ND ND 1
Bromoform ND ND 1
Tc:rachloroethcn. . KD ND 1l
1,1,2,2-Tetrachloroathane XD ND 1
Chlorobenzen- ND ND 1
1,2-Dichlorobenzene XD ND 1
1,3-Dichlorobenzene ND ND 1
1,4-Dichlorobenzene ND ND 1

-_ﬁt-

The Repert Caver Latter is 2n integral part of this repent.
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Enseco - CRL / South Coast
7440 Lincoln Way e Garden Grove, CA 92641
(714) §98-6370 ¢ (213) 598-0458 * (800) LAB-I-CRL

FAX: (714) 891-5917 Laboratory Report

------------------------------------------------------------------------------------

MED- TOX ASSOC INC

1431 WARNER AVENUE

SUITE A

TUSTIN, CA 92680

ATTN: MR. MICHAEL YANG
Project: MY051589

Sample ID: MY051589-$47-20M

--------------------------------------------------------------------------------------

Analysis No.: G-8913512-004
Date Sanpled: 15-MAY-1989

Date Sample Rec’d: 15-MAY-1989
Date Analyzed: 16-MAY-1989
Sample Type: SOLID

Halogenated Volatile Organics (EPA 8010)

Chloromethane
Bromomethane
Vinyl Chloride

" Chloroethane
Methylene Chloride
Trichlorofluoromethane
1,1-Dichloroethene
1,1-Dichloroathane
trans-1,2- Dichloroethene
Chloroforn
1,2-Dichloroethans
1.1.1-Tr1chlorogchane

. Carbon Tetrachloride
Bromodichloromethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
cis-1,3-Dichloropropene
2-Chloroethylvinyl ether
Bromoform
Tctraehloroechene
1,1,2,2- Tc:rachloroe:hane
Chlorobenzcno
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene

Detection
Result Blank Limit

-----------------------

3333338353553 335858355553353
5555588559555595558555555553

ZFnseco —

The Report Cover Lettar is 3@ letogral part of this ropert,
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Enseco - CRL / South Coast
7440 Lincoln Way * Garden Grove, CA 92641
(714) 898-6370 @ (213) 598-0458 ¢ (800) LAB-1-CRL

MED-TOX ASSOC INC Analysis No.: G-8913512-005
1431 WARNER AVENUE Date Sampled: 15-MAY-1989
SUITE A ' ' Date Sample Rec’d: 15-MAY-1989
TUSTIN, CA 92680 Date Analyzed: 16-MAY-1989
ATIN: MR. MICHAEL YANG Sample Type: SOLID

Project: MY051589
Sample ID: MY051589-447-200M

Halogenated Volatile Organics (EPA 8010)
Units: ug/kg :

: Detection
Parameter Result Blank Limit
Chloromethane
Bromomethane
Vinyl Chloride
Chloroethane

Methylene Chloride
Trichlorofluoromethane .
1,1-Dichloroethene
1,1-Dichloroethane
trans-1,2-Dichloroethene
Chloroform ‘
1,2-Dichloroethane
1,1,1-Trichlorcethane
Carbon Tetrachloride
Bromodichloromethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichlorosthane
cis-1,3-Dichloropropene
2-Chloroethylvinyl ether
Bromoform )
Tetrachloroethens .
1,1,2,2-Tetrachloroethane
Chlorobenzens
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene

EEEEEEEEEEEEEEEEEEEEEEEEEEEE

asﬁsaasaa5555555555555555555

Thoe Aepert Cover Latter is 30 integral part of this repert.
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Enseco - CRL / South Coast

7440 Lincoln Way ¢ Garden Grove, CA 92641
(714) 898-6370  (213) 598-0458 * (800) LAB-1-CRL
FAX: (714) §91-5917

--------------------------------------------------------------------------------------

MED-TOX ASSOC INC

1431 WARNER AVENUE

SUITE A .-

TUSTIN, CA 92680

ATTN: MR. MICHAEL YANG
Project: MY051589

Sample ID: MY051589- #47 500M

....................................................................................

Laboratory Report

Analysis No.: G-8913512-006
Date Sampled: 15-MAY-1989

Date Sample Rec’d: 15-MAY-1989
Date Analyzed: 17-MAY-1989
Sample Type: SOLID

Halagenaced Volatile Organics (EPA 8010)

Units: ug/kg

Parm:cr

Chlorcmethan.
Bromomethans

Vinyl Chloride
Chloroethane

Methylene Chloride
Trichlorofluoromethane
1,1-Dichlorcethenes
1,1-Dichloroethane
trans-1,2- Dichloroet:hena
Chlorofom
1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon Tetrachloride
Bromodichloromethane
1,2-Dichloropropane
t:rans 1,3-Dichloropropene
'I‘richloroethcne
Dibromochloromethane
1,1,2-Trichloroechane
cis-1,3-Dichloropropens
2-Chloroethylvinyl ether
Bromoform
Tetrachloroethene
1,1,2,2- Tetrachloroethane
Chlorobenzenc
1,2-Dichlorobenzens
1,3-Dichlorobenzene
1,4-Dichlorobenzene

. Detection
Rasult Blank Limic

----------- LEX N XX cecsscsaen

EEEEEEEEEEEEEEEEEEEEEEEREEEE
§333955955355555835985555553
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FAX: (714) 891-5917 Laboratory Report

MED-TOX ASSOC INC

1431 WARNER AVENUE

SUITE A

TUSTIN, CA-92680 :

ATIN: MR, MICHAEL YANG
Project: MY051589

Sample ID: MY051589-JIC0-20M

Eanseco - CRL / South Coast
7440 Lincoin Way » Garden Grove, CA 92641
(T14) 898-6370 ¢ (213) 598-0458 * (800) LAB-1-CRL

Chloromethane
Bromomethane
Vinyl Chloride
Chloroethane
Msthylene Chloride
Trichlorofluoromethane
1,1-Dichloroethene
1,1-Dichloroethane
trans-1l,2-Dichloroethene
Chloroform

- 1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon Tetrachloride
Bromodichloromethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroethane
cis-1,3-Dichloropropene
2-Chloroethylvinyl ether
Bromoform
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Chlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene

Analysis No.: G-8913512-007
Date Sampled: 15-MAY-1989

Date Sample Rec’d: 15-MAY-1989
Date Analyzed: 16-MAY-1989

- Sample Type: SOLID

Halogenated Volatile Organics (EPA 8010)

Detection
Result Blank Limit

335588333333383953553353335333
333335355335333353333535353333

The Rapert Cover Latior is 29 intogral part of this repert.
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Enseco - CRL / South Coast

7440 Lincoin Way » Garden Grove, CA 92641
(714) 898-6370 ¢ (213) 598-0458 » (300) LAB-1-CRL
FAX: (714) 891-35917

MED-TOX ASSOC INC

1431 WARNER AVENUE

SUITE A

TUSTIN, CA 92680

ATIN: MR. MICHAEL YANG
Project: MY051589

Sample ID: MY051589-J1C0-200M

--------------------------------------------------------------------------------------

Laboratory Report

Analysis No.: G-8913512-008
Date Sampled: 15-MAY-1989

Date Sample Rec’d: 15-MAY-1989
Date Analyzed: 16-MAY-1989
Sample Type: SOLID

Halogenated Volatile Organics (EPA 8010)

----------------------------

Chloromethane
Bromomethane

Vinyl Chloride
Chloroethane

Methylene Chloride
Trichlorofluoromethane
1,1-Dichloroethene
1,1-Dichloroethane
trans-1,2-Dichloroethenes
Chloroform
1,2-Dichloroethane
1,1,1-Trichloroethane
Carbon Tetrachloride
Bromodichloromethane
1,2-Dichloropropane
trans-1l,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trichloroechane
cis-1,3-Dichloropropene
2-Chloroethylvinyl ether
Bromoform
Tetrachlorosthene
1,1,2,2:Tetrachloroethane
Chlorobenzens
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene

Detection
Result Blank Limit

CEEEEEEEEEEEEEEEEEEEEEEEEREEE
85885885883555855555533535585888
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Tha Repert Cover Latter is 28 integral part of thig report. l
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Enseco - CRL / South Coast
7440 Lincoln Way ¢ Garden Grove, CA 92641
(714) 898-6370 # (213) 598-0458 ¢ (800) LAB-1-CRL

FAX: (714) 891-5917 Laboratory Report

------------------------------------------------------------------------------
--------

MED-TOX ASSOC INC
1431 WARNER AVENUE
SUITE A
TUSTIN, CA 92680
ATTN: MR. MICHAEL YANG
Project: MY051589
Sample ID: MY051589-J1C0-500M /

Halogenated Volatile Organics (EPA 8010)

Chloromethane

Bromome thane

Vinyl Chloride
Chlorocethane

Methylene Chloride
Trichlorofluoromethane
1,1-Dichloroethene ’
1,1-Dichloroethane
trans-1,2-Dichlorcethene
Chloroform -
1,2-Dichlorcethane
1,1,1-Trichloroethane
Carbon Tetrachloride
Bromodichloromethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethens
Dibromochloromethane
1,1,2-Trichloroethane
cis-1,3-Dichloropropene
2-Chloroethylvinyl ether
Bromoform
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Chlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene

Analysis No.: G-8913512-009
Date Sampled: 15-MAY-1989

Date Sample Rec’d: 15-MAY-1989
Date Analyzed: 16-MAY-1989
Sample Type: SOLID

Detection
Result Blank Limict

CEEEEEEEEEEEEEEEEEEEEEEEREEE]
CEEEEEEEEEEEEEEEEEEEEEEEEEEE]

The Repert Cover Letter is an integrai part of this repert.
Thes report pertains onty 10 Ihe Sampies investigaled and goes not necessanty aoply to other apparently 1Identical of Simuar watenals. This report 15 sudmitied for the exclusive
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Enseco - CRL / South Coast
7440 Lincoln Way ¢ Garden Grove, CA 92641
(714) 898-6370 » (213) 598-0458 ¢ (800) LAB-1-CRL
MED-TOX ASSOC INC Analysis No.: G-8913512-001/009
1431 WARNER AVENUE Date Sampled: 15-MAY-1989
SUITE A , Date Sample Rec’d: 15-MAY-1989
TUSTIN, CA 92680 ' Sample Type: SOLID’ '
ATTN: MR. MICHAEL YANG
Project: MY051589
QA/QC Summary l
Average Relative
Spike Acceptable Percent Acceptable I
Date Parameter (Method) Recovery Range Difference Range
16-MAY-1989 1,1-DICHLOROETHENE (EPA 80 60-120 5. - 40 '
8010)
16-MAY-1989 T%IC!HJOROE‘I’HENE (EPA ’ 93 60-120 5. &0
8010)
16-MAY-1989 CHLOROBENZENE (EPA 8010) 72 60-120 13, 40 I
The Repart Covor Lotiar is 3a integral part of this repert. I

T report pertases only 10 the samples invesiigated and does nol necessanly 00ly 10 other apparently raentical or sumsiar matenals. This report s submutied for the exciusive



COPY OF AIR ANALYTICAL RESULTS

ED-TOX

ASSOCIATES, INC.



Environmental Analytical Service, Inc.

! 3578 EMPLEQ ST, SUMET S SAN LIS Q&SPO, CALITORNA 83301 203) 54‘.3565
sHALYTLCAI. RESULTS
' Trichlorcetayiesne Anaiysis by GC/ECD
Date Sampled: 5/15/85 -----
' Date Anzlyzed: 5/18/89
Lab ' Client MDI1, Resulz
Number Nunber ppbv ppOv
20828 . M¥Y¥051588~-35/204 8.03 1.2
0830 H¥Y051589-35/2034 0.03 1.2
S083s1 M7051588-35/8C0Ca gJ.03 1.3
80832 HY0S1588-47/20A 0.023 Q.77
£0833 MY0S51585-47/20C4 g.03 .88
0834 HY051588—-47/5C604 - 0.03. Q.32
80835 HY051588-51CD/204 .03 .78
808386 HY051585-JICD/20CA 0.23 0.84
80837 MY051588-J1CD/ 5004 2.08 .77
80838 MY051589~-BEGD .93 80.25



MED Tox i

ASSOCIATES. INC.

Appendix C

PRINTOUTS OF ISCST MODEL



----'---‘--' L

ISCST (DATED 83207)

AN AIR QUALITY DISPERSION MODEL IN

SECTION 1. GUIDELINE MCOELS :

IN UMAMAP (VERSION &) JUNE 88.

SOURCE: UNAMAP FILE ON EPA’S UNIVAC AT RTP, NC.

184-PC VERSION (1.62)

M

**% EL TORO TCE EMISSION STUDY WITH SCAQMD EL TORO MET DATA e

CALOULATE (CONCENTRATION=1,0EPOSITIONS2)

RECEPTOR GRID SYSTEM (RECTANGULAR=1 OR 3, POLAR=2 OR 4)
DISCRETE RECEPTOR SYSTEM (RECTANGULARs!,POLAR=2)
TERRAIN ELEVATIONS ARE READ (YES=1,NO=0)

CALOAATIONS ARE WRITTEN TO TAPE (YESai,NO=0)

LIST ALL INPUT DATA (NO=Q, YESs1,MET DATA ALSO=2)

COMPUTE AVERAGE CONCENTRATION (OR TOTAL ODEPOSITION)
WITR THE FOLLOMING TIME PERICOS:
NOURLY (YES=1,N0=0)
2-NOUR (YES=1,%0=0)
3-NOUR (YES=1,NO=0)
4-NOUR (YES=1,NO=0)
6-NOUR (YES=1,N0=0)
8-BOUR (YES=1,N0=D)
12-N0UR (YES=1,400)
26-NOUR (YES=1,N0%0)
PRINT #N‘-DAY TABLE(S) (YES=1,NO=0)

PRINT THE FOLLOWING TYPES OF TABLES WHOSE TIME PER!QS ARE
SPECIFIED BY 1SU(7) THROUGH ISW(14):
DAILY TABLES (YESs1,NO=0)

NIGHEST & SECOND NIGNEST TABLES (YES=1,M0s0)

MAXIMUM SO TABLES (YESs1,N0e0) '
METEOROLOGICAL DATA INPUT METHOD (PRE-PROCESSED=1,CARD=2)
RURAL-URBAN OPTION (RU.=0,UR. MODE 1=1,UR. MODE 2=2,UR. MCDE 3s3)
WIND PROFILE EXPONENT VALUES (DEFAULTS=1,USER ENTERS=2,3)
VERTICAL POT, TEMP. GRADIENT VALUES (DEFAULTS=1,USER ENTERS=2,3)
SCALE EMISSION RATES FOR ALL SOURCES (NO=Q,YES>Q)
PROGRAM CALCULATES FINAL PLLME RISE ONLY (YES=1,N0s=2)
PROGRAM ADJUSTS ALL STACK NEIGHTS FOR DOWMMUASH (YESs2,NO=1)
PROGRAM USES BUOYANCY INOUCED DISPERSION (YES=1,NO0=2)
CONCENTRATIONS DURING CALM PERICDS SET = 0 (YES=1,NOw2)
REG. OEEAULT OPTION CHOSEN (YES=1,N0a2)
TYPE OF POLLUTANT TO 8 MODELLED (1w502,2=0THER)
DEBUG OPTION CHOSEN (YESs1 NO=2)
ADOVE GROUND (FLAGPORE) RECEPTORS USED (YESs1,NO=0)

NUMSER OF INPUT SCURCES

'NUMBER OF SCURCE GROUPS (=0,ALL SOURCES)

TIME PERICO INTERVAL TO BE PRINTED (=0,ALL INTERVALS)
NUMBER OF X (RANGE) GRID VALUES

MMBER OF Y (THETA) GRID VALUES

NUMBER OF DISCRETE RECEPTORS

SOURCE EMISSION RATE UNITS COMVERSION FACTOR

HEIGNT ABOVE GROUND AT WHICK WIND SPEED WAS MEASURED
LOGICAL UNIT NUMBER OF METEOGROLOGICAL DATA

DECAY COEFFICIENT FOR PHYSICAL OR CNEMICAL OEPLETION
SURFACE STATION NO,

YEAR OF SURFACE DATA

UPPER AIR STATION NO.

YEAR OF UPPER AIR DATA

'ALLOCATED DATA STORAGE

REQUIRED DATA STORAGE FOR THIS PROSLEM RN

- MXPHTS =

1suc1)
1SW(2)
15W(3)
15W(h)
1SW(S) =
18U(6) =

- OQ =

ISN(7) =
15W(8) »
I1SW(9) =
1SW(10) »
ISW(11) =
1SW(12) =
15W(13) =
I1SW(14) =
ISW(13) =

-~ 00000000

184(C16) =
ISK17) =
ISK18) =
1SW(19) =
ISW(20) =
159(21) =
19W(22) =
ISTI) =
ISW(26) =
I8(25) =
19W(28) =
ISN27) =
15(28) =
1SW(29) =
I1SU(30) =
ISW(31) =

S NNN 2N NO 2 aillaa000

NSOURC =
NGROUP =
IPERD =

VOO -

NYPNTS = 11
nNYPT = O
X s,10000E+07
2x = 10.00 METERS
IT = 9
DECAY = ,00G000E+00
1SS = 53128
1SY = 81
JUS = 91919
{uy = 81
LIMIT = 43500 WORDS
MINIT = 703 WORDS

ED-TOX

ASSOQCIATES.

INC.



Mep-Tox |

ASSOCIAIES INC.

*ee £ TORO TCE EMISSION STUDY WITH SCAQMD EL TORO MET DATA e
»ve METEOROLOGICAL DAYS TO BE PROCESSED vee
(1#=1)
TI11111111 1111111111 111911811911 1111111111 1111111111
$111131811 1111414111 1111911111 1111111111 11111111179
TT11111441 1911411911 1191111111 11111111311 1111111111
$111111111 1111111911 11191117111 1111111111 1111111111
$19114111¢9 1111111111 11114191111 1111111111 1111111119
$191111117 1114114111 1191111111 1111111111 1111111111
$111111111 1411111911 1111319111 1111111111 1111111111
1111111111 111111
we® UPPER BOUND OF FIRST Tm. FIFTR VIND SPEED CATEGORIES ***
(METERS/SEC) ,
1.5, 3.09, S5.16, 8.2, 10.80,
*or YIND PROFILE EXPONENTS ***
STABILITY WIND SPEED CATEGORY
CATEGORY 1 : 2 3 3 s 6
A 1S000E+00  .15000€400  .1SOO0E+00  .15000E»00  .1S00CE+00  .15000€+00
. "iSO00E+00  .150006400  .1S000E+00  .15000E+00  .15000€+00 .15000€+00
c "200006400  .200008400  .200006+00  .20000E+00  .20000E+00 .20000€+00
° "2S000E+00  .250008400  .25000E+00 - .25000E+00  .25000E+00  .25000€+00
£ ‘300006400  ,300006400  .300006+00  .30000£400  .30000E+00  .30000E+00
¢ "S0000E+00  .300006400  .30000E+00  .300006+00  .30000E+00  .30000€+00
*vs VERTICAL POTENTIAL TEMPERATURE GRADIENTS ***
(DEGREES KELVIN PER METER)
STABILITY WIND SPEED CATEGORY
CATEGORY 1 2 3 3 | 6
A _00000E+00 - .00000£+00  .00000E+00  .0O00CE+00  .000OCE+00  .0000GE+00
s "00000E+00  ,0000CE+00  .0C000E+00  ,0000CE+00  .000CCE+00  .000GCE+00
¢ "00000E+00  .00000£+00  .00000E+00  .O0OOCE+00  .0000CE+00 .0O00OE+00
S "000006+00  .00000£+00  .00000E+00  .0000Es00  .0000CE+00  .00000E+00
€ "200006-01  ,200006-01  .200008-01  .20000€-01  .20000€-01  .20000€-01
¢ 3socce-01  .35000£-01  .JS0006-01  .33000€-01  .35000€-01  .350008-01
see gL TORG TCE EMISSION STUDY VITHN SCAGMD EL TORO MET DATA badniad
*re X-COORDINATES OFf RECTANGULAR GRID SYSTEM ***
_ (METERS)
-1610.0, -1207.5,  -805.0,  -402.5, .0, = 402.5,  805.0, 12075,  1610.0,
| s Y-COORDINATES OF RECTANGULAR GRID SYSTEN ***
(METERS)
.2500.0, -2000.0, -1500.0, 10000,  -500.0, .0,  500.0, 1000.0, 1500.0,  2000.0,
800-0,




- MED: Tox

ASSQCIATES. INC.

*** EL TORO TCE EMISSION STUDY WITH SCAQMD EL TORO MET DATA e

* ABOVE GROUND RECEPTOR MEIGHTS IN METERS *
* FOR THE RECEPTOR GRID *

YAXlS / X-AX1S (METERS)

. (METERS) / =1610.0 =1207.5 -805.0 ~402.5 0 402.5 805.0 1207.5 1610.0
2500.0 / 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000
2000.0 / 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000
1500.0 / 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000
1000.0 / 1.50000 1.50000 1.30000 . 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000
500.0 / 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 -~ - 1.50000

07 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000

-500.0 / 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000

=1000.0 / 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000

-1500.0 / 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000

~2000.0 / 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000

l +2500.0 / 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000 1.50000
*+* EL TORO TCE EMISSION STIDY VITH SCAQMD EL TORO MET DATA wie

4% SCURCE DATA *+*

TBw. EXIT VEL.
TYPE=) TYPE=Q

' L]
2

4

_ia

s

TY (GRAMS/SEC) ‘ (DEE.K); (M/SEC); BLDG. SL0G. BDG.
Y A MMSER  TYPES2 SASE VERT.DIM HORZ.DIM DIAMETER HEIGHT  LENGTN vIOTH
SOURCE P K PART. (GRAMS/SEC) X Y ELEV. MEIGNT TYPE=l TYPEs1,2 TYPE=Q TYPE=Q TYPE=Q TYPE=(
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