




5.0 CONTAMINANT FATE AND TRANSPORT

The fate and transport characteristics of the primary constituents identified in the groundwater

above drinking water standards during the RI (Section 4.0) are described in this section. These
constituents include three VOCs [carbon tetrachloride (CC14), trichloroethene (TCE), and 1,2-

dichloroethane (1,2-DCA)], and a non-volatile oxyanion, perchlorate (C104-), all of which have

been detected at concentrations exceeding their respective regulatory limits. Both total chromium

(Cr) and hexavalent chromium [Cr(VI)] have also been detected within the study area and are
included in this discussion. Total Cr concentrations have exceeded state MCLs in a few cases,

and MCLs for Cr(VI) presently do not exist. An additional VOC, tetrachloroethene (PCE) has
not been detected above state or Federal MCLs in JPL monitoring wells during the RI, but has

been included in this analysis.

The purpose of this section is to provide an understanding of the factors controlling the

environmental fate and transport of contaminants in OU-1 and OU-3 (on-site and off-site

groundwater, respectively) at JPL, and thereby determine the potential for further migration to be
used in assessment of the potential risk of current and future exposure to these compounds in the

groundwater. This section is organized into five parts as follows:

· Section 5.1 - potential contaminant sources and migration at JPL.

· Section 5.2 - physical and chemical characteristics of groundwater contaminants relevant
to environmental fate and transport

· Section 5.3 - fate and transport processes most likely to be present at JPL based on site
history, site physical characteristics, and the nature and extent of contamination.

· Section 5.4 - rationale, methodology and results of fate and transport modeling of CC14,
TCE and CIO4- in groundwater at JPL.

· Section 5.5 - general conclusions.

5.1 POTENTIAL SOURCES AND MIGRATION PATHWAYS

As summarized in Section 1.3, past research and development activities at JPL have led to

apparent discharge of various liquid materials into seepage pits (or cesspools), which were
associated with many buildings at JPL. The seepage pits were designed to allow liquid wastes to

seep into the surrounding soil. Although this method of waste disposal was discontinued long
ago (the 1950s), some of the seepage pits apparently received volatile organic compounds

(VOCs) and other materials, which has resulted in varying degrees of soil and groundwater
contamination. This has led to migration and redistribution of contaminants in on- and off-site

groundwater due to complex local groundwater flow patterns. A summary of the potential

migration pathways and fate and transport processes operating at JPL is provided in Figure 5-1.
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As indicated by Figure 5-1, contaminants apparently discharged to the seepage pits at JPL

entered the soil through infiltration and percolation. Data from the JPL soil RI (OU-2) confirm

· that over time, VOCs migrated downward into deeper portions of the vadose zone, and were

detected in soil-vapor samples collected from depths extending to the water table in the north-

central portion of JPL (see Section 4.3 for a brief summary of the results of the OU-2 RI, and
refer to the OU-2 RI report [Foster Wheeler, 1999] for complete details). The downward

migration of contaminants was most likely facilitated by infiltration events, which included
transport of a soluble phase, as well as migration of VOCs in soil-gas. JPL soils consist

predominantly of medium- to coarse-grained sand and gravel interbedded with some fine sand
and silt (see Section 3.3), and percolation through these types of soils is generally considered to

be rapid.

Data from the OU-1/OU-3 RI indicate that contaminants, consisting primarily of a few VOCs

and perchlorate, have infiltrated to the groundwater. Further, contaminants dissolved in on-site

groundwater have migrated off-site due primarily to advection and dispersion processes.

A portion of dissolved contaminants may also remain adsorbed to aquifer solids, or volatilize to

soil-gas (VOCs).

With regard to future migration of contaminants in groundwater, the data collected during the RI

has led to several general conclusions. First, the City of Pasadena municipal production wells,

which are located immediately down-gradient of JPL, are known to strongly influence

groundwater flow patterns beneath JPL. This has apparently enhanced downward migration of
.... contaminants into the deeper portions of the aquifer along the eastern edge of JPL (see

Section 4.2.1), and inhibited further horizontal downgradient contaminant migration. Secondly,

analysis of temporal trends in JPL plume wells has suggested that contaminant concentrations are

stable or decreasing, and there is no evidence that plume boundaries are increasing. The RI data

suggests that if the City of Pasadena and other nearby municipal production wells continue

operating as they have, groundwater contaminants will continue to be drawn downward from JPL
into the deeper portions of the aquifer and further horizontal downgradient migration will be
inhibited.

5.2 CONTAMINANT CHARACTERISTICS AND BEHAVIOR

The primary contaminants identified in the JPL groundwater (Section 4.0) include select VOCs,
total and hexavalent Cr, and C104-. Discussed in this section are the properties of each

contaminant listed with respect to potential behavior in groundwater.

The chemical and physical properties of a compound or element (Table 5-1) can be used to

predict its propensity to partition between environmental phases. For example, partitioning of a

particular VOC between water, air, and soil can be estimated using the VOC's aqueous solubility
value (water), Henry's Law constant (KH) and vapor pressure (air), and its organic carbon

partition coefficient (Koc) [which can be estimated by measuring its octanol-water partition

' .... coefficient (Kow)] (soil). The aqueous solubility value gives the maximum amount (mass) of a
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chemical that is soluble within a given volume of water. Compounds with solubility values less

than 1 mg/L are generally considered insoluble in water, while compounds with values greater

....... than lO,O00 mg/L are considered highly soluble. The vapor pressure of a chemical is a measure
of the chemical's tendency to volatilize. Vapor pressures greater than 1 millimeter of mercury

(mm Hg) indicate volatility, whereas chemicals with vapor pressures ranging from 1 to O.OO1

mm Hg are considered semi-volatile, and those with vapor pressures less than 0.001 mm Hg are
considered nonvolatile. It is noted that the classification of volatility by vapor pressure does not

necessarily correspond to the laboratory classification of compounds as either volatile or semi-

volatile (base-neutral-acid extractable) target analyses. The specific Henry's Law constant for a

given compound provides a measure of the tendency of that compound to volatilize from an

aqueous solution. For volatile compounds, higher values of Henry's Law constants are associated
with an increased volatilization from water. Chemicals that are readily volatilized from

groundwater or surface water have constants exceeding 10.3atmosphere-cubic meters/mole (atm-

m3/mol), whereas compounds with low volatility have constants less than 10-7atm-m3/mol.

The single most important characteristic for estimating adsorption of an organic contaminant by
a soil is the soil's organic carbon (C) content. The Kow defines the propensity of a compound to

partition into octanol in an octanol/water system. Since octanol is considered to represent the
sorptive properties of soil organic matter, the Kow can provide an estimate of the tendency for a

chemical to sorb to soil organic matter. The greater the value of Kow, [generally expressed as

Log(Kow)], the greater the tendency for adsorption. Compounds with Log(Kow ) values generally

greater than 3, are preferentially sorbed into the soil phase in soil/water systems. Compounds

with Log(Kow) values less than 1 are considered to weakly partition into the soil phase, and
values between 1 to 3 denote moderate affinity for the soil phase. Of course, actual partitioning

of VOCs into the soil phase will be highly dependent on the organic carbon content of the soil.

The following discussions describe relevant environmental characteristics of CC14, TCE, PCE,
· 1,2-DCA, Ct, and C104-.

5.2.1 Volatile Organic Compounds

Relevant physical and chemical properties of CC14, TCE, PCE, and 1,2-DCA are listed in

Table 5-1. With reference to Table 5-1 and the above discussion (Section 5.2), these compounds
can be classified as volatile, moderately soluble in water, and moderately adsorbing to soil

organic carbon. Their high vapor pressures and moderate to high Henry's Law constants suggest
that volatilization of these compounds from solution can readily occur. Moderate Log(Kow)

values indicate that partitioning of these compounds into soil organic carbon would likely have

an impact on contaminant retardation if soil organic matter were present. In aquifers where

organic carbon is not prevalent and coarser-grained materials (such as sands and gravels) are
encountered, retardation will be diminished and the migration of contaminants will occur more

readily.
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With regard to degradation, VOCs in groundwater are typically not subject to hydrolytic
reactions, however, halogenated VOCs can be degraded biologically via several mechanisms
under both aerobic and anaerobic conditions as follows:

Oxidation

Oxidation of organic compounds by bacteria is the means by which heterotrophic organisms

acquire energy for growth. This process occurs under aerobic conditions, with oxygen serving as
the terminal electron acceptor, as well as anaerobically, with oxyanions such as nitrate (or

various metals or organic compounds) serving as alternate terminal electron acceptors. Oxidation
of PCE and TCE as energy sources is generally not believed to occur, but the lesser chlorinated

compounds are subject to aerobic bacterial oxidation reactions.

Co-metabolism

This is a process whereby organisms fortuitously degrade a non-growth substrate while growing

on a structurally similar substrate. There is no energy derived from the co-metabolized

compound, and no known benefit to the organism. The process is believed to occur as a result of

enzymes with loose substrate specificity. The best documented example of this process is the
fortuitous degradation of TCE by methane-oxidizing organisms (while growing on methane)
under aerobic conditions.

Reductivedechlorination

Bacteria (and other organisms) generate energy needed to carry out their metabolic functions

through a process known as respiration. This process involves the transfer of electrons from an

electron donor (energy source) to a terminal electron acceptor. Typical energy sources can

include organic compounds such as natural soil organic matter, or fuel hydrocarbons. In aerobic

environments, oxygen is the preferred electron acceptor, but in anaerobic environments, other

compounds (including VOCs such as TCE and PCE) can serve as terminal electron acceptors.

Reductive dechlorination is a process whereby a chlorinated organic compound takes the place of

oxygen as the terminal electron acceptor during anaerobic respiration (not as a source of organic

carbon). In this process, chlorine (C1) atoms are removed from the parent compound (thus

destroying it) and less chlorinated metabolites and the chloride ion (CD are formed. In general,
reductive dechlorination proceeds sequentially, for example: from PCE, yielding TCE, then

dichloroethene, etc. Depending on environmental conditions, PCE and TCE degradation may

yield a variety of dichloroethene isomers, as well as several dichloroethanes.

5.2.2 Chromium

Chromium is a transition metal having the atomic number 24 and an atomic weight of 52. It is
found in nature in two oxidation states: the trivalent state, Cr(III), and the hexavalent state,

Cr(VI). The trivalent form is most common, occurring in a variety of forms, including several
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primary and secondary minerals, and various oxides and hydroxides such as chromium

hydroxide [Cr(OH)3].

When released to the environment by weathering, Cr(III) is readily adsorbed by clay-sized
particles, organic matter, and oxyhydroxides of iron (Fe) and manganese (Mn). Under normal

environmental conditions (pH 5 to 9), Cr(III) is highly insoluble, forming oxide and hydroxide
precipitates. At a pH of less than 5, Cr(III) is stable as the chromic ion, and at an alkaline pH, it

forms a soluble complex, Cr(OH)4-(_,o.Cr(III) is also known to form soluble complexes with
various organic compounds. Consequently, Cr(III) is generally only mobile under very acidic or

very alkaline conditions, or in the presence of suitable organic compounds at high enough

concentrations. Cr(III) may be naturally oxidized to the hexavalent form by dissolved oxygen,

but the reaction is very slow, even under highly oxidizing conditions. Oxidation of Cr(III) has
also been shown to occur in soils in the presence of Mn(IV).

While Cr(VI) occurs in nature, it is unstable relative to the trivalent form unless conditions are
highly oxidizing, or unless it occurs as a constituent of primary igneous minerals. When released

to the environment, hexavalent chromium occurs as an oxyanion over the entire pH range, under

oxidizing conditions. As a result, it is very soluble in water and highly mobile. Hexavalent

chromium is readily reduced to the trivalent form by several mechanisms including bacterial

reduction (in the presence of a suitable organic carbon source), or a biotic reduction by ferrous
iron or hydrogen sulfide. The abundance of iron in most soil may provide a natural source for the

conversion of Cr(VI) to Cr(III). Adsorption of Cr(VI) in soil/water systems is not well

documented, but may be most significant in low pH conditions when the surface charge of clays

and oxyhydroxides tends to be more positive (Moore and Ramamoorthy, 1984; Losi, et al.,
1994).

5.2.3 Perehlorate

Perchlorate (C104-) is a chloro-oxyanion containing C1in its most oxidized form [CI(VII)]. When

combined with monovalent alkali metal ions (Na+or K+)or ammonium (NH4+), it OCCurSas a salt

in the solid phase. These salts are very soluble in water, and while C10[ is a powerful oxidizing
agent when heated, at room temperature (characteristic of groundwater), aqueous solutions of

C10[ are not notable oxidizers and are extremely stable (Greenwood and Eamshaw, 1985).

Because it has only recently been identified as an environmental contaminant, very little data are

available regarding behavior of C104- in environmental matrices. However because it is very
soluble in water, is stable at common groundwater temperatures, and is negatively charged, it can

be considered mobile in typical soil/water systems.

5.3 CONTAMINANT MIGRATION AT JPL

Based on site conditions, and contaminant types and distribution, it appears that only a limited
number of the fate and transport mechanisms illustrated in Figure 5-1 are considered significant

enough to cause further migration and redistribution of contaminants in JPL groundwater.
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Groundwater flow is the principal contaminant fate and transport mechanism at JPL, which has

lead to the migration of VOCs, and C104- from upgradient sources to downgradient locations.

...... Infiltration from precipitation events may have led to the on-site groundwater contamination,

with natural and induced groundwater flow leading to off-site contaminant migration. However,

the RI data suggest that contamination migration beyond the City of Pasadena municipal
production wells is minimal (see Section 4.0), and therefore, operation of these production wells

appears to be, and to have been, an effective barrier to extensive downgradient plume migration.

Migration of Cr by advective flow in groundwater is possible. However, significant off-site

migration of Cr is not indicated by the RI data (see Section 4.2). In light of the relative
insolubility and immobility of Cr(III), as well as potential natural attenuative mechanisms that

affect Cr(VI) (which have not been confirmed at JPL), advecti°n is probably not a significant
transport mechanism for Cr at JPL.

The following sections present a summary of the likely contaminant transport processes at JPL,

and how these processes may have affected contaminant distribution. A general discussion of on-
site and off-site groundwater is presented below.

5.3.1 Volatile Organic Compounds

VOCs found in JPL groundwater were apparently originally released to soil via seepage pits,

where they infiltrated into the soil, and eventually migrated to groundwater. Moderate Log(Kow )
values for the VOCs present in the groundwater suggest a generally moderate affinity for soil

organic carbon. The aquifer material underlying the JPL site and surrounding area is composed

predominantly of poorly graded medium- to coarse-grained sands and gravels with interbedded

silt-rich zones likely deposited in relatively high energy alluvial fan and stream channel type

environments. The relatively high energy depositional environment of these poorly graded sands
would tend to preclude the deposition of significant amounts of organic carbon. Therefore, it is

likely that retardation factors for VOC migration would be low in the JPL aquifer. However,

retardation may occur due to contaminant adsorption to the fmer-grained aquifer materials such
as the interbedded silt-rich intervals.

Solubilized VOCs in groundwater can potentially volatilize into the unsaturated zone. The

moderate to high Henry's Law constants for the VOCs detected in JPL groundwater suggest that

volatilization from groundwater and soil may be an important process. However, VOCs at the

groundwater/vadose zone interface at JPL occur only at a relatively small area on-site before

downward vertical migration into the groundwater becomes significant (see Section 4.0). VOCs

volatilizing from the groundwater into the soil is not an issue with off-site groundwater due to
the depth of contamination in the groundwater and the relatively Iow VOC concentrations.

With regard to bio-processes, 1,2-DCA was not commonly used as a solvent, and its presence in
conjunction with TCE in the JPL groundwater may be indicative of biodegradation. Since low

dissolved oxygen levels are common under saturated conditions, reductive dechlorination is a
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likely mechanism. The small amount of 1,2-DCA present, and the absence of more reduced

metabolites probably indicates that a suitable energy source (such as carbon) is limiting.

5.3.2 Chromium

In the absence of extremes in pH and appreciable amounts of organic carbon, Cr(III) is largely

insoluble in groundwater and, therefore, is relatively immobile due to physical interactions with
fine-grained minerals in the aquifer matrix that can retard its movement relative to groundwater

flow. Adsorption and precipitation reactions may also limit transport of Cr(III) in groundwater.

Cr(VI) is considered more mobile, but can undergo biotic and/or abiotic reduction to the trivalent

form in the presence of common soil constituents such as organic matter or ferrous iron.

Total and hexavalent Cr have only been consistently detected in a few on-site JPL monitoring

wells, and have rarely been detected in off-site monitoring wells (see Section 4.2). These

detections have been at very low levels. Concentrations have decreased or remained relatively

constant over the RI period, and no direct evidence of significant Cr migration was found. It is
possible that natural attenuation mechanisms may be operating in the JPL aquifer, however, these
mechanisms have not been confirmed at JPL.

5.3.3 Perchlorate

Perchlorate (C1On-) has been detected in JPL monitoring wells at the north-central part of the site

(primarily MW-7 and MW-16). Data regarding chemical properties of CIO 4- suggest that it is

stable and mobile in soil/water systems. This is supported by available data from the JPL RI,
which shows that off-site migration has occurred. However, because actual environmental

behavior of C1On-is not well documented, and also because of an apparent other source of C10 4-

(see Section 4.3), the fate and transport parameters are difficult to define. However, the available
RI data suggests that, as with the VOCs, migration of CIOn- appears largely constrained by the

pumping of the City of Pasadena municipal production wells (Section 4.0).

5.4 GROUNDWATER FATE AND TRANSPORT MODELING

With the considerable data collected during the OU-1/OU-3 RI, the fate and transport of

constituents of concern are generally well known. Data have shown that VOC plume sizes

generally appear not to be increasing over time, and that VOC and Cr concentrations in JPL

monitoring wells are generally stable (data for C1On-has not been collected long enough to
establish reliable trends). This is largely attributed to pumping by the City of Pasadena municipal

production wells, which strongly affects groundwater flow patterns around JPL (Section 3.4.3),
and inhibits downgradient contaminant migration. Furthermore, because natural groundwater

gradients (with no municipal wells pumping) to the east and southeast are relatively small, it is

believed that pumping by the City of Pasadena production wells has accelerated off-site

contaminant migration into the vicinity of the production wells. Over the RI period, the City of

Pasadena production wells were estimated to have operated for approximately 90% of the time

(Figure 3-19). Based on the RI data, it is reasonable to assume that if the City of Pasadena
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production wells continue operating as they have historically, contaminant concentrations in the
vicinity of these wells will most likely remain relatively constant, and downgradient contaminant

' ....... migration beyond these wells will be inhibited. However, if in the future the City of Pasadena
and other nearby production wells are shut down for an extended period of time (several years

for example), the effects on further downgradient contaminant migration are unknown.

To investigate this scenario, the transport of CC14, TCE, and C10 4- in groundwater at JPL under

conditions where the City of Pasadena and other nearby production wells were not operating for

an extended period of time (50 years) was simulated using the analytical contaminant transport
model SOLUTE (Version 4.04). SOLUTE provides estimates of conservative solute transport in

saturated groundwater systems and is featured in EPA's "Compilation of Ground-Water Models"

(EPA, 1993a). The following sections discuss the model and results of the modeling exercise.

5.4.1 Methodology

Model Features

For modeling the transport of contaminants, SOLUTE permits the user to choose among one-,

two-, or three-dimensional algorithms for the saturated zone, and can simulate one-dimensional

groundwater flow and contaminant transport for constituents introduced into the system either

instantaneously or continuously (Beljin and van der Heijde, 1997).

The following general assumptions are built into the model regarding aquifer conditions and
' ..... contaminants:

· Aquifer material is uniformly porous.

· Aquifer material is homogeneous with respect to the transport parameters.

· Flow is uniform where there is a constant flux in direction and magnitude away from the
source.

· Density and viscosity of fluid are constant in time, and independent of contaminant
concentration.

· Mass exchange does not occur between the porous media within the plume and the
surrounding area.

Approach

Complex groundwater flow patterns due to variable pumping of the City of Pasadena (and other)

municipal production wells near the JPL site (Figures 3-20 to 3-32), present considerable

problems with regard to modeling contaminant transport in groundwater beneath the site and

surrounding area. However, with the extensive amount of RI data collected over the last 5 years,

the fate and transport of the constituents of concern are generally well known. Concentrations of
constituents of concern are generally stable. Therefore, fate and transport modeling for this report

:_. can be considered a scoping level assessment focused on a scenario where CC14,TCE and C10 4-
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could migrate further downgradient, beyond their currently known limits of extent, with natural

groundwater gradients typical during periods when the City of Pasadena and other municipal
' pumping wells are not operating. RI data suggests that when nearby municipal wells are

pumping, downgradient contaminant migration is inhibited. The source location for this scenario

of contaminant migration modeling was chosen as MW- 17, Aquifer Layer 2, because CC14, TCE
and C104- have consistently been detected there above drinking water standards (for references to

monitoring well locations, see Figure 2-1). If the City of Pasadena and other production wells

were to be shut down for an extended period of time, contaminant migration from MW-17,
Aquifer Layer 2, would be of potential concern. The contaminant path from MW-17 to MW-20

was selected for the model simulations because MW-20 is downgradient from MW-17 under

natural flow conditions and there are no known physical constraints between these two points,

and, therefore, it will provide an appropriate estimate of off-site migration.

This scenario of groundwater flow and potential contaminant migration at JPL was modeled

using the one-dimensional contaminant transport model SOLUTE. One-dimensional models

provide very conservative solute-transport results. The three-dimensional groundwater flow

model developed for the JPL aquifer (see Section 1.3.3.19) was constructed to predict physical
aquifer characteristics only, such as flow directions and gradients, to be used evaluating a variety

of potential pump and treat remedial scenarios, and was not prepared to simulate contaminant

transport. The JPL three-dimensional groundwater flow model will be an important tool for the
OU-1/OU-3 Feasibility Study.

Although CCIn and TCE levels are generally stable or slightly decreasing in JPL monitoring

wells located within the plumes (C1On- concentration trends are not yet reliably known) the

model simulations assumed continuous releases for all three contaminants for 20 years. Twenty

years was chosen making the very conservative assumption that it would take 20 years to
effectively see positive results from soil and potential on-site groundwater remedial activities.

One modeling mn was carded out for each of the three constituents of concern listed above. In

these mas, source concentrations and several input parameters were based on site information or,
when site information was not available, on literature values, which were considered to be more
conservative than actual site conditions. The conditions selected for the model are summarized

on Table 5-2. All input parameters are discussed further below.

5.4.2 Input Parameters and Assumptions

The model is based on calculating contaminant migration as a function of physical parameters

such as groundwater velocity and dispersivity, as well as chemical factors controlling migration,

such as contaminant retardation and degradation. SOLUTE requires the user to provide input
parameters into a menu-driven system, which includes three sections: hydrogeologic information,
contaminant point source information, and dimensional components. A summary of the

hydrogeologic and contaminant source input parameters is provided in Table 5-2. For parameters

· listed in Table 5-2, measured or known values are given where site-specific data were available,

D:kiPL\OU 1&3 RI_NEWRIEE 136 ! 7-5.DOC 5-9



and in the absence of such data, conservative assumptions were made based on general site
information, or literature or default values (Beljin and van der Heijde, 1997).

The groundwater velocity used (0.15 fl/day) is based on the estimated porosity used (20 percent),
an observed groundwater gradient in Aquifer Layer 2 when the City of Pasadena and other

production wells were not operating (Figure 3-24), and the average hydraulic conductivity values

estimated from aquifer tests conducted on Layer 2 well screens (Table 3-4). The groundwater

gradient was not varied during the modeling runs reflecting constant groundwater recharge.

Porosity relates the amount of void space per total volume of material, and was very
conservatively estimated at 20% based on site-specific soil-type information. The retardation

factor is an estimate of the amount of retardation for a migrating constituent due to parameters
such as adsorption and tormosity. Even though constituent retardation will occur to some extent,

an unrealistically conservative retardation factor of 1.0, which represents a case where there is no

retardation, was used. Longitudinal dispersivity is the spreading of a solute in the direction of

groundwater flow and is measured as a function of the composition and heterogeneity of aquifer

materials. Dispersion accounts for a decrease in the concentration of a contaminant at the end of

a contaminant plume downgradient from a source where some water molecules and solute
particles travel faster than the average groundwater flow velocity. Longitudinal dispersivity was

estimated at 500 feet, based on published values for areas with similar lithologies (Beljin and van

der Heijde, 1997).

As mentioned above, for all model simulations one contaminant source was used (MW-17,

..... Aquifer Layer 2), and the initial aquifer concentration (the concentration at MW-20) was

assumed to be 0 gg/1 (none of the constituents were detected in Aquifer Layer 2 at MW-20

during the RI). The duration of the release of each contaminant (solute pulse) was assumed to be

20 years. This estimate is conservative, since as mentioned, remediation activities are expected to
have an impact (reducing concentrations) over the next 20 years. The "aquifer half-life", which

describes the propensity of a compound to degrade or decay, was assumed to be 0 for all runs

(a conservative estimate). Thus, contaminant degradation was not a factor in the simulations.

This is the most conservative assumption regarding decay and degradation.

Dimensional components are required for the model to calculate the time necessary for

constituent concentrations to reach a specified level at a specified distance along the flow path
(plume migration distance). The plume migration distance was equal to the length of the flow

path from the contaminant source point (MW-17) to the point of interest located downgradient

(MW-20). This covered a distance of approximately 3,000-ft. The actual model runs consisted of

calculating the potential time it would take for the constituents released at MW-17 to reach their

respective regulatory limits (0.5, 5.0, and 18 gg/l, respectively, for CC14, TCE and CIOn-) in
MW-20.
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5.4.3 Modeling Results

Initial contaminant concentrations and results of the model runs for CC14, TCE, and CIO 4- are

summarized in Table 5-3. The simulations have predicted that with an initial CCln concentration

of 6.6 gg/1 (maximum detected in MW-17), under the defined conditions (no pumping), and with

general input parameters based on very conservative assumptions, the MCL for CCL n would be
exceeded in 22 years in MW-20. With TCE, at an initial concentration of 23 gg/1 (maximum
detected in MW-17), and under very conservative input assumptions, levels in MW-20 would

increase to the MCL (5.0 mg/l) in 31 years. With regard to C104-, at an initial concentration of

55_.g/1 (maximum detected in MW-17), and with very conservative input parameter
assumptions, the IAL (18 _tg/1)would be exceeded in MW-20 in 40 years.

As emphasized, conservative input parameters were assumed for the modeling such that the
results would reflect a conservative scenario. In reality, porosity values will vary from 20-30%,

and retardation of contaminant migration due to dispersion and adsorption to fine-grained aquifer
materials and naturally occurring organic matter will occur to some extent. In addition, there is

currently no basis to assume that the City of Pasadena and other nearby municipal wells will be
continuously shut down for such extended periods of time. Furthermore, RI data suggest that

contaminant concentrations are generally stable or slightly decreasing (Section4.0), and

therefore a continuous release at maximum levels detected in MW-17 during the RI for a period
of 20 years is an overestimate.

...... 5.5 GENERAL CONCLUSIONS

Data from the RI (Section 4.0) show that CC14,TCE and C104- have migrated into the vicinity of

the nearby City of Pasadena municipal production wells at concentrations exceeding regulatory
limits. The RI data also suggest that contaminant migration beyond the City of Pasadena

production wells has been minimal, and for CC14and TCE, plume sizes are generally stable or

slightly decreasing (C104- data has not been collected long enough to establish meaningful

trends). Based on this data, the pumping of the City of Pasadena production wells appears to be
an effective barrier to extensive downgradient contaminant migration. The data also show that Cr

has consistently been detected at low levels on-site only, and has occasionally been detected off-

site. There is no evidence suggesting significant Cr migration is occurring, and, although it has

not been confirmed at JPL, it is likely that natural attenuation mechanisms are operating in the
JPL aquifer.

The contaminant transport simulations predicted that with an initial CC14 concentration of
6.6 pg/l in MW-17 (with conservative input assumptions), under the defined conditions, it would

take 22 years for CC14 concentrations to reach the MCL (0.5 _g/1) in MW-20. For TCE at an

initial concentration of 23 _g/1 (with conservative input assumptions), levels in MW-20 would

potentially reach the MCL (5.0 _g/l) in 31 years. At an initial C104' concentration of 55 _g/1
(with conservative input assumptions), 40 years would be required for concentrations to reach the

· IAL (18 !_g/l) in MW-20.
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Results of the model runs indicate that even under conservative assumptions, it will take a very
long time for these constituents to migrate downgradient of the City of Pasadena wells at

..... significant concentrations. There is a very low probability this will happen, however, since it is

very unlikely nearby municipal production wells will stop pumping for the extended periods of
time required for significant migration to occur.
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TABLE 5-1

CHEMICAL AND PHYSICAL PROPERTIES FOR PRIMARY CONSTITUENTS OF
CONCERN IN GROUNDWATER AT THE JET PROPULSION LABORATORY

Molecular PhysicalState Density Aqueous Vapor Henry'sLaw Octanol-Water
Group Analyte CAS Empirical Weight Solubility Pressure Constant PartitionCoefficient

Number Formula (g/mol) (at25degreesC) (g/mi) (mg/I) (mmHg) (atm-m3/mol) (Log[Ko,,,])
VOCs CarbonTetrachloride 56-23-5 CCI4 153.82 Liquid 1.594 800 113 0.0293 2.73

1,2-Dichloroethane 107-06-2 C2H4CJ2 98.96 Liquid 1.235 8,500 79 9.77x10.4 1.48
Tetrachloroethene 127-18-4 C2Cl4 165.8 Liquid 1.63 150 19 0.0685 2.53

Trichloroethene 79-01-6 C2HCI3 131.39 Liquid 1.46 1,100 77 0.0117 2.53
Metals Chromium_ 7440-47-3 Cr 51.996 Solid 7.2 Insoluble NA NA NA

Anions Perohlorate NA CIO4- 99.5 Solid2 2.022 Soluble NA NA NA

NA: Notavailable.
1: Propertiesarepresentedfor metallicchromium.Valuesarenot availablefor thehexavalentstateof chromium.
2: Propertiesarepresentedfor sodiumperchlorate.Valuesarenotavailablefor perchlorateasan anion.

Referencesfor chemicaland physicalpropertiesincludethefollowing:(Micromedex,1997),(ATSDR,1997),(BurkhardandKuehl,1986),and(Howard,1990).
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TABLE 5-2

INPUT PARAMETERS FOR FATE AND TRANSPORT

MODELING (SOLUTE VERSION 4.04)
JET PROPULSION LABORATORY

Site-Specific Known/Measured/
Parameter DataAvailable? AssumedValue.

Hvdro.qeolo.qicInformation

Groundwatervelocity(fi/d) Yes 0.15

Porosity(%) No 20

Hydraulicgradient(f't/ft) Yes 0.005

Longitudinaldispersivity(ft) No 500

Retardationfactor No 1.0

HydraulicConductivity(fi/d) Yes 6.0

Contaminant Point Source Information

Numberof contaminantsources Yes 1 (MW-17)

Initialaquiferconcentration(p.g/I) Yes 0

Contaminantsourceconcentrationb Yes CCI4:6.6IJg/L

TCE:23 IJg/L

CIO4-:55 pg/L

Durationof solutepulse(yrs) No 20

Aquiferhalf-life(yrs) No 0

a: Wheresitespecificdatawasnotavailable,assumptionsweremadebasedonconservativeliterature
values(seetext- Sections5.4.1,5.4.2).

b: Highestconcentrationof analytedetectedinMW-17duringRI.
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TABLE 5-3

RESULTS OF FATE AND TRANSPORT MODELING
JET PROPULSION LABORATORY

Initial Timeat WhichAnalyte
Analyte MCL/IAL Concentration Concentrationis Predictedto

at MW-17 ExceedMCL/IALat MW-20

CCI4 0.5pg/I 6.6 _g/Ia 22years

TCE 5.0Fg/I 23 p.g/Ia 31 years

C104- 18_g/I 55 Fg/Ia 40 years

a: HighestconcentrationofanalytedetectedinMW-17duringRI;inputassumptions
consideredtobeveryconservative.

D:klPL\OU ] &3__WR_SECTSTBL.DOC



i_ _:

PRIMARYRELEASE SECONDARY RELEASE POTENTIAL
PRIMARY80URCE MECHANISM SECONDARY SOURCE MECHANISM EXPOSUREMEDIA

Infiltration and Soil
)ercolafion
info soil

Infiltration and

Surface wafer
info groundwater

Sformwafer
catch basins runoff

disposal areas, etc. Groundwaferi_

Surface wafer Surface watermovement

Airborne (eolian)
suspension and Air

transport

'_u 1a__...__'_I
OU3" _

FIGURE 5-1

81TE_AL MODELFORFATEAND
_ OF CONTAMINANT8

Jet Prop_ulsion Laboratory
Pasadena, California

FOSTERWHEELERENVIRONMENTALCORPORATION



6.0 SUMMARY OF RISK ASSESSMENT

This section presents the baseline human health risk assessment and summarizes a preliminary,
or scoping, assessment of ecological risk for JPL groundwater. The risk assessment describes

potential health risks to humans that may result from exposures to untreated JPL groundwater

under current and hypothetical future land-use scenarios. The scoping ecological risk assessment
addresses possible risks to plants and animals exposed to untreated JPL groundwater.

6.1 BASELINE HUMAN HEALTH RISK ASSESSMENT

For the baseline human health risk assessment, the concentrations of chemicals in groundwater
were used to calculate an estimated risk to people who live on or near the JPL site. Risks to both

existing and hypothetical future populations were examined. The following guidance documents

were used in the human health risk assessment: Risk Assessment Guidance for Superfund
(RAGS): Volume I--Human Health Evaluation Manual, Part A (EPA, 1989); Risk Assessment

Guidance for Superfund (RAGS): Volume I--Human Health Evaluation Manual (Part B)

(Development of Risk-Based Preliminary Remediation Goals) (EPA, 1991b), Risk Assessment

Guidance for Superfund (RAGS): Volume I--Human Health Evaluation Manual (Part 1))
Standardized Planning, Reporting, and Review of Superfund Risk Assessments, Interim Guidance

(EPA, 1998a); Region IX Preliminary Remediation Goals (PRGs) (EPA, 1999); Dermal

Exposure Assessment: Principles and Applications (EPA, 1992d); Risk Assessment Guidance for
Superfund Volume I: Human Health Evaluation Manual Supplemental Guidance Dermal Risk

Assessment Interim Guidance (EPA, 1998b); Exposure Factors Handbook (EPA, 1995a); and

California Department of Toxic Substances Control (DTSC) Preliminary Endangerment
Assessment Guidance Manual (DTSC, 1994).

A new requirement of the EPA RAGS Part D guidance is that standard tables must be used to

present the information used in the risk assessment so that the data can be easily entered into
EPA's CERCLIS database. Appendix I contains the entire set of standard tables for this risk

assessment, along with a list of tables and a brief description of the contents of each table series.

Twenty-three JPL monitoring wells and 14 nearby municipal water production wells were

evaluated individually in this risk assessment, which generated over 300 tables using the RAGS

Part D format. Because of the significant number of tables produced, summary tables have been

created and placed at the end of this section in order to assist the readers' understanding of the

large volume of material. Some of the tables presented in the report are duplicates of the tables in
Appendix I and are noted in the text.

A site characterization summary, which includes site description, history and physical
characteristics of the site, is presented in Sections 1.0 and 3.0 of this report. As mentioned above,

data from 23 JPL monitoring wells and 14 municipal water production wells were evaluated in

_ the risk assessment. Of the 23 JPL monitoring wells, 18 of the wells were installed for OU-1.

Three of these wells (MW-l, MW-6 and MW-14) are considered upgradient monitoring wells.

DSJPL\OU 1&3_RIXNEWRBE13617-6.DOC 6-1



Five JPL monitoring wells were installed for OU-3 (MW-17, -18, -19, -20, -21). Of these,

MW-21 is considered an upgradient monitoring well. Fourteen nearby municipal water

production wells were evaluated including the upgradient Valley Water Company Wells Nos. 1,

2, 3, 4 and the La Canada Irrigation District Well No. 1 located west of the site. The remaining
nine production wells are located southeast of the site.

6.1.1 Site Specific Objectives

The primary objectives of the human health baseline risk assessment include the following:

· Identify potential ways in which humans may be exposed to untreated groundwater
(exposure pathways).

· Identify the chemicals that may be of concern for human health based on the
laboratory analytical results presented in the RI report.

· Characterize potential noncancer and cancer risks from exposure to untreated
groundwater under current and hypothetical future land uses.

· Identify on- and off-site areas potentially posing risk to human health.

6.1.2 Organization of the Risk Assessment Sections

The JPL human health risk assessment has been organized to illustrate how the data were

evaluated, present the risk assessment methods used, and summarize the findings and
conclusions. The information is presented in the following sections:

· Section 6.1.3 Selection of Chemicals of Potential Concern (COPCs)

· Section 6.1.4 Exposure Assessment

· Section 6.1.5 Toxicity Assessment
· Section 6.1.6 Risk Characterization

· Section 6.1.7 Uncertainty Analysis

· Section 6.1.8 Summary

6.1.3 Selection of Chemicals of Potential Concern (COPCs)

During the RI, numerous groundwater sampling events were completed at and adjacent to JPL

(see Section 4.0). During the course of groundwater sampling, the list of chemicals tested for was

occasionally modified based on results from previous sampling events, on new information, and

on discussions with state and federal regulators. Groundwater samples from JPL monitoring

wells have been analyzed for volatile organic compounds (VOCs), semi-volatile organic

compounds (SVOCs), Title 26 metals, strontium, hexavalent chromium, aluminum, cyanide,

total petroleum hydrocarbons, gross alpha/gross beta, perchlorate, and tributyltin. A summary of
the RI sampling events is provided in Table 4-1.

Of primary importance to a quantitative risk assessment is the identification of chemicals of

potential concern (COPCs), or those site-related chemicals that may be associated with adverse

effects on human health. Of the chemicals positively detected at the JPL site, only a few are
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considered COPCs. This risk assessment used a two step screening process to select the final

COPCs, which were then used in the quantitative risk assessment. In agreement with the EPA

Region IX and DTSC risk personnel, the two step screening process was used to: (1) evaluate
and screen all of the chemical data that was collected at the site during the RI period for COPCs

(1994-1998); and (2) perform the quantitative risk evaluation on those chemical constituents that

could potentially cause risk using concentrations detected during the last year of the RI

(1997-1998). During the two step screening process, the maximum concentrations of each
chemical detected were compared to EPA Preliminary Remediation Goals (PRGs) and to

California DTSC Preliminary Endangerment Assessment (PEA) values. This process helped to

quickly evaluate a large body of data and focused the risk assessment on the chemicals that may

potentially contribute to risk.

EPA Region IX PRG and California PEA values are chemical concentrations that correspond to

fixed levels of risk (i.e., either a one-in-one million [1 x 10.6] cancer risk or a noncarcinogenic

hazard quotient of 1.0) in soil, air, and water. The EPA Region IX PRG and California PEA
values are derived by combining current toxicity values (EPA or State of California) with

standard exposure factors to estimate contaminant concentrations in environmental media (e.g.

groundwater). The EPA Region IX PRG table has each chemical's PRG published in a look-up
table format, whereas the California PEA values must be calculated following DTSC guidance.
The PRG and PEA values for each agency differ slightly based on differences in cancer slope

factors and exposure parameters used in the equations. Appendix J presents the EPA Region IX
and California PEA values and indicates the most conservative value between the two that was

used in the COPC screening process. Appendix J also presents the equation s, input parameters,

variables, and toxicity values that were used in the calculation of the California PEA values.

Chemical constituents that are considered trace essential nutrients were not evaluated in the

COPC screening or the quantitative risk assessment in accordance with EPA guidance (EPA,

1989). Essential nutrients are chemicals that are (1) naturally occurring trace essential human
nutrients (i.e., calcium, magnesium, potassium and sodium); (2) present at low concentrations;

and (3)toxic to humans only at very high doses. Also, chemicals that were characterized as

tentatively identified compounds (TICs) by the laboratory were not used in the risk assessment as

approved by EPA and DTSC risk personnel. TIC data are not sufficiently accurate because the

laboratory instruments used to analyze the groundwater are not calibrated for TICs. The TIC
information is further discussed below in the Results of the Screening Analysis.

In the first step of the COPC screening process, all RI data (1994-1998) were used and the
maximum detected concentration of each analyte was selected from this dataset. The maximum

contaminant detections were compared to the most conservative (i.e., lowest) PRG or PEA value

for that constituent. Chemicals with maximum concentrations greater than the PRG/PEA value

were carded through to the second step of the COPC screening process. The second screening

step used the maximum detected concentration from the most recent year of RI data (1997-1998).
. The 1997-1998 analytical data is considered most representative of the current and future

conditions that may occur at the JPL site. (The complete 1994-1998 data set was used in the first
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step of the screening process because some chemicals were not tested for during the last year of
RI sampling.). The maximum concentration of each analyte was again compared to the lowest

PRG/PEA value. Analytes that exceeded the PRG or PEA value were selected as final COPCs

and were used in the quantitative evaluation of risk.

Results of the Screening Analysis

Table 6-1 and Appendix I Table I-2 present the chemicals detected in groundwater during the

years 1994-1998 and summary statistics for each analyte. The maximum detected values were
compared to California PEA or EPA PRG values. Twenty-four chemicals were chosen as

"preliminary COPCs" based on the results of the first step of the screening process and are listed

in Table 6-2 and Appendix I Table I-3.

The results of the second step of the screening process are also summarized in Table 6-2. The 12

chemicals chosen as final COPCs after the second step of the screening process and used in the
quantitative risk evaluation are as follows:

· Inorganics - Arsenic, hexavalent chromium, lead, nitrate and perchlorate.

· Organics - 1,1-dichloroethene, 1,2-dichloroethane, bromodichloromethane,
carbon tetrachloride, chloroform, tetrachloroethene, and tfichloroethene.

Analytes not sampled in 1997-1998

Of the analytes selected as "preliminary COPCs" using the 1994-1998 data, nine chemicals did

not have data available for the 1997-1998 sampling events. These analytes included fluoride and

eight polycyclic aromatic hydrocarbons (PAHs): (benzo(a)anthracene, benzo(a)pyrene,

benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, indeno (1,2,3-c,d)pyrene, phenanthrene

and benzo(g,h,I) perylene). The eight PAIl compounds were only detected once in MW-12,

Screen 2 (which equates to being detected only once in 135 samplings). The PAHs were not

detected in an associated duplicate groundwater sample collected at the same time and in samples
collected during two subsequent sampling events completed to try to verify the anomalous

results. The PAH results most likely are the result of laboratory contamination, and were not

sampled for again pursuant to regulatory agency approval.

Fluoride Analysis

Fluoride analyses were conducted for on-site JPL monitorin g wells from 1990 through 1994 and

for off-site wells in 1995. Fluoride is naturally occurring and was consistently detected at very
low levels in all wells (see Tables 4-12 and 4-13, Section 4.0). Evaluation of fluoride data

indicates that only one well (MW-3, Screen 5) consistently had concentrations that exceeded

both the PEA value of 0.939 mg/L (California) and the PRG value of 2.2 mg/L (EPA). None of

the samples exceeded the federal maximum contaminant level (MCL) value of 4.0 mg/L.

Fluoride was not evaluated further in the risk assessment for the following reasons: (1) the

slightly elevated detections of fluoride in only the bottom screen of one multi-port well (MW-3,
Screen 5) is probably naturally occurring; (2) there is no evidence of historical use of fluoride
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on-site; (3) fluoride is not a known carcinogen; and (4) fluoride has only a cosmetic effect in
children, its risk is not based on toxic or adverse effects (EPA, 1999).

TIC data

Table 6-3 presents the 11 analytes identified as TICs during the COPC screening. The

concentrations reported for these compounds are based on qualitative chemical analysis and are
considered estimated concentrations only. Review of the TIC results indicate they were rarely

detected in very few samples. For the TIC compounds with toxicological information, the

comparison of the maximum detected concentrations to their respective PEA/PRG values
indicated that all of the detected values were below the benchmark value. TIC compounds

without toxicological information were not evaluated further because of the limited number of

detections and the qualitative nature of the results, pursuant to regulatory agency approval.

6.1.4 Exposure Assessment

The objective of the exposure assessment is to estimate the type and magnitude of human

exposure to contaminants by characterizing the exposure setting, determining potentially exposed

populations, identifying exposure pathways, and estimating the concentration of chemicals in the
water or air a person may drink or breathe (exposure point concentrations). Factors which

contribute to complete exposure pathways, from source to human receptors, include the nature of
the source of chemical contaminants, how the chemicals are transported and what happens to

them during transport (their fate), and the types of potential exposure points. Exposure to

chemicals is quantified by calculating exposure point concentrations and estimating the amount

of chemical uptake by a person at the exposure points.

6.1.4.1 Exposure Setting and Site Conceptual Model

The exposure setting includes the physical environment of the site, including the land and water
uses associated with the current and potential future uses of the site and the environmental media

(e.g., groundwater) in the immediate vicinity that have been potentially affected by site activities.

JPL is covered by buildings, trailers, and pavement over the majority of the useable land surface.
Access to the JPL site is restricted and controlled through a security system that includes fencing,

security personnel, and controlled entry. JPL does not, and cannot, pump water for domestic or
non-domestic use from the aquifer due to basin adjudication/water right issues. JPL is also not

expected to have groundwater rights under any future use scenarios. The municipal production
wells located near JPL do, however, produce water from the aquifer. The data on water quality

from the production wells evaluated in this assessment are from untreated groundwater and are

not representative of water quality that is supplied to area users. Water suppliers are required to
conduct routine water quality analyses to ensure that stringent drinking water standards are met.

Water treatment systems and "blending" (mixing with other well water or imported water) are
used as needed to meet strict drinking water standards (ATSDR, 1998). It is important to note

r that water samples from the production wells were obtained by the water companies or other

D:'_PL\OU 1&3_RBNEWRIXE13617-6.DOC 6-5



representatives, therefore, the sampling and analytical methods used are not necessarily the same
as those used for the JPL site.

Potentially Complete Exposure Pathways

Exposure pathway analysis involves the systematic examination of the potential contaminant
sources, the ways in which contaminants may move (tranSport) from source to receptor, and the

potentially exposed populations. After examining these factors, the appropriate combinations of
them are evaluated quantitatively in the risk assessment. The combinations that are considered

for risk evaluation are typically those that represent complete current or furore pathways (based

on reasonable assumptions about future land use). The potential JpL exposure pathways are

presented in the site conceptual model for risk assessment on Figure 6-1.

Under current conditions, on-site workers and off-site residential adults and children do not have

access to untreated groundwater. Groundwater produced from nearby water production wells
meet strict state and federal water quality standards prior to distribution to consumers. Under

future use scenarios, the JPL facility operations and basin water right adjudication issues are not

expected to change.

However, for this risk assessment, based on direction from EPA Region IX and the California

DTSC risk assessors, a conservative hypothetical current and future residential use scenario was
evaluated in which on-site human residents could be exposed to untreated groundwater. For this

..... risk assessment, it is assumed that current and future uses of the site will be identical (residential)

and, therefore, hypothetical exposure to untreated groundwater will be referred to as the
"current/future" use scenario.

It is important to repeat that because groundwater is located in a deep aquifer, and water
purveyors treat impacted groundwater before use, there is no complete pathway for residential

exposure to untreated JPL groundwater. The exposure to untreated groundwater evaluated in this

risk assessment represents a conservative hypothetical scenario and is not reflective of current or

likely future site scenarios.

Hypothetically, the exposure mechanisms to untreated groundwater for humans are presented in

Appendix I Table I-1 and include the following:

· Ingestion (drinking), dermal (skin) contact, and inhalation of vapors from domestic
drinking water sources.

Pathways Selected for Quantitative Evaluation

The approach of this risk assessment was to select human populations that were conservative

representatives of the several populations that could potentially be exposed to untreated
groundwater under the hypothetical current/future use scenario. The following populations were

selected to model risk to human receptors:
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· The time-, or age-adjusted adult, (child/adult) resident was chosen as the most
conservative model for people that would live on or near the site under a current/future
use scenario. The age-adjusted adult is used to evaluate risks from continuous exposure
to carcinogenic compounds over a 30-year period. This term is called a time-weighted,
or time-adjusted, value because the calculations are based on a projected 30-year
exposure to the chemicals. Of these 30 years, the first 6 years are based on a child's
parameters and the next 24 years of life are based on adult parameters. This
conservative method accounts for differences in body weights, surface areas of the skin,
and intake rates (by breathing, drinking, and contact with skin) of children versus
adults, which is important in determining conservative overall exposure estimates. For
this model, exposure for 350 days/year for 30 years was assumed (EPA, 1991b).

· The child resident (6 years) was chosen to model exposure under the current/future
residential exposure scenario for noncarcinogenic risks. The child is the most
conservative receptor to model risk for noncarcinogenic risks because even though
children may drink less water than an adult, the amount they ingest is greater than an
adults when body weight is taken into account.

6.1.4.2 Exposure Point Concentrations

For this evaluation, exposure point concentrations (EPCs) were determined for each individual

JPL monitoring well and nearby production well for each of the COPCs using the most recent

year of RI groundwater data (1997) and data from the California Department of Health Services

database for the same period for the nearby municipal production wells per agreement with EPA
Region IX and DTSC risk assessors. The EPC for each JPL multi-port monitoring well was

calculated by combining the data for all depths and screen intervals. The EPC was calculated

following the guidance presented in EPA's Supplemental Guidance to RAGS: Calculating the

Concentration Term (EPA, 1992c). For Superfund assessments, the concentration term (EPC) in
the intake equation is an estimate of the concentration for a contaminant based on a set of site

sampling results. Because of the uncertainty associated with estimating the true average

concentration in a well, the more conservative 95 percent upper confidence limit (uCL) of the

arithmetic mean was used. The 95 percent UCL provides reasonable confidence that the true site

average will not be underestimated. If the 95 percent UCL exceeded the maximum detected value

in a well, then the maximum detected value was used. The equation to calculate the 95 percent
UCL is as follows:

/x s2+sH/_-L-1'
+0.5

UCL = e

Where:

UCL = upper confidence limit
e = constant (base of the natural log, equal to 2.718)

= mean of the log-transformed data
s = standard deviation of the log-transformed data
S2 ---- variance

H = H-statistic (e.g., from table published in Gilbert 1987)
n = number of samples
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Table 6-4 lists the exposure point concentrations used in the calculations of the chronic daily
intake of untreated groundwater for the child/adult and child receptors. The EPC values that were

based on maximum detected concentrations are denoted by an "m" flag in the table.

6.1.4.3 Estimation of Chemical Intakes

To calculate contaminant intakes (and corresponding risks), the following factors must be
estimated:

· Chemical concentration (EPC) to which an individual is potentially exposed.

· Amount of chemical uptake by the body via ingestion, dermal absorption, and/or inhalation.

· Frequency and duration of potential exposures.

These factors are incorporated into a term referred to as the chronic daily intake (CDI), which
represents an estimated average daily amount of chemical (dose) received via direct contact

(groundwater ingestion and dermal contact) and/or inhalation pathways. CDIs are expressed in

units of milligrams of chemical per kilogram of body weight per day (mg/kg-day) and are
calculated using the exposure pathway-specific equations summarized in Table 6-5. The EPCs

used in these equations are listed in Table 6-4. The risks associated with exposure to COPCs
depend not only on the concentrations and toxicity of COPCs but also on the extent to which

human receptors are potentially exposed. Table 6-6 (Appendix I Table 1-79) presents the
exposure parameters used in this assessment for each receptor and CDI equation. The exposure

assumptions were obtained from the PEA manual (DTSC, 1994) and EPA guidance documents

(EPA, 1989; 1991b; 1996b). Averaging time for carcinogenic chemicals is based on 30 years of

continuous exposure averaged over a 70-year lifetime. Averaging time for noncarcinogenic
chemicals is based on the 6-year exposure duration for a child. The CDI for carcinogenic

chemicals incorporates intakes by adults and children and the CDI for noncarcinogenic chemicals

addresses intake by children only. Appendix I Tables 1-4 through 1-40 present the CDI
concentration calculation for each well.

6.1.5 Toxicity Assessment

For risk assessment purposes, COPCs were evaluated under two categories of chemical toxicity:
carcinogenic and noncarcinogenic effects. As defined below, this distinction is made under the

assumption that these two groups of chemical effects act on a human body differently. Tables 6-7

through 6-10 list the toxicity values developed for noncarcinogenic and carcinogenic COPCs.

These values were combined with the CDIs defined in Section 6.1.4 to calculate risks using the
methods described below in Section 6.1.6, Risk Characterization.

The toxicity databases used to obtain information for the COPCs were as follows, in order of

preference: EPA's Integrated Risk Information System (IRIS) (EPA, 1999), California Office of

Environmental Health Hazard Assessment (CAOEHHA, 1994), EPA Region IX PRG tables

(EPA, 1999) and EPA National Center for Environmental Assessment (NCEA) Regional Support
.... provisional values from the Superfund Health Risk Technical Support Center (as listed in the

Region IX PRG tables, (EPA, 1999). The CAOEHHA document was used as the primary source
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for cancer slope factor values. The carcinogenic and noncarcinogenic effects, including the
cancer slope factor (SF) and reference dose values (RfD) for all chemicals chosen as COPCs are

presented in Tables 6-7 through Table 6-10. Cancer slope factors and reference dose values are
defined and discussed below.

For noncarcinogenic chemicals that lacked an oral or inhalation RID in IRIS, the EPA Region IX
PRG table was used to obtain extrapolated values (i.e., extrapolation from oral to inhalation RIDs
and from inhalation to oral RID values). Total chromium concentrations were not evaluated in

this risk assessment because hexavalent chromium concentrations were analyzed by the
laboratory; therefore, risks from hexavalent chromium, and not total chromium, concentrations

were evaluated as agreed with EPA Region IX and DTSC risk assessors. Toxicity information in

the California or EPA toxicity databases was not available for 1,2,3-trichlorobenzene, gross
alpha, and gross beta. Toxicity data was available for 1,2,4-trichlorobenzene, which was used for

1,2,3-trichlorobenzene. Detections of gross alpha (range 2.0-11.8 picocuries/liter [pCi/L]) and
gross beta (3.0-6.0 pCi/L) were both less than the state regulatory levels of 15 pCi/L and 50

pCi/L, respectively. Thus, adverse effects are not expected from these analytes. Toxicity

information was also not available for several of the TIC compounds, including 2-methyl-1-
propene; 2-methylpropane; acetic acid; sulfur dioxide; 2,4-bis(1,1-dimethylethyl)phenol; and N-

butyl-benzene sulfonamide. These chemicals were excluded from further evaluation due to their
rare detections, qualitative chemical analysis, and lack of toxicity information.

6.1.5.1 Toxicity Information For Potential Carcinogenic Effects

As described in EPA guidance (EPA, 1989), a small number of molecular changes can cause
changes in a single cell or a small number of cells that can lead to the formation of tumors.

Cancer slope factors, used in the calculation of risk, are developed under the assumption that
exposure to a carcinogen causes some finite increase in the probability of causing cancer; that is,

there is no threshold level of exposure required to cause the disease. Evaluation of carcinogenic

effects is a two-step process involving weight-of-evidence determination and calculation of slope
factors. These steps are described below.

Weight-of-evidence classifications are assigned to account for the likelihood that a chemical is a

human carcinogen. With the use of this system, chemicals are classified as either Group A,

Group B 1, Group B2, Group C, Group D, or Group E. Group A chemicals (human carcinogens)

are chemical agents for which there is sufficient evidence to support a causal association between

human exposures and cancer. Group B1 and B2 chemicals (probable human carcinogens) are

agents for which there is limited (B1) or inadequate (B2) evidence of cancer causing properties
(carcinogenicity) from human studies, but for which there is sufficient evidence of

carcinogenicity from animal studies. Group C chemicals (possible human carcinogens) are agents

for which there is limited evidence of carcinogenicity in animals and no human data. Group D
chemicals, which are not classified as human carcinogens, are agents for which data are

inadequate to evaluate either animal or human carcinogenicity. Group E chemicals (evidence of

noncarcinogenicity in humans) are agents for which there is evidence of no carcinogenicity in

human or animal studies. In this risk assessment, chemicals with weight-of-evidence
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classifications A, B, and C are considered carcinogens. Chemicals with unknown carcinogenicity
(Class D) are treated as noncarcinogens.

Based on the weight-of-evidence determinations described above, EPA calculates a slope factor

that quantitatively defines the relationship between dose and response. This factor is expressed in
units of (mg/kg-day'_). Slope factors are derived from studying the occurrence of disease in

people (epidemiological studies) or, in many cases, in animals (chronic animal bioassays). The

animal studies are usually conducted using relatively high doses to detect possible adverse
effects. Because humans are expected to be exposed to lower doses than those used in animal

studies, animal data are adjusted by using mathematical models and applying an interspecies

scaling factor to derive a comparable low-dose slope factor for humans. The use of these slope
factors typically results in an upper-bound estimate of the probability of an individual developing

cancer as a result of exposure to a given level of a potential carcinogen. While the actual risks are
not likely to be higher than the risks estimated using these slope factors, they could be

considerably lower. The chemical-specific slope factors are presented in Tables 6-9 and 6-10
(and in the Appendix I risk calculation tables).

The State of California has derived their own slope factors (cancer potency factors) for many
chemicals, which may differ slightly from the values in the EPA IRIS database. One difference
between the State of California and EPA databases is that California considers hexavalent

chromium a carcinogen via oral exposure while EPA does not. Also, EPA has withdrawn weight-
of-evidence carcinogenicity classifications and carcinogenic toxicity criteria from IRIS for both

tetrachloroethene (PCE) and trichloroethene (TCE). Both compounds have caused cancer in

laboratory animals, but the relevance of these findings to humans has been under debate for

several years. EPA's National Center for Environmental Assessment (NCEA) has established an
inhalation SF for PCE of 2.0E-03 (mg/kg-day '_) that is 10.5 times smaller than the CAOEHHA

value of 2.1E-02. The oral SF for PCE established by the two agencies are similar. The toxicity

information from the California database was used as the primary source for slope factors for all
COPCs. For chemicals without State of California values, the slope factor was obtained from
IRIS or other EPA databases.

6.1.5.2 Toxicity Information for Potential Noncarcinogenic Effects

For chemicals that have noncarcinogenic effects, humans are assumed to have the ability to

accommodate some level of chemical exposure without toxic effects. It is assumed that a range

of exposures from just above zero to some finite threshold value can be tolerated by humans
without appreciable risk of an adverse effect (EPA, 1989).

Health criteria for chemicals exhibiting noncarcinogenic effects are generally developed using
reference doses (RIDs). The RID, expressed in units of mg/kg/day, is an estimate of the daily

dose that a human (including sensitive subpopulations) can sustain that is not likely to present an

unacceptable risk during a lifetime (EPA, 1989). RIDs are generally developed by the EPA RID

..... Work Group. Alternative sources include Health Effects Assessments (HEAs) and Office of

Drinking Water criteria documents that support health-based drinking water standards. These
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values are usually derived from animal studies and, in some cases, from human studies involving
occupational exposures. These experimental or epidemiological data are then adjusted using a
range of uncertainty factors. The RfDs thereby provide a benchmark to which chemical intakes

may be compared. Tables 6-7 and 6-8 list the RIDs developed for noncarcinogenic effects for the

COPCs for oral and dermal routes of exposure and RfDs developed for inhalation exposure
routes, when applicable.

6.1.5.3 Toxicity Factors Used To Evaluate Dermal Routte Exposures

In accordance with EPA Region IV guidance (EPA, 1995b); EPA Dermal Exposure Assessment
Principles and Applications (EPA, 1992b); and RAGS (EPA, 1989); the reference doses and oral

slope factors listed in Tables 6-7 and 6-9 were adjusted to derive dermal RfDs and slope factors
based on t/conversion from an orally administered dose to a dose absorbed through the skin. The
calculated dermal (CDI) dose is actually an absorbed dose, and is not the mount of chemical

that comes in contact with the skin (i.e., intake). This is because the skin is not infinitely or
instantly permeable to chemicals; permeability constants are used to represent how a chemical
moves across the skin and into the bloodstream. Since dermal RfD and SF values are not

available, the oral RfD and SF values, which are based on an administered dose, are modified to

reflect the relative differences in the fraction of a dermal dose (versus an oral dose) that reaches

the systemic circulation in the human body. Chemical-specific data to adjust for the differences

in dermal absorption rates for different chemicals have not been issued by EPA headquarters,

EPA Region IX or the State of California. In the absence of chemical-specific data to adjust for

· ' dermal absorption efficiencies, EPA Region IV recommends the following default values:
80 percent for volatile organic chemicals, 50 percent for semi-volatile organic chemicals, and

20 percent for inorganic chemicals. The slope factors are divided by the default value and the

RfDs are multiplied by the default factor. This adjustment was applied to the slope factors and

RfDs and is presented in the dermal exposure risk spreadsheets in Appendix I. By agreement
with the Region IX risk assessors, the COPCs that were evaluated for dermal exposure were the

non-volatile compounds.

6.1.6 Risk Characterization

This section presents the results of the quantitative risk assessment conducted for exposure to
untreated JPL groundwater. Sections 6.1.6.1 and 6.1.6.2 describe the mathematical methods used

in the pathway-specific cancer risk (carcinogenic) and hazard index (noncarcinogenic)
calculations. Section 6.1.6.3 presents the results of the risk assessment.

6.1.6.1 Calculation Methodology for Carcinogenic Endpoints

Excess lifetime cancer risks associated with exposures to known or potentially carcinogenic
COPCs were calculated by multiplying the slope factor by the estimated average lifetime dose, or

CDI, Excess cancer risks are risks in excess of the normal expectancy that a person in a given
population will develop cancer and represent the upperbound probability that an individual

exposed to a given level of chemical over a lifetime will develop cancer as a result of those

exposures. A 10-6upperbound excess lifetime cancer risk, for example, is an increase of 1 in 1
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million in the probability that an exposed individual would develop cancer. By convention, the

values are rounded to two significant figures. Table 6-5 lists the pathway-specific equations to
calculate the CDI value.

In equation form, risk is defined as follows:

Risk = (SF) * (CDI)

where:

Risk = A unitless probability that an individual will develop cancer

attributable to the assumed exposure scenario

SF = Slope factor, expressed in (mg/kg/day)

CDI = Chronic daily intake averaged over 70 years (mg/kg/day)

6.1.6.2 Calculation Methodology for Noncarcinogenic Endpoints

Risk estimates for noncarcinogenic chemicals are generally developed using RfDs. These criteria
are estimates of the daily chemical exposures that present no risk of adverse effects to an

individual over a specified time of exposure, or exposure duration. Table 6-5 lists the pathway-

specific equations used to calculate the CDI value. The ratio of the CDI to the RID is called the

Hazard Quotient (HQ). In the absence of any information on the specific chemical mixture in

question, the mixture is assessed by means of a hazard index (HI). The HI is defined as the sum

of the ratios of the CDI to the RID for each noncarcinogenic chemical, as in the following
equation:

HI = CDIt / RfD 1 -Jr-CDI2/ Rtl) 2 + ... CDIi / RfDi

where:

CDIi = Chronic daily intake for the i* chemical in mg/kg/day

RIDi = Chronic reference dose for the it_chemical in mg/kg/day

Any single chemical with an exposure level greater than the reference level would cause the HI

to exceed 1.0, indicating potential health risks of concern. For exposures to more than one

chemical, the HI can exceed the 1.0 target criterion even if no single chemical in the mixture

exceeds its corresponding RfD. However, the assumption of additivity reflected in the HI

equation is most properly applied to chemicals that induce the same effect by the same
mechanism. Consequently, applying this equation to a mixture of compounds that are not

expected to induce the same type of effects could overestimate the potential for adverse health

effects. For this reason, a target organ HI value is calculated which is the sum of the HI values

for chemicals that affect a particular organ (i.e., the liver or thyroid gland).

Health risks from exposure to inorganic lead in groundwater were assessed based on State of

California DTSC guidance (DTSC, 1996) by agreement with DTSC and EPA Region IX risk
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assessors. The human health effects of lead are assessed based on calculation of blood lead

concentrations rather than on an external dose, therefore the traditional reference dose approach
.... to toxic chemicals does not apply to lead. Site-specific blood lead concentrations were estimated

following the California guidance and were compared to the blood lead concentration of concern
(10 lag/dl) for protection of human health.

The methodology used to estimate the site-specific blood lead concentrations is presented in

Appendix K. The model calculates a blood-lead level based on a combined exposure from dietary

intake, drinking water, soil and dust ingestion, and inhalation exposure. One of the input

parameters required for the model is a site-specific soil lead concentration. Samples for
background concentrations of lead at the JPL site were collected at depths greater than 15 feet

below the ground surface. Because of the depth, this soil data was not considered representative

of lead concentrations that humans would typically be exposed to at the ground surface.

Therefore, a regional lead background level of 23.9 rog/kg soil (University of California, 1996)
was used as the default value. Blood lead concentrations were estimated for each well in which

the analyte was detected and are presented in Table 6-11.

6.1.6.3 Risk Assessment Results

This section quantifies risks for the two representative receptors (child/adult and child)

potentially exposed to untreated groundwater from JPL monitoring wells and nearby municipal

water production wells. The cancer and noncancer risk values calculated for the two receptors
.... represent very conservative estimates because there is no current or foreseeable future exposure

pathway to untreated groundwater from the aquifer. The context within which to evaluate the

relative risk from each of the pathways has been established by EPA for the federal Superfund

program under the National Contingency Plan (EPA, 1989). For carcinogens, the EPA acceptable
risk range is a 10-6to 10-4 incremental cancer risk (1 in 1,000,000 to 1 in 10,000 increase in

chance of getting cancer); risks below 104 are generally considered negligible. For

noncarcinogens, where the HQ (individual chemical and pathway) and HI values (sum of all

chemicals and pathways) exceed 1.0, it is assumed exposures may present a health hazard. As the

HQ and HI values increase above 1.0, the level of uncertainty decreases. Thus, given all of the
uncertainties in risk assessment (toxicity values, exposure assumptions, chemical data, etc., see

Section 6.1.7), an HI of 1,000 suggests that you are more likely to reach a dose that exceeds the

reference dose, than is indicated by an HI of 1.1. As the HI increases, there is a greater likelihood
that the reference dose will be exceeded.

For each representative receptor, the cancer risk and HQ value for each analyte and exposure
pathway (ingestion, inhalation, and dermal) was summed to produce total cancer risk and total

noncancer risk (HI) values for each well. Tables 6-12 through 6-48 present the well by well
chemical specific cancer risk and noncancer HQ and HI values for each analyte and total risk

values. Table 6-49 presents a summary of the total cancer risks and noncancer HI values by well.

Table 6-50 presents the chemicals that are the major contributors to overall risk for samples from

..... wells with cancer risks greater than 10'6 and or HI values greater than 1.0. In general, individual
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chemicals with cancer risks greater than 10.6 or HI values greater than 0.5 were included in the
table as major contributors.

The non-cancer (Section 6.1.6.3.1) and cancer risk assessment results (Section 6.1.6.3.2) are
presented separately below. For both the noncancer and cancer risk assessment results, the results

are divided into three sections: OU-1 well results,OU-3 well results, and nearby production well
results. The evaluation of lead detections in groundwater are discussed in Section 6.1.6.3.3.

6.1.6.3.1 Results for Non-carcinogenic Risks

OU-1 Monitoring Wells

The distribution of non-carcinogenic risks (HI) was divided into ranges for discussion purposes.
HI values represent the summed risk values for all chemicals and pathways combined.
The number of OU-1 wells in each HI range was as follows:

HI< 1.0 5wells

HI of 1.0-2.0 4 wells

HI of 2.0-10 5 wells

HI> 10 4 wells

Table 6-49 presents the HI values for each well. For monitoring wells associated with samples

having HI values of 1.0-2.0 (MW-6, -14, -22, and -23), perchlorate and nitrate accounted for the= ·

majority of chemical risk, and no individual chemical produced an HI value that exceeded 1.0.

Five wells had slightly elevated HI values (range 2.0-10) and four wells had samples with HI

values greater than 10. In samples from all of these wells, perchlorate and/or carbon tetrachloride

were the major contributors to noncancer risks, based on the percent contribution to the overall
HI value. For the four wells with samples that had relatively significantly elevated HI values,

perchlorate and carbon tetrachloride accounted for greater than 90 percent of the total HI. The HI

values and major chemicals contributing to risk at these wells were as follows:

HI 2.0-10

· MW-3 HI=2.1; arsenic and perchlorate

· MW-4 HI=8.5; carbon tetrachloride and perchlorate

· MW-8 HI=6.3; carbon tetrachloride and perchlorate

· MW-10 HI=3.2; perchlorate and nitrate

· MW-12 HI=8.9; carbon tetrachloride and perchlorate

HI>10

· MW-7 HI=190; carbon tetrachloride and perchlorate

· MW-13 HI=47; carbon tetrachloride and perchlorate

..... · MW-16 HI=220; carbon tetrachlorideand perchlorate

· MW-24 HI=65; carbon tetrachloride and perchlorate
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To refine the HI approach, the HI value can be evaluated based on the affected target organ.
Because of the assumption of additivity in the HI equation, applying the HI equation to a mixture

of compounds with different target organs and effects may overestimate the potential for adverse

health effects. Perchlorate has adverse effects on the thyroid gland, while 1,1-dichloroethene,

carbon tetrachloride, chloroform, and PCE affect the liver. Evaluation of the total organ HI
values by well indicate that the following wells have samples with total organ HI values that
exceed the benchmark of 1.0:

Total Organ HI Value (for wells with total HI = 2.0-10)

· MW-4 HI: liver = 2.6 and thyroid =4.9

· MW-8 HI: liver = 2.1 and thyroid =3.7

· MW-10 HI: thyroid= 2.1
· MW-12 HI: liver= 7.9

Total Organ HI Value (for wells with total HI > 10)

· MW-7 HI: liver=98 and thyroid = 93

· MW-13 HI: liver =11 and thyroid = 33

· MW-16 HI: liver =61 and thyroid = 160

· MW-24 HI: liver =20 and thyroid = 43

OU-3 Monitoring Wells

The HI values for all chemicals combined and the major chemical contributors to noncancer risk
for the OU-3 monitoring wells were as follows:

· MW-17 HI = 7.6; carbon tetrachloride, perchlorate, and TCE

· MW-18 HI = 2.9; arsenic, carbon tetrachloride, and perchlorate
· MW-19 HI< 1.0

· MW-20 HI = 1.7; arsenic, nitrate, and perchlorate

· MW-21 HI = 2.4; perchlorate, nitrate, and TCE

The OU-3 monitoring wells with target organ HI values greater than 1.0 are as follows:

· MW-17 HI: liver = 1.3 and thyroid = 4.7
· MW-18 HI: liver= 1.1

Figure 6-2 presents the distribution of Hi values for the OU-1 and OU-3 JPL monitoring wells.

Production Well Risks

Data was obtained from 14 municipal water production wells located in the immediate vicinity of

the JPL site. Of these wells, 9 are located downgradient of the site and 5 are located upgradient.

The risk numbers were calculated for untreated groundwater and are not representative of water
delivered by purveyors to residential areas and businesses.

D:XJPL\OUI&3_RIXNEWRlXE13617-6.DOC 6-15



The number of nearby municipal production wells with samples in each HI range was as follows:

HI<1.0 6wells

HI 1.0-2.0 5 wells

HI 2.0-10 2 wells (both wells <4.0)

HI>10 1well

For wells with samples having total HI values greater than 1.0, the HI values and chemicals that

were major contributors to the noncarcinogenic risk were as follows:

· Valley Well No. 1 HI = 1.5; arsenic and perchlorate

· Valley Well No. 2 HI = 1.1; arsenic and perchlorate

· Valley Well No. 4 HI = 1.3; arsenic and perchlorate

· Las Flores Well No. 2 HI = 1.3; arsenic and perchlorate

· Pasadena Well No. 52 HI = 3.1; carbon tetrachloride and perchlorate

· Pasadena Arroyo Well HI = 20; carbon tetrachloride and perchlorate

· Lincoln Avenue Well No. 3 HI = 3.5; carbon tetrachloride, perchlorate, and TCE

· Lincoln Avenue Well No. 5 HI = 1.7; perchlorate and TCE

Only the wells having samples with HI values greater than 3.0 (Pasadena Well No. 52, Pasadena
Arroyo Well, and Lincoln Avenue Well No. 3), had individual chemical HI values that exceeded

1.0. These wells also had samples with target organ HI values greater than 1.0 as follows:

· Pasadena Well No. 52 HI: thyroid = 1.9

· Pasadena Arroyo Well HI: liver = 3.0 and thyroid = 17

· Lincoln Avenue Well No. 3 HI: thyroid = 1.8

6.1.6.3.2 Results for Carcinogenic Risks

OU-1 Monitoring Wells

The carcinogenic risks by well were initially evaluated by dividing the results into ranges based

on the magnitude of total cancer risk (10-6, 10'5, 10'4, and 10'3). The cancer risk values for each

well represent the total risk for all chemicals and pathways combined. The number of OU-1
wells associated with samples in each cancer risk range were as follows:

· 10-6 4 wells

· 10.5 4 wells

· 10-4 4 wells

· 10-3 2 wells

Four wells (MW-I, -5, -9 and -13) had no samples with carcinogenic compounds detected.
The total cancer risk for the other OU-1 wells and the major chemicals (major chemicals are
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chemicals with cancer risk > lxl0 -6[or 1E-06] for all pathways) contributing to the cancer risk are
listed below:

10 -6

· MW-6 Cancer Risk = 4.0E-06; PCE

· MW-14 Cancer Risk = 3.1E-06; chloroform and PCE

· MW-22 Cancer Risk = 3.2E-06; PCE

· MW-23 Cancer Risk = 5.3E-06; chloroform, PCE, and TCE

10 .5

· MW-4 Cancer Risk = 7.7E-05; 1,1-dichloroethene, 1,2-dichloroethane,
carbon tetrachloride, chloroform, and TCE

· MW-8 Cancer Risk = 5.5E-05; carbon tetrachloride, chloroform, and TCE

· MW-10 Cancer Risk = 1.3E-05; chloroform, PCE, and TCE

· MW-11 Cancer Risk = 1.1E-05; carbon tetrachloride, and chloroform

10.4

· MW-3 Cancer Risk = 1.1E-04; arsenic, bromodichloromethane, carbon
tetrachloride and chloroform

· MW-12 Cancer Risk = 1.6E-04; carbon tetrachloride and chloroform

· MW-13 Cancer Risk = 5.5E-04; 1,1-dichloroethene, 1,2-dichloroethane, carbon

.... tetrachloride, chloroform, hexavalent chromium and TCE

· MW-24 Cancer Risk = 5.2E-04; 1,2-dichloroethane, arsenic, carbon
tetrachloride, chloroform and TCE.

10 .3

· MW-7 Cancer Risk = 2.2E-03; 1,1-dichloroethene, 1,2-dichloroethane, carbon
tetrachloride, chloroform, hexavalent chromium, PCE, and TCE

· MW-16 Cancer Risk = 1.4E-03; 1,1-dichloroethene, 1,2-dichloroethane, chloroform,
carbon tetrachloride, hexavalent chromium, PCE, and TCE

OU-3 Monitoring Wells

All of the OU-3 JPL monitoring wells had samples with total cancer risks in the 10'5range, with
the exception of MW-18, which had a total cancer risk of 10.4. The total cancer risk values and

chemicals that contributed to the majority of the risk (risk > 1.0E-06) are presented below:

· MW-17 Cancer Risk = 8.5E-05; bromodichloromethane, carbon tetrachloride,
chloroform, hexavalent chromium, PCE and TCE

· MW-18 Cancer Risk = 1.2E-04; arsenic, bromodichloromethane, carbon tetrachloride,
chloroform, hexavalent chromium, PCE, and TCE

· MW-19 Cancer Risk = 1.0E-05; bromodichloromethane, chloroform, and PCE

. · MW-20 Cancer Risk = 7.3E-05; arsenic, bromodichloromethane, and chloroform

· MW-21 Cancer Risk = 1.9E-05; chloroform, PCE, and TCE
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Figure 6-3 presents the distribution of cancer risk values for the OU-1 and OU-3 JPL monitoring
wells.

Production Wells

For the 14 nearby municipal production wells, the distribution of total cancer risk values

(by magnitude) were as follows:

. 10'6 range 3 wells

· 10.5range 8 wells

· 10'4range 1well

Two wells had no carcinogenic compounds detected in their samples (Rubio Cation Wells Nos. 4

and 7). The total carcinogenic risks and the chemicals that were the major contributors to risk for
the other municipal production wells were as follows:

104

· La Canada Well No. 1 Cancer Risk = 1.4E-06, PCE

· Pasadena Ventura Well Cancer Risk = 2.7E-06; PCE, and TCE

· Pasadena Windsor Well Cancer Risk = 3.6E-06; PCE, and TCE

10-5

· Lincoln Ave. Well No.3 Cancer Risk = 3.3E-05; carbon tetrachloride, PCE, and TCE

· Lincoln Ave. Well No.5 Cancer Risk = 1.4E-05, PCE and TCE

· Pasadena Arroyo Well Cancer Risk = 6.8E-05 carbon tetrachloride, TCE, and PCE

· Pasadena Well No. 52 Cancer Risk = 2.2E-05, carbon tetrachloride and TCE

· Valley Well No. 2 Cancer Risk = 6.7E-05, arsenic and PCE

· Valley Well No. 3 Cancer Risk = 3.6E-05; arsenic and PCE

· Valley Well No. 4 Cancer Risk = 9.8E-05; arsenic, PCE and TCE

· Las Flores Well No. 2 Cancer Risk = 6.5E-05; arsenic and PCE

10-n

· Valley Well No. 1 Cancer Risk = 1.3E-04; arsenic, PCE and TCE

The production well with the highest total cancer risk value is located upgradient of the site

(Valley Water Company Well No. 1). The risk values were calculated for untreated groundwater

and are not representative of water delivered by water purveyors for consumption.

Total Risk Isopleth Maps

Figures 6-4 and 6-5 present the distribution of total hypothetical noncancer and cancer risk

values fxom exposure to untreated groundwater by well, respectively. These maps allow the

.... presentation of spatial trends in the risk data. It should be kept in mind that the risk estimates are

very conservative and are not representative of actual exposures because there is no complete
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exposure route to untreated groundwater. Figure 6-4 shows a general decrease in the noncancer
risk values from west to east across the study area. The primary area of concern for noneancer

risks extends from on-site monitoring wells MW-16 and MW-7 southeast towards the City of
Pasadena Arroyo well. Figure 6-4 also indicates that the wells with target organ HI values greater
than 1.0 are present in the same general area.

Figure 6-5 presents the distribution of hypothetical total cancer risk values from exposure to

untreated groundwater across the study area. Overall, the majority of the total cancer risk values

fall within the EPA range of acceptable cancer risk of 10'6 to 10'4. The main area of concern again
falls within the area that extends from on-site wells MW-16 and MW-7 towards the general area

of the Pasadena Arroyo well including MW-18 and MW-3. For nearby municipal production
wells, all total cancer risk values for hypothetical exposure to untreated groundwater are within

the EPA's acceptable risk range, with the exception of Valley Water Company Well No. 1.

6.1.6.3.3 Evaluation of Lead Detections

As mentioned in Section 6.1.6.2 (Risk Calculation Methodology), health risks from exposure to
inorganic lead in groundwater were evaluated using State of California DTSC guidance (DTSC,
1996). The State of California model estimates blood-lead concentrations in adults and children

based on a multi-pathway (water, diet, soil, dust and air) exposure. Appendix K presents the
methodology and spreadsheets that were used in the calculation of the blood-lead levels for

potential receptors. Table 6-11 presents the lead concentrations detected in JPL monitoring wells.

Lead detects were not reported in any nearby production wells. Appendix K Tables K-1 through
K-10 presents the values used in the calculation of the blood-lead levels that were estimated for

the potential receptors for the 50_, 90_, 95_, 98_ and 99_ percentile values. The 99t_ percentile
blood-lead concentration for the child was used in the comparison to the blood-lead level of

concern (10 lag/dl). Table 6-11 presents the blood-lead concentrations that were estimated for

each exposure point. All estimated blood-lead levels were below the benchmark level (10 gg/dl).

6.1.7 Uncertainty Analysis

Assessing risk is an inexact science but remains an essential tool used to characterize and

quantitatively evaluate potential health effects resulting from exposure to chemicals. In this
section, a qualitative discussion of the uncertainties associated with the estimation of risks for the
site is presented.

Risk assessments are not intended to estimate actual risks to a receptor associated with exposure
to contaminants in the environment. In fact, estimating actual risks is impossible because of the

variability in the exposed or potentially exposed populations. Therefore, the risk assessment is a

means of estimating the probability that an adverse health effect will occur in a receptor.

The multitude of conservative assumptions used in risk assessment evaluations guard against
underestimation of risks.
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Risk estimates are calculated by combining site data, assumptions about individual receptor's

exposures to media impacted with chemicals, and toxicity data. The uncertainties in this risk
assessment can be grouped into four main categories that correspond to these steps:

· Uncertainties in sampling and analysis of environmental media, such as soil and
groundwater.

· Uncertainties in assumptions concerning exposure scenarios.

· Uncertainties in toxicity data and dose-response extrapolations.

· Combinations of sources of uncertainty.

Environmental Sampling and Analysis

Risk estimates developed for JPL are based on the RI sampling results conducted at the site.

Errors in laboratory analysis procedures are not common, but possible, and impacts from these

sorts of errors on risk estimates are likely to be low. Environmental sampling can potentially be a
source of uncertainty in risk evaluation. However, the number of sampling locations and number

of sampling events for the JPL site is large, and with the use of laboratory audits, QA/QC

protocols, and data validation, the uncertainty is reduced significantly. Therefore, the JPL

sampling and analysis data is considered to be more than satisfactory to characterize potential
risks.

Exposure Assessment

In this report, the exposure assessment is based on a number of assumptions with varying degrees
of uncertainty (EPA, 1992e). Uncertainties can arise from the types of exposures examined, the

points of potential human exposure, the concentrations of chemicals at the points of human

exposure, and the intake assumptions. These factors and the ways in which they contribute to the
risk estimation are discussed below.

Points of Human Exposure

In this assessment, the assumption was made that people could come into contact with untreated

groundwater at every JPL monitoring well and nearby municipal production well. It was also

assumed that individuals would be exposed to a constant COPC concentration (95 percent UCL

or maximum detected value) in each well for the duration of exposure. The exposure pathway

does not consider that fluctuations in groundwater chemical concentrations, both spatially or

temporally, will occur over time. These are very conservative assumptions as exposure to

untreated water from JPL monitoring wells and nearby production wells cannot occur under any
realistic exposure scenario now or in the future.

Intake Assumptions Used

The risks calculated depend largely on the assumptions used to calculate the rate of COPC

intake. For this assessment, the Reasonable Maximum Exposure (RME) parameters
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recommended by DTSC and EPA guidance were used. The uncertainties associated with the

parameters used in this risk assessment are described below.

Absorption Factors

The amount of COPCs in groundwater the body may absorb may be different from the amount

inhaled or ingested. Absorption associated with inhalation may be very high initially, especially
for volatile organic compounds (VOCs), and then drop significantly once steady-state

(stabilization) between the air and blood is reached. The values for the original absorption and
the steady-state absorption are not known for most compounds; therefore, inhalation absorption

factors were conservatively assumed to be 100 percent of oral. Similarly, the levels of absorption
of contaminants following ingestion were not known and were conservatively assumed to be 100

percent of laboratory tests. Laboratory tests with VOCs often administer the dose in a way that
increases absorption compared to a chemical in drinking water.

Exposure Frequency and Exposure Duration

Standard default values developed by EPA (EPA, 1991b), are used for mE frequency and

exposure duration for residents. A resident is assumed to remain in his house 24 hours a day for

350 days per year for 30 years (carcinogens) or 6 years (noncarcinogens), as explained in Section

6.1.4.1. The 350-day exposure assumes two weeks of vacation away from home. These upper
bound estimates are conservative values, and it is unlikely they will underestimate risk.

Body Weight

The average body weight for adults of 70 kg (154 pounds) and for children of 15 kg (33 pounds)

were used (EPA, 1991b). If people weigh more than these estimated values, their intake per unit
of body weight is expected to decrease, and their risks could be overestimated. Likewise, if

people weigh less than these assumed body weights, their intake per unit of body weight is
expected to increase, and their risks could be underestimated.

Uncertainties in Animal and Human Studies

Extrapolation of toxicological data from animal tests is one of the largest sources of uncertainty

in a risk assessment. There may be important, but unidentified, differences in uptake,
metabolism, and distribution of chemicals in the body between the test species and humans. For

the most part, these uncertainties are addressed through use of conservative assumptions in
establishing values for RfDs and SFs, which results in the likelihood that the risk is overstated.

Typically, animals are administered high doses (e.g., maximum tolerated dose) ora chemical in a

standard diet or in air. Humans may be exposed to much lower doses in a highly variable diet,

which may affect the toxicity of the chemical. In these studies, animals, usually laboratory

rodents, are exposed daily to the chemical agent for various periods of time up to 2 years (their

approximate lifespan). Humans have an average 70-year lifetime and may be exposed either
intermittently or regularly for an exposure period ranging from months to a full lifetime. Because
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of these differences, it is not surprising that extrapolation error is a large source of uncertainty in
a risk assessment.

Non-Carcinogenic Toxicity Criteria

In the establishment of the non-carcinogenic criteria, conservative multipliers, known as
uncertainty factors, are used. Many of the chronic non-carcinogenic toxicity criteria that were

located in either IRIS or NCEA had uncertainty factors of 1,000. This means that the dose

corresponding to the toxicological outcome (e.g., LOAEL) was divided by, or decreased by a

factor of, 1,000. The purpose of the uncertainty factors is to account for the extrapolation of
toxicity data from animals to humans and to ensure the protection of sensitive individuals.

Currently, there is much debate about the provisional RfD value for perchlorate and the actual

risks from the chemical. A provisional RfD for perchlorate was developed based on an acute
study in which single doses of potassium perchlorate caused the release of iodide from the

thyroid gland of patients with Graves' disease. It was difficult to establish a dose-response for the

effects on thyroid function from daily or repeated exposures in normal humans from the data on

patients with Graves' disease because of a variety of confounding factors, including that the
disease itself has effects; that often only a single exposure, rather than repeated exposures, was

tested; that only one or two doses were employed; and that often the only effect monitored was

iodide release from the thyroid or control of the hyperthyroid state. Currently laboratory animal

toxicity studies are being conducted with perchlorate that will provide input into a potential
...... revision of the provisional RfD.

Carcinogenic Toxicity Criteria

The availability and quality of toxicological data is another source of uncertainty in a risk
assessment. Uncertainties associated with animal and human studies can influence the criteria.

Carcinogenic criteria are classified according to the amount of evidence available that suggests

human carcinogenicity. Each carcinogen is given a weight of evidence designation of A through
E dependent on the strength of the evidence.

EPA assumes that there is no threshold for carcinogenic substances. That is, exposure to even

one molecule of a carcinogen is sufficient to cause cancer. This is a conservative assumption
because the body has several mechanisms to protect against cancer. This is especially true for

carcinogens such as PCE and TCE. These carcinogens do not attack the DNA. Rather, their

carcinogenic action is via a secondary, or tertiary, mechanism. For these compounds, a threshold
dose does actually exist. If an individual were exposed to levels that would not exceed the

threshold dose, it would be unlikely that the individual would get cancer. Therefore, by assuming
that all potential human carcinogens do not have a threshold dose, considerable uncertainty and

conservatism are incorporated into cancer risk assessments.

Uncertainty due to extrapolation of toxicological data for potential carcinogens tested in animals

to humans is more prominent for potentially carcinogenic chemicals than non-carcinogenic ones.
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EPA uses the Linearized Multi-Stage Model (LMS) to extrapolate the toxicological data. The

LMS assumes that there is no threshold for carcinogenic substances; that is, exposure to even one
molecule of a carcinogen is sufficient to cause cancer. As previously noted, this is a conservative

assumption because the body has several mechanisms to protect against cancer.

The use of the LMS model to extrapolate is a well-recognized source of significant uncertainty in
the development of carcinogenic toxicity criteria and, subsequently, theoretical carcinogenic risk
estimates. Animal studies cannot determine what happens at low levels of exposure, however,
which are generally typical of human exposure levels.

At low levels of exposure, the probability of cancer cannot be measured, but must be

extrapolated from higher dosages. To do this, animals are typically exposed to carcinogens at
levels that are orders of magnitude greater than those likely to be encountered by humans in the

environment. It would be difficult, if not impossible, to perform animal experiments with a large

enough number of animals to directly estimate the level of risk at the low exposure levels
typically encountered by humans. Thus, to estimate the risk to humans exposed at low levels,

dose-respOnse data derived from animals given high dosages are extrapolated downward using
mathematical models such as the LMS, which assumes that there is no threshold of response. The
dose-response curve generated by the model is known as the maximum likelihood estimate. The

slope of the 95 percent lower confidence interval (i.e., upper bound limit) curve, which is a

function of the variability in the input animal data, is taken as the slope factor. The slope factors
are then used directly in cancer risk assessment.

The federal government, including EPA itself, has acknowledged the limitations of the high-to-
low dose extrapolation models, particularly the LMS (EPA, 1991c). In fact, this aspect of cancer

risk assessment has been criticized by many scientists (including regulatory scientists) in recent

years. In the process of re-evaluating the 1986 cancer risk assessment guidelines, EPA released

proposed new draft cancer guidance (EPA, 1996b). This guidance proposes profound changes to
the way in which carcinogenicity data is approached and used in the establishment of cancer
criteria for use in risk assessment.

Several other factors inherent in the LMS result in overestimated carcinogenic potency including:
(1) any exaggerations in the extrapolation that can be produced by some high dose responses (if

they occur) are generally neglected, (2) upper confidence limits on the actual response observed

in the animal study are used rather than the actual response, which can greatly overestimate risk,
and (3) threshold carcinogens are modeled in the same manner as non-threshold chemicals.

The following excerpts are from the Regulatory Program of the United States Government,

April 1990 - March 1991, Executive Office of the President (EPA, 1991c):

None of (the) purported advantages of the LMS approach has a sound statistical

basis. It is a fundamental axiom of statistics that unbiased estimates are generally
preferred to biased ones. Using the upper confidence limit instead of the unbiased

estimate exaggerates underlying specification errors instead of eliminating them.
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"Instability" is overcome, but at the cost of greater errors in specification. The

problem with the LMS is that it generates biases that intensify with the degree to

..... which the multistage model mis-specifies the tree dose-response relationship.

The LMS cannot be justified as a method of scientific risk assessment. The

"yardstick" defense implicitly asserts that scientific advancements in risk

assessment methodology should take a back seat to the preservation of an

outdated and misguided statistical procedure.

The habitual reliance upon either the multistage model or its LMS descendant cannot be

supported by sound scientific principles.

Even if studies of chemical effect in humans are available, they generally are for workplace

exposures far in excess of those expected in the environment. Uncertainties can be large because

the activity patterns, exposure duration and frequency, individual susceptibility, and dose may
not be the same in the study populations as in the individuals exposed to environmental

concentrations. Another source of uncertainty arises from differences in regulatory agencies

development of toxicity benchmark values. The State of California has developed its own cancer
potency factors and considers hexavalent chromium a carcinogen via the oral route, whereas

EPA does not consider this chemical an oral carcinogen. But, because conservative methods are

used in developing the RfDs and SFs, the possibility of underestimating risks is low.

· Combinations of Sources of Uncertainty

Uncertainties from different sources are compounded in the risk assessment. For example, if a

person's daily intake rate for a chemical is compared to an RfD to determine potential health

risks, the conservatism and uncertainties in the concentration measurements, exposure

assumptions, and toxicity will all be expressed in the result. Therefore, by combining all upper-
bound numbers, the conservatism and uncertainty are compounded, and the resulting risk

estimate is above the 90'hor 95_ percentile, perhaps even greater than the 99thpercentile.

6.1.8 Summary

The two representative receptors chosen to model risk from hypothetical exposure to untreated
groundwater at the JPL site were the residential adult and child. Noncancer and cancer risks were

calculated based on a 6-year exposure for the child and a 30-year age-adjusted exposure averaged
over 70 years for the adult. Exposure to untreated groundwater contamination was evaluated for

ingestion, inhalation and dermal contact at each JPL monitoring well and nearby municipal
production well. It was assumed that the receptors were exposed to the maximum detected or 95

percent UCL contaminant concentration, in each well for 350 days per year. The exposure
scenario is a hypothetical situation that does not reflect realistic current or future land-use

scenarios because there are no direct exposure pathways for humans to untreated groundwater in

the study area. The receptors and scenarios modeled in this risk assessment represent a
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conservative RME exposure scenario that is designed to determine where areas of risk may
OCCur.

Non-cancer Risks

The evaluation of noncancer risks for the child receptor show that with the exception of four on-
site monitoring wells (MW-7, -13, -16 and -24), all of the JPL monitoring wells produced HI
values less than 10. Of the 23 JPL monitoring wells, the HI values were distributed as follows:

· HI< 1.0 6 wells

· HI = 1.0-2.0 5 wells

· HI = 2.0-10 8 wells

· HI>10 4wells

Analysis of the HI values based on target organ effects, indicates that 10 monitoring wells
(MW-4, -7, -8, -10, -13, -16, -17, -18, -21 and -24 ) produced HI values that exceeded the

benchmark value of 1.0 (Table 6-51). In these wells, carbon tetrachloride and perchlorate were

consistently the predominant chemicals producing risk. Table 6-51 presents the chemicals by
well that produced individual HI values greater than 1.0 and were the major contributors to the
overall risk value.

Off-site monitoring wells MW-18 and MW-21 produced target organ HI values that only slightly

exceeded the benchmark of 1.0 for liver and thyroid effects, respectively. MW-17 produced a
liver HI value of 1.3 and a thyroid HI value of 4.7.

For nearby municipal production wells, the range of Hi values was as follows:

· HI < 1.0 6 wells

· HI = 1.0-2.0 5 wells

· HI = 2.0-4.0 2 wells

· HI = >4.0 1 well

In the wells with HI values greater than 1.0, the major chemicals contributing to risk were arsenic

and perchlorate (Valley Water Wells No. 1, 2, and 4); carbon tetrachloride and perchlorate

(Pasadena Well 52 and Pasadena Arroyo Well); carbon tetrachloride, perchlorate and TCE

(Lincoln Avenue well No. 3) and perchlorate and TCE (Lincoln Avenue Well No. 5). In three

wells, the total organ HI value exceeded 1.0 as follows: Pasadena Well 52 (thyroid HI=I.9);

Pasadena Arroyo (thyroid HI=I 7 and liver HI=3.1) and Lincoln Avenue Well No. 3 (thyroid
HI=1.8). Table 6-52 presents the chemicals by well with individual HI values greater than 1.0.

Cancer Risks

Evaluation of cancer risks for JPL monitoring wells shows that greater than half of the wells had

.... cancer risk values fall within EPA's range for acceptable levels of risk of 10-6 to 10.4 (lin
1,000,000 to 1 in 10,000 increase in chance of getting cancer). Four wells had no cancer risks
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because no carcinogenic chemicals were detected. Seven wells had cancer risk values greater

than 10 -4, of which two wells (MW-7 and MW-16) had cancer risks greater than 10'3.

The five wells with cancer risks values in the 10-4range were as follows:

· MW-3 1.1E-04

· MW-12 1.6E-04

· MW-13 5.5E-04

· MW-18 1.2E-04

· MW-24 5.2E-04

Figure 6-6 presents a graphical distribution of the major contributors to the cancer risk values by
well. Table 6-51 (JPL monitoring wells) and 6-52 (production wells) presents the major chemical
contributors to cancer risk in wells with total cancer risks that exceeded 10.6. The individual

chemicals were considered major contributors, if their individual chemical total cancer risk were

greater than 10.6. For chemicals that were major contributors, Tables 6-53 and 6-54 present the

percent contribution of each chemical to the total cancer risk estimate. These tables present the
chemicals that are the predominant contributor to risk in each well.

Two wells, MW-3 and MW-18 slightly exceeded the EPA acceptable risk range (>10-4) and the

constituent contributing to the majority of the risk was arsenic. During the RI, arsenic was only

consistently detected in the lowermost screen of MW-3 and randomly detected in a few other

wells at very low levels (range 0.005-0.01 rog/L), all below the MCL value of 0.05 mg/L. The
detection frequency of arsenic for the 1997-1998 RI data used for the risk assessment was

6 detections out of 278 samples (2%). Arsenic is a naturally occurring metal and the arsenic

detections probably reflect natural concentrations of the analyte (see Section 4.0) and do not

represent a human health concern. The EPA's risk management policy for arsenic suggests that

arsenic-related cancer risks of up to 1.0E-03 can be accepted because the cancer caused by the
exposure is associated with a low mortality rate (as cited in EPA, 1996b).

Three other JPL monitoring wells had total cancer risks greater than 10-4(MW-12, MW-13 and

MW-24), and a variety of chemicals contributed to the total cancer risk value. For MW-12,
Table 6-51 indicates that both carbon tetrachloride and chloroform produced individual cancer
risks greater than 10.6. Of these two chemicals, the carbon tetrachloride accounted for 99.9% of

the total risk (Table 6-53) and the chloroform accounted for less than 1 percent of the total. The

predominant chemical contributors in wells with cancer risks greater than 10 -4 were as follows:

MW-12 (carbon tetrachloride); MW-13 (carbon tetrachloride and hexavalent chromium) and
MW-24 (carbon tetrachloride).

The two JPL wells with the highest total cancer risk were MW-7 (risk = 2.2E-03) and MW-16

(risk = 1.4E-03). In these wells carbon tetrachloride accounted for 91 percent and 86 percent,
respectively, of the total risk value. These two wells also have the highest noncancer risk values

(HI values of 193 and 222, respectively).
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For the OU-3 JPL monitoring wells, four out of five wells had cancer risk values in the 10.5range
(1.0E-05 to 8.5E-05) and one well (MW-18) had a cancer risk value of 1.2E-04. All of these

wells, with one exception (MW-18) have cancer risk values that fall within the EPA range for

acceptable cancer risks of 10'6 to 10.4. The cancer risk in MW-18 is primarily due to
concentrations of arsenic, which account for 46 percent of the total risk. As discussed above, the

detections of arsenic likely reflect natural background variability.

All of the cancer risk values for hypothetical exposure to untreated groundwater from nearby

production wells were within EPA's range for acceptable cancer risks, with the exception of
Valley Well No. 1 (cancer risk =1.3E-04). Tables 6-52 and 6-54 indicate that concentrations of

arsenic and PCE are the primary contributors to the total hypothetical cancer risk in Valley Well
No.1, which is located approximately ½ mile upgradient of JPL. The Valley Well No. 1 is

outside the known influence of JPL impacted groundwater due to the lack of PCE at the JPL site
and appears to be impacted from commercial activities not associated with JPL. Arsenic and PCE

also account for the majority of the hypothetical cancer risk values for exposure to untreated
groundwater in Valley Wells Nos. 2, 3, and 4.

6.2 SCOPING ASSESSMENT OF ECOLOGICAL RISK

An initial scoping assessment of ecological risks was completed at JPL (Foster Wheeler, 1996g)

to determine if a quantitative ecological assessment of the potential risks to biota (plants and
animals) associated with contamination found at the site was required. The scoping assessment

qualitatively evaluated potential ecological receptors, constituents of concern, and potentially
complete exposure pathways for soil, soil vapor and groundwater contamination. An evaluation

of ecological risk is required because ecological receptors are frequently more sensitive to

contaminant-induced effects than humans, and may be exposed to different levels of

contaminants than would be expected for humans. This section summarizes the scoping

ecological assessment as it related to the groundwater beneath and downgradient of JPL.

The scoping assessment used a habitat approach as the basis for identifying potentially complete

pathways between areas of contamination and specific plant and animal species that occupy or
potentially occupy the site. Potentially affected habitats within or adjacent to the JPL site were

found to include: urban landscape, chaparral, riparian, wetlands, southern oak woodland, and

desert wash. A wide variety of plant and animal (invertebrates, amphibians, reptiles, birds, and

mammals) species were catalogued during field surveys by Foster Wheeler personnel and from

reported observations from JPL personnel. In addition, lists of threatened or endangered species
that could occur in the JPL area were compiled. From the list of plant and animal inhabitants,

representative receptors for the various trophic (food chain) levels were identified for each

identified habitat to allow for the evaluation of the interactions within the ecosystem that might

be important in the identification of exposure pathways for potential receptors. The constituents
of concern evaluated for groundwater included the metals and VOCs that had been detected in

groundwater during the RI (Foster Wheeler, 1996g).
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The chaparral and southern oak woodland habitats are found only in the San Gabriel Mountains
to the north of the JPL site. Because no contamination was known or suspected within the

chaparral and southern oak woodland habitats, no potential exposure pathways were identified

for these habitats. The riparian, desert wash and wetland habitats occur off-site only, and

contaminated groundwater typically underlies these habitats at depths of approximately 100 ft or
more. For this reason, there are no plausible groundwater exposure pathways to plants and

animals within the riparian, desert wash, and wetland habitats. The urban landscape habitat is the

predominant on-site JPL habitat. As with the off-site habitats, contamination of groundwater is

found at depths between approximately 100 to 250 feet and therefore no groundwater exposure
pathways to plants and animals are plausible within the on-site JPL urban landscape habitat.

It was therefore concluded that since there were no complete exposure pathways from

groundwater to site biota, that no further characterization of ecological risks to plants and
animals due to JPL groundwater contamination was warranted.

L
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TABLE 6-1

RESULTS OF STEP 1 OF COPC SELECTION PROCESS

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Jet Propulsion Laboratory---Summary of Data for Monitoring Wells (1994-1998)

ScenaioT_eframe:Current,1=uture
Medium:Groundwater
ExposureMedium:Groundwater
ExeesurePointMeeitorinoWellst1994-1998_--TaoWater

(1) (1) (2) (3) (4)
CAS Chemical Minimum Uin,T_umMaximum MaximumUnits Location Deteclion Detec_n Concenl_alJon Background Screening COPC Rationalefor

Number Concent'a_on Qualifier Concenffa_on Qualifier ofMaximum Frequency Limits Usedfor Value ToxicityValue Flag Contaminant
Concent.a_n Screening Dele'ion

orSeleclJon

7%55-6 1,1,1-Trichloroethane 1.2 - 1.2 - ug/L MW-lO 1/533 0.5 1.2 N/A 480 No BSL

79-34-5 1,1,2,2-Tetraddoroethane 0.6 -- 0.6 -- ug/I. MW-21-2 1/533 0.5 0.6 N/A 0.055 Yes ASL
75-34.3 l,l-Dichloroethane 0.6 3.9 -- ug/L MW-14-1 30/533 0.5 3.9 N/A 5.8 No BSL

75-35-4 1,1-Dichloroethene 0,5 - 4.7 -- ug/L MW.16 39/533 0.5 4.7 N/A 0.046 Yes ASL

87-61-6 1,2,3-Trichlorobenzene(5) 0.5 0.8 -- ug/L MW-14-2 4/533 0.5 0.8 N/A 120 No BSL
107-06-2 1,2.Dichloroethane 0.6 8.9 - ug/L MW-13 351533 0.5 8.9 N/A 0.12 Yes ASL

7429-90-5 Aluminum 0.05 1.1 -- mg/L MW-12-1 42/151 0.05 1.1 N/A 16 No BSL

7440-38-2 Arsenic 0.005 0.014 -- mg/L MW.03-5 12/529 0.005 0.014 NIA 0.000040 Yes ASL

7440-39-3 Barium 0.021 0.15 -- mg/L MW.21-3 125/129 0.02 0.15 N/A 1.1 No BSL
56-55-3 Benzo(a)anthracene 12 12 - ug/L MW.12-2 1/135 0.05 12 N/A 0.020 Yes ASL

50-32.8 Benzo(a)pyrene 16 16 - ug/L MW-12-2 1/135 0.02 16 N/A 0.0015 Yes ASL

205-99-2 Benzo(b)fuoranthene 28 28 -- ug/L MW.12-2 1/135 0.02 28 N/A 0.016 Yes ASL
191-24-2 Benzo(g,h,i)perylene 10 10 -- ug/L MW-12-2 1/131 0.05 10 N/A N/A Yes NTX

207-08-9 Benzo(k)6uoranthene 11 11 - ug/L MW-12.2 1/131 0.02 11 N/A 0.016 Yes ASL

75-27-4 Bromodichloromethane 0.5 1.9 - ug/L MW-18-2 27/533 0.5 1.9 N/A 0.18 Yes ASL
7440-70-2 Calcium 3.8 180 - mg/L MW-23-1 508/508 I 180 N/A N/A No NUT
56-23-5 CarbonTetrachlonde 0.5 310 -. ug/L MW-07 130/533 0.5 310 N/A 0.17 Yes ASL

67-66-3 Chloroform 0.5 58 - ug/L MW-16 2571533 0.5 58 N/A 0.16 Yes ASL

74-87-3 Chloromethane 0.8 0.8 - ug/L MW.12-4 1/533 0.5 0.8 N/A 1.5 No BSL

n/a Chromium 0.01 0.24 - mg/L MW.06 58/506 0.01 0.24 N/A N/A No NTX
218-01.9 Chrysene 21 21 - ug/L MW-12-2 1/131 0.02 21 N/A 0.20 Yes ASL

7440-50-8 Copper 0.012 0.044 - mg/L MW-18-4 5/129 0.01 0.944 N/A 0.58 No BSL

57-12-5 Cyanide 0.006 0.006 - rng/L MW.11-1 2/129 0.005 0.006 N/A 0.31 No BSL
84-74-2 Di-n-butylphthalate 10 16 - ug/L MW-11-1 9/131 10 16 N/A 1500 No BSL

75-09-2 Dichloromethane 0.7 2.1 - ug/L MW-03-5 41533 0.5 2.1 N/A 3,8 No 8SL

10041.4 Ethylbenzene 0.5 0.5 - ug/L MW-03-5 1/533 0.5 0.5 N/A 1300 No BSL
206-44-0 Ruoranlhene 39 39 -- ug/L MW-12-2 1/130 5 39 N/A 460 No BSL

16984.48-8Ruoride 0.15 3.67 - mg/L MW-03-5 129/129 0.1 3.67 N/A 0.94 Yes ASL

75-69.4 Ruorotrichloromethane 0.8 1.8 - ug/L MW-13 5/533 0.5 1.8 N/A 1300 No 8SL

7440-47-3 HexavalentChromium 0.006 0.047 -- mg/L MW-13 30/507 0.005 0.047 N/A 0.00016 Yes ASL
193-39-5 Indeno(1,2,3-c,d)pyrene 10 - 10 - ug/L MW-12-2 11130 0.05 10 NIA 0.011 Yes ASL

7439-89-6 Iron 0.055 7.2 -- rng/L MW-19-2 4291508 0.1 7.2 N/A 4.7 Yes ASL
7439-92-1 Lead 0.0012 - 0.028 -- mg/L MW.14-5 35/527 0.002 0.028 N/A 0.0040 Yes ASL
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TABLE 6-1

RESULTS OF STEP 1 OF COPC SELECTION PROCESS

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Jet Propulsion Laboratory--Summary of Data for Monitoring Wells (1994-1998)

SceearioT_neframo:Cu,ent/Future
I_,dium:Groundwa_
ExposureMedium:Groundwater
ExPosurePoint:Monito_naWeftsf1994-19981--Ta_Water

(1) (1) (2) (3) (4)
CAS Chee'ical Minimum I_nimom Maximum Maximum Units Localion Oetsc_on Detec_on Concenlsa['on Background Screening COPC RalJonalefor
Number Concen_'a_onQualifier Concenb'a_onOu_q_er ofMaximum Frequency Limits Usedfor Value Toxic_V_tue Fi_j Contaminant

Concenl_ - Screening Dele/Jori
orSelection

7439-95-4 Magnesium 1.0 58 mg/L MW-14-2 503/508 0.1 58 N/A N/A No NUT

7439-97-6 Mercury 0.0002 - 0.0002 mg/L MW-21-2 3/130 0.0002 0.0002 N/A 0.0047 No BSL

1634-04-4 MethylteA-butylether .0.7 - 73 ug/L MW-11-1 2/243 0.5 7.1 N/A 20 No BSL
· 7439-89-7 Molybdenum 0,025 - 0,025 moll MW-20-4 11129 0.02 0.025 NIA 0.078 No 8SL

91-20-3 Naphthalene 0.7 - 1.9 -- ug/L MW-03-2 2/526 0.5 1.9 N/A 0.017 Yes ASL
7440-02-0 Nickel 0.01 - 0.044 -- mo/I. MW-18-4 141129 0.01 0.044 N/A 0.31 No BSL
14797.55-8Nitrate 0.1 - 20 - m0/L IVIW-14-1 4451508 0A 20 N/A 10 Yes ASL

7601.90-3 Perchlorate 4.1 - 1230 - ug/L MW-16 76/214 4 1230 NIA 7.8 Yes ASL

85-01-8 Phenanthrene 29 - 29 -- ug/I. MW-12-2 11129 5 29 N/^ N/A Yes NTX
7440-09-7 Potassium 1.0 - 9.7 - mo/3. MW-01 507/508 I 9.7 N/^ N/A No NUT

129-00-0 Pyrene 33 - 33 - ug/L MW-12-2 1/129 5 33 N/A 180 No BSL
7440-23-5 Sodium 2.5 - 120 - mg/L MW-20-4 506/508 1 120 N/^ N/A No NUT

7440-24-6 Strontium 0.076 - 1.3 -- mg/L MW-21-2 1291129 0.01 1.3 N/A 9.4 No BSL

127.18-4 Tetrachloroethene 0.5 - 4.5 - ug/L MW-21-5 143/533 0.5 4.5 N/A 0.87 Yes ASL

108-88-3 Toluene 0.6 - 1.2 - ug/L MW-01 6/533 0.5 1.2 N/A 720 NO BSL

688-73-3 Tributyltin 2 - 5 *- ng/1 MW-12.1 3/19 2 5.0 N/A 4700 No BSL
79-01-6 Trichleroethene 0.5 - 73 - ug/L MW-13 143/533 0.5 73 NJ^ 1.6 Yes ASL

76-13-1 Trichlorotrifluoroethane 0.5 - 8.8 - ug/L MW-07 37/533 0.5 8.6 N/A 59000 No BSL

7440-66-6 Zinc 0.02 - 0.065 - moll MW-18-5 57/129 0.02 0.065 N/^ 4.7 No BSL
166-59-2 ds-l,2-Dichloroethene 0.6 -- 0.6 - ug/L MW-21-5 1/533 0.5 0.6 NJA 61 No BSL

n/a m,p-Xylenes 1.3 - 1.3 - ug/L MW-01 1/533 0.5 1,3 N/A 1400 No BSL

(I) Minimum/maximumdetectedconcen_a_on Delfn_ons: CAS=ChemicalAbs_actService

(2) App_,e t_ck_otmdinforma'6onwasr,otavailable. COPC=chemicalofpotenlJalconcern

(3) Screeningt_xici_yvaluederived_ne=_rdancewith_tate_f_if_rniaDep_n_fT_xic_ubstancesC_n_Pre_min_ry DTSC=DepastmentofToxicSubstancesConl_ol
EndangermentAssessmentGuidanceManual(DTSC1994)andEPAReg/ongPRGTable(EPA1999) EPA=U.S.EnvironmentalProtec_nAgency

(4) Ra_onaleCodes SeleclJonReason: AboveScreeningLevels(ASL) mg/L=milligramsperliter
MW=monitoringwell

DeletionReason: BelowScreeningLevel(BSL) N/A=Notapplicable

NoToxicitylnf_malion(NTX) PRG=PreliminaryRemedialGoal

Essen_alNutient(NUT) uFL=microgramsperliter

(5} Toxicityi_oo'aa_nootavaila_efor1,2,_Lorobeozene.Toxic__ fmrn1,2,4-kidnlombenzeeeused_ asuemgate.
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TABLE 6-2

RESULTS OF STEP 2 OF COPC SELECTION pRocEss

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

Jet Propulsion Laboratory---Summary of Data for Monitoring Wells (1997-1998)

ScenadoTe_frame:Current/Future

Medium:Oroundwate_

ExposureMedium:C_oundwater
ExoosurePoint:MonitodnaWellsflgg7-19981.--TaoWater

(1) (1) (2) (3) (4)
CAS Chen_,cal Minimum Minimum Maximum Maximum Units Localion Detec_n Rangeof Concenb'a_on Background Screening COPC Rationalefor

Number Concenb'a'6on Qual_er Concenl_alJon Qualifier of Maximum Frequency DelecUon Usedfor Value ToxicityValue Flag Contaminant

Concenffation Limits Screening Deletion

orSelec_on

79-34-5 1,1,2,2-Te_achloroethane NE) NE) - ug!. NE) 0/278 0.5 NE) N/A 0.055 No ND

75-35-4 1,1-Dichicmethene 0.50 2.6 - ugJL MW-16 18/278 05 2.6 ' N/A 0.046 Yes ASL

107-05.2 1,2-Dichleroethane 0.8 2.1 - ugh1_ MW-16 15/278 0.5 2.1 N/A 0.12 Yes ASL

7440-38-2 Arsenic 0.005 0.01 mg/L MW-03.5 6/278 0.005 0.01 N/A 0.00004 Yes ASL

56-55-3 Benzo(a)anthracene N/A N/A - N/A N/A N/A 0.05 N/A N/A 0.020 No NA

50-32-8 Benzo(a)pyrene N/A N/A - NIA NIA N/A 0.02 NIA N/A 0.0015 No NA

205-99-2 Benzo(b)fiuoranthene N/A N/A -- NIA N/A N/A 0.02 NIA N/A 0.0155 No NA

191-24-2 Benzo(g,h,i)pefylene N/A NIA - N/A N/A N/A 0.05 N/A N/A NIA No NA

207-08-9 Benzo(k)fluoranthene N/A N/A - N/A N/A N/A 0.02 N/A NIA 0.0155 No NA

75-27-4 Bromodichlotomethane 0.5 0.9 - ug/L MW-17-3 12/278 0.5 0.9 N/A 0.18 Yes ASL

56-23-5 CarbonTelrachla-ide 0.6 150 - ug/L MW-07 67/278 0.5 150 N/A 0.17 Yes ASL

67-66-3 Chbroform 0.5 43 - ug/L MW-13 126/278 0.5 43 N/A 0.16 Yes ASL

218-01-9 Chtysene N/A N/A -- N/A N/A N/A 0.02 N/A N/A 0.20 No NA

16984-48-8 Fluoride N/A N/A - N/A N/A NIA 0.1 N/A NIA 0.94 No NA

744047.3 HexavalentChromium 0.006 0.045 - mg/L MW-13 13/279 0.005 0.045 N/A 0.00018 Yes ASL

193-39-5 Indeno(1,2,3.c,d)pyrene N/A NIA N/A N/A N/A 0.05 N/A N/A 0.011 No NA

7439-89-6 Iron 0.055 4.4 - rog/l- MW-23-3 214/263 0.1 4.4 N/A 4.69 No BSL

7439-92-1 Lead 0.0012 0.028 mg/L MW-14-5 18/278 0.002 0.028 N/A 0.004 Yes ASL

91-20-3 Naphthalene N/D N/D - ug/L NE) 0/278 0.5 NE) N/A 0.0173 No ND

14797-55-8 Nib'ate 0.1 19 mg/L MW-14-1 233/263 0.1 19 N/A 10 Yes ASL

7601.90.3 Perchlorate _ 4.1 1230 ug/L MW.16 76/214 4.0 1230 N/A 7.82 Yes ASL

85-01-8 Phenanthrene N/A - N/A NIA N/A N/A 5.0 NIA N/A N/A No NA

127-18-4 Te_achlemethene 0.5 - 4.4 ug/L MW-21-4 · 71/278 0.5 4.4 N/A 0.87 Yes ASL

7901.6 Trichloroethene 0.5 - 29 ug/L MW-21-1 74/278 0.5 29 N/A 1.6 Yes ASL

(1) Minimum/maximumdetectedconcenb'a6on Defini_ns: CAS=Chen_alAbsl_actSen,ise

(2) Applicablebackge)umlinfo_ wasnotavailable. COPC=chendcalofpotentialconcern

(3) ScreeningtoxicityvaluedelvedinaccordencewithStateofCaliforniaBeparlmentofToxicSubstancesConlroiPre/kn/nary DTSC=DepadmentofToxicSubstancesCont'oi

EndangementAssessmeetGu/dameManua(DTSC1994)andEPARegion9PRGTab/e(EPA1999) EPA= U.S.EnvironmentalProtec'6onAgency

(4) Ra_onaleCodes _ Reason: AboveScreeningLevels(ASL) mg/1.=miltigransperliter

MW=monitonngwell

DetelionReason: BelowScreeningLevel{BSL) N/A=Notanalyzedinthe1997-1998samplingevents

NotDetected{ND) N/D=Notdetected

NotAnalyzed(NA)in 1997-1998sampling--Seediscussionintext PRG=PreliminaryRemedialGoal

ug/L: n_ams perliter
Screens2-2



Page 1 of 1

TABLE 6-3
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

TIC Information 1994-1998 Jet Propulsion Laboratory - All Wells

Scenario Timeframe: Current/Future

Medium: Groundwater
Exposure Medium: Groundwater
Exposure Pont: Mon tor n,qWel s (1994-1998) - Tap Water*

(1) (1) (2) (3) (4)
CAS Chemical Minimum Minimum Maximum Maximum Units Location Detection Rangeof Concentration Background Screening COPC Rationalefor

Number Concentration Qualifier Concentration Qualifier of Maximum Frequency Detection Used for Value Toxicity Value Flag Contaminant

Concentration Limits Screening Deletion
or Selection

96-76-4 2,4-bis(1,1-Dimethylethyl)phenol 32 t 32 t ug/L MW-11-5 111 32 N/A NIA No NTX

115-11-7 2-Methyl-l-propene 1.5 t 1.5 t ug/L MW-11-4 1/1 1.5 N/A N/A No NTX

75-28-5 2-Methylpropane 1.6 t 1.6 t ug/L MW-04-2 1/1 1.6 N/A N/A No NTX

85-60-9 4,4'-butylidenebis[2-( 1,t -dimethylphenol)] 9.2 t 9.2 t uglL MW-17-2 1/1 9.2 N/A N/A No NTX

64-19-7 Acetic acid 2.0 t 5.1 t ug/L MW-19-1 2/2 5.1 N/A N/A No NTX

67-67-1 Acetone 1.1 t 5.5 t ug/L MW-18-3 40/40 5.5 N/A 610 No BSL

75-15-0 Carbon Disulfide 0.5 t 44 t ug/L MW-11-5 20/20 44 N/A 1000 No BSL

100-41-4 Ethylbenzene (5) 9.1 t 9.3 t ug/L MW-21-4 2/2 9.3 N/A 1300 No BSL

110-54-3 Hexane 1.0 t 7.4 t ug/L MW-04-5 2/2 7.4 N/A 350 No BSL

3622-84-2 N_Butyl-benzenesulfonamide 8.9 t 8.9 t ug/L MW-03-5 1/1 8.9 N/A N/A No NTX

7446-09-5 Sulfur dioxide 2.7 t 2.7 t ug/L MW-03-5 1/1 2.7 N/A N/A No NTX

(1) Minimum/maximum detected concentration. Definitions: CAS = Chemical Abstract Service

(2) Maximum value of the detected concentrations was used as screening value COPC = Chemical of potential concern

(3) Background information was not available. MW = Monitoring Well

(4) Rationale Codes Selection Reason: N/A N/A = Notapplicable

t = Tentativly identified compound

Deletion Reason: Below Screening Level (BSL) ug/L -- micrograms per liter

No Toxicity Information (NTX) *Off-site wells include MW-17, MW-18, MW-19, MW-2O,and MW-21.

(5) Concentration based on semi-volatile compound methodology for ethylbenzene

Tic_tbl TICs 419/99
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TABLE 6-3
OCCURRENCE,DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

TIC Information 1994-1998 Jet Propulsion Laboratory - All Wells

Scenario Timeframe: Current/Future
Medium: Groundwater

IExposure Medium: Groundwater
VExposurePont: Monitor na Wells (1994.1998) - Tap Water*

(Il (fl (2) (3) (4)
CAS Chemical Minimum _linimum Maximum Maximum Units Location Detection Range of Concentration Background Screening COPC Rationalefor

Number Concentration QuaJ_er Concentration Qualifier of Maximum Frequency Detection Used for Value ToxicityValue Flag Contaminant

Concentration Limits Screening Deletion
or Selection

96-76-4 2,4.bis(I, 1-Dimethylethyl)phenol 32 t 32 t ug/L MW-11-5 1/1 32 N/A N/A No NTX

115-11-7 2-Methyl-l-propene 1.5 t 1.5 t ug/L MW~11-4 1/1 1.5 N/A N/A No NTX

75-28-5 2-Methylpropane 1.6 t 1.6 t ug/L MW-04.2 1/1 1.6 N/A N/A No NTX

85-60-9 4,4'-butylidenebis[2-(1,1-dimethylPhenol)] g.2 t 9.2 t ug/L MW-17-2 1/1 9.2 N/A N/A No NTX

64-19-7 Acetic acid 2.0 t 5.1 t ug/L MW-19-1 2/2 5.1 N/A N/A No NTX

67-67-1 _,cetone 1.1 t 5.5 t ug/L MW-18-3 40/40 5.5 N/A 610 No BSL

75-15-0 Carbon Oisu_de 0.5 t 44 t ug/L MW-11-5 20/20 44 N/A 1000 No BSL

100-41-4 Ethylbenzene (5) 9.1 t 9.3 t ug/L MW-21-4 2/2 9.3 N/A 1300 No BSL

110-54-3 -lexane 1.0 t 7.4 t ug/L MW-04-5 2/2 7.4 N/A 350 No BSL

3622-84-2 N:Bu_l-benzenesuffonamide 8.9 t 8.9 t ug/L MW-03-5 1/1 8.9 N/A N/A No NTX

7446-09-5 Sulfur dioxide 2.7 t 2.7 t ug/L MW-03-5 1/1 2.7 N/A N/A No NTX

(1) Minimum/maximum detected concentration. Definitions: CAS= Chemical Abstract Service

(2) Maximum value of the detected concentrations was used as screening value COPC= Chemical of potential concern

(3) Background information was not available. MW = Monitoring Welt

(4) Rationale Codes Selection Reason: N/A N/A = Not applicable

t = Tentativly identified compound

Deletion Reason: Below Screening Level (BSL) ug/L = micrograms per liter

No Toxicity Information (NTX) *Off-site wells include MW-17, MW-18, MW-19, MW-20, and MW-21.

(5} Concentration based on semi-volatile compound methodology for ethylbenzene

Tic_tbl TiCs 4/9199
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TABLE6-4 PageIof4
SUMMARY OF EXPOSURE POINT CONCENTRATIONS FOR

CHEMICALS OF POTENTIAL CONCERN FOR WELLS AT THE JET PROPULSION LABORATORY

Chemicalof ExposurePointConcentrations(a)
PotentialConcern Units* MW-01 MW-03 MW-04 MW-05 MW-06 MW-07 MW-08 MW-09 MW-10 MW-11

1,1-Dichloroethene p.g/L .... 0,39 .... 2.1(m) ........

1,2-Dichloroethane p.g/L .... 0,33 .... 0,89 ........

Arsenic mg/L -- 0.0041 ................

Bromodichloromethane p.g/L -- 0.3 ................

CarbonTetrachloride _.g/L -- 0,49 3.7 .... 150(m) 3.2(m) .... 0.69

Chloroform _g/L -- 1.3 3.2 .... 13(m) 1.3(m) -- 1.4(m) 0,85

HexavalentChromium mg/L .......... 0.01(m) ........

Lead mg/L -- 0.0015 ........ 0.0023(m) .... 0.0017

Nitrate mg/L 1.5(m) 1.1 8.2 2,4(m) 11(m) 6,5(m) 3.7(m) 5,5(m) 18(m) 0.63

Perchlorate i_g/L -- 6.4 38 4,2(m) 5,5(m) 720(m) 29(m) -- 16(m) --

Tetrachloroethene izg/L -- 0,29 0.29 -- 2,0(m) 3,7(m) .... 2.2(m) --

Trichloroethene !_g/L -- 0,32 10 .... 27(m) 4.5(m) -- 5.2(m) --

Epc_sum
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SUMMARY OF EXPOSURE POINT CONCENTRATIONS FOR

CHEMICALS OF POTENTIAL CONCERN FOR WELLS AT THE JET PROPULSION LABORATORY

Chemicalof ExposurePointConcentrations(a)
PotentialConcern Units* MW-12 MW-13 MW-14 MW-15 MW-16 MW-17 MW-18 MW-19 MW-20

1,1-Dichloroethene p,g/L -- 0.96 .... 2.6(m) ........

1,2-Dichloroethane p,g/L -- 1.1(m) .... 2.1(m) ........

Arsenic mg/L ............ 0.0028 -- 0.0029

Bromodichloromethane _g!L .......... 0.44 0.4t 0.28 0.28

CarbonTetrachloride gg/L 12 16 .... 91(m) 1.6 1.3 ....

Chloroform p,g/L 2.0 11(m). 0.46 -- 43(m) 7.6 6.6(m) 1.2 2.2

HexavalentChromium mg/L -- 0.041 .... 0.007(m) 0.0033 0.003 ....

Lead mg/L 0.0012 0.0016 0.0032 .... 0.0012 -- 0.0012 0.0013

Nitrate mg/L 1.5 9.6(m) 19(m) 4.4(m) 18(m) 2.3(m) 3.8 11(m) 15(m)

Perchlorate p,g/L 7.0 255 3.6 -- 1230(m) 36.3 6.8 2.7 3.2

Tetrachloroethene g,g/L -- 0.4 0.79 -- 1.3(m) 0.57 1.5 1.8 --

Trichloroethene i,tg/L 0.28 29(m) 0.46 -- 25(m) 23(m) 1.7 0.46 --

Epc_sum



TABLe, 6-4 Page3of4
SUMMARY OF EXPOSURE POINT CONCENTRATIONS FOR

CHEMICALS OF POTENTIAL CONCERN FOR WELLS AT THE JET PROPULSION LABORATORY

Chemicalof ExposurePointConcentrations(a)
PotentialConcem Units* MW-21 MW-22 MW-23 MW-24 LCW#1 LFW#2 LAW#3 LAW#5 PAW

1,1-Dichloroethene p,g/L ..................

1.2-Dichloroethane p,g/L -.... 0.39 ..........

Arsenic mg/L ...... 0.0034 -- 2.4(m) ......

Bromodichloromethane i_g/L ..................

CarbonTetrachloride _g/L ...... 30(m) .... 1.1 -- 4.7(m)

Chloroform I_g/L 0,68 -- 0.52 15(m) ..........

HexavalentChromium mg/L ..................

Lead mg/L 0.0016 .... -...........

Nitrate mg/L 17(m) 11(m) 15(m) 3,4 ..........

Perchlorate _.g/L 8.1 5,0 5,6 330(m) -- 6.1 14 7.0(m) 130(m)

Tetrachloroethene _.g/L 3.7 1,4 0,65 0.32 0,6(m) 4.8(m) 1,1(m) 0.7(m) 0.89

Trichloroethene pg/L 9,0 -- 2.9 15(m) .... 16(m) 13(m) 3.4

Epc_sum
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SUMMARY OF EXPOSURE POINT CONCENTRATIONS FOR
CHEMICALS OF POTENTIAL CONCERN FOR WELLS AT THE JET PROPULSION LABORATORY

Chemicalof ExposurePointConcentrations(a)
PotentialConcern Units* PVW PW-52 PWW RCW#4 RCW#7 VW#1 VW#2 VW#3 WV

1,l-Dichloroethene p.g/L ..................

1,2-Dichloroethane p.g/L ..................

Arsenic mg/L .......... 1.9(m) 2.0(m) 1.5(m) 1.9(m)

Bromodichloromethane pg/L ..................

CarbonTetrachloride _g/L -- 1.3(m) ..............

Chloroform p,g/L ..................

HexavalentChromium mg/L ..................

Lead mg/L ..................

Nitrate mg/L ..................

Perchlorate _,g/L 4.9 15(m) -- 5.5 3.2 3.9 4.0(m) 4.4(m) 3.9

Tetrachloroethene _g/L 0.7 (m) -- 1.1(m) .... 38(m) 9.1(m) 1.1(m) 23(m)

Trichloroethene _g/L 1.1 5.2 1.2(m) .... 3.5(m) 1.0(m) -- 2.6 (m)

Notes:

- =Notdetected PAW=PasadenaArroyoWell

mg/L=milligramsper liter PWV=PasadenaVenturaWell

(m)=maximumdetectionusedastheexposurepointconcentration PW-52= PasadenaWell52

LAW= LincolnAvenueWell _ =PasadenaWindsorWell

LCW=LaCanadaWell RCW= RubioCationWell

LFW= LasFloresWell UCL=upperconfidencelimit

_g/L=microgramsper liter VW=ValleyWell

MW=monitoringwell

(a)=Allexposurepointconcentrationsare the95% UCLof log-transformeddata,unlessotherwisenoted.

* =Organicchemicalunitsarepg/L and inorganic chemical units aremg/L.

Epc_sum



TABLE 6-5

.... CARCINOGENIC AND NONCARCINOGENIC INTAKE EQUATIONS FOR
GROUNDWATER AT THE JET PROPULSION LABORATORY

CarcinoqenicIntakeEquations(a)

Ingestion

BWA.ATc .CF2 BWc-ATc .CF2 )

Dermal

Intake= (CW' SAA' PC' ETA'EFA'EDA'CF1'CF3IBwA·ATc -CF2 + (CW ' SAc' PC' ETc' EFc' EDc' CF1'CF31B-v_-,A_-C-_'

Inhalation

NoncarcinogenicIntakeEquations(a)

Ingestion

CW.IRW c · EF. EDc . CF1Intake =
BWc .AT, .CF2

Dermal

CW. SAc · PC. ETc · EFc · ED c · CF1. CF3Intake =
BWc. AT" .CF2

Inhalation

CW. VF-IH c · EDc · EFc · CF1Intake =
aWc .ATN .CF2

-, _ (a) Referto Table6-6for definitionof parameters.
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TABLE 6-6

VALUES USED FOR DAILY INTAKE CALCULATIONS

Jet Propulsion Laboratory--Operable Units 1 and 3

ScenadoTimeframe:Currenl/Future

Medium: Groundwater

ExposureMedium:TapWater

ExposurePoint:Sitewide

ReceptorPopulation:Resident

ReceptorAge:Child/Adult

ExposureRoute Parameter ParameterDefin_on Units RME RME IntakeEquation/
Code Value Rationale/ ModelName

Reference

Ingestion CW ChemicalConcentrationin Water ug/L SeeTable3 SeeTable6-3 ChronicDailyIntake(CDI)for carcinogens(rog/kg-day)=

IRW-A Ingestior_RateofWatarforAdu_ tire.day 2 EPA,199t (CWxlRW-AxEFxED-AxCFlxllBW-AxllAT-CxllCF2)+

IRW*C ingestionRateof WaterforChildren lifors/day 1 EPA,1991 (CWx IRW-Cx EFx ED-Cx CF1x 1/BW-Cx 1/AT-Cx 1/CF2)

EF ExposureFrequency days/year 350 EPA,1991

ED-A ExposureDurationfor Adults years 24 EPA,1991 COlfor r_nn-carcinoge_s(mc/kg-day):

ED-C ExposureDurationfor Children years 6 EPA,1991 (CWx IRW-Cx EFx ED-CxCF1x 1/BW-Cx 1/AT-Nx 1/CF2)

CF1 ConversionFactor1 mg/ug 1.00E-03 N/A

CF2 ConversionFactor2 days/year 365 N/A

BW-A BodyWeightforAdults kg 70 EPA,1991

BW-C BodyWeightfor Children kg 15 EPA,1991

AT-C AveragingTime(Cancer) years 70 EPA,1989

AT-N AveragingTime(Nan-cancer) years 6 EPA,1989

Dermal CW ChemicalConcentrationin Water ug/L SeeTable3 SeeTable6-3 CDIforcarcinogens(mg/kg-day)=

CF1 ConversionFactor1 mg/ug 1.00E-03 N/A (CWx SA-Ax PCxETA x EF-Ax ED-Ax CF1x CF3x

CF2 ConversionFactor2 days/year 365 N/A I/BW-Ax I/AT-CxllCF21+

CF3 VoiomebicConversionFactorforWater Ucrn3 1.00E-03 N/A (CWx SA-Cx PCxET-Cx EF-Cx ED-Cx CF1x CF3x

PC PermeabilityConstant cra/hr chemicaFspecific DTSC,I994 1/BW-Cx 1/AT-Cx 1/CF2)

ET-A ExposureTimeforAdults hr/day 0.25 EPA,1992

ET-C ExposureTimefor Children hr/day 0.25 EPA,1992
SA-A SkinSurfaceAreaAvailableforContactforAdults cra2 18,000 EPA,1997

SA-C SkinSurfaceAreaAvailablefor Contactfor Children cra2 6,600 EPA,1997 CDIfor non-carcinogens(mgAg-day)=

EF-A ExposureFrequencyfor Adults days/year 350 EPA,1991 (CWx SA-Cx PCxET-Cx EF-Cx ED-CxCF1x CF3

EF-C ExposureFrequencyfor Children days/year 350 EPA,1991 I/BW-Cx 1/AT-Nx I/CF2)

ED-A ExposureDurationforAdults years 24 EPA,1991

ED-C ExposureDurationforChildren years 6 EPA,1991

BW-A BodyWeightfor Adults kg 70 EPA,1991

BW-C BodyWeightfor Children kg 15 EPA,1991

AT-C AveragingTime(Cancer) years 70 EPA,1989

AT-N AveragingTime(Non-cancer) years 6 EPA,1989
Inhalation CA ChemicalConcentrationinAir ug/L SeeTable3 SeeTable6-3 CDIforcarcinogens(rog/kg-day)=

CF1 ConversionFactor1 mg/ug 1.0E-03 N/A (CWx VI:x IH-Ax ED-Ax EF-Ax CF1x 1/BW-Ax I/AT-Cx 1/CF2)+

CF2 ConversionFacfor2 days/year 365 N/A (CWx VFx iH-Cx ED-Cx EF-Cx CF1x 1/BW_Cx I/AT-Cx 1/CF2)

IH-A InhalationRatefor Adults m3/day 20 EPA,1991,DTSC,1992

IH-C InhalationRatefor Children m3,'day 10 EPA,1989,DTSC,1992 CDIfor non-carcinogens(rog/kg-day)=

EF-A ExposureFrequencyforAduits days/year 350 EPA,1991 (CWx VFx IH-Cx ED-Cx EF-Cx CF1x 1/BW-Cx t/AT-Nx 1/CF2)

EF-C ExposureFrequencyforChildren days/year 350 EPA,1991

ED-A ExposureDurationfor Adu_ years 24 EPA,1991
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TABLE 6-6
VALUES USED FOR DALLY INTAKE CALCULATIONS

Jet Propulsion Laboratory--Operable Units 1 and 3

ScenarioTimeframe:Current/Future

Medium: Groundwater

ExposureMedium:TapWater

ExposurePoint:Sitewide

ReceptorPopulafion:Resident

ReceptorAge:Child/Adult

ExposureRoute Parameter ParameterDefinition Units RME RME IntakeEquation/
Code Value Rationale/ ModelName

Reference

ED-C ExposureDurationfor Children years 6 EPA,1991

BW-A BodyWeightforAdults kg 70 EPA,1991

BW-C BodyWeightforChildren kg 15 EPA,1991

AT-C AveragingTime(Cancer) years 70 EPA,1989

AT-N AveragingTime(Non-cancer) years 6 EPA,1969

VF VolatilizationFactor L/m3 0.5 EPA, 1996

References: DTSC.1992.SupplementalGuidanceforHumanHealthMultimediaRiskAssessmentHazardousWasteSitesandPermittedFacilities. Ju_y1992. Definfions: cra/hr= centimetersperhour

DTSC.1994. PreliminaryEndangermentAssessmentGuidanceManual. JanuaP/1994. cm2=centimeterssquared'

UnitedStatesEnvironmentalProtectionAgency(EPA). 1989.RiskAssessmentGuidanceforSuperfund,VolumeI: Human days/year= daysperyear

HearthEvaluationManual(PartA). interimFinal.EPA/540/1-89/002.Officeof ResearchandDevelopment.Officeof DTSC= DepartmentofToxicSubstancesControl

EmergencyandRemedialResponse.December1989, hr/day=hoursperday

UnitedStatesEnvironmentalProtectionAgency(EPA).1991.HumanHealthEvaluationManual,SupplementalGuidance:Standard k9=kilogram

DefaultExposureFactors.March25,1991.OSV_ERDirective9285.6-03. L/cra3= literspercubiccentimeter

UnitedStatesEnvironmentalProtectionAgency(EPA).1992.DermalExposureAssessment:PrinciplesandApplications. Interim liters/day= litersperday

Report.EPA600/8-91-OHB.OfficeofHealthandEnvironmentalAssessment. m3/day= cubicmeterperday

UnitedStatesEnvrionmentalProtectionAgency(EPA).1996.SoilScreeningGuidance:TechnicalBackgroundDocument. EPA/540/R-95/128. mg/ug=milligramspermicrogram

Officeof EmergencyandRemedialResponse.PB96-963502. N/A= Notapplicable

UnitedStatesEnvironmentalProtectionAgency(EPA).1997. ExposureFactorsHandbookVolumeI: GeneralFactors. RME= reasonablemaximumexposure

EPAJ600/P-95/002FA.OfficeofResearchandDevelopment,August1997 ug/'L=microgramsperliter
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TABLE 6-7

NONCANCER TOXICITY DATA--ORAL/DERMAL

Jet Propulsion Laboratory--Operable Units 1 and 3

Chemical Chronic/ OralRID OralRID OraltoDermal Adjusted Units Primary Combined SourcesofRfD: Datesof RfD:

of Potential Subchronic Value Units AdjustmentFactor(1) Dermal Target Uncertainty/Modifying TargetOrgan TargetOrgan

Concern RID(2) Organ Factors (MM/DD/YY)

1,l-Dichloroethene Chronic 0.009 mg/kg/day 0.8 0.0072 mg/kg/day Liver 1000/1 IRIS 2/16199

1,2-Dichloroethane(3) Chronic 0.0029 mg/kg/day 0.8 0.0023 rog/kg/day N/A(4) N/A(4) Region9 PRG 3/99(5)

Arsenic Chronic 0.0003 mg/kg/day 0,2 0.00006 rog/kg/day Skin 3/1 IRIS 2/16199

Bromedichloromethane Chronic 0.02 rog/kg/day 0.8 0.016 mg/kg/day Kidney 1000/1 IRIS 2/16199

CarbonTetrachloride Chromc 0.0007 rog/kg/day 0.8 0.00056 mg/kg/day Liver 100011 IRIS 2/16/99

Chloroform Chronic 0.01 rog/kg/day 0.8 0.008 rog/kg/day Liver 1000/1 IRIS 2/16199

HexavalentChromium Chroni( 0.005 rog/kg/day 0.2 0.001 rog/kg/day Noeffects 500/1 IRIS 2/16199

Lead Chronic N/A N/A N/A N/A N/A N/A N/A N/A N/A

Nitrate Chronic 1.6 mg/kg/day 0.2 0.32 mg/kg/day Redbloodcells 1/1 IRIS 2/16199

Perohlorate Chronic 0.0005 rog/kg/day 0.2 0.0001 mg/kg/day Thyroid N/A(4) NCEA 3/99(5)

Tetrachloroethene Chronic 0.01 rog/kg/day 0.8 0.008 rog/kg/day Uver 1000/1 IRIS 2/16/99

Trichloroethene(6) Chronic 0.006 mg/kg/day 0.8 0.0048 mg/kg/day N/A(4) N/A(4) Region9 PRG 3/99(5)

(1) Oraltodermaladjustmentfactorobtainedfi`omEPA.1995.Supplelmenta/GuidancetoRAGS-- Definitions: EPA=U.S.EnvironmentalProtectionAgency

Region4Bulletins.OfficeofHealthAssessment.November,1995 IRIS= IntegratedRiskInformationSystem

(2) AdjusteddermalRID=oralRE)xoraltodermaladjustmentfactor rog/kg/day=milligramsperkilogramperday

(3) RIDvalueisbasedonroute-to-muteextrapolation. MM/DD/YY=month/day/year

(4) ValueobtainedfromEPARegion9PRGSummaryTable(EPA,1999).Targetorgananduncertainty/modifying N/A=Notapplicable

factorsarenotprovided. NCEA=NationalCenterforEnvironmentalAssessment

(5) EPARegion9 PRGSummaryTableexpiresMay1999 PRG=preliminaryremediationgoal

(6) CitedinEPARegion9 PRGSummaryTable(EPA,1999)aswithdrawn. RID=referecedose
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TABLE 6-8

NONCANCER TOXICITY DATA--INHALATION

Jet Propulsion Laboratory--Operable Units 1 and 3

Chemical Chronic/ Inhalation Units Adjusted Units Primary Combined Sourcesof Dates

of Potential Subchronic RfC Inhalation Target Uncertainty/Medifying RfC:RfD: (MM/DD/YY)

Concern RfD(1) Organ Factors TargetOrgan

1,1-Dichloroethene(2) chronic 0.03 rog/m3 0.009 rog/kg/day N/A(3) N/A(3) Region9 PRG 3/99(4)

1,2-Dichloroethane(5) chronic 0.01 mg/m3 0.0029 mg/kg/day N/A(3) N/A(3) Region9 PRG 3/99(4)

Arsenic N/A N/A N/A N/A N/A N/A N/A NfA N/A

Broomodichloromethane(2) chronic 0.07 rog/m3 0.02 mg/kg/day N/A(3) N/A(3) Region9 PRG 3/99(4)

CarbonTetrachloride(5) chronic 0.002 mg/m3 0.00057 mg/kg/day N/A(3) N/A(3) Region9 PRG 3/99(4)

Chloroform(2) chronic 0.04 mg/m3 0.01 mg/kg/day N/A(3) N/A(3) Region9 PRG 3/99(4)

HexavalentChromium N/A N/A N/A N/A N/A N/A N/A N/A N/A

Lead N/A N/A N/A N/A N/A N/A N/A N/A N/A

Nitrate N/A N/A N/A N/A N/A N/A N/A N/A N/A

Perohlorale N/A N/A N/A N/A N/A N/A N/A N/A N/A

Tetrachloroethene chronic 0.4 rog/m3 0.11 rog/kg/day N/A(3) N/A(3) NCEA 3/99(4)

Tdchloroethene(2) chronic 0.02 mg/m3 0.006 rog/kg/day N/A(3) N/A(3) Region9 PRG 3/99(4)

(1)AdjustedInhalationRfD=RfCx (20m3/day)/ (70kg) Definitions: EPA=U.S.EnvironmentalProtectionAgency

(2) RfDbasedonroute-to-routeextrapolation, kg=kilograms

(3)ValueobtainedfromEPARegion9 PRGSummaryTable(EPA,1999).Targetorganand m3/day=cubicmetersperday

uncertainty/modifyingfactorsarenotprovided, mg/kg/day=milligramsperkilogramperday

(4)EPARegion9 PRGSummaryTableexpiresMay1999 mg/m3=milligramspercubicmeter

(6) CitedinEPARegionIXPRGSummaryTable(EPA,1999)aswithdrawn, MM/DD/YY=month/day/year

N/A=Notapplicable

NCEA=EPA'sNationalCenterforEnvironmentalAssessment

PRG=preliminaryremediationgoal

RfC= referenceconcentration

RID= referencedose
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TABLE 6-9

CANCER TOXICITY DATA--ORAL/DERMAL

Jet Propulsion LaboratorymOperable Units 1 and 3

Chemical OralCancerSlopeFactor OraltoDermal AdjustedDermal Units WeightofEvidence/ Source Date

ofPotential Adjustment CancerSlopeFactor(1) CancerGuideline (MM/DD/YY)

Concern Factor Description(2)

1,1-Dichloroe_hene 0.6 0.8 0.75 (mg/kg/day)-I C IRIS 2/17/99

1,2-Oichloroethane 0.07 0.8 0.088 (mglkglday)-I B2 CAOEHHA 11198

Arsenic 1.5 0.2 7.5 (mg/kg/day)-I A CAOEHHA 11/98

Bmmodichlommethane 0.13 0,8 0.16 (rog/kg/day)-1 B2 CAOEHHA 11/98

CarbonTetrachloride 0.15 0.8 0.19 (rog/kg/day)-1 B2 CAOEHHA 11/98

Chloroform 0.031 0.8 0.039 (mg/kglday)-I B2 CAOEHHA 11198

HexavalentChromium 0.42 0.2 2.1 (mg/kg/day)-I A CAOEHHA 11/98

Lead N/A N/A N/A NIA B2 NIA NIA

Nil_ate N/A N/A N/A N/A N/A N/A N/A

Perchlorate N/A N/A N/A N/A N/A NIA NIA

Te/rachloroethene 0.051 0.8 0.064 (mg/kg/day)-I N/A CAOEHHA 11/98

Trichloroethene 0.015 0.8 0.019 (rog/kg/day)-1 N/A CAOEHHA 11/98

(1)Adjusteddermalcancerslopefactor=oralcancerslopefactor/oral Definitions: CAOEHHA=CaliforniaOfficeofEnvironmentalHeall_

todermaladjuslmentfactor.Obtainedfi.omEPA.1995.Supplelmental HazardAssessment

GuidancetoRAGS--Region4BulletinsOfficeofHealthAss_ment. November,1995 EPA=U.S.EnvironmentalProtectionAgency

IRIS=IntegratedRiskInformationSystem

(2) EPAWeightofEvidenceClassification: rng/kg/day=milligramsperkilogramperday

A- Humancarcinogen MIWDD/YY= month/day/year

82-Probablehumancarcinogen-indicatessufficientevidenceinanimalsand N/A= Notapplicable

inadequateornoevidenceinhumans

C- Possiblehumancarcinogen

Tox_tbls6-1
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TABLE 6-10

CANCER TOXICITY DATA--INHALATION

Jet Propulsion Laboratory--Operable Units I and 3

Chemical UnitRisk Units Adjustment(1) InhalationCancer Units Weightof Evidence/ Source Date

of Potential SlopeFactor CancerGuideline (MM/DDh'Y)

Concern Description(2)

1,1-Dichloroethene 5,0E-05 ug/m3 3,500 0.18 (mg/kg/day)-I C IRiS 2./17/99

1,2-Dichicroethane 2.2E-05 ug/m3 3,500 0.07 (rng/kg/day)-I B2 CAOEHHA 11/98

Arsenic 3.3E-03 ug/m3 3,500 12.0 (rog/kg/day)-1 A CAOEHHA 11/98

Bmmodichlommethane 3.7E-05 ug/m3 3,500 0.13 (mg/kg/day)-I B2 CAOEHHA 11/98

CarbonTetrachioride 4.2E-05 uglm3 3,500 0.15 (mg/kg/day)-I B2 CAOEHHA 11/98

Chloroform 5.3E-06 ug/m3 3,500 0.019 (mg/kg/day}-I B2 CAOEHHA 11/98

HexavalentChromium 1.5E-01 ug/m3 3,500 510 (rng/kg/day)-I A CAOEHHA 11/98

Lead N/A N/A N/A NJA N/A B2 N/A N/A

Nib'ate N/A N/A N/A N/A N/A N/A N/A N/A

Perchlorate N/A NIA N/A N/A N/A N/A N/A N/A

Tetrachloroethene 5.9E-06 ug/m3 3,500 0.021 (mg/kg/day)-I N/A CAOEHHA 11/98

Trichloroethene 2.0E-06 ug/m3 3,500 0.01 (rng/kg/day}-I N/A CAOEHHA 11/98

(1) Adjustmentfactorappliedtounitrisktocalculateinhalationslopefactor= Definitions: 1.0E-02=1.0x 10-2=0.010

(70kg)x(1/20m3/day)x(1000ug/mg) CAOEHHA=CaliforniaOfficeof EnvironmentalHealth

HazardAssessment

(2) EPAWeightofEvidenceClassir_ation: EPA=U.S.EnvironmentalProtectionAgency

A- Humancarcinogen IRIS= IntegratedRiskInformationSystem

B2-Probablehumancarcinogen- indicatessufficientevidenceinanimalsand kg=kilograms

inadequateornoevidenceinhumans m3/day=cubicmetersperday

C- Possiblehumancarcinogen rog/kg/day=milligramsperkilogramperday

MM/DD/YY=month/day/year

N/A=Notapplicable

ug/m3=microgramspercubicmeter

ug/mg=microgramspermilligram

Tox..fi_s 6.-2
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TABLE 6-11

SUMMARY OF LEAD DATA (1997-1998)

COMPARISON OF MODELED BLOOD LEAD CONCENTRATIONS TO SCREENING TOXICITY VALUE

Jet Propulsion Laboratory

Scenado'Fb'mfrarne:CurrenUFuture

Medium:C._oundwater

ExposureMedium:Groundwuter
ExoosurePoint:AllWellsUgg7-1998_--TaoWater

(1) (1} (2) (3) (4)
CAS Chemical Minimum Minimum Maximum Maximum Units Loc_on Detec_n Oetec_on Concen_a_on Background Screening COPC Rationalefor

Number ConcenEaJon Qualifier ConcentralJno Qualifier of Maximum Frequency Limit Usedfor Value ToxicityValue Rag Contaminant

Concentra_on Screening Oele_on

or Belec_n

7439-92-1 Lead 0.0076 0.0076 - mg/I. MW-03 1/20 0.002 5.9 NIA 10 --

7439-92-1 Lead 0.0023 0.0023 -- rog/l_ MW-08 1/4 0,002 6.0 NIA 10 -

7439-92-1 Lead 0.0024 0.0093 - mg/L MW-11 2/20 0.002 6.0 NIA 10 -

7439-92-1 Lead 0.0032 0.0032 -- mg/L MW-12 1/22 0,002 5.9 N/A 10 -

7439-92-1 Lead 0.0028 0.0028 - mg/L MW-13 118 0,002 5.9 NIA 10 --

7439-92-1 Lead 0.0024 - 0,028 - mg/L MW-14 5/20 0.002 6.2 N/A 10 -

7439-92-1 Lead 0.0025 0.0025 - mg/L MW-17 1/20 0.002 5.9 N/A 10 -

7439-92-1 Lead 0.0025 0.0025 - mg/L MW-19 1/19 0.002 5.9 N/A 10 -

7439-92-1 Lead 0.0012 - 0.0038 - mg4. MW.20 2/19 0.002 5.9 N/A 10 -

7439-92-1 Lead 0,003 - 0.0035 -- mg/L MW-21 3/19 0.002 5.9 N/A 10 --

(1) Minimum/maximumdetectedconcenfra_on Defin'_ons: ARAR/'rBC=ApplicableorRelevantandAppropriateRequirement/ToBeConsidered

(2) Valuesare99thpemenk_echildbloodleadconcentra_onseslJmatedusingStateofCaliforniaguidance(DTSC,1996)andare CAS=ChemicalAbst_ectService

expressedinmicrogramsof leadperdeciliterof blood(ug/dl},ExposurepointconcenEalJonsusedto COPC=chemicalofpoton_alconcern

eslimatebloodleadconcenlra'6onsarepresentedinAppendixHabngwithmodelandinputparameters. DTSC=Depa_'nentofToxicSubstanceConSol

(3) Beckgroundinfor_n wasnotavailable, rag/L=milligramsperliter

(4) Bloodleadconcen_adonof concerninchildrenandadultsis10ug/dl(DTSC,1996), MW=monitoringwell

N/A=NO_applicable

ug/dl= n'icrogramsofleadperdec[litorof btood
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TABLE 6-12

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 01

Scenario Timeframe: CurrentJFuture
[Receptor Population: Resident

UReceptorA_le: Child/Adu t

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-CarcinogenicHazard Quotient

Medium Point

Ingestion Ilnhalation] Dermal I Exposure Primary ,_.,,o_1,_.,_o_1 I _°_Routes Total TargetOrgan Routes Total

_roundwater Groundwater Monitoring Well 01_ Nitrate N/A -- - N/A Nitrate Red blood ceils 0.060 -- 0.00049 0.060

TapWater (Total' - ..... (Totat 0.060 -- 0.00049 0.060

Air MonitoringWell01.................

Water Vapor (Total) ........ (Total ......

Total HazardIndex Across All Mediaand All Exposure Routes II 0.060Total Risk Across Groundwater

Total Risk Across Air --

Total RiskAcross AIl Media and AIl Exposure Routes - Total Liver HI =1[ " J
/ /

Total Red blood cell HI = L 0.060j
Definitions: 1.0E-02 = 1.0x 10-2 = 0,010

-~= Notevaluated for this pathway

COPC = chemical of potential concern

HI = hazard index

NIA = Not applicable
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TABLE 6-13
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 03
Scenario Timeframe: Current/Future

Receptor Population: Resident
Receptor Age: Ch d/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

Routes Total Target Organ Routes Total

Groundwater Groundwater Monitoring Well 03_ Arsenic 9.1E-05 -- 9.3E-07 9.2E-05 Arsenic Skin 0.87 -- 0.0072 0.88

Tap Water Bromodichloromethane 5.8E-07 .... 5.8E-07 Bromodichloromethane Kidney 0.00096 - -- 0.00096

Carbon Tetrachloride 1.1 E-06 -- - 1.1 E-06 Carbon Tetrachloride Liver 0.045 - -- 0.045

Chloroform 6.0E-07 -- - 6.0E-07 Chloroform Liver 0.0083 -- - 0.0083

.ead N/A N/A N/A Lead N/A N/A - N/A N/A

_litrate N/A N/A N/A Nitrate Red blood cells 0.044 -- 0.00036 0.044

_erchlorate N/A NIA N/A Perchlorate Thyroid 0.82 -- 0.0068 0,83

retrachloroethene 2.2E-07 -- -- 2.2E-07 Tetrachloroethene Liver 0.0019 -- 0.0019

rrichloroethene 7.1E-08 - - 7.1E-08 Trichloroethene N/A 0.0034 - -- 0.0034

(Total) 9.4E-05 - 9.3E-07 9.5E-05 (Total) 1.8 0.014 1.8

Air Monitoring Well 03-- Bromodichloromethane -- 2.9E-06 -- 2.9E-06 3romodichloromethane Kidney -- 0.0048 -- 0.0048

Water Vapor Carbon Tetrachloride - 5.5E-06 -~ 5.5E-06 ;arbon Tetrachloride Liver - 0.27 -- 0.27

Chloroform -- 1.8E-06 -- 1,8E-06 _hloroform Liver - 0.042 - 0042

Tetrachloroethene -- 4.5E-07 - 4.5E-07 retrachloroethene Liver -- 0.00084 -- 0.00084

Trichloroethene -~ 2,4E-07 - 2,4E-O7 Frichloroethene N/A -- 0.017 -- ..........O;017 ..........

(Total] -- 1.1 E-05 1.1E-05 (Totall -- 0,34 -- 0.34

Total Hazard Index Across All Media and All Exposure Routes II 2,1

ll

Total Risk Across Groundwater 9.5E-05

Total Risk Across Air I, 1E-05

Total Risk Across All Media and All Exposure Routes 1.1EA34 Total Skin HI = Ii 0.88 J
II

Total Kidney HI = 0.0058

Definitions: 1.0E-02 = 1,0 x 10-2 = O010 Total Liver HI = I[ 0.37

- = Not evaluated for this pathway Total Red blood cell HI = I{ 0.O44

COPC = chemical of potential concern Total Thyroid HI = I1
0.83

HI = hazard index

N/A = Not applicable
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TABLE 6-14
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 04
[Scenario Timeframe: Current/Future

eceptor Population: Resident
Receptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

Ingestion I Inhalation I Dermal I Exposure Primary I Ingestion I Inhalation I Dermal I ExposureRoutes Total Target Organ Routes Total

Groundwater Groundwater Monitoring Well 04-- t,l-Dichloroethene 3.5E-06 -- - 3.5E-06 1,1-Dichloroethene Liver 0.0028 -- 0.0028

Tap Water 1,2-Oichtoroethane 3.4E-07 - -- 3.4E-07 1,2-Dichloroethane N/A 0.0073 .... 0.0073

.?.arbonTetrachloride 8.3E-O6 .... 8.3E_06 Carbon Tetrachloride Liver 0.34 - -- 034

3hioroform 1.5E-O6 .... 1.5Eq36 Chloroform Liver 0.020 - - 0.020

Nitrate NIA - NIA N/A qitrate Red blood cells 0.33 -- 0.0027 0 33

Perchlorata N/A - N/A N/A _erchlerate Thyroid 4.9 -- 0.040 4.9

l'etrachloroethene 2.2E-07 -- -- 2.2E-07 retrachloroethene Liver 0.0019 .... 0.0019

Trichleroethene 2.2E-06 .... 2.2E-06 I'richloreethene . N/A 0.11 .... 0.11

(Total) 1.6E-05 - N/A 1.6E-05 (Total) 5.7 -- 0.043 5.7

Air Monitoring Well 04-- 1,1-Dichloroethene -- 5.2E-06 - 5.2E-06 l,l-Dichloroethene Liver -- 0.014 - 0014

Water Vapor 1,2-Dichloreethane - 1.7E-06 - 1.7E-06 1,2-Dichloreethane N/A -- 0036 0.036

Carbon Tetrachloride - 4.1E-05 -- 4.IEA)5 ;arbon Tetrachleride Liver - 2.1 2.1

Chloroform 4.5E-06 - 4.5E-06 Chloroform Liver - 0.10 -- 0.10

Tetrachloroethene 4.5E-07 - 4.5E-07 Tetrachloroethene Liver -- 0.00084 0.00084

Trichloroethene - 7.4E-06 - 7.4E-06 Trichloroethene N/A -- 053 -- 0.53

(Total) 6.1E-e5 - 6.1E-05 (Total) -- 2.8 2.8,

Hazard Index AcrossAll Mediaand AIl Exposure Routes II 8.5Total Risk Across Groundwater 1 .6E-0 5
Total

Total Risk AcrossAir 6.1E-05

Total RiskAcross All Media and All Exposure Routes 7.7E-05 Total Liver HI = I/'- 2.6 -'",l
Total Red blood cell HI = 0.33

Definitions: 1.0E-02 = 1.0x 10-2 = 0.010 Total Thyroid HI = 4.9

- = Notevaluated for this pathway

COPC = chemical of potential concam

HI = hazard index

N/A = Not applicable
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TABLE 6-15
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 05
Scenario Timeframe: Current/Future

Receptor Population: Resident
Receptor A_e: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient
Medium Point

Ingestion Inhalation Dermal I Exposure Primary I Ingestion I Inhalation I Dermal I ExposureRoutesTotal TargetOrgan RoutesTotal

Groundwater Groundwater Monitoring Well 05-- Nitrate N/A - N/A N/A ',litrate Red blood cells 0.096 -- 0.0008 0.097

Tap Water Perchlorate ............N!A........... - .........N!.A......................N!.A............... :'erchlorate Thyroid 0.54 -- 0.0044 0.54

(Total) N/A - N/A N/A (Total) 0.63 -- 0.0052 0.64

Air Monitoring Well 05-- .................

Water Vapor (Total .... (Total) .......

Total Risk Across Groundwater N/A Total Hazard Index AcrossAll Media and All ExposureRoutes II 0.64
l

Total Risk Across Air

Definitions: _COPC= chemical of potentialconcern=Not evaluated for this pathway Total Risk Across AIl Media and AIl Exposure Routes N/A Total Red blood cell HI = ][0.0_O_/TOtalThyroid HI = _J0.54
HI = hazard index

N/A = Not applicable
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TABLE 6-16
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 06
Scenario Timeframe: Current/Future
_ReceptorPopulation: Resident

preceptor A_le: Ch Id/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

Routes Total Target Organ Routes Total

Groundwater Groundwater Monitoring Well _ qitrate N/A - N/A N/A qitrate Red blood cells 0.44 -- 0.0036 0.44

Tap Water _erchlorate N/A - N/A N/A :'erchlorate Thyroid 0.70 -- 0.0058 0.71

retrachloroethene 1.5E-O6 -- - 1.5E-06 retrachloroethene Liver 0.013 .... 0.013

(Total 1.5E-06 -- N/A 1.5E-06 (Total 1.2 -- 0.0094 1.2

Air Monitoring Well 06-- ]-etrachloroethene - 3.1E -06 - 3.1E-06 retrachloroethene Liver -- 0.0058 - 0,0058

(Total -- 3.1E-06 3.1E-06 (Total) -- 0.0058 -- 0.0058

Total Hazard Index Across All Media and All Exposure Routes [I 1.2Total Risk Across Groundwater 1 · 5E_

Total Risk Across Air 3.1E-06

Total Risk AcrossAll Media and All Exposure Routes 4.6E-06 Total Liver HI = --I 0.019 J

Total Red blood cell HI = I 10'44

Definitions: 1.0E-02 = 1.0 x 10-2 = 0.010 Total Thyroid HI = II 0.71 II

- = Not evaluated for this pathway

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-17

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 07
Scenario Timeframe: Current/Future
Receptor Population: Resident
Receptor Acje: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

Ingestion I Inhalation I Dermal Exposure Primary I Ingestion inhalation Dermal I ExposureRoutesTotal TargetOrgan RoutesTotal

3roundwater Groundwater Monitoring Well 07-- t,l-Dichloroethene 1.9E-05 .... 1.9E-05 1,1-Dichloroethene Liver 0.015 -- - 0.015

Tap Water 1,243ichloroethane 9.3E-07 -- - 9.3E-07 '_,2-Dichloroethane NIA 0.020 -- - 0.020

Carbon Tetrachloride 3.3E-04 -- - 3.3E-04 Carbon Tetrachloride Liver 14 - -- 14

Chloroform 6.0E-06 .... 6.0E-06 Chloroform Liver 0.083 - - 0.083

Hexavatent Chromium 6.2E-05 -- 1.3E-O6 6.4E-05 Hexavalent Chromium No effects 0.13 - 0.0021 0.13

Nitrate N/A -- N/A N/A Nitrate Red blood cells 0.26 -- 0.0021 0.26

Perchlorate N/A - N/A N/A Perchlorate Thyroid 92 - 0.76 93

Tetrachloroethene 2.8E-06 -- -- 2.8E-06 Tetrachloroethene Liver 0.024 - 0.024

Trichloroethene 6.0E-06 - - ............?.:.0.E..-_..,...........Trichloroethene N/A 0.29 .... 0.29

(Total) 4.3E-04 - 1.3E-06 4.3E-04 (Total 110 -- 0.76 110

Air Monitoring Well 07-- 1,1-Dichloroethene - 2.8E-05 -- 2.8E-05 1,1-Dichloroethene Liver - 0.075 - 0075

Water Vapor 1,2-Dichloroethane - 4.6E-06 -- 4.6E-06 1,2-Dichloroethane N/A -- 0.098 -- 0.098

Carbon Tetrachloride -- 1.7E-03 -- 1.7E-03 Carbon Tetrachloride Liver - 84 -- 84

iChloroform -- 1.8E-05 - 1.8E.-05 Chloroform Liver - 0.42 -- 0.42

I'etrachloroethene -- 5.8E-06 -- 5.8E-06 Tetrachloroethene Liver -- 0.011 -- 0,011

rrich[oroethene -- 2.0E-05 -- 2.0E-05 ['dch[aroethene N/A -- 1.4 - 1.4

(Total -- 1.8E-03 -- 1.8E-03 (Total -- 86 -- 86

Total RiskAcross Groundwater 4.3E-04 Total Hazard Index Across All Media and All Exposure Routes II

ml

200

Total Risk Across Air 1.8E-O3

Total Risk Across All Media and All Exposure Routes 2.2E-03 Total No effects HI = [[ 0.13
Total Liver HI = 98

Definitions: 1.0E-02 = 1.0 x 10-2 =0.010 Total Red b[ood cell HI = 0.26

- = Not evaluated for this pathway Total Thyroid HI = 93

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-18

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 08
Scenario Timeframe: Current/Future
Receptor Population: Resident
Receptor ABe: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

Ingestion Inhalation ] Dermal I Exposure Primary Ingestion I Ir_halation Derma[ I ExposureRoutes Total Target Organ Routes Total

Groundwater Groundwater Monitoring Well 08-- .3arbonTetrachloride 7.1E-06 - -- 7.1E-06 Carbon Tetrachloride Liver 0.29 -- 0.29

Tap Water 3hleroform 6.0E--07 -- - 6.0E-07 Chloroform Liver 0.0083 .... 0.0083

_ead N/A -- N/A N/A Lead N/A N/A -- N/A N/A

_litrate N/A - N/A N/A Nitrate Red blood celb 0.15 -- 0.0012 0.15

Perchlorate N/A -- N/A N/A _erchlorate Thyroid 3.7 -- 0.031 3 7

]'richloroethene 1.0E-06 - -- 1.0E-06 I'richloroethene N/A 0.048 - -- 0.048

(Total) 8.7E-06 -- N/A 8.7E-06 (Total) 4.2 -- 0.032 4.2

Air Monitoring Well 08--- Carbon Tetrachloride -* 3.6E-05 3.6E--05 3arbon Tetrachloride Liver -- 1.8 -- 1.8

Water Vapor Chloroform -- 1.8E-06 -- 1.8E-06 3hloroform Liver -- 0.042 -- 0.042

Trichloroethene -- 3.3E-06 - 3.3E-06 l-richloroethene N/A -- 0.24 -- 0.24

(Total) -- 4.1E-05 - 4.1E-05 (Total) -- 2.1 -- 2.1

Total Hazard Index Across All Media and All Exposure Routes II 6.3Total RiskAcross Groundwater 8.7E-06

Total Risk Across Air 4.1E-05

Total Risk Across All Media and AIl Exposure Routes 5.0E-05 Total RedT°tal Liver HI:Ll_------_ibloodcell HI 0.15Definitions: 1.0E-02 = 1.0 x 10-2 = 0.010 Total Thyroid HI = 3.7

-- = Not evaluated for this pathway

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-19
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 09
q

Scenario Timeframe: CurrentJFuture II
Receptor Population: Resident IIReceptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

,ngesticnlinhaIationIDerma,I Exposure Primer,IlngestionIInhalation]Derma,I ExposureRoutesTotal TargetOrgan RoutesTotal

Groundwater Groundwater Monitoring Well 09.-- _litrate N/A -- N/A N/A Nitrate Red blood cells 0.22 -- 0.0018 0.22

Tap Water (Total) N/A NIA N/A (Total) 0.22 - 0.0018 0.22

Air Monitoring Well 09-- ..................

Water Vapor (Total) ..... (Total) ......

Total Risk Across Groundwater N/A Total Hazard Index Across All Media and All Exposure Routes ]] 0.22i

Total Risk Across Air

Total Risk Across All Media and All Exposure Routes N/A Total Red blood cell HI = [0_.22 J

Definitions: - = Not evaluated for this pathway

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-20

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

,let Propulsion Laboratory--Monitoring Well I0
Scenario Timeframe: Current/Future
Receptor Population: Resident
Receptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

,ngestionl,nha,ationloerma,Exposure Pr,ma,n estion[,nhalatlonI derma,I ExposureRoutes Total Target Organ Routes Total

Groundwater Groundwater Monitoring Well 10--- Chloroform 6.5E-07 .... 6.5E-07 Chloroform Liver ' 0.0089 -- 0 0089

Tap Water Nitrate NIA ~- NIA NIA Nitrate Red blood certs 0.72 - 0.0059 0.73

Perchlorate N/A N/A N/A Perch[orate Thyroid 2.0 -- 0.017 2.1

Tetrachloroethene 1.7E-06 - 1.7E-06 Tetrachloroethene Liver 0.014 - - 0.014

Trichtoroethene 1.2E-06 - -- 1.2E-06 Trichloroethene NIA 0.055 .... 0.055

(Total) 3.5E-06 -- N/A 3.5E-06 (Total 2,8 - 0.023 2.9

Air Monitoring Welt 10-- Chloroform -- 2.0E-06 -- 2.0E-06 Chloroform Liver - 0.045 -- 0.045

Water Vapor retrachloroethene -- 3.4E-06 -- 3.4E-06 retrachloroethene Liver -- 0.0064 -- 0.0064

rrichloroethene -- 3.9E-06 -- 3.9E-06 rrichloroethene N/A -- 0.28 -- 0.28i .......................................

(Total) -- 9.3E-06 -- 9.3E_6 (Total) - 0.33 0.33

Total Hazard Index Across All Media and Atl Exposure Routes II 3.2Total Risk Across Groundwater 3.5E-06

Total Risk AcrossAir 9.3E-06

Tota,_skAcross^,Med_aandAllE×posureRo_tes_E_ Tote,,edT°talL'ver"=llb,oodce,,H,=. 0.074073IIIDefinitions: 1.0fi-02 = 1.0 x 10-2 = 0.010 Total Thyroid HI = 2.1

- = Not evaluated for this pathway

COPC = chemical of potential concern

HI = hazard index

N/A = Notapplicable
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TABLE 6-21

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 11
Scenario Timeframe: Current/Future
Receptor Population: Resident
Receptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

Ingestion I Inhalation I Dermal Exposure Primary ,ngestion I ,nhalation I Dermal I ExposureRoutes Total Target Organ Routes Total

Groundwater Groundwater Monitoring Well 11-- ;arbon Tetrachloride 1.5E-06 - 1.5E-06 Carbon Tetrachloride Liver 0.063 -- 0063

Tap Water :hloroform 3.9E-07 - - 3.9E-07 ;hloroform Liver 0.0054 - -- 00054

_ead N/A -- N/A N/A _ead N/A N/A - N/A N/A

_litrate N/A -- N/A N/A qitrate Red blood cells 0.025 - 0.00021 0.025

(Total) 1.9E--06 - N/A 1.9E-06 (Total 0.094 - 0.00021 0.094

Air Monitoring Well 11-- Carbon Tetrachloride -- 7.7E-06 - 7.7E_6 ;arbon Tetrachloride Liver -- 0.39 -- 0.39

Water Vapor Chloroform - 1.2E~06 -- 1.2Eq36 3hloroform Liver -- 0.027 - ..........0:?.27...........

(Total', - 8.9E-06 -- 8.9E-06 (Total -- 0.41 -- 0.41

Total Hazard Index Across All Media and All Exposure Routes I] 0.51

ll

Total Risk Across Groundwater 1 .9E-_

Tota_Risk Across Air 8.9E-06

Total Risk Across All Media and A,[ Exposure Routes 1.1E-05 Total Liver HI = I! 0.48 ]1

Total Red blood cell HI 0.025 J

Definitions: 1.0E-02 = 1.0 x 10-2 = 0.010

-- = Not evaluated for this pathway

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-22

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 12
Scenario Timeframe: Current/Future
Receptor Population: Resident
Receptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic HazardQuotient

Medium Point

,ngest on,nh iat olDefine,I  ×posure Pr maI,ngest enl,nhaiat onlDerma'I ExposureRoutes Total Target Organ Routes Total

Groundwater Groundwater Monitoring Well 12-- _'arbon Tetrachloride 2.7E-05 -- - 2.7E-05 :arbon Tetrachloride Liver 11 - -- 1.1

Tap Water ;hloroform 9.2E-07 .... 9.2E_37 ;hleroforrn Liver 0.013 - -- 0.013

_ead N/A -- N/A N/A _ead N/A N/A - N/A N/A

_litrete N/A -- N/A N/A qitrate Red blood cells 0.060 - 000049 0.060

_erchlorate N/A -- N/A N/A Perchlorate Thyroid 0.89 - 0.0074 0.90

rrichloroethene 612E-08 -- - 6.2E-08 ]-richloroethene N/A .......0:003...... -- -- 0.003

(Total) 2.8E-05 - N/A 2.8E_5 (Total 2.1 - 0.0079 2.1

Air MonitoringWell 12-- Carbon Tetrachloride 1,3E-04 -- 1.3E-04 Carbon Tetrachloride Liver 6.7 - 6.7

WaterVapor ;hloroform 2.8E-06 - 2,8E-06 Chloroform Liver 0.064 -- 0.064

Trichioroethene -- 2.1E-07 -- 2.1E-07 Trichloroethene N/A - 0.015 -- 0.015

(Total) - 1.4E-04 -- 1.4E-04 (Total) -* 6.8 6.8

Total Hazard Index Across All Media and All ExposureRoutes Il 8,9

ll

Total Risk Across Groundwater 2.8E-05

Total Risk Across Air 1.4E-04

Total Risk AcrossAIl Media and All ExposureRoutes 1.6E-04 Total Liver HI =II 79 JIF- _ '

Total Red blood cell HI = 0.060

Definitions: 1.0E-02 = 1.0 x 10-2 = 0.010 TotalThyroid HI = 0.90

- = Not evaluated for this pathway

COPC -- chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-23

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 13
Scenario Timeframe: Current/Future
Receptor Population: Resident
Receptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient
Medium Point

,ngestion I ,nha,at,on I Derma, I Exposure Primary ,nges,,on I ,nha,at,on I Dermal I ExposureRoutes Total Target Organ Routes Total

Groundwater Groundwater MonitoringWell 13--- 1.1-Dichloroethene 8.6E-06 -- 8.6E-06 1.1-Dichloroethene Liver 0.0068 - 00068

Tap Water ;1.2-Dich[oroethane 1.1E-06 -- 1.1E-06 1.2-Dichloroethane N/A 0.024 - 0.024

;arbon Tetrachloride 3.6E-05 .... 3.6E-05 Carbon Tetrachloride Liver 1.5 -- - 1.5

3hloroform 5.1E-06 .... 5.1E-06 Chloroform Liver 0.070 .... 0.070

-lexavalent Chromium 2.6E-04 -- 5.2E-06 2.8E-04 Hexavalent Chromium No effects 0.52 -- 0.0086 053

_ead · N/A - N/A N/A Lead N/A N/A N/A N/A

',litrate N/A - N/A N/A Nitrate Red blood cells 0.38 0.0032 0.39

_erchlorate N/A -- N/A N/A Perchlorate Thyroid 33 027 33

retrachloroethene 3.0E-07 - - 3.0E-07 Tetrachloroethene Liver 0.0026 -- 0.0026

rrichloroethene 6.5E-06 - - 6.5E-06 Trich[oroethene N/A 0.31 - -- 0.31

(Total) 3.1E-04 -- 5.2E-06 3.2E-04 (Total) 35 0.28 36

Air Monitoring Well 13-- 1,1-Dichloroethene - 1.3E-05 -- 1.3E-O5 1,1-Dichloroethene Liver -- 0.034 -- 0.034

Water Vapor 1,2-Dichloroethane -- 5.7E-06 -- 5.7E-06 1,2-Dichloroethane N/A - 0.12 -- 0.12

3arbon Tetrachloride - 1.8E-04 -- 1.8E-04 Carbon Tetrachloride Liver - 9.0 -- 9.0

3hloroform - 1.6E-05 -- 1.6E-05 Chloroform Liver - 0.35 -- 0.35

retrachloroethene - 6.2E.-07 -~ 6.2E-07 Tetrachloroethene Liver -- 0.0012 -- 0.0012

I'richloroethene - 2.2E-05 - 2.2E-05 Trichloroethene N/A -- 1.5 -- 1.5

(Total) - 2.3E-04 -- 2.3E-04 (Total -- 11 -- 11

Total Risk Across Groundwater 3.2E-04 Total Hazard Index Across All Media and All Exposure Routes II 47q

Total Risk Across Air 2.3E-04

Total Risk AcrossAll Media and All Exposure Routes 5.5E-04 Total No effects HI = [or .53 -il

l

I 1

Total Liver HI = 11

Definitions: 1.0E-02 = 1.0 x 10-2 = 0.010 Total Red blood cell HI = 0.39

-- = Notevaluated for this pathway Total Thyroid HI = 33

COPC = chemical of potential concern

HI = hazard index

N/A = Notapplicable
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TABLE 6-24

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 14
Scenario Timeframe: Current/Future
Receptor Population: Resident
Receptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic HazardQuotient

Medium Point

,ngestionI,nha,ationlDerma,I Exposure Pr,maI I gest,onllnha,etionI DermalI ExposureRoutes Total Target Organ Routes Total

3roundwater Groundwater Monitoring Well 14-- ;hloroform 2.1E-07 .... 2.1E-07 ;hloroform Liver 0.0029 - -- 0.0029

Tap Water Lead N/A - NIA NIA bead N/A N/A - N/A N/A

Nitrate N/A -- N/A N/A Nitrate Red blood cells 0.76 -- 0.0063 0.77

Perchlorate N/A - N/A N/A Perchlorate Thyroid 0.46 -- 0.0038 0.46

Tetrachloroethene 6.0E-07 -- - 6.0E-07 ¥etrachloroethene Liver 0,0051 .... 0.0051

Trichloroethene 1.0E-07 .... 1.0E-07 Trichloroethene N/A 0.0049 - -- 0.0049

(Total) 9.1E-07 -- N/A 9,1E-07 (Total) 1.2 - 0.010 1.2

Air Monitoring Well 14_ Chloroform - 6.5E-07 -- 6,5E.-07 Chloroform Liver - 0.015 0 015

Water Vapor Tetrachleroethene - 1.2E-06 - 1.2E-06 Tetrachloroethene Liver -- 0.0023 0.0023

Trichlereethene - 3.4E-07 -- 3.4E-07 Trichloroethene N/A -- 0.025 -- 0.025

(Total) -- 2.2E-06 -- 2.2E-06 (Total) 0.042 -- 0.042

Hazard Index AcrossAll Media and All Exposure Routes II 1.3Total Risk Across Groundwater 9.1 E-07 Total

Total Risk Across Air 2.2E-06

Total Risk AcrossAll Media and All Exposure Routes 3.1E-06 Total Liver HI = [[ 0.025 1

Total Red blood cell HI = 0.77

Definitions: 1.0E-02 = 1.0x 10-2 = 0.010 Total Thyroid HI = 0.46

- = Notevaluated for this pathway

COPC -- chemical of potential cencem

HI = hazard index

N/A = Not applicable
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TABLE 6-25
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 15
ScenarioTimeframe: Current/Future
=,eceptorPopulation: Resident
ReceptorA_e: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

Routes Total Target Organ Routes Total

;roundwater Groundwater Monitoring Well 15-- Nitrate I ...........N[A.......................,"7....................N.!A.........................N[A..............._litrate Red blood cells 0.18 -- 0.0015 0.18
I

TapWater (Tota]) N/A - N/A N/A (Total) 0.18 -- 0.0015 0.18

Air Monitoring Welt 15---- - .............-._...................... :- ......................--..............................-- ................ -- . .........._:-......................._._.........................-- ...........................--..............

Water Vapor (Total) ..... (Total) .......

Risk Across Groundwater N/A Total Hazard IndexAcross All Media and All Exposure Routes II 0.18
Total

Total Risk Across Air

Total Risk Across All Media and All ExposureRoutes NIA Total Red blood cell HI = I01.181

Definitions: COPC = chemical of potential concern

-- = Not evaluated for this pathway

HI = hazard index

N/A = Not applicable
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TABLE 6-26

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 16
Scenario Timeframe: Current/Future
Receptor Population: Resident
Receptor A_e: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic HazardQuotient

Medium Point

Routes Total Target Organ Routes Total

3roundwater Groundwater Monitoring Well 16-- 1,1-Dichtoroethene 2,3E-05 .... 2.3E-05 1,1-Dichloroethene Liver 0.018 .... 0.018

TapWater 1,2-Dichloroethane 2 2E-O6 - - 2.2E-06 1,2-Dichioroethane N/A 0.046 - -- 0.046

Carbon Tetrachloride 2.0E-04 -- - 2.0E-04 Carbon Tetrachleride Liver 8.3 .... 8.3

Chloroform 2.0E-05 - - 2.0E-05 Chloroform Liver 0.27 .... 027

:HexavalentChromium 4.4E-05 -- 89E-07 4.5E-05 Hexavalent Chromium No effects 0.089 - 0_0015 0.091

Nitrate N/A -- N/A N/A Nitrate Red blood cells 0.72 -- 0.0059 0.73

Perchlorate N/A -- N/A N/A Perchlorate Thyroid 160 -- 1.3 160

retrachloroethene 9.9E-07 -- -- 9.9E-07 Fetrachloroethene Liver Q0083 -- 0.0083

rrichlaroethene 5.6E-06 - -- 5.6E-06 rrichloreethene NIA 0.27 - -- 0.27

(Total) 3.0Eq34 - 8.9E-07 3.0E-04 (Total) 170 - 1.3 170

Air Monitoring Well 16-- 1,1-Dichloroethene -- 3.5E-O5 -- 3.5E-05 t,l-Dichloroethene Liver -- 0.092 0.092

Water Vapor 1,2-Dichloroethane -- 1.1E-05 - 1.1E-05 1,2-Dichloroethane N/A -- 0.23 0.23

?,arbenTetrachloride -- 1.0E-03 - 1.0E-03 ;arbon Tetrachloride Liver -- 51 51

3hloroform -- 6.1E-05 6.1E-05 3hloroform Liver -- 1.4 1.4

retrachloroethene -- 2.0E-06 - 2.0E-06 retrachloroethene Liver - 0.0038 0.0038

rrichloroethene -- 1.9E-05 -- 1.9E-05 ['rich_oroethene N/A - ,...........1.:.3.......... - 1.3

(TotalJ - 1.1E-03 1.1E-03 (Total) - 54 54

Total Risk Across Groundwater 3.0E-04 Total Hazard IndexAcross All Media and All Exposure Routes II 220
Total Risk Across Air 1.1E_3

Total RiskAcross All Media and All Exposure Routes 1.4E-03 Total No effects HI = Il 0.091 I

1

I
Total Liver HI = I 61

m

q

Definitions: 1.0E-02 = 1.0x 10-2 = 0.010 Total Red blood cell HI = I 0.73

= Nat evaluated for this pathway Tote Thyroid H = I 160

1

COPC = chemical of potential concern

HI = hazard index

NIA = Net applicable
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TABLE 6-27
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 17
Scenario Timeframe: Current/Future
Receptor Population: Resident
ReceptorA_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

,ngest,on I ,nhe,at,on ] Derma, Exposure Primary Ingestion ] Inhalation I Dermal ExposureRoutesTotal TargetOrgan RoutesTotal

Groundwater Groundwater Monitoring Well 17-- Bromodichloromethane 8.5E-07 .... 8.5E_7 Bromodichloromethane Kidney 0.0014 - - 0.0014

TapWater Carbon Tetrachloride 3.6E-06 .... 3.6E-06 Carbon Tetrachloride Liver 0.15 .... Q 15

Chloroform 3.5E-06 -- - 3.5E-06 Chloroform Liver 0.049 .... 0.049

Hexavalent Chromium 2.1E-O5 -- 4.2E-07 2.1E-05 Hexavalent Chromium No effects 0.042 - 0.00070 0.043

.ead N/A N/A N/A Lead N/A N/A -- N/A N/A

'.,litrate N/A N/A N/A Nitrate Red blood cells 0.092 -- 0.00076 0.093

_erchlorate N/A N/A N/A Perchlorate Thyroid 4.6 -- 0.038 4.7

retraohloroethene 4.3E-07 -- 4.3E_)7 Tetrachloroethene Liver 0.0036 -- 0.0036

rdchloroethene 5.15-06 .... 5.1E-06 Trichloroethene N/A ........07.5......._............-- .......................7-........................0;25...........
(Total 3.4E-05 -- 4.2E-07 35E-05 (Total) 5.2 0.040 5.3

Air Monitoring Well 17-- 3romodichloromethane - 4.3E-06 -- 4.3E-06 Bromodichloromethane Kidney - 0.0070 -- 0.0070

Water Vapor ;arbon Tetrachloride - 1.8E-05 -- 1.8E-05 Carbon Tetrachloride Liver -- 0.90 -- 0.90

_.hloroform -- 1.1E-05 -- 1.1E-05 Chloroform Liver -- 0.24 -- 0.24

retrachloroethene -- 8.9E-07 -- 8.9E-07 Tetrachloroethene Liver -- 0.0017 -- 0.0017

Frichloroethene - 1.7E_05 - 1.7E-05 Trichloroethene N/A -- 1.2 -- 1.2

(Total) - 5.1E-O5 -- 5.1E-05 (Total) -- 2.4 - 2.4

Total Risk Across Groundwater 3.5E-05 Total Hazard Index Across All Media and All Exposure Routes I[ 7.6
Total Risk Across Air 5.1E-05

Total Risk AcrossAll Media and All Exposure Routes 8.5E-05 TotaIT°taINoKidneYeffectsHIHI==I,[-.I 0.00840.043?[

Definitions: 1.0E-02 = 1.0x 10-2 = 0.010 Total Liver HI = I 1.3

- = Not evaluated for this pathway Total Red blood cell HI = I 0.093
w

COPC = chemical of potential concern Tota Thyro d H = I 4.7
HI = hazard index

N/A = Not appticeble
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TABLE 6-28
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 18
Scenario Timeframe: Current/Future
Receptor Population: Resident
Receptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

I 'ngestionl'nhalationI Derma,I ExposureRoutesTotal TargetOrgan RoutesTotal

Groundwater Groundwater Monitoring Well 18--- _rsenic 6.2E-05 6.3E-07 6.3E--05 Arsenic Skin 0_60 0.0049 0.60

Tap Water 3romodichloromethane 79E-07 - 7.9E-07 Bromodichloromethane Kidney 0 0013 -- 00013

.7,arbonTetrachlodde 2.9E-06 -- 29E-06 Carbon Tetrachloride Liver 0.12 -- 0.12

.';hloroform 3.0E-06 - 3,0E-06 Chloroform Liver 0.042 -- 0.042

-lexavalent Chromium 1.9E-05 - 3.8Eq37 1.9E-05 Hexavalent Chromium No effects 0038 0.00063 0.039

qitrate N/A -- N/A N/A Nitrate Red blood cells 0.15 0.0013 0.15

3erch[orate N/A -- N/A N/A Perchtorate Thyroid 0.87 0.0072 0.88

retrachloroethene 1.1E-06 - - 1.1E-06 Tetrachloroethene Liver 0.0096 - -- 0.0096

]'richloroethene 3.8E-07 -- - 3.8E-O7 Trichlorcethene N/A 0.018 - -- 0.018

(Total) 8.9E-05 -- 1.0E-06 9.0E-05 (Total) 1.8 -- 0.014 1.9

Air Monitoring Well 18--- E3romodichloromethane -- 4.OEA_6 - 4.0E-06 3romodichloromethane Kidney -- 0.0066 -- 0.0066

Water Vapor Darbon Tetrachloride -- 1.5E-05 - 1.5E-05 ;arbon Tetrachloride Liver -- 0.73 -- 0.73

Chloroform -- 9.3E-06 -- 9.3E-06 3hloroform Liver - 0,21 -- 0.21

¥etrachloroethene -- 2.3E-06 -- 2.3E-06 retrachloroethene Liver -- 0.0044 -- 00044

Trichloroethene -- 1.3E-06 - 1.3E-06 rrichloroethene N/A -- 0.091 -- 0.091

(Total) -- 3.1E-05 - 3.1E-O5 (Total) -- 1.0 -- 1.0

Total RiskAcross Groundwater 9.0E-05 Total Hazard Index Across All Media and All Exposure Routes II 2.91

Total RiskAcross Air 3.1E-05

Total Risk Across Ail Mediaand All Exposure Routes 1.2E-.04 Total Skin Hi = I 0[.601

J

Total Kidney HI = 0.0079

Definitions: 1.0E_)2 = 1.Ox 10-2 = 0.010 Total No effects HI = 0.039

- = Not evaluated for this pathway Total Liver HI = 1.1

COPC = chemical of potential concern Total Red blood cell HI = 0.15

HI = hazard index Total Thyroid HI = 0.88

N/A = Not applicable
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TABLE 6-29

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 19
Scenario Timeframe: Current/Future
Receptor Population: Resident
ReceptorAcje: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic HazardQuotient

Medium Point

,ngest,onl,nha,etionlDerma,I Exposure Pr malinges,l, ha,at,oDerma,ExposureRoutes Total Target Organ Routes Total

Groundwater Groundwater Monitoring Well t9-- 3romodichloromethane 5.4E_7 .... 5.4E-07 Bromodichloromethane Kidney 0.00089 .... 0.00089

Tap Water ,_hloroform 5.5E-07 - 5.5E-07 _'hloroform Liver 0.0077 - -- 00077

_ead N/A N/A N/A .ead N/A NIA - N/A N/A

_litrate N/A N/A N/A _litrate Red blood cells 0.44 -- 0.0036 0.44

Perchlorate N/A -- N/A N/A _erchlorate Thyroid 0.35 - 0.0028 0.35

Tetrachloroethene 1.4E-06 -- - 1.4E-06 retrachloroethene Liver 0.012 - -- 0.012

Trichloroethene 1.0E-07 -- - 1.0E-07 rrichlorcethene N/A 0,0049 - -- 0.0049

(Total) 2.6E-06 -- N/A 2.6E-06 (Total) 0.81 - 0.0065 0.82

Air Monitoring Well 19-- Bromodichloromethane -- 2.7E-06 -- 2.7E-06 3romodichloromethane Kidney -- 0.0045 -- 0.0045

Water Vapor Chloroform -- 1.7E-06 - 1.7E~06 3hloroform Liver - 0.038 -- 0.038

Tetrachloroethene -- 2.8E-06 2.8E-06 Tetrachloroethene Liver - 0.0052 -- 0,0052

Trichloroethene -- 3.4E-07 - 3.4E-07 ]'richloroethene N/A -- 0.025 -- 0.025

(Total] -~ 7.6E-,06 7.6E-06 (Total -- 0.073 - 0.073

Total Risk Across Groundwater 2,6E-.06 Total Hazard Index Across Alt Media and All Exposure Routes II 0.89
1

Total Risk Across Air 7.6E-06

Total Risk Across AllMedia and All Exposure Routes 1.0E-05 Total Kidney HI = _ 0.0054

Total Liver HI 0.068

Definitions: 1.0E--02 = 1.0 x 10-2 = 0.010 Total Red blood cell HI 0.44

- = Not evaluated for this pathway Total Thyroid HI = 0.35

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-30

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 20
Scenario Timeframe: Current/Future
Receptor Population: Resident
Receptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic HazardQuotient

Medium Point

,ngestion,nha,ationlDerma,I Exposure Primal,Iln estion,nba,at,on I ExposureRoutes Total Target Organ Routes Total

3roundwater Groundwater Monitoring Well 20-- _,rsenie 6.5E-05 - 6.6E-07 6.5E-05 Arsenic Skin 0.62 -- 0.0051 0.62

Tap Water Bromodichloromethane 5.4E-O7 - 5.4E-07 3romodichloromethane Kidney 0.00089 -- - 0.00089

Chloroform 1.0E-06 - 1.0E-06 _,hJoroform Liver 0.014 - -- 0014

Lead N/A - N/A N/A _ead N/A N/A -- N/A N/A

Nitrate N/A -- N/A N/A _itrate Red blood cells 0.60 - 0.0049 0.60

Perchlorate N/A - N/A ...............N/..A................3erchlorate Thyroid 0.41 -- 0.0034 0.41

(Total 6.6E-05 -- 6.6E-07 6.7E-05 (Total) 1.6 -- 0,013 1.7

Air Monitoring Well 20--- Bromodichloromethane 2.7E-06 - 2.7E-06 Bromodichloromethane Kidney 0.0045 00045

Water Vapor Chloroform - 3.1E-.06 -- 3.1Eq36 ;hloroform Liver - 0.070 -- 0.070

(Total) 5.8E-06 -- 5.8E-06 (Total) 0.075 0.075

6.7Eq35 Total Hazard Index AcrossAll Mediaand All Exposure Routes JJ 1.7

m_

Total Risk Across Groundwater

Total RiskAcross Air 5.8E-06

Total Risk Across Ail Media and All ExposureRoutes 7.3E-05 Total Skin HI = I 0.62 ]

m m

Total Kidney HI = 0.0054riF-----Definitions:1.0E-02 = 1.0 x 10-2 = 0.010 Total Liver HI = Il O.084
J

-- = Notevaluated for this pathway Total Red blood cell HI =JJ 0.60

Bm

I J

COPC = chemical of potential concern Total Thyroid HI =JJ
0.41

HI = hazard index

N/A = Notapplicable
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TABLE 6-31

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 21
, Scenario Timeframe: Current/Future

Receptor Population: Resident

Receptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

Routes Total Target Organ Routes Total

Groundwater Groundwater Monitoring Well 21-- ;hloroform 3.1E-07 .... 3.1E-07 .3hloroform Liver 0.0043 - -- 0.0043

rap Water head N/A -- N/A NIA _ead N/A N/A -- N/A N/A

Nitrate N/A -- N/A N/A _litrate Red blood ceils 0.68 - 0.0056 0.68

Perchlorate N/A -- N/A N/A _erchlorate Thyroid 1.0 - 0.0085 1.0

Tetrachloroethene 2.8E-06 - - 2.8E-06 ¥etrachloroethene Liver 0.024 .... 0.024

Trichloroethene 2.0E-06 - -- 2.0E-06 rrichloroethene N/A 0.096 - -- 0.096

(Totall 5.1E-06 -- N/A 5.1E-06 (Total', 1.8 - 0.014 1.9

Air Monitoring Well 21-- Chloroform -- 9.6E-07 -- 9.6E-O7 Chloroform Liver 0.022 0 022

Water Vapor Tetrachloroethene -- 5.8Eq36 - 5.8E-06 Tetrachloroethena Liver 0.011 0.011

Trichloroethene - 6.7E-06 - 6.7E-06 Trichloroethene N/A -- 0.48 -- 0.48

(Total) -- 1.3E*05 -- 1.3E-05 (Total) -- 0.51 -- 0.51

Total Hazard Index Across All Media and All Exposure Routes II 2.4Total Risk Across Groundwater 5. 1 E-06

Total Risk Across Air 1.3E-05
l

Total Risk Across AIl Media and All Exposure Routes 19E-05 Total Liver HI = II 0.060 II
E..

,,jTotal Red blood cell HI = 0.68

Definitions: 1.0E-02 = 1.0 x 10-2 = 0.010 Total Thyroid HI = 1.0

-- = Notevaluated for this pathway

COPC -- chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-32

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 22
Scenario Timeframe: Current/Future

Receptor Population: Resident
Receptor Age: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic HazardQuotient

Medium Point

Ingestion Inhalation I Dermal I Exposure Primary I,_,,,o,i '"'"'"_ I _'_" I ExposureRoutes Total Target Organ Routes Total

Groundwater Groundwater Monitoring Well 22-- Nitrate N/A N/A N/A Nitrate Red blood cells 0.44 0.0036 0.44

Tap Water _erchlorate NIA - N/A NIA Perchlorate Thyroid 0.64 -- 0.0053 0.64

I'etrachloroethene 1.1E-06 -- -- 1.1E-06 r'etrachloroethene Liver ....0:0089...... -- - 0.0089

(Total) 1.1E-06 -- N/A 1.1E-06 (Total 1.1 -- 0.0089 1.1

Air Monitoring Well 22-- retrachloroethene -- 2.2E-06 - 2.2E_5 retrachloroethene Liver - 0.0041 -- 0.0041

Water Vapor (Total -- 2.2E-06 - 2.2E-06 (Total -- 0.0041 -- 0.0041

Total Risk Across Groundwater 1.1E-05 Total Hazard Index Across All Mediaand All Exposure Routes [I 1.1
Total RiskAcross Air 2.2E-06

Total Risk Across All Media and All Exposure Routes 3.2E-06 Total Liver HI = [0.013]

Total Red blood cell HI = [ J0.44

Definitions: 1.0E-O2=1.0x10-2=O.010 TotalThyroidHl= H 0.64 ]1
~-= Not evaluated for this pathway

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-33

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COl'Cs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 23

Scenario Timeframe: Current/Future
Receptor Population: Resident
Recaptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

Ingestion I Inhalation t Dermal I Exposure Primary ,ngestion I ,nha,ation I Dermal I ExposureRoutes Total Target Organ Routes Total

Groundwater Groundwater Monitoring Well 23_ Chloroform 2.4E-07 - -- 2.4E-07 Chloroform Liver 0.0033 - - 0.0033

TapWater Nitrate NIA - NIA NIA Nitrate Red blood cells 0.60 -- 0.0049 0.60

Perchlorate N/A - N/A N/A Perchlorate Thyroid 072 -- 0.0059 0.72

Tetrachloroethene 4.9E-07 - - 4.9E-07 Tetrachlorcethene Liver 0.0042 - 0.0042

rrichloroethene 6.5E-07 - - 6.5E-07 Trichloroethene N/A 0.031 .... 0.031

(Total) 1.4E-06 N/A 1.4E-06 (Total) 1.4 0.011 1.4

Air Monitoring Well 23-- :hloroform - 7.3E-07 - 7.3E-07 Chloroform Liver -- 0.017 -- 0.017

Water Vapor Fetrachloroethene -- 1.0E-06 - 1.0E-06 Tetrachloroethene Liver -- 0.0019 - 00019

l'richlorcethene 22E-06 2.2E-06 Trichloroethene N/A - 0.15 -- 0.15

(Total) -- 3.9E-06 -- 3.9E-06 (Total) -- 0.17 -- 0 17

Total Risk Across Groundwater 1.4E-06 Total Hazard Index AcrossAll Mediaand All Exposure Routes II

mB

1 a 5

Total Risk Across Air 3.9E-06

Total Risk Across A)I Media and Ail Exposure Routes 5.3E-06 Total Liver HI = I 0.02.__._6 l
Total Red blood cell HI = 0.60

Definitions: 1.0E-02 = 1.0x 10-2 = 0010 Total Thyroid HI = I[
0.72

-~= Not evaluated for this pathway

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-34
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Monitoring Well 24
I[Scenario Timeframe: Current/Future
_ReceptorPopulation: Resident
IReceptor Age: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

RoutesTotal TargetOrgan RoutesTotal

Groundwater Groundwater Monitoring Well 24-- 1,2-Dichloroethane 4.1E-07 .... 4.1E-07 1,2-Dichloroethane N/A 0.0086 - -- 0.0086

Tap Water _rsenic 7.6E-05 -- 7.7E-07 7,7E_5 _,rsenic Skin 072 -- 0.006 0.73

Carbon Tetrachloride 6.7E-05 .... 6.7E-05 3arbon Tetrachloride Liver 2.7 .... 2.7

'hloroform 6.9E-06 .... 6.9E-06 :hloroform Liver 0.096 - - 0.096

Nitrate N/A _- N/A N/A _litrate Red blood cells 0.14 -- 0.0011 0,14

Perchlorate N/A -- N/A N/A _erchlorate Thyroid 42 -- 0.35 43

Tetrachloroethene 2.4E-07 -- 2.4E-07 retrachloroethene Liver 0.0020 .... 0.0020

Trichloroethene 3.3E-06 .... 3.3E-06 ¥richloroethene N/A 0.16 .... 0.16

(TotalJ 1.5E-04 -- 7.7E-07 1.5E-04 (Total' 46 -- 0.36 46

Air Monitoring Well 24-- 1,2-Dichloroethane -- 2.0E-06 -- 2.0E_6 1,2-Dichloroethane N/A -- 0.043 0043

Water Vapor Carbon Tetrachloride -- 3.3E-04 -- 3.3E-04 Carbon Tetrachloride Liver -- 17 -- 17

Chloroform 2.1E-05 -- 2.1E-05 Chloroform Liver -- 0.48 -- 0.48

Tetrachloroethene - 5.0E-07 -- 5.0E-07 Tetrachloraethene Liver - 0.00093 -- 0.00093

Trichloroethene - 1.1E-05 -- 1.1E-05 Trichloroethene N/A - 0.80 -- 0.80

(Total) - 3.7E-04 -- 3.7E-04 (Total) 18 -- 18
BE

Groundwater 1.5E-04 Total Hazard Index Across All Mediaand All Exposure Routes II 65Totat Risk Across

Total Risk Across Air 3.7E-04

Total Risk Across All Media and All Exposure Routes 5.2E-04 Total Skin HI = II 0.73 I

Total Liver HI = II 20

Definitions: 1.0E-02 = 1.0x 10-2 = 0.010 Total Red blood call HI = II 0.14
h

- = Not evaluated for this pathway Total Thyroid Hi = 1[
43

COPC = chemical of potential concem

HI = hazard index

NIA = Not applicable
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TABLE 6-35
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE
Jet Propulsion Laboratory--La Canada Well ltl

Scenario Timeframe: Current/Future

Receptor Population: Resident
Receptor A_e: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient
Medium Point

,ngest,onI 'nha'at'on[ De_a,I Exposure Primary Ingestion I Inhalation I Dermal I ExposureRoutes Total Target Organ Routes Total

3roundwater Groundwater La Canada Well #1-- Tetrachloroethene 4.6E-07 -- -- 4.6E-07 Tetrachloroethene Liver .....0:0038.... - -- 0.0038

TapWater (Total) 4.6E-07 -- - 4.6E-07 (Total) 0.0038 -- 0.0038

Air La Canada Well #1-- Tetrachloroethene -- 9.4E-07 -- 9.4E-07 TetrachJoroethene Liver -- 0.0017 -- 00017

Water Vapor (Total) - 9.4E-07 -- 9.4E-07 (Total) 00017 0.0017

Total Risk Across Groundwater 4.6E-07 Total Hazard IndexAcross All Media and All Exposure Routes JJ 0.0056l

Total Risk Across Air 9.4E-07

Total Risk Across All Media and Ail Exposure Routes 1.4E-06 Total Liver HI = J0,J 00_ 'J

Definitions: 1.0E-02 = 1.0 x 10-2 = 0.010

- = Not evaluated for this pathway

COPC = chemical of potential concern

HI = hazard index
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TABLE 6-36

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Las Flores Well #2
Scenario Timeframe: Current/Future

Receptor Population: Resident

.Receptor Aqe: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

Ingestion [ Inhalation I Dermal I Exposure Primary ingestion I Inhalation I Dermal I ExposureRoutes Total Target Organ Routes Total

Groundwater Groundwater Las Flores Well #2-- _rsenic 5.4E-05 - 5.4E-07 5.4E-05 Arsenic Skin 0,51 - 0.0042 0.52

Tap Water _erchlorate N/A NIA NIA Perchlorat_ Thyroid 0.78 0.0064 079

retrechloroethene 3.6E-06 - -- 3.6E-06 Tetrachloroethene Liver .......0:031 ...... -- ~- 0.031

(Total) 5.7E-05 5.4E-07 5.8E-05 (Total) 1.3 0.011 1.3

Air Las Flores Well #2-- [etrachtoroethene -- 7.5E-06 - 7.5E-06 Tetrachloroethene Liver -- 0.014 - 0r014

Water Vapor (Total) - 7.5E-06 -- 7.5E-06 (Total) -- 0.014 -- 0,014

Total Risk Across Groundwater 5BE-05 Total Hazard Index Across All Media and All Exposure Routes [I 1.3

Total Risk Across Air 7.5E-06

Total Risk Across AIl Media and AIl Exposure Routes 65E-05 TotalT°tal Skin HI = I[Liver I-ti = ]_ 0.0450.52 iiDefinitions: 1.0E-02 = 1.0 x 10-2 = 0.010 Total Thyroid HI = I[ 0.79

- = Not evaluated for this pathway

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable



:' ill

Page 1 of 1

TABLE 6-37

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Lincoln Ave. Well #3

Scenario Timeframe: Current/Future

Receptor Population: Resident

Receptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

Routes Total Target Organ Routes Total

Groundwater Groundwater LinCOln Ave. Well #3-- 3arbon Tetrachloride 2.5E-O6 -- - 2.5E-O6 :arbon Tetrach[oride Liver 0.10 .... 0.10

Tap Water 3erchlorate N/A - N/A N/A 3erchlorate Thyroid 1.8 -- 0.015 1.8

Fetrachloroethene 8.3E-07 -~ -- 8.3E-07 retrachloroethene Liver 0.0070 -- - 0.0070

Frichloroethene 3.5E-06 .... . .......... 3.;.5..E..q_.............. rrichloroethene N/A ........0;.! 7......... -- - ........... .0....17.............

(Total 6.8E-06 - N/A 6.8E-06 (Total 2.1 -- 0.015 2.1

Air Lincoln Ave. Well #3-- Carbon Tetrachloride - 1.2E-05 - 1.2E-05 _arbon Tetrachloride Liver -- 0.62 -- Q62

_/ater Vapor Fetrachloroethene -- 1.7E-06 - 1.7E-06 Fetrachloroethene Liver -- 0.0032 -- 0.0032

Trichloroethene -- 1.2E-05 -- 1.2E-O5 I-richloroethene N/A -- ,..........0:85 ....... -- ,...........?:.8.5. ...........

(Tota! -- 2.6E-05 2.6E-05 (Total _- 1.5 - 1.5

Total Risk Across Groundwater 6,8E-06 Total Hazard index Across AI_ Media and A_l Exposure Routes II 35
1

Total Risk Across Air 2.6E-05

Total Risk Across AIl Media and AIl Exposure Routes 3,3E-05 TotalLiverHI = II 0,73. ]

Total Thyroid HI 1.8 J

Definitions: 1.0E-02 = 1.O x 10-2 = 0.010

-- = Not evaluated for this pathway

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-38

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Scenario Timeframe: Current/Future Jet Propulsion Laboratory--Lincoln Ave. Well #5
_ReceptorPopulation: Resident
lReceptor A_e: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

RoutesTotal TargetOrgan RoutesTotal

Groundwater Groundwater LincolnAve. Well #5-- :_erchlorate N/A - N/A N/A Perchlorate Thyroid 0.89 -- 0.0074 0.90

Tap Water fetrachloroethene 5.3E-07 -- -- 5.3E--07 Tetrachloroethene Liver 0.0045 -- 0.0045

frichloroethene 2.9E-06 .... 2.9E-06 Trichloroethene N/A .........0;.!.4........ -- -- ...........0:1.4...........

(Total) 3.4E-06 - N/A 3.4E-06 (Total 1.0 0.0074 1.0

Air Lincoln Ave. Well #5--- retrachloroethene -- 1.1E-06 - 1.1E-06 retrachloroethene Liver -- 0.0020 -- 0.0020

Water Vapor rrichloroethene -- .....97.E_.0.6..... -- ............9;7.EL06,.......... rrichloroethene N/A -- 0.69 -- 0.69

(Total -- 1.1E-05 -- 1.1E~05 (Total - 0.69 -- 0.69

Total Risk Across Groundwater 3.4E-06 Total Hazard Index AcrossAll Mediaand All Exposure Routes II 1.71

Total RiskAcross Air 1.1E-05

Total Risk Across All Mediaand A[_ExposureRoutes 1,4E-05 Total Liver HI = I0,_ 0_5 _I

Total Thyroid HI 0,90 J

Definitions: 1.0E-02 = 1.0 x 10-2 = 0.010

-- = Not evaluated for this pathway

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-39

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Pasadena Arroyo Well

Scenario Timeframe: Current/Future
eceptor Population: Resident

Receptor A_le: Child/Adut

Medium Exposure Exposure Chemical Carcinogenic Risk Chemic.a] Non-Carcinogenic Hazard Quotient

Medium Point

Ingestion I _nha,ation I Dermal I Exposure Primary Ingestion I Inhalation ] Dermal I Exp e....Routes Total Target Organ Routes Total

Groundwater Groundwater Pasadena Arroyo Well-- Carbon Tetrachlodde 1.0E-05 -- 1.0E-05 Carbon Tetrachloride Liver 0 43 -- - 0.43

Tap Water _erchlorate N/A - N/A N/A Perchlorate Thyroid 17 0 14 17

retrachloroethene 6.8E-07 .... 6.8E-07 Tetrach]oroethene Liver 0.0057 -- 0.0057

rrichlcroethene 7.6E-07 .... 7.6E-07 Trichlorcethene N/A 0.036 - - 0.036

(Total) 1.2E-05 - N/A 1.2E-05 (Total) 17 -- 0.14 17

Air Pasadena Arroyo Well-- :arbon Tetrachloride -- 5.2E-05 -- 5.2E-05 ]arbon Tetrachloride Liver -- 2.6 -- 2.6

Water Vapor retrachloroethene -- 1.4E-06 -- 1.4E-O6 retrachloroethene Liver - 0.0026 -- 0.0026

rrichloroethene -- ....,2,:5E.-_,,,.... - ............2:5E...-_.............. rdchloroethene N/A -- 0.18 -- 0.18

(Total) - 5,6E-05 5.6E-05 (Total) -- 2.8 -- 2.8

Total Hazard Index Across A_IMedia and AI_Exposure Routes I[ 20

ll

Total Risk Across Ground,_ater 1 .2E_5

Total Risk Across Air 5.6E_5

Total RiskAcross Ail Media and Ail Exposure Routes 6.8E-05 Total Liver HI = I! 3.1 l
/

Total Thyroid HI 17 J

Definitions: 1.0EA32= 1.0 x 10-2 = 0.010

-- = Not evaluated for this pathway

COPC =chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-40

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

IIscanari° Jet Propulsion Laboratory--Pasadena Venture Well

Timeframe: Current/Future

IRecapter Popu{ation: Resident
lReceptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

Ingestion Inhalation I Dermal I Exposure Primary I,ngest,oni ,nba,at,on I Derma, I ExposureRoutes Total Target Organ Routes Total

Groundwater Groundwater Pasadena Venture Well-- Perchlorate N/A -- N/A N/A Perchlorate Thyroid 0.63 0.0052 0.63

Tap Water retrachloroethene 5.3E-07 -- -- 5.3E-07 Tetrachloroethene Liver 0.0045 .... 0.0045

I-richloroethena ........2:5.E_7........ -- -- 2.5E-07 Trichloroethene N/A 0.012 .... 0.012

(Total 7.8E-07 -- N/A 7.8E-07 (Total 0.64 -- 0.0052 0.65

Air Pasadena Venture Welt--- [etrachioroethene -- 1.1E-06 -- 1.1E-06 Tetrachloroethene Liver - 0.0020 - 0.0020

Water Vapor rrichloroethene - .....8:2E_7..... -- .............8..2.E.47...........Trichloroethene N/A -- 0.059 -- 0.059

(Total) - 1.9E-06 -- 1.9E-06 (Total) - 0.061 - 0.061

7.8E-07 Total Hazard IndexAcross All Media and All Exposure Routes II 0.71
Total Risk Across Groundwater

Total RiskAcross Air 1.9E-06

Total Risk Across All Media and All Exposure Routes 2,7E-06 Total Liver HI = I[r 0.0065 .

w

Total Thyroid HI = [ 0.63

Definitions: 1.0E-02 = 1.0x 10-2 = 0.010

-- = Not evatuatedfor this pathway

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-41
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE
Jet Propulsion Laboratory--Pasadena Well 52

:ScenarioTimeframe: Current/Future
_eceptor Population: Resident
:{eceptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic HazardQuotient

Medium Point

Ingestion I Inhalation I Dermal I Exposure Primary Ingestion I Inhalation I Dermal I ExposureRoutes Total Target Organ Routes Total

;roundwater Groundwater Pasadena Well 52-- Carbon Tetrachloride 2.9E-06 -- - 2.9E-06 Carbon Tetrachloride Liver 0.12 - 012

TapWater Perchiorate N/A - NIA N/A Pe,'chlorate Thyroid 1.9 -- 0,016 1.g

Trichloroethene 1.2E-06 - -- 1.2E-06 Trichloroethene N/A 0.055 .... 0.055

(Total) 4.1E-06 - N/A 4_1E-06 (Total) 2.1 - 0.016 2.1

Air Pasadena Well 52-- _arbon Tetrachloride - 1.5E-05 -- 1.5E-05 Carbon Tetrachlaride Liver - 0.73 -- 0,73

Water Vapor I'richloroethene - 3,9E--06 -- 3.9E-06 Trichloroethene N/A -- 0.28 -- 0,28

(Total) - 1.8E-05 -- 1.8E-05 (Total -- 1.0 -- 1.0

Total Risk Across Groundwater 4.1E-06 Total Hazard Index Across AIl Media and AIl Exposure Routes II 3.1

Total Risk Across Air 1,8E-05

Tatar Risk Across A{IMedia and All Exposure Routes 22E-05 'fetal Liver HI = Il 0.85 J

1

I

Tota,Th,roidH,=b lg J
Definitions: 1.0E-02 = 1.0x 10-2 = 0.010

-- = Notevaluated for this pathway

COPC: chemical of potential concern

HI = hazard index

NIA = Notapplicable
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TABLE 6-42

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

[!cenario Jet Propulsion Laboratory--Pasadena Windsor Well

Timeframe: Current/Future

eceptor Population: Resident
eceptor Age: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient
Medium Point

Routes Total Target Organ Routes Total

Groundwater Groundwater Pasadena Windsor Well--- Tetrachloroethene 8.3E4)7 -- - 8.3E-07 Tetrach[oroethene Liver 0.0070 0.0070

Tap Water Trichloroethene 2.7E-07 -- ' -- 2.7E-07 Trichloroethene N/A 0.013 .... 0.013

(Total) 1,1E-C6 .... 1.1E-06 (Total) 0.020 0.020

Air Pasadena Windsor Well_ Tetrachloroethene -- 1.7E-06 -- 1.7E-06 Tetrachloroethene Liver -- 0.0032 00032

Water Vapor Tfichloroethene -- 8.9E-07 -- 8.9E-07 Trichloroethene N/A -- 0.064 - 0.064

(Total) -- 2.6E-06 - 2.6E-06 (Total) -- 0.067 0.067

Total Risk Across Groundwater 1.1E-06 Total Hazard IndexAcross All Mediaand All Exposure Routes ]] 0,087m

Total Risk Across Air 2,6E-06

TotalRisk Across All Media and All Exposure Routes 3.7E-06 Total Liver Hi = I0.[ 010 _1

Definitions: 1.0E-02 = 1.0x 10-2 = 0.010

-- = Not evaluated for this pathway

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-43

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory -- Ruble Cation #4

I[Scenario Timeframe: Current/Future
_ReceptorPopulatior_: Resident
lReceptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-CarcinogenicHazard Quotient

Medium Point

Routes Total Target Organ Routes lotal

Groundwater Groundwater Ruble Cation g4-- _erchlorate N/A - N/A NIA _erch[orate Thyroid 0.70 - 0.0058 0.71

Tap Water (Total) NIA -- NIA NIA (Total) 0.70 - 0.0058 0.71

Air RubleCation#4--- ..................

Water Vapor (Total) ...... (Total ......

Total Risk Across Groundwater N/A Total Hazard Index Across All Mediaand All Exposure Routes II 0.71
Total RiskAcross Air --

Total Risk Across AIl Media and AIl Exposure Routes N/A Total Thyroid HI = [[ 0.71 t

Definitions: COPC = chemical of potential concern

- = Not evaluated for this pathway

HI = hazard index

N/A = Not applicable



· /

Page 1of 1

TABLE 6-44
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE
Jet Propulsion Laboratory--Rubio Ca_on Well #7

Scenario Timeframe: Current/Future
Receptor Population: Resident
Receptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic HazardQuotient

Medium Point

Ingestion Inha[ation I Dermal I Exposure Primary I Ingestion I Inhalation I Dermal I ExposureRoutesTotal TargetOrgan RoutesTotal

Groundwater Groundwater Ruble Ca,on Well #7-- 3erchlorate N/A - N/A N/A Perchlorate Thyroid 0.41 -- 0.0034 0.41

Tap Water (Total) NIA - NIA NIA (Total', 0.41 -- 0.0034 0.41

Air Ruble Ca_on Well #7..................

Water Vapor (Total) .... (Total) .....

Total Hazard index Across All Mediaand All Exposure Routes II 0.41

Im

Total Risk Across Groundwater N/A

Total Risk Across Air --
i

Total RiskAcross All Media and All Exposure Routes N/A Total Thyroid HI = I[ 0.41 J

Definitions: COPC = chemical of potential concern

-- = Net evaluated for this pathway

HI = hazard index

N/A = Not applicable
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TABLE 6-45

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Valley Well #1
Scenario Timeframe: Current/Future
Receptor Population: Resident
Receptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient
Medium Point

,ngestion I Inhalation I Dermal Exposure Primary I Ingestion I Inhalation I Dermal I ExposureRoutesTotal TargetOrgan RoutesTotal

Groundwater Groundwater Valley Well #1-- Arsenic 4.2E-05 - 4.3E-07 4.3E-05 Arsenic Skin 0.40 0.0033 0.41

Tap Water Perchlorate N/A -- N/A N/A Perchlorate Thyroid 0.50 0 0041 0.50

Tetrachloroethene 2.9E-05 - - 2.9E-05 Tetrachloroethene Liver 0.24 -- 0.24

Trichloroethene ........7:.8E.-07....... - - 7.8E-07 Trichloroethene N/A 0.037 -- - 0.037

(Total 7,2E_)5 - 4,3E-07 7.2E-05 (Total) 1.2 - 0.0075 1.2

Air Valley Well #1-- Tetrachloroethene -- 5.9E-05 -- 5.9E-05 Tetrachloroethene Liver -- 0.11 -- 0.11

Water Vapor Trichloroethene -- 2.6E-06 - 2.6E-06 Trichioroethene N/A .........--..._.:..............0:.!9......... - ............O:19...........
(Total) - 6.2E-05 -- 6.2E-05 (Total) -- 0.30 - 0.30

Total RiskAcross Groundwater 7.2E-05 Total Hazard Index Across All Media and All Exposure Routes II 1.51

Total Risk Across Air 6.2E-05

Total Risk Across All Media and All Exposure Routes 1.3E--04 Total Skin HI =, 0[.41',

ILTotal Liver HI = 0.35

Definitions: 1.0E-02 = 1.0 x 10-2 = 0.010 TotalThyroid HI = 0.50

- = Not evaluated for this pathway

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-46

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Valley Well #2
Scenario Timeframe: Current/Future
Receptor Population: Resident
Receptor A_e: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

i i i Prima,, I Ingestion Inhalation I Dermal I ExposureRoutesTotal TargetOrgan RoutesTotal

iGroundwater Groundwater Valley Well #2-- _,rsenic 4.5E_)5 -- 4.5E-07 4.5E-05 _rsenic Skin 0.43 - 0.0035 0.43

Tap Water Perchlocate N/A -- N/A N/A :_erchlorate Thyroid 0.51 -- 0.0042 0.52

'retrachloroethene 6.9E-O6 -- 6.9E-06 retrachloroethene Liver 0.058 .... 0.058

Trichloroethene 2.2E-07 .... 2.2E-07 rrichloroethene N/A 0.011 - -- ,..........0:O1.1............

(Total) 5.2E-O5 -- 4,5E-07 5,2E-05 (Total) 1.0 -- 0.0077 1.0

Air ValleyWell #2-- Tetrachlcroethene -- 1.4E-05 - 1.4E-05 Fetrachloroethene Liver -- 0.026 0.026

Water Vapor Trichloroethene .............7.............. 7.4E-07 -- ............7..4E_..7.............Frichloroethene N/A - 0.053 -- 0.053

(Total) 1.5E-05 -- 1.5Eq35 (Total 0.080 0.080

Total Hazard IndexAcross All Mediaand All Exposure Routes II 1.1Total Risk Across Groundwater 5.2E--05

Totat Risk Across Air 1.5E-05

Total Risk Across Ail Media and All ExposureRoutes 6.7E-05 Total Skin HI =II 0.43 I

I

Total Liver HI ='11 0.088

B

r

Definitions: 1.0E-02 = 1.0x 10-2 = 0.010 Total Thyroid HI =[I
O.52

-- = Not evaluated for this pathway

COPC: chemical of potential concern

HI: hazard index

N/A = Not applicable
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TABLE 6-47

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Jet Propulsion Laboratory--Valley Well #3
Scenario Timeframe: Current/Future
Receptor Population: Resident
Receptor A_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

,ngest,on,nha,at,cnlDa. a,I Exposure Pr,maI,n ast,on,nba,at,on erma,I E posureRoutes Total Target Organ Routes Total

IGroundwater Groundwater Valley Well #.3-- Arsenic 33E-05 - 3.4E-07 3.4E_5 _'senic Skin 0.32 - 0.0026 032

Tap Water Perchtorate NIA -- NiA .NIA =erchlorate Thyroid 0.56 - 0.0046 0.57

Tetrachloroethene 8.3E-07 -- 8.3E-07 i'etrachloroethene Liver 0.0070 .... 0.0070

(Total) 3.4E-05 -- 3.4E-07 3.5E-05 (Total 0.89 - 0.0073 0.90

Air iValleyWel{#3--- Tetrachioroethene -- 1.7E-06 - 1.7E-06 Tetrachloroethene Liver -- 0.0032 -- 0.0032
i

IWaterVapor (Total] -- 1.7E-06 - 1.7E-06 (Total - 0.0032 -- 0.0032

Risk Across Groundwater 3.5E-05 Total Hazard Index Across AIl Media and All Exposure Routes II 0.90
Total

Total Risk Across Air 1.7E-06

Total Risk AcrossAll Media and All Exposure Routes 3.6E-05 TotaITetalSkinHILiverHI =_I[ 0'32II"')_ 0,01....0Definitions: 1.0E-02 = 1.0 x 10-2 = 0.010 Total Thyroid HI 0.57

- = Not evaluated for this pathway

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable
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TABLE 6-48

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE

Iscenari° Jet Propulsion Laboratory--Valley Well #4

Timeframe: Current/Future

_ReceptorPopulation: Resident
_ReceptorA_le: Child/Adult

Medium Exposure Exposure Chemical Carcinogenic Risk Chemical Non-Carcinogenic Hazard Quotient

Medium Point

,ngest,onI,nha,at,onlDerma,I Exposure Primary ,ngest,onl,n,e,ationlD, I.... ExposureRoutes Total Target Organ Routes Total

Groundwater Groundwater ValleyWell _ Arsenic 4.2E-05 -- 4.3E-07 4.3E-05 Arsenic Skin 0.40 -- 00033 0.41

Tap Water Perchlorate N/A -- N/A N/A Perchlorate . Thyroid 0.50 0.0041 0.50

Tetrachloroethene 1.7E-05 -- 1.7E-05 Tetrachloroethene Liver 0.14 -- 0.14

I'richloroethene 5.8E-07 - -- 5.8E-07 Trichleroethene NIA 0.028 - -- 0.028

(Total) 6.0E-05 4.3E-07 6.1E-05 (Total) 1.1 0.0075 1.1

Valley Wetl _ I'etrachloroethene -- 3.5E-05 -- 3.5E-05 Tetrachloroethene Liver -- 0.066 - 0.066

Water Vapor rrichloroethene -- 1.9E-06 -- 1.9E-06 Trichloroethene N/A -- 0.14 -- 0.14

(Total) - 3.7E-05 - 3.7E-05 (Total) - 0.20 -- 0,20

Total Risk Across Groundwater 6.1E-05 Total Hazard Index Across AIl Media and All Exposure Routes II 1.31

Total Risk Across Air 3.7E--05

Across Ail Media and All Exposure Routes 9.8E-05 _a_t_lhlir_ _ _ITotalSkin HI = 0.210'41 I

Total Risk

Definitions: 1.0E-02 = 1.0 x 10-2 = 0,010 To 0.50

-- = Not evaluated for this pathway

COPC = chemical of potential concern

HI = hazard index

N/A = Not applicable
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SUMMARY OF CARCINOGENIC AND NONCARCINOGENIC
RISK RESULTS BY WELL AT THE JET PROPULSION LABORATORY

' 'J Noncarcino_enicRisk CarcinogenicRisk
Ingestion/ Ingestion/

Well Dermal Inhalation Total Dermal Inhalation Total

MW-01 0.06 0.00049 0.060 ......

MW-03 1.8 0.34 2,1 9.5E-05 1.1E-05 1.1E-04

MW-04 5.7 2.8 8.5 1.6E-05 6.1E-05 7.7E-05

MW-05 0.64 -- 0.64 ......

MW-06 1.2 0.0058 1.2 1.5E-06 3.1E-06 4,6E-06

MW-07 110 86 200 4.3E-04 1.8E-03 2.2E-03

MW-08 4.2 2.1 6.3 8.7E-06 4.1E-05 5.0E-05

MW-09 0.22 -- 0.22 ......

MW-10 2.9 0.33 3,2 3.5E-06 9.3E-06 1.3E-05

MW-11 0.094 0.41 0.51 1.9E-06 8.9E-06 1,1E-05

MW-12 2.1 6.8 8,9 2.8E-05 1.4E-04 1,6E-04

..... MW-13 36 11 47 3.2E-04 2.3E-04 5,5E-04

MW-14 1.2 0.042 1,3 9.1E-07 2.2E-06 3.1E-06

MW-15 0.18 -- 0.18 ......

MW-16 170 54 220 3.0E-04 1.1E-03 1.4E-03

MW-17 5.3 2.4 7,6 3.5E-05 5.1E-05 8.5E-05

MW-18 1.9 1.0 2.9 9.0E-05 3.1E-05 1,2E-04

MW-19 0.82 0.073 0.89 2.6E-06 7.6E-06 1,0E-05

MW-20 1.7 0.075 1.7 6.7E-05 5.8E-06 7,3E-05

MW-21 1.9 0.51 2.4 5.1E-06 1.3E-05 1.9E-05

MW-22 1.1 0.0041 1.1 1.1E-06 2.2E-06 3.2E-06

MW-23 1.4 0.17 1,5 1.4E-06 3.9E-06 5,3E-06

MW-24 46 18 65 1.5E-04 3.7E-04 5,2E-04

LCW#1 0.0038 0.0017 0,0056 4.6E-07 9.4E-07 1,4E-06

LFW#2 1.3 0.014 1.3 5.8E-05 7.5E-06 6,5E-05

Risk sum 4/9/99
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SUMMARY OF CARCINOGENIC AND NONCARCINOGENIC
RISK RESULTS BY WELL AT THE JET PROPULSION LABORATORY

NoncarcinogenicRisk CarcinogenicRisk
Ingestion/ Ingestion/

Well Dermal Inhalation Total Dermal Inhalation Total
LAW#3 2.1 1.5 3.5 6.8E-06 2.6E-05 3.3E-05

LAW#5 1.0 0.69 1.7 3.4E-06 1.1E-05 1.4E-05

PAW 17 2.8 20 1.2E-05 5.6E-05 6.8E-05

PVW 0.65 0.061 0,71 7.8E-07 1.9E-06 2,7E-06

PW-52 2.1 1.0 3.1 4.1E-06 1.8E-05 2.2E-05

PWW 0.020 0.067 0.087 1.1E-06 2.6E-06 3.7E-06

RCW_ 0,71 -- 0.71 ......

RCW#7 0.41 -- 0,41 ......

VW#1 1.2 0.30 1.5 7.2E-05 6.2E-05 1.3E-04

VW#2 1.0 0.080 1.1 5.2E-05 1.5E-05 6.7E-05

VW#3 0.90 0.0032 0.90 3.5E-05 1.7E-06 3.6E-05

VW_ 1.1 0.20 1.3 6.1E-05 3.7E-05 9.8E-05

Notes:

1.0E-02=1 x lff 2= 0.010

LAW=LincolnAvenueWell

LCW=LaCanadaWell

LFW= LasFloresWell

MW= monitoringwell

PAW-:PasadenaArroyoWell

PVW=PasadenaVenturaWell

PW= PasadenaWell

PWW= PasadenaWindsorWell

RCW=RubioCahonWell

VW -- Valley Well

Risk sum 4/9/99
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TABLE 6-50

CHEMICALS THAT ARE THE MAJOR CONTRIBUTORS (A)TO RISK FOR

WELLS WITH CANCER RISK GREATER THAN 10 .6AND/OR HAZARD INDEX VALUES GREATER THAN 1.0

MW-01 MW-03 MW-04 MW-05

Chemical Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic

1,1-Dichloroethene 8.7E-06

1,2-Dichlomethane 2.0E-06

Arsenic 9.2E-05 0.90

Bmmodichlommethane 3.5E-06

CarbonTetrachloride 6.6E-06 0.30 4.9E-05 2.4

Chloroform 2.4E-06 6.0E-06

HexavalentChromium

Nitrate 0.30

Perchlorate 0.80 4.9

Tetrachloroethen e

Trichlomethene 9.6E-06 0.60

TotalRisk* -- 0.070 1,1E-04 2.1 7.7E-05 8.5 -- 0.60

TotalLiverHI 0.40 2.6

TotalSkinHI 0.90

TotalThyroidHI 0.80 4.9

Total RBC HI

KJTABLE6
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Table 6-50 Chemicals That Are The Major

Contributors To Risk for Wells with Cancer Risk >10 .6 and/or HI >1.0

MW-06 MW-07 MW-08 MW-09

Chemical Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic

1,1-Dichloroethene 4.7E-05

1,2-Dichloroethane 5.5E-06

Arsenic

Bromodichloromethane

CarbonTetrachloride 2.0E-03 98 4.3E-05 2.1

Chloroform 2.4E-05 0.50 2,4E-06

HexavalentChromium 6.2E-05

Nitrate 0.40

Perchlorate 0.70 93 3.7

Tetrachloroethene 4.6E-06 8.6E-06

Trichloroethene 2.6E-05 1,7 4.3E-06

TotalRisk* 4.6E-06 1.2 2.2E-03 193 5.0E-05 6.3 -- 0.20

TotalLiverHI 98 2.1

Total Skin HI

TotalThyroidHI 0.70 93 3.7

TotalRBCHI 0140
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Table 6-50 Chemicals That Are The Major

Contributors To Risk for Wells with Cancer Risk >10 .6 and/or HI >1.0

MW-10 MW-J1 MW-t2 MW-13

Chemical Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic

1,1-Dichlomethene 2.2E-05

1,2-Dichlomethane 6.8E-06

Arsenic

Bromodichloromethane

CarbonTetrachloride 9.2E-06 1.6E-04 7.8 2,2E-04 11

Chloroform 2.6E-06 1.6E-06 3.7E-06 2.1E-05

HexavalentChromium 2.6E-04 0.50

Nitrate 0.70

Perchlorate 2.1 0.90 33

Tetrachloroethene 5.1E-06

Trichloroethene 5.1E-06 0.30 2.8E-05 1.8

TotalRisk* 1.3E-05 3.2 1.1E-05 0.50 1.6E-04 8.9 5,5E-04 47

TotalLiverHI 7.9 11

Total Skin HI

TotalThyroidHI 2.1 0.9 33

TotalRBCHI 0.70
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Table 6-50 Chemicals That Are The Major

Contributors To Risk for wells With Cancer Risk >10 .6 and/or HI >1.0

MW-14 MW-I5 MW.16 MW.I7

Chemical Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic

1,1-Dichloroethene 5.8E-05

1,2-Dichloroethane 1.3E-05

Arsenic

Bromodichloromethane 5.2E-06

CarbonTetrachloride 1.2E-03 59 2.2E-05 1.1

Chloroform 8.6E-07 8.1E-05 1.7 1.5E-05

HexavalentChromium 4.5E-05 2.1E-05

Nitrate 0.80 0.73

Perchlorate 0.50 160 4.7

Tetrachlomethene 1.8E-06 3.0E-06 1.3E-06

Trichloroethene 2.5E-05 1.6 2.2E-05 1.5

TotalRisk* 3.1E-06 1.3 -- 0,20 1.4E-03 220 85E-05 7.6

TotalLiverHI 61 1.3

Total Skin HI

TotalThyroidHI 0.50 160 4.7

TotalRBCHI 0.80
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Table 6-50 Chemicals That Are The Major

Contributors To Risk for Wells with Cancer Risk >10 .6 and/or HI >1.0

MW-18 MW-19 MW-20 MW-21

Chemical Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic

1,1-Dichloroethene

1,2-Dichtoroethane

Arsenic 6.3E-05 0.60 6.5E-05 0.60

Bromodichloromethane 4.8E-06 3.2E-06 3.2E-06

CarbonTetrachloride 1.8E-05 0.80

Chloroform 1.2E-05 2.3E-06 4.1E-06 1.3E-06

HexavalentChromium 1.9E-05

Nitrate 0.60 0.70

Perchlorate 0.90 0.40 1.0

Tetrachloroethene 3.4E-06 4.2E-06 8.6E-06

Trichloroethene 1.7E-05 8.7E-06 0.50

TotalRisk* 1.2E-04 2.9 1.0E-05 0.90 7.3E-05 1.7 1,9E-05 2.4

TotalLiverHI 1.1

TotalSkinHI 0.60 0,60

TotalThyroidHI 0.90 0.40 1.0

TotalRBCHi 0.60 0.70
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Table 6-50 Chemicals That Are The Major

Contributors To Risk for Wells with Cancer Risk >10 .6 and/or HI >1.0

MW-22 MW-23 MW-24

Chemical Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic

1,1-Dichlomethene

1,2-Dichlomethane 2.4E-06

Arsenic 7.7E-05 0.70

Bmmodichlommethane

CarbonTetrachloride 4.0E-04 20

Chloroform 9.7E-07 2.8E-05

HexavalentChromium

Nitrate 0.40 0.60

Perchlorate 0.60 0.70 43

Tetrachloroethene 3.2E-06 1.5E-06

Trichloroethene 2.7E-06 1.4E-05 0.90

TotalRisk* 3.2E-06 1.i 5.3E-06 1.5 5.2E-04 65

TotalLiverHI 20

TotalSkinHI 0.70

TotalThyroidHI 0.60 0.70 43

TotalRBCHI 0.40 0.60
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Table 6-50 Chemicals That Are The Major

Contributors To Risk for Wells with Cancer Risk >10 .6 and/or HI >1.0

ValleyWellNo.1 ValleyWellNo.2 ValleyWellNo.3 ValleyWellNo.4

Chemical Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic

i 1,1-Dichloroethene

] 1,2-Dichloroethane

i Arsenic 4.3E-05 0.40 4.5E-05 0.40 3.4E-05 4.3E-05 0.40

i Bromodichloromethane

i CarbonTetrachloride

i Chloroform

_. HexavalentChromium

Nitrate

Perchlorate 0.50 0.50 0.50

Tetrachloroethene 8.8E-05 0.30 2,1E-05 2.5E-06 5.2E-05

Trichloroethene 3.9E-06 0.20 9.6E-07 2.5E-06

TotalRisk* 1.3E-04 1.5 6.7E-05 1.1 3.6E-05 0.90 9.8E-05 1.3

TotalLiverHI 0.30 0.20

TotalSkinHI 0.40 0.40 0,40

TotalThyroidHI 0.50 0.50 0.50

TotalRBCHI
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Table 6-50 Chemicals That Are The Major

Contributors To Risk for Wells with Cancer Risk >10 .6.and/or HI >1.0

RubioCanonNo.4 RubioCanonNo.7 LasFloresWellNo.2 PasadenaVentura

Chemical Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic

1,1-Dichloroethene

1,2-Dichlomethane

Arsenic 5.4E-05 0.50

Bromodichloromethane

CarbonTetrachloride

Chloroform

HexavalentChromium

Nitrate

Perchlorate 0.80

Tetrach{omethene 1.1E-05 1.6E-06

Trichlomethene 1.1E-06

TotalRisk* -- 0.70 -- 0.40 6.5E-05 1.3 2.7E-06 0.70

Total Liver HI

TotatSkinHI 0.50

TotalThyroidHI 0.80

Total RBC HI
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Table 6-50 Chemicals That Are The Major

Contributors To Risk for Wells with Cancer Risk >10 .6 and/or HI >1.0

PasadenaWell52 PasadenaArroyo PasadenaWindsor LaCanadaWellNo.1

Chemical Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic

1,1-Dichlomethene

1,2-Dichloroethane

Arsenic

Bromodichloromethane

CarbonTetrachloride 1.6E-05 0.90 6.2E-05 3.0

Chloroform

HexavalentChromium

Nitrate

Perchlorate 1.9 17

Tetrachtoroethene 2.1E-06 2.4E-06 1.4E-06

Trichloroethene 5.1E-06 0.30 3.3E-06 1.2E-06

TotalRisk* 2.2E-05 3.1 6.8E-05 20 3.6E-06 0.080 1.4E-06 0.0060

TotalLiverHI 0.90 3.0

TotalSkinHI

TotalThyroidHI 1.9 17

TotalRBCHI
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Table 6-50 Chemicals That Are The Major

Contributors To Risk for Wells with Cancer Risk >10 .6 and/or HI >1.0

Lincoln Avenue Well No.3 Lincoln AvenueWell No.5

Chemical Carcinogenic Noncarcinogenic Carcinogenic Noncarcinogenic

1,1-Dichlomethene

1,2-Dichloroethane

Arsenic

Bromodichloromethane

CarbonTetrachloride 1.5E-05 0.70

Chloroform

' HexavalentChromium

Nitrate

Perchlorate 1.8 0.90

Tetrachlomethene 2.5E-06 1.6E-06

Trichloroethene 1.5E-05 1.0 1.3E-05 0.80

TotalRisk* 3.3E-05 3.5 1.4E-05 1.7

TotalLiverHI 0,70

TotalSkinHI

TotalThyroidHI 1.8 0,90

Total RBC HI
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Table 6-50 Chemicals That Are The Major
Contributors To Risk for Wells with Cancer Risk >10 .6and/or HI >1.0

Notes:

(a) Majorcontributorsarethosechemicalswith individualcancerriskvaluesgreaterthan 1.0E-6andHisgreaterthan0.5.
(b) Totalrisk is for all chemicaldetectionsandpathways,of whichthe majorcontributorsare asubset;therefore,thesumof the majorcontributorsdoes notnecessaryequalthetotalvalue.

1.0E-02= 1.0x 10-2= 0.010
HI = hazardindex

MW= monitoringwell
No.=number
RBC= redbloodcell

-- = nocarcinogensdetected
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TABLE6-51 Page1of1
MONITORING WELLS WITH CHEMICAL SPECIFIC CANCER RISKS GREATER

THAN 10 .6OR HAZAR!_ INDEX VAI,UE_ GREATER THAN 1.fi (FLOR Al,i, EXPOSURE PATHWAV_ COMRINED)
Monitoring Well

Total Wells

Chemicalof Concern 01 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 (N/C)

1,1-Dichloroethene C C C C 0/4

1,2-Dichloroethane C C C C C 0/5

Arsenic C C C C 0/4

Bromodichloromethane C C C C C 0/5

CarbonTetrachloride C N,C N,C N,C C N,C N,C N,C N,C C N,C 8/11

Chloroform C C C C C C C C C N,C C C C C C C 1/16

HexavalentChromium C C C C C 0/5

Nitrate 0/0

Perchlorate N N N N N N N N N 9/0

Tetrachloroethene C C C C C C C C C C C 0/11

Trichloroethene C N,C C C N,C N,C N,C C C C C 4/11

Wells with Target Organ HI
values>1.0 Y Y Y Y Y Y Y Y Y Y

Notes:

C= Carcinogenicrisk( > 1.0x 10.6)

N = Noncarcinogenicrisk( HI> 1.0)

HI= HazardIndex
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PRODUCTIONWELLSWITH CHEMICALSPECIFICCANCERRISKS GREATER

THAN10.6ORHAZARDINDEXVALUESGREATERTHAN1.0(FORALL EXPOSUREPATHWAYSCOMBINED)
Production Well

n"-
:gl= O4 =It: =It: r-' r"

Lt') (3) Q_ 0 0

=.= =,= =.= _ _ '" _- _- '- o o _ _ TotalWells>. >. >. >. ,_ --,, _o>. _o -o_ --'-' '-

Chemicalof Concern ._ >'_ >'_ ._ _Jco .u_° a_<_ ,..o a._ _: Q__"' :3'- _"-o r,""= r,"'"" o_>_o"'_ (N/C)

1,1-Dichloroethene 0/0

1,2-Dichloroethane 0/0

Arsenic C C C C C 0/5

Bromodichloromethane 0/0

CarbonTetrachloride N,C C C 1/3

Chloroform 0/0

HexavalentChromium 0/0

Nitrate 0/0

Perchlorate N N N 3/0

Tetrachloroethene C C C C C C C C C C C 0/11

Trichloroethene C C C C C N,C C C 1/8

WellswithTargetOrganHI
values>1.0 Y Y Y

Notes:

C=Carcinogenicrisk(· 1.0x10's)
N=Noncarcinogenicdsk(HI· 1.0)
HI=HazardIndex

Chem_rskProductionWclls
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TABLE 6-53 Page! of 1
PERCENT CONTRIBUTION OF CHEMICALS TO OVERALL RISK

IN JPL MONITORING WELLS WITH CANCER RISKS GREATER THAN 10-6

Monitoring Well
ChemicalofConcern* 01 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1,1-Dichloroethene 11 2 4 4

1,2-Dichloroethane 2 <1 1 <1 <1

Arsenic 84 46 89 15

Bromodichloromethane 3 6 3 32 4

CarbonTetrachloride 6 63 91 86 84 100 39 86 25 13 77

Chloroform 2 7 1 5 20 14 <1 4 27 6 17 8 23 6 7 18 5

HexavalentChromium 3 47 3 24 14

Nitrate

Perchlorate

Tetrachloroethene 100 <1 39 58 <1 1 2 42 45 100 28

Trichloroethene 12 1 9 39 5 2 25 12 46 51 2

Notes:

* Chemicalswereincludedittheirindivdualcancer'riskvaluesweregreaterthan1.0E-06
Boldnumbersindicatethatthechemicalcontributesgreaterthan20%totheoverallriskvalue



TABLE 6-54 Page 1of 1
PERCENT CONTRIBUTION OF CHEMICALS TO OVERALL RISK IN

JPL PRODUCTION WELLS WITH CANCER RISKS GREATER THAN 10-6

Production Well

CO LO _ _

04 =gl:: ::I::E _ r-'LO Q_ (D 0

- -_ - - o o _=
(1) Q) (1) Q.) (_) O_ t'_ "O _'0 0 0 .... _ __.- = - = _ _e _ _ _ o ,= ,=

Chemicalof Concern* ._ >_ >'_ _ _, _J_ a_ <'- a_ _. a. :3 -'- rr"' ac=

1,1-Dichloroethene

1,2-Dichloroethane

Arsenic 31 67 94 43 83

Bromodichloromethane

CarbonTetrachloride 91 78 45

Chloroform

HexavalentChromium

Nitrate

Perchlorate

Tetrachloroethene 65 31 6 53 100 16 3 66 7 10 59

Trichloroethene 3 1 2 5 33 22 45 90 40

Notes:

* Chemicalswereincludedit theirindivdualcancerriskvaluesweregreaterthan1.0E-06

Boldnumbersindicatethatthechemicalcontributesgreaterthan20%to theoverallriskvalue
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FIGURE 6-1. SITE CONCEPTUAL MODEL FOR THE HUMAN HEALTH RISK ASSESSMENT FOR OPERABLE UNITS 1 AND 3
AT THE JET PROPULSION LABORATORY
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FIGURE 6-2 NONCARCINOGENIC RISK VALUES FOR THE JET PROPULSION LABORATORY MONITORING WELLS
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FIGURE 6-3. CARCINOGENIC RISK VALUES FOR THE JET PROPULSION LABORATORY MONITORING WELLS
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