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PREFACE

The California Legislature and Governor added Chapter 5.6, Bay Protection and Toxic
Cleanup (BPTC), to the state Water Code in an effort to protect the valuable resources within
the estuarine waters and bays of the state. The BPTC section directs the State Water
Resources Control Board (SWRCB) to formulate and adopt a plan to accomplish this goal
(SWRCB, 1991). This plan is designated the Enclosed Bays and Estuaries Plan (EBEP).

One of the goals of the EBEP is to develop sediment quality objectives (SQO). These
objectives will supplement existing water quality criteria. Sediment quality objectives are
being developed to protect aquatic life and human health from chemical contaminants
accumulating in sediments. The Office of Environmental Health Hazard Assessment
(OEHHA) in cooperation with the SWRCB is responsible for developing recommendations for
SQO for California bays and estuaries. This document describes the scientific background and
a proposed technical strategy for establishing SQO based on human health concerns.
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EXECUTIVE SUMMARY

This report describes the scientific background and a proposed technical strategy for setting
Sediment Quality Objectives for environmental chemicals in California based on human heaith
effects in California. This strategy was developed by the Office of Environmental Health
Hazard Assessment (OEHHA) in cooperation with the State Water Resources Control Board
(SWRCB). The state Water Code requires that Sediment Quality Objectives (SQO) be
developed in conjunction with the Bay Protection and Toxic Cleanup program.

Sediment quality objectives are levels of a contaminant in sediment which will not result in
potentially unhealthy or hazardous levels of the contaminant in seafood (fish or shellfish) when
consumed by humans, or which do not result in excessive environmental contamination (Water
Code Section 13391.5). SQO are based on and are intended to be predictive of biological
effects or tissue levels. SQO extend the process of protecting water quality by regulating
sediment as a reservoir for contaminants and recognize fish or shellfish ingestion as an
important route of exposure.

The following seven tasks comprise the strategy proposed by OEHHA to develop
recommendations for SQO for human health effects in California.

1) Select contaminants of concern based on EPA lists. Prioritize contaminants of
concern in California based on in-state use, toxicology profile, and California
monitoring data.

2) Identify appropriate cancer potency (q;*) or reference dose (RfD) for the prioritized
contaminants of concern identified above.

3} Develop human exposure scenarios considering potentially different patterns of
seafood consumption in California. Include alternative scenarios such as consumption
of finfish and/or shellfish; and consumption by sensitive subpopulations (e.g., fishers,
children, ethnic groups).

4) Determine a maximum tissue level of chemical contaminant allowable in fish and/or
shellfish tissue using the appropriate seafood consumption scenario(s) and poténcy -. _
values identified above.
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5) Use all appropriate bioaccumulation models to predict the accumulation of chemical
contaminant from sediment to finfish and/or shelifish tissue.

6) Evaluate the bioaccumulation predictions by comparison to laboratory and field data.
Based on the appropriate bicaccumulation value(s) calculate sediment levels that could
lead to the maximum tissue level identified above. Sediment levels calculated in this
way are proposed SQO based on human health effects.

7) Recommend the proposed SQO to the SWRCB for adoption. Include a discussion of
the scientific basis and limits of certainty of this recommendation.

The Office of Environmental Health Hazard Assessment recommends adoption of this human
heaith-based strategy to develop SQO.
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1.0 INTRODUCTION

Chemical contaminants in the environment are a problem because they may reduce our quality
of life and may threaten human health. Contaminants may be merely noxious or have serious
toxic effects. Government agencies have addressed the problem of chemical contaminants in
the environment by setting standards and guidelines for important air and water bomne
contaminants with the goal of protecting environmental quality and human health.

Sediments are a significant reservoir of environmental contaminants in aquatic environments
(Dickson et al., 1987). At this time, regulatory controls for sediment-bound contaminants
have not been completely incorporated into existing water quality standards. Consequently,
recent legislation has focused on developing guidelines for chemical contaminants in
sediments. These levels have been referred to as "sediment quality objectives” (SQO) in
California (Water Code Section 13391.5), and "sediment quality criteria” (SQC) by the U.S.
Environmental Protection Agency (EPA, 1991).

Human exposure to chemical contaminants in contaminated sediments is indirect via the
consumption of seafood. Seafood species may directly assimilate the chemical contaminant
from sediment or indirectly via consumption of contaminated organisms from lower levels of
aquatic food-webs. This is the primary route through which humans can be exposed to
chemicals present in the sediments, potentially leading to adverse health effects.

The purpose of developing SQO is to protect the broad scope of beneficial uses of California's
coastal waters. The accumulation of chemical contaminants in sediments in California's bays
and estuaries presents a potential hazard to both aquatic life and human health. Separate SQO
will be developed for the protection of human health and aquatic life. Although both processes
are related and equally important, the derived values may be very different. For a given
chemical and site, the lower SQO will protect both endpoints.

Contaminated sediments have already resulted in the contamination of seafood in several
locations in the United States. As an example, estimates of potential human carcinogenic risks
from consumption of highly contaminated fish and shellfish range from 10 to 102 (see
Appendix 1). Health advisories regarding consumption of fish or shellfish in contaminated
locations have been issued throughout the United States including southern California (Pollock
et al., 1991), Quincy Bay, Massachusetts (Reimold et al., 1988) and Puget Sound, Washington
(Tetra Tech, 1988). These evaluations have been based on site-specific seafood tissue levels
detected after extensive contamination had already occurred. There is a pressing need for the
establishment of regulatory standards for a wide range of chemicals and locations that can be
applied to prevent future contamination.

The objective of this report is to describe a strategy for developing such standards (SQO) for
the protection of human health. While it is clear that sediment-bound contaminants have led to
undesirable levels in seafood (see Pollock et al., 1991), a formal process for regulating

1




contaminants in sediments has not been developed (Shea, 1988). Therefore, a strategy needs
to be developed for establishing these levels.

2.0 REGULATORY FOUNDATION FOR SETTING SEDIMENT QUALITY
OBJECTIVES

The regulation of chemical contaminants has focused on setting standards and criteria which
protect humans from excessive exposure to the contaminants. Risk assessment methodology is
currently used in this process (EPA, 1991). Using this methodology, acceptable exposure
levels can be established for likely environmental exposure routes (typically air and water),
and measures can be identified to mitigate excessive exposure.

The regulation of chemical contaminants in the air, soil and water serves to protect not only
humans, but also other organisms from the toxic effects of these contaminants. Chemical
contaminants in an environment can have far ranging adverse effects on organisms occupying
that environment. Contaminants can have direct toxic effects on single organisms in the
environment, either increasing or decreasing reproduction or survival. These direct individual
effects may cause changes in the ecosystem by changing populatien size, species composition
and etc. These changes may affect humans and wildlife that showed no direct toxic response
or had no direct exposure to the source of contaminant.

In aquatic environments, chemical contaminants can directly impact organisms in or on the
sediments (Giesy et al., 1990) or those in the water column (Malueg et al., 1983). These
environments may have four or five trophic levels in complex food-webs (Dickson et al.,
1987). A variety of invertebrate and vertebrate benthic or pelagic organisms can be exposed
by consumption of lower trophic level organisms and/or direct ingestion or absorption of
contaminant. Humans or wildlife consuming these organisms as food can be indirectly
exposed to the contaminant and consequently may be put at risk of adverse health effects.
Figure 1 shows an aquatic food-web tracing human exposure t0 a chemical contaminant
introduced into the aquatic environment.

Federal regulations to protect aquatic environments are promulgated by the EPA and are based
on the premise that the beneficial uses of aquatic environments should be protected (EPA,
1991). Protection includes aquatic organisms in these environments, and is extended to
include the terrestrial organisms (e.g., humans) that use these environments. These aquatic
organisms must not be adversely effected by exposures to a waterway. General water quality
standards have been adopted by EPA which protect aquatic life and human health. National
water quality criteria are the established means to translate narrative standards into numeric
values. These numeric criteria are used for the control of toxic poliutants in water.

Individual states in turn adopt the general standards and objectives or customize them to meet
their specific needs. State procedures generally follow the basic principles used by the EPA




when adopting objectives to protect aquatic life and human health. Again, risk assessment
methodology is presently the established foundation for deriving water quality criteria based on
human health effects.

California has adopted regulatory standards and objectives for water quality (California Water
Code) and will extend them to include SQO (Water Code Section 13392.6 and 13393). The
State Water Resources Control Board (SWRCB) is responsible for the general development and
implementation of these objectives and related programs (Water Code Sections 13390 - 13396)
such as the California Enclosed Bays and Estuaries Plan (EBEP). Related programs will
utilize SQO to identify and prioritize toxic hot spots in California bays and estuaries.

The Office of Environmental Health Hazard Assessment is charged with formulating SQO
recommendations based on human health risk assessment (Water Code Sections 13393 and
13395.5). In developing a SQO strategy, OEHHA has built upon the established process for

setting water quality criteria and incorporated relevant scientific information specific to
sediments.




Humans & Wildlife
(Seafood —
Consumption}
A A
Predatory Fish* e
A
; Forage* Fish and L
P inverntebrates ! =
7 N |
| % l
—— Phyto-plankton. Demrits P> Zoo-piankion
| A 4
| | . |
. 7 WATER >
o 2 A
IR 2 | ‘ 1
. g— f
[ ] I
IBemfmc nvertebrales{ A 2
/ CONTAMINANT
IN SEDIMENT

Figure 1: Pathways of Humanr and Wildiife Exposure through a Simpiified Aguatic
Food-web Due to Chemical Contamination of Sediments

—3» Arrows show movemen: of contaminant.

*  There mav be more than one trophic level here.

F}
-




3.0 APPROACH TO SETTING SEDIMENT QUALITY OBJECTIVES

The Office of Environmental Health Hazard Assessment proposes a technical strategy for
developing SQO recommendations for human health in California.” The strategy has been
organized as a series of tasks for deriving SQO based on the methodologies of human health
risk assessment and environmental fate modeling. These tasks include selecting and
prioritizing contaminants of concern in California, setting maximum tissue levels for seafood
tissue, predicting bioaccumulation, estimating sediment contaminant levels (proposed SQQ)
leading to the protective tissue levels, and evaluating the accuracy of each proposed SQO. The
end product of application of this strategy will be a recommendation to the SWRCB for
adoption of proposed SQO for selected chemical contaminants in sediments in California.

The scientific background for the strategy is presented below. This is followed by presentation
of the seven basic tasks of the strategy.

4.0 SCIENTIFIC BACKGROUND FOR THE SEDIMENT QUALITY STRATEGY

4.1. Sediment Quality Objectives For Aquatic Life

Washington State has established standards for regulating the quality of marine sediments by
using the apparent effects threshold (AET) approach (Washington State, Department of
Ecology 1991). These AET values for chemical contaminants in sediment were developed
based on the level of contaminant which caused an acute or chronic ioxic effect to sensitive
aquatic life forms in laboratory tests. Since toxicological effects in the AET approach depend
on the environmental surroundings of a specific site, the sediment quality standards of
Washington State are applicable only to the site for which they were developed, in this case
Puget Sound.

EPA recognizes the AET approach as a credible step towards development of sediment quality
criteria (EPA 1989b). EPA is evaluating this approach and the equilibrium partitioning (EqP)
approach (EPA, 1989b, and 1990) for use in setting sediment quality criteria. The EgP is also
being used to set contaminant levels in dredged materials (US Army Corps of Engineers and
EPA, 1991). Thus far, these approaches have been applied to aquatic life. The SWRCB is
also evaluating the AET approach for setting aquatic life objectives.

4.2.  Sediment Quality Objectives For Human Health

A standardized procedure for setting SQO based on human health effects has not been
established within the regulatory community (Shea, 1988). Any procedure to set SQO must-- -
recognize the indirect nature of human exposure to sediment contamination and the complex
relationship(s) between contaminant levels in the sediment and in aquatic organisms at different
trophic levels. The elements for a procedure can be developed by combining the risk
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assessment process and models estimating the movement and bioaccumulation of chemical
contaminants in aquatic ecosystems. These models are necessary to predict the sediment
concentration of a contaminant that would lead to a given concentration in edible seafood.

Risk assessment and bioaccumulation modeling are based on different underlying assumptions
that incorporate available biological data and facilitate prediction of specified endpoints. Both
are flexible and may incorporate options or methods that are more appropriate in different
situations. This section reviews the scientific background for risk assessment and
bioaccumulation modeling with emphasis on applications for deriving SQO. In addition, some
of the underlying uncertainties in risk assessment and bioaccumulation modeling are discussed.
Some of the uncertainties in bioaccumulation modeling may be reduced with the collection of
monitoring data that can be used to calibrate and validate models.

4.2.1. Human Risk Assessment

Human risk assessment can be used to establish acceptable levels of contaminants under
specified exposure conditions (e.g., consumption of contaminated seafood)(EPA, 1989a; NRC,
1983; Pastorok, 1988). Risk assessment is the process for evaluating the toxicity of a
contaminant and quantifying the potential harm (risk), if any, caused by exposure to the
contaminant. Risk assessment is usually divided into four discrete steps: hazard identification,
dose-response assessment, exposure assessment and risk characterization (NAS, 1975; NRC,
1983).

Hazard Identification (HI) is the determination of whether a particular chemical is or is not
causally linked to a particular adverse health effect. Cancer and non-cancer (e.g., birth
defects, nerve damage or organ dysfunction) endpoints are considered germane health effects
for risk assessment. Hazard identification involves a qualitative determination of the toxicity
of the contaminant. Pertinent health effects are observed in humans and/or experimental
animals.

Dose-Respornse Assessment (DRA) is the determination of the relation between the magnitude
of exposure and the extent of biological response or the probability of occurrence of the health
effects in question. DRA is the quantitative determination of the potency of a contaminant and
may vary with the route of exposure to the contaminant.

HI and DRA, combined, involve a complete review of the toxicology database, a
determination of the quality of the toxicology studies, and mathematical modeling of the dose-
response data. The result of a DRA for a carcinogenic compound is the determination of a
carcinogenic potency value {q;*) for the compound. The q;* can be used to estimate excess
cancer risk due to exposure to a specified dose of the carcinogenic contaminant.

A reference dose (RfD), previously referred to as an acceptable daily intake (ADI), is usually
determined for non-carcinogenic toxicological endpoints (e.g., effects believed to have a




threshold for response). The RfD is defined as a daily level of exposure which can be
tolerated over a lifetime without anticipated adverse effects. The RfD is usually determined by
identifying the No Observed Effect Level (NOEL) in animal studies and dividing this level by
an uncertainty factor. The uncertainty factor is determined based on the quality, nature, and
completeness of the database and usually ranges from 10 to 10,000. In some cases, the NOEL
may be estimated using a newer approach for evaluating non-carcinogenic data, referred tc as
the benchmark dose procedure.

Hazard identification and dose-response assessments of many common contaminants have
already been completed by various organizations such as OEHHA, EPA, and the World Health
Organization. OEHHA maintains a current listing of q;* values determined by California
agencies for many contaminants (OEHHA, 1992). The EPA Integrated Risk Information
System (IRIS) database also contains q;* and RfD information.

Exposure Assessment (EA) is the determination of the extent of exposure before or after
application of regulatory controls. The route (e.g., oral, dermal or inhalation), the magnitude,
frequency, and duration of exposure are considered in the EA. EA also requires identifying
the population of health concern (usually a subpopulation with high exposure).

For SQO, the relevant exposure route is consumption of contaminated fish or shellfish. Thus,
EA involves estimating human rates of seafood consumption and tissue concentrations of
chemical contaminants in the consumed seafood species. The relevant time-frame for exposure
may vary from a single meal to a lifetime depending on the identified health hazard. A
comprehensive EA would include other sources of exposure (e.g., air or water).

Risk Characterization (RC) is the description of the nature and often the magnitude of human
risk, including attendant uncertainty. RC brings together the toxicity information from HI and
DRA and the exposure information from EA to estimate the potential risks in a specified
exposure situation.

4.2.1.1. Maximum Tissue Levels in Seafood

Risk assessment, therefore, can be used to calculate acceptable levels of a contaminant in
seafood based on a given level of risk (e.g., 1 x 107 cancer risk). This major step in setting
sediment quality objectives is similar to the EPA's method for calculation of Reference Tissue
Concentrations (RTC) for seafood in their Technical Support Document for Water Quality-
based Toxics Control (EPA, 1991). The SWRCB adapted EPA's RTC approach in calculating
Maximum Tissue Residue Limits (MTRL) for fish in the Pollutant Policy Document (1988).
The difference between the derivation of RTC and MTRL is that MTRL focus on water as the -
exposure source. The MTRL equation for carcinogens is:




RL x WT
MTRL (mg/kg) = S (D
ql* x FC

The corresponding MTRL equation for non-carcinogens 1s:

RID x WT
MTRL (mg/kg) = _— (2)
FC
where:
RL = ngsklevel (e.g., 10'6),
WT = standard weight of average human adult (70 kg),
q;* = cancer potency factor (mg/kg/day)’!,
FC = daily fish or sheilfish consumption (kg/day),

Different values can be used to reflect the eating habits of different
target populations and,
RfD = reference dose (mg/kg/day).

These equations will be adapted to develop maximum tissue levels for SQO for bays and
estuaries.

4.2.2. Predicting Bioaccumulation

Deriving SQO requires determination of the concentration of contaminant in the sediment that
would vield the maximum tissue levels. This involves following and predicting the movement
and accumulation of a chemical within bay and estuarine food-webs.

The movement and concentration of contaminants from the physical environment to the biota is
termed bicaccumulation. In some cases, lower concentrations of contaminants accumulate in
organisms, but in many cases the observed concentrations in biota are higher than found in the
physical environment {Dickson et al., 1987; Young, 1988). Quantitative models for
describing the bicaccumulation of a chemical contaminant have been developed. Generally,
these models have described the property of bioaccumulation as a function of bioconcentration
and other related factors. Bioaccumuiation estimates from these models can be used in reverse
to calculate sediment levels corresponding to tissue concentrations. These calculated sediment
levels are derived SQO. B .
Aquatic organisms can bioaccumulate chemical contaminants from either the water phase or
the solid (particulate and/or sediment) phase (Dickson et al., 1587). Sediments are composed




of a particle phase and an interstitial water phase (pore water). Chemical contaminants tend to
either associate more with water or be bound more closely with particles. Ionic and water
soluble compounds tend to be dissolved in the water. Nonionic or neutral organic compounds
tend to be more tightly bound to the particles.

Compounds which are associated with particles or are themselves particles may settle out of
the water into the sediment. Over time, the accumulated total mass of a contaminant in
sediment can become much greater than the amount dissolved in the overlying water column.
Thus, sediments act as an important reservoir for particle-bound chemical contaminants in
aquatic environments (Morel and Schiff, 1983).

Bioaccumulation specifically due to exposure to the water column is designated
bioconcentration and is expressed as a bioconcentration factor (BCF). This form of
accumulation is defined as the concentration of the chemical in tissue divided by the
concentration in the water column (EPA, 1980; 1991). BCF can be determined in relatively
simple laboratory tests.

In sediments, benthic organisms are exposed to contaminants within the pore water and by
ingestion of sediment particles. These organisms can bioaccumulate concentrations of the
chemical above the level predicted based on the BCF because they also ingest sediment-bound
contaminants (Dexter and Field, 1989). Similarly, organisms higher in the food-web which
consume (ingest) contaminated benthic organisms can bioaccumulate levels of contaminant
above that estimated by BCF (Thomann and Connolly, 1984). The total bioaccumulation via
all routes is called the Bioaccumulation Factor (BAF). (See Figure 1 for a diagram of a
simplified aquatic food-web.)

4.2.2.1. Methods for Estimating Bioaccumulation

A number of mathematical equations and models using field or laboratory data have been
developed to predict the bioaccumulation potential or tissue concentration of contaminants
associated with sediments or water. These models follow two general approaches:
equilibrium-based models and kinetic models. Equilibrium models assume that a chemically
based equilibrium will be reached for any contaminant within components of the system being
sampled and modeled. The equilibrium approach focuses on the partitioning of chemicals
between sediment and benthic organisms assuming that thermodynamic equilibrium exists
between the sediment and the organisms in the sediment (Lake et al., 1987; McFarland, 1984).
This approach simplifies data requirements for these models. Theoretically, equilibrium based
models can predict the concentration of non-polar organic chemicals in an organism
(bioaccumulation) given a known concentration of chemical in the sediment (Lee, 1992; Tetra _
Tech, 1985). These models may prove especially useful as screening tools or for organisms at
specific levels in the food-web. The first five models presented below are equilibrium-based
models.




Kinetic models are needed to predict contaminant movement in complex and varniable
environments in greater detail. These models do not assume equilibrium conditions within the
system. Simple kinetic models do assume that steady-state conditions exist, while more
complex forms can model non-steady-state conditions such as those associated with varying
exposures. Kinetic models are based on rates of flux between physical (e.g. organism:water)
or physiological compartments (e.g. blood:liver). Most of the fate models used to express
bioaccumulation are undergoing further development and validation (Lee, 1992; Tetra Tech,
1985).

4.2.2.1.1. Bicaccumulation Estimation from Bioconcentration and
Food-Chain Multiplier

EPA (EPA 1991) has used the bioconcentration factor (BCF) of a chemical contaminant
coupled with an estimated food-chain multiplier (FM) to predict the accumulation of persistent
organic compounds in fish tissue. BAF is then equal to a food-chain multiplier times the
bioconcentration factor as shown by the equation:

BAF = FM x BCF ?3)

FM values for this equation have been derived by Thomann (1989) based on a four level
food-chain model. An expanded table of these food-chain multiplier values estimated from
n-octanol/water partition coefficient is given by EPA (U.S. EPA. 1991).

4.2.2.1.2. Bioaccurmulation Estimated from Field Data

The BAF for an organism measured in its environment is expressed as the ratio of the
concentration of chemical contaminant in the organism's bedy to the concentration of the
chemical in the exposure source. The general form of this equation has been proposed by
Thomann et al. (1992) as the Biota Sediment Factor (BSF). This is an expression of
bioaccumulation specifically from a sediment source, and includes accumulation via ingestidn.
The BSF is not specific to benthic organisms.

BSF = Cb,L /Cs,oc 4)

where:
Cp,L = the lipid-normalized chemical concentration in the organism (), and

Cs,0c = total organic carbon-normalized chemical concentration in sediment (g).
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This relationship can be used to generate BSF values from fish, shellfish and sediment
monitoring data. In some cases, sufficient California monitoring data may be available for a
chemical to calculate this bioaccumulation factor. In such cases, the modeling discussed below
may be unnecessary for specific chemicals or organisms. Monitoring information can also
provide data points for evaluation of the accuracy of modeling.

Equations 5 and 6 below are specitic modifications of this general equation.

4.2.2.1.3. Accumulation Factor Model of Bioaccumulation

The Accumulation Factor (AF) model is essentially a laboratory based formulation of the BSF
model. It is also referred to as the equilibrium partitioning approach (EqP). Like the BSF
model, it assumes that chemical contaminants exchange freely between the organic carbon in
different sediments and the lipids in different organisms. The AF model includes normalizing
sediment for its total organic content and normalizing benthic organisms for total lipid content
(Bierman, 1990; Ferraro et al., 1990). Partitioning based on this approach was found to yieid
a theoretical accumulation factor that was similar to those calculated from laboratory and field
data (Rubenstein et al., 1987). This Accumulation Factor (AF) is expressed as follows:

AF = (CtYL)/(Cs/TOC) (5)
where:
Ct = tissue concentration at equilibrium (ug/g dry wt),
L = lipid concentration of organism (g/g dry wt),
Cs = sediment concentration (ug/g dry wt), and

TOC = total organic carbon in sediment (g/g dry wt).

Calculating an equilibrium-based AF is very promising for setting sediment quality criteria for
nonionic organic chemicals in benthic organisms (Di Toro et al., 1992), and EPA is
considering using this approach. This approach yielded conservative estimates of tissue
concentrations (Ferraro, 1990; and Bierman, 1990) when applied to selected neutral organic
chemicals. Its applicability to other groups of contaminants (e.g., metals, ionic compounds,
etc.) and to non-benthic organisms is not as well established and should be further tested.
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4.2.2.1.4. Army Corps Dredging Mode! of Bioaccumulation

A modified EqP approach has been used by the US Army Corps of Engineers and EPA (1951)
as a screening tool to estimate the Theoretical Bioaccumulation Potential (TBP) of
contaminants in dredged material. TBP in this model is the tissue concentration, and a
theoretically-based constant [4] is equivalent to the AF in equation 5. TBP is expressed as:

TBP = 4 (Cs/TOC)/ L (6)
where:
TBP = tissue concentration based on whole-body wet-weight,
Cs = sediment concentration,
TOC = total organic carbon content of sediment, and
L = species lipid content as a decimal fraction of whole-body wet-weight.

Again, this model is expected to work best for nonionic organic chemicals and benthic
organisms.

4.2.2.1.5. Focd-Web Equilibrium Model

Thomann (1989) used an equilibrium-based model to calculate the concentrations of organic
chemicals in different compartments of a simple aquatic food-web. However, this model did
not include benthic organisms. Thomann et al. (1992) and Connolly (1991) have extended
similar models to successfully predict tissue concentrations in organisms in complex food-webs
that include benthic and non-benthic organisms. These models solve for a series of
accumulation factors {from water or sediment), one for each trophic level. Each accumulation
factor is dependent on an uptake rate divided by the sum of an elimination rate and a growth
rate. Rates are assumed to be at steady-state. Additional equations are presented to estimate

rates based on physiochemical properties (e.g., n-octanol/water partition coefficient Kowl)-

4.2.2.1.6. Kinetic Models of Bioaccumulation

The kinetic approach views bicaccumulation as resulting from the dynamic uptake and
elimination of a contaminant between different parts (compartments) of the system. Kinetic
models therefore are based on the rate of movement of the contaminant between
compartments. These models can be simple so-called first-order one-compartment models

(cf. Davies and Dobbs, 1984) or very complex multi-compartment models; so-called
bicenergetically-based toxicokinetic models (cf. Landrum, 1989). These models may assume 2
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linear relationship for the rates (which means that threshold processes may be misrepresented),
or more complex non-linear relationships can be used.

In the first-order one-compartment model, bioaccumulation is essentially the ratio between the
rate of uptake of a chemical and its elimination rate (elimination includes metabolism and
excretion) over infinite time. These rates are assumed to be constant and not a function of
sediment concentration, tissue concentration, or exposure route. The rates are, however,
dependent on factors which alter uptake or elimination such as differences in bioavailability,
physiology, or feeding patterns of different organisms. Essentially this model views the
organism as a compartment with one input and one elimination rate (Lee, 1992; Tetra Tech,
1985).

The bioenergetically-based toxicokinetic models incorporate more compartments and rates for
processes within the system than the one-compartment models. As an example, the
bioavailability or absorption of a contaminant in a specific sediment can be a variable in this
model (Lee, 1992; Tetra Tech, 1985). Rates used in these models can be estimated, and
complex models have successfully estimated observed BAF within an order of magnitude.

4.2.2.1.7. Bioaccumulation Model for SQO Estimation

Ultimately, the choice of which model should be used when setting sediment quality objectives
will depend on which model more accurately predicts bioaccumulation given available data.
The EqP approach requires less data but may not be applicable to all contaminants or
organisms. The kinetic approach may be more useful for certain contaminant groups such as
metals whose chemical characteristics are difficult to generalize. Despite differences, Clark

et al. (1990) showed that the equilibrium and kinetic models are just different ways of
expressing the same phenomenon. They also show the importance in any model of accounting
for differences in bioacccumulation between uptake from food and uptake from water.
Variations on both models need to be investigated to determine situations where they work best
in California.

A number of general factors will affect the accuracy of bioaccumulation modeling regardless
of model choice. These factors include: physical and chemical properties of the contaminants
(e.g., octanol/water partition coefficient); environmental characteristics (e.g., sediment
organic carbon, pH and temperature); and differences between species composition of the
food-web in an environment (Tetra Tech, 1985). Physical and chemical properties determine
the bioavailability of a particular contaminant. Chemical contaminants with log octanol/water
partition coefficients (log K,,$) below two are highly soluble in water or are rapidly
metabolized and generally do not accumulate in fish. Contaminants with log Ks above - -
seven are so tightly bound to sediments that they do not accumulate in the food-web (Connell
and Miller, 1984). Environmental characteristics such as pH can alter the bioavailability of
some chemicals by affecting the ionic state of metals and their movement and toxicity. And
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high organic carbon content in the sediment will increase the sediment's holding capacity for
non-polar organic chemicals. Identical or similar organisms may bioaccumulate different

concentrations of contaminant due to differences in the species composition and complexity of
the food-web (Lake et al., 1990).

4.2.3. Analysis Of Uncertainties For The Sediment Quality Objective Strategy

Although risk assessment and bicaccumulation modeling are based on sound scientific
principles, it is recognized that uncertainties are introduced by the underlying assumptions and
exirapolations involved in these processes. Additional uncertainty and errors may be
introduced by poor quality or inappropriate data. The discussion below identifies some of the
ways in which uncertainty may be introduced into the process of setting SQO. Recognition of
these areas of uncertainty is constructive for identifying weaknesses in the process and areas in
which the process can be improved, and is an integral part of the SQO strategy.

4.2.3.1. Human Health Risk Assessment

The risk assessment process involves making assumptions and extrapolations which create
uncertainties in the estimation of acceptable tissue levels (NAS, 1975; NRC, 1983). One of
the more general assumptions Is that the effects caused by a chemical in experimental animals
can predict the possible effects caused in humans. This affects both hazard identification and
dose-response assessment. Another more controversial assumption is that the carcinogenic
effects caused by a chemical at high doses will also occur at much lower doses and that the
probability of this occurrence can be extrapolated based on the magnitude of exposure. These
assumptions affect the dose-response assessment step in risk assessment. The assumptions in
this step of risk assessment are based on toxicological data and hypotheses. They are subject
to evolving interpretations of scientific knowledge which in some cases may result in changing
existing q,* or RfD values.

The most significant source of uncertainty in the exposure assessment step of risk assessment is
the estimation of fish consumption rate (EPA, 19892, and 1991). Exposure assessment
involves determining the dose of chemical contaminant that an individual is exposed to by
consuming contaminated fish. This assessment is primarily based on two factors: (1) the
concentration of chemical contaminant in specified fish tissues and (2) the amount of specified
fish tissues consumed. In determining SQO the chemical contaminant concentration in fish
tissues is determined by setting the risk and therefore the amount of fish tissue consumed 1s the
only varlable.

The amount of fish consumption is difficult to estimate because adequate relevant data are not
available. It is-clear that for some people fish may be a large part of their diet, while others
may rarely eat any seafood. In reality, a number of subpopulations with different consumption
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behaviors exist, but for convenience and consistency a single average exposure has often been
used. Estimates most pertinent to setting SQO for California bays and estuaries would be
specific to fish consumption in the state and include different ethnic or other sensitive or
vulnerable subpopulations (i.e., pregnant women, children). At least one study would directly
apply to California (Puffer et al., 1982). Unfortunately, this study may be outdated, and it
only determined tish consumption for pier anglers.

Overall, the existing data allow some reasonable best estimates of fish consumption to be
made. However, developing alternative scenarios specifically for finfish or shellfish or for
sensitive subpopulations (e.g. fishers or children) should be pursued.

The Office of Environmental Health Hazard Assessment presently uses an exposure scenario
that assumes an individual consumes 23 grams per day of seafood (DHS, 1989). A
consumption rate of 23 grams per day is equivalent to 18.7 pounds per year, 1.6 pounds per
month, or roughly one meal (about 6 ounces) per week. This consumption rate is considered
to be a minimum for active anglers and higher consumption rates may be more representative
of anglers (DHS, 1989; Puffer et al., 1982). It should be noted, however, that estimates of
average consumption ranging from 23 to 40 grams per day do not change the calculation of
tissue levels by a significant amount. Such calculated levels would vary by less than a factor
of two.

4.2.3.2. Predicting Bicaccumulation

Uncertainties can be introduced in the bioaccumulation modeling step due to inappropriate or
unmet assumptions (Lee, 1992; Tetra Tech, 1985). Each model is most sensitive to variations
in its own set of assumptions. For example, the EqP model will not be accurate when the
equilibrium assumption is not met while collecting laboratory data (i.e., data are used from
experiments which are conducted for less time than necessary for equilibrium to be reached).
Poor quality data used to model bioaccumulation can also introduce uncertainty. Laboratory
and field collected data can add different types of uncertainty. Laboratory tests cannot
simulate the complexity of real field situations. This will introduce uncertainty when
estimating bioaccumulation in a real food-web. One source of uncertainty in field generated
data is the assumption that all tissue contamination is due to a constant exposure level at a
single site. When contamination is unevenly distributed or when fish move within large
geographical areas this assumption will be violated.

The magnitude of the uncertainty will be established as these models are tested for specific
situations.
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5.0 STRATEGY FOR DETERMINATION OF SEDIMENT QUALITY OBJECTIVES

The OEHHA has divided the elements of the strategy for setting SQO into a series of tasks
necessary for implementation. These tasks are discussed below.

-

5.1, Contaminant Selection And Prioritization {Task 1)

The selection of contaminants is guided by federal requirements under the Clean Water Act
which directs the states to set criteria for Section 307(a) priority pollutants for which EPA has
published Section 304(a) criteria. A listing of some priority pollutants and 301(h) pesticides is
included in Appendix 2.

Task 1: The OEHHA will establish a listing of contaminants for developing
California SQO based on human heaith. Criteria for listing include comparing
the EPA priority pollutants with California usage and monitoring data on
chemical contaminants in bay and estuarine sediments in order to identify the
chemicals most frequently discharged and detected in California sediments.
Additional factors to be considered in the process of identifying and prioritizing
the chemicals of concern-will be the potential for bioaccumulation (e.g., Kow),
toxicological concern’(e.g., potency), and the concentrations in sediments.

It is anticipated that this prioritized list of chemical contaminants of concern will be similar to
the list included in the Pollutant Policy Document (1988) for which MTRL have been derived.

5.2. Human Health Risk Assessment (Tasks 2-4)

Human health risk assessment will be used in the SQO strategy to calculate maximum tissue
levels of contaminants. The steps in human risk assessment are relatively straight-forward as
described earlier, but interpretation of the data requires professional judgement. Tissue levels
will be calculated that correspond to some specified level of health risk. The OEHHA will
choose appropriate risk levels based on the toxicological properties of each contaminant and’
health policy considerations.

5.2.1. Hazard Identification And Dose-respense Assessment

TASK 2: Appropriate q* and/or RfD values will be added to the prioritized
listing of chemicals developed in Task 1.

16




5.2.2. Exposure Assessment

Appropriate fish consumption rates must be developed in order to calculate numenc SQO
because consumption rate is a major determinant in the equation for calculating maximum
tissue levels.

TASK 3: Consumption scenarios for finfish and shellfish and for sensitive
subpopulations (e.g., fishers or children) will be developed as appropnate.

5.2.3. Calculation of Maximum Tissue Levels

TASK 4: Maximum tissue levels will be determined for the prioritized list of
chemicals using the cancer potency (q;*) or reference dose (RfD) values and
consumption scenarios identitied above.

5.3.  Predicting Bioaccumulation (Task 5)

A critical step in the process of developing SQO is the determination of BAF using one of the
models discussed above. Presently, there is limited consensus regarding the best model for
estimation of bioaccumulation. '

BAF for the prioritized list of chemicals will be calculated using selected models and the
resulting values evaluated. There are differences between these models that may make one
more applicable under specific conditions (e.g., for metals vs. organics). These conditions
will be examined and described and only applicable models will be used for a given chemical.

5.3.1. Predicting Bioaccumulation using FM

TASK 5a: BAF will be determined using equation 3 described in section
4.2.2.1.1. which is based on food-chain multipliers.

5.3.2. Predicting Bioaccumulation based on the EqP Approach

TASK 5b: BAF will be determined based on the equilibrium models expressed

in equations 4, 5, and 6. The BSF, AF, and TBP variations on this model are
described in section 4.2.2.1.2, 4.2.2.1.3, and 4.2.2.1.4. The appropriate

equation will be selected based on the available input data. T
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5.3.3. Predicting Bicaccumulation based on Food-Web Compartments

TASK 5c: BAF will be determined using the food-web model equations of
Thomann et al. (1992) described in section 4.2.2.1.5.

5.3.4. Predicting Bioaccumulation based on a Kinetic Model

TASK 5d: BAF will be determined using kinetic model equations like those of
Clark et al. (1990) described in section 4.2.2.1.6.

5.4. Critique of Predicted Bioaccumulation Factors and Calculation of Sediment
Quality Objectives (Task 6)

The results of the above calculations of BAF (Task 5) will be evaluated to determine the most
appropriate methods for application in California. Models will be evaluated based on
concordance of their predictions with known laboratory or field measurements of
bioaccumulation. This critique will include identification of the main sources and estimated
magnitude of uncertainty in the human risk assessment and the estimation of BAF. The most
appropriate BAF will be used to calculate a sediment level corresponding to the maximum
tissue concentration.

TASK 6: The results of this evaluation will be the identification of the most
appropriate BAF based on available data. The evaluation will also include
recommendations for further development and refinements in the process. The
selected BAF will be used to calculated a proposed SQQO.

5.5. Recommendation of Sediment Quality Objectives to the State Water Resources
Control Board

TASK 7: OEHHA will recommend to the SWRCB adoption of the proposed
SQO derived as described above. The recommendation will include a summary
of the scientific basis for selection of the BAF and corresponding SQO and
discussion of related uncertainty.

6.0 SUMMARY

The Office of Environmental Health Hazard Assessment has developed a strategy for- - _
development of sediment quality criteria in cooperation with the State Water Resources
Control Board. The OEHHA recommends that the SWRCB adopt this strategy for
development of SQO to protect human health. The strategy combines elements of human

18




health risk assessment with methods for assessing bioaccumulation of contaminants in
sediments. It includes an evaluation of methods and uncertainties that should be addressed
before the adoption of California numeric SQO.

Once developed these SQO can be applied to the regulation of chemical contaminants in

aquatic sediments, to the identification of toxic hot spots, and to protect the overall beneficial
uses of the bays and estuaries of California.
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8.0 GLOSSARY OF TERMS

Accumulation factor (AF) is the calculated bioaccumulation factor in one of the equilibrium
models of bioaccumulation (Rubenstein et al., 1987).

Apparent effects threshold (AET) is 2 method of generating sediment criteria that focuses on
identifying chemical concentrations in sediments above which adverse effects will always
be found in aquatic species. This methed has been used in Washington to set sediment
quality criteria for aquatic life.

Aquatic community is an association of interacting populations of aquatic organisms in a
given waterbody or habitat.

Benthic organisms are those organisms associated with the substrata of a body of water. This
includes all organisms living on or moving in or on the sediments.

Bicaccurnuiation is the phenomenon whereby the concentration of a chemical in a living
organism accumulates to a concentration greater than that in the media (e.g., water or
sediment) that is the source of the chemical exposure.

Bioaccumulation factor (BAF) is the expression of the total bioaccumulation between an
organism and chemical contaminants in its environment. For aquatic organisms it includes
chemical accumulated via absorption (from water) and ingestion (from the food-web).

Bioavailability is a measure of the physiochemical access that a toxicant has to the biological
processes of an organism. In general, the lower the bioavailability of a toxicant, the lower
its toxic effect on an organism.

Bioconcentration is the process by which a compound is absorbed from water through gills or
epithelial tissues and is concentrated in the body. This is a restricted form of
biocaccumulation which does not include accumulation from ingestion.

Bioconcentration factor (BCF) is the ratio of a substance's concentration in tissue versus its
concentration in water in situations where the food chain contamination and exposure is .
disregarded, assumed to be minimal, or expressed in some other way. This is a restricted
measure of bioaccumulation. For nonmetabolized substances, it represents equilibrium
partitioning between water and organisms.

Biomagnification is the process by which the concentration of a compound increases in
species occupying successive trophic levels.

Biota sediment factor (BSF) is the ratio of the concentration of a chemical in tissue versus its
concentration in sediment in nature. BSF is similar to, but not equal to BAF. For aquatic
organisms it includes chemical accumulated via absorption (from water) and ingestion
(from the food-web). This is a closely defined expression of bioaccumulation.
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Cancer potency slope factor (q,*) is an indication of a chemical's potential to cause human
cancer. It is derived using animal studies or epidemiological data on human exposure.
This factor is the slope of the dose-response curve. It is based on extrapolating high-dose
levels over short periods of time to low-dose levels and a lifetime exposure period. A
linear model is used to perform this extrapolation.

Chemical contaminants are undesirable or toxic chemicals present in excessive levels in an
environment. Many of these are of anthropogenic origin.

Demersal fishes are those that live and feed mainly near the ocean bottom (especially the
sediment).

Dose-response assessment is the determination of the relationship between the magnitude of
exposure and the extent of biological response.

Ecosystem is a functional system of living organisms and their environment, in which there
exists a complementary relationship in the transfer and circulation of energy and matter.

Equilibrium partitioning (EqP) is a method for generating sediment criteria that focuses on
the chemical interaction between sediment and contaminants under presumed equ111bnum
conditions.

Estuary is the place where fresh water from rivers and streams meet the salt water of the
ocean. Estuaries are bordered by or partially isolated from the ocean by continental land
masses. Estuaries may be associated with the mouth of a river, bays, and tidal marshes or
flats.

Exposure assessment is the determination or estimation (qualitative or quantitative) of the
magnitude, frequency, duration, and route of exposure to a chemical or physical agent.

Food-chain describes a series of transfers of material and energy from one organism to
another organism in a community as one eats or decomposes the other. These transfers
are linear and one directional.

Food-web is the interconnection of food chains to show how resources are shared and linked
in a habitat.

Fugacity or chemical potential is the measure of the tendency of a chemical to move from one
phase to another. Hypothetically a chemicals fugacity controls its biological activity.
This concept is a fundamental assumption in all bioaccumulation modeling.

Hazard identification is the determination of whether a particular chemical is or is not
causally linked to a pamcular adverse health effect.

Infauna are animals living in a substrate, especially in sediments.

25




Integrated Risk Information System (IRIS) is an EPA database containing verified RfDs and
slope factors, and up-to-date health risk and EPA regulatory information for numerous
chemicals.

Interstitial water (the same as pore water) is the water between sediment particles which 1s
tightly associated with sediment.

Kow (n-octanol/water partition coefficient) is the ratio, in a two-phase system consisting of
n-octanol and water at equilibrium, of the concentration of a chemical in the n-octanol
phase to that in the water phase.

No Observed Effect Level (NOEL) is an exposure level at which there are no statistically or
biologically significant increases in the frequency or severity of any effect between the
exposed population and its appropriate control.

Non-pelar organic chemicals are organic chemicals whose molecules are not polarized by
electrical charges. They typically have high affinity for lipids and a low solubility in
water. ’

Pelagic organisms are those organisms that mainly live and move in the ocean water column
as opposed to in or on the ocean-bottom.

Persistent pollutant is not subject to decay, degradation, transformation, volatilization,
hydrolysis, or photolysis.

Pore water (the same as interstitial water) is the water between sediment particles which is
tightly associated with sediment.

Priority pollutants are those pollutants listed by the EPA Administrator under Clean Water
Act Section 307(a).

Reference dose (RfD) is an estimate of the level of daily exposure to a human population that
is likely to be without an appreciable risk of deleterious effect during a lifetime; derived
from no observed adverse effect level or lowest observed adverse effect level.

Reference tissue concentration (RTC) is an estimate of the daily exposure from a specific
tissue to a human population that is likely to be without an appreciable risk of deleterious
effect during a lifetime; derived from No Observed Adverse Effect Level or Lowest
Observed Adverse Level.

Risk assessment is a process to estimate the likelihood that a given chemical exposure may
damage the health of exposed individuals.

Risk characterization is the description of the nature and magnitude of human health risk due
to the exposure to a particular chemical or physical agent.
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Theoretical bicaccumulation potential (TBP) is a tissue concentration of chemical predicted
from a specific formulation of an equilibrium model for bicaccumulation. This is the
equilibrium model recommended by the U.S. Army Corps of Engineers (1991) for
application to dredged sediments. In calculating TBP a theoretically-based constant is
used.

‘Trophic level is a limited producer or consumer feeding group. Several levels in a community
are arranged in a hierarchical arrangement in food-chains.

Water quality criteria are comprised of numeric and narrative criteria. Numeric criteria are
scientifically derived ambient concentrations developed by EPA or states for various
pollutants of concern to protect human health and aquatic life. Narrative criteria are
statements that describe the desired water quality goal.

Water quality standard is a.law or regulation that consists of the beneficial designated use or
uses of a waterbody, the numeric and narrative water quality criteria that are necessary to
protect the use or uses of that particular waterbody, and an antidegradation statement.

Note: Definitions in the glossary have been adapted from various sources including EPA
(1989c, 1989d and 1991).
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9.0

LIST OF ABBREVIATIONS AND ACRONYMS

ADI Acceptable Daily Intake

AF : Accumulation Factor

AET Apparent Effects Threshold

BAF ---- Bioaccumulation Factor

BCF Bioconcentration Factor

BPTC Bay Protection and Toxic Cleanup

BSKF Biota Sediment Factor

DHS Department of Health Services

DRA Dose-Response Assessment

EA Exposure Assessment

EBEP Enclosed Bays and Estuaries Plan

EPA U.S. Environmental Protection Agency

EqP - Equilibdum Partitioning

M Food-Chain Multiplier

HI --- Hazard Identification

Kow n-Octanol/Water Partition Coefficient

MTRL Maximum Tissue Residue Limit

NAS National Academy of Sciences

NOEL No Observed Effect Level

NRC National Research Council

OEHHA Office of Environmental Health Hazard Assessment
qr¥ Cancer potency slope factor

RC Risk Characterization

RID Reference Dose

RTC Reference Tissue Concentration

SDCDHS San Diego County Department of Health Services
SQC—-- Sediment Quality Criteria

SGO ---Sediment Quality Objectives

SWRCB _- State Water Resources Control Board S -
TBP Theoretical Bioaccumulation Potential
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APPENDIX 1

Examples of Estimated Human Health Risks from Contaminated Seafood

{plausible upper limits)
Eating Activities Estimated
Lifetime Risks
Typical exposure:
1. 23 g/day white croaker from the 1.0x 103 t0
Palos Verdes Shelf in southern California™ 1.6 x 1072
2. 15 g/day mixed diet of Quincy Bay
seafood, including lobster tomalley™ 2.7 x 1073
3. 23 g/day trout fillet from the
Sacramento River at Anderson™ 5.1x 1073
4. 31 g/day mixed diet of San Diego Bay fish™ ™ 1.1 x 10% to.
2.9x 107
Maximal exposure:
5. 225% %7 gjday white croaker from the 1.0x 102 to
Palos Verdes Sheif in southern California™ 1.5 x 1072
6. 165 g/day mixed diet of Quincy Bay seafood” 1.5x 102 to
2.3 x 107
7. 225 g/day trout fillet from the
Sacramento River at Anderson™ 5.0 x 102
8. 165 g/day mixed diet of San Diego Bay fish* 5.6 x 100
1x 103
* Calculated from "Analysis of risks from consumption of Quincy Bay fish and shellfish,”
prepared by the U. S. EPA, 1988; tomalley is lobster hepatopancreas, which is
considered a delicacy.
*+  Pollock et al., 1589.
+  DHS, 1991.

++ SDCDHS, 1990.
+++ Puffer, et al., 1982.

Adapted from Pollock et al., 1992.
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APPENDIX E

Staff Report by the Division of Water Quality
Criteria to Rank Toxic Hot Spots in
Enclosed Bays and Estuaries of California

This report is provided for information only. This staff report will be
revised and the various issues discussed in the staff report will be included

in a draft Functional Equivalent Document for amendments to the California
Enclosed Bays and Estuaries Plan.
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EXECUTIVE SUMMARY

California Water Code Section 13393.5 requires the State Water Board to adopt
criteria for the priority ranking of toxic hot spots in bays and estuaries.

The criteria are to take into consideration factors relating to public health,
environmental quality, toxic hazards to fish, sheilfish, and wildlife, and the
extent to which deferral of remedial action is likely to result in increases in
human health risks, environmentai damage or cleanup costs. The priority
ranking of toxic hot spots for each region is to be included in a Toxic Hot
Spot Cleanup Plan which describes a number of factors including identification
of likely sources of the pollutants that are creating the toxic characteristics
at the site and actions to be taken to remediate each site. Waste discharge
requirements for each source identified as contributing to a toxic hot spot are
to be reviewed and revised {with certain exceptions) to prevent further
pollution of existing toxic hot spots or the creation of new hot spots. The
reevaluation of

permits is to be conducted in the order established by the priority ranking of
known toxic hot spots.

Staff has reviewed two ranking systems potentially suitable for satisfying the
Water Code Section 13393.5 requirements: the State Water Board's Clean Water

trategy and the U.S. Environmental Protection Agency's Hazard Ranking System.
Since these systems were developed for purposes other than ranking of toxic hot
spots for Bay Protection and Toxic Cleanup Program (BPTCP), they cannot be
directly applied to the program. Staff has developed two alternative systems
for State Water Board consideration.

The principal characteristics of the alternatives are that they are based on
the definition of a toxic het spot and rely only on existing information to
develop the rankings. The principal difference between the two alternatives is
the degree of detail provided in the rankings. The recommended alfernative
(which is a modification of Clean Water Strategy) utilizes all available,
relevant information whereas the other aiternative uses only some pertinent
information. The ranking system is designed to be integrated with monitoring
being conducted under the BPTCP. The monitoring data and other pertinent
information will be used in establishing site rankings.

This report contains an overview of the statutory and programmatic
considerations relevant to the deveiopment of ranking criteria. A brief
description of the Clean Water Strategy and the Hazard Ranking System is
provided, followed by the two alternative systems developed by staff. The
recommended alternative and an illustration of its application are also
presented. Further details on each of the ranking systems are provided in the
appendices.
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CRITERIA TO RANK TOXIC HOT SPOTS IN
ENCLOSED BAYS AND ESTUARIES OF CALIFORNIA

INTRODUCTION

The development of criteria for the priority ranking of toxic hot spots in
enclosed bays and estuaries is required by statute. This report reviews the
statutory requirements, programmatic considerations, various ranking systems,
and presents a recommended system for use in the Bay Protection and Toxic
Cleanup Program (BPTCP). Appendices are included which provide detail on the
ranking systems reviewed and numeric values for use in the recommended system.

Four alternative ranking systems are reviewed in this staff report. These
include the two existing ranking systems, the State Water Board's Clean Water
Strategy and the U.S. Environmental Protection Agency's Hazard Ranking System
used for ranking Superfund sites. Two additional ranking systems developed
specifically to address programmatic considerations of the BPTCP are presented.
One of these, a modification of the Clean Water Strategy, is proposed for use
by the BPTCP.

The site ranking criteria proposals were first discussed at the January 7, 1993
State Water Board Workshop. At that workshop, the State Water Board directed
the staff to conduct a staff workshop to solicit public comment. Staff
workshops were held on January 26 and 28, 1993. This staff report and the
proposed ranking criteria have been revised as a result of the comments
received on this subject.

The working definition of a toxic hot spot is presented below to provide the
context for recommending site ranking criteria. The State Water Board staff do
not recommend the adoption of this definition at this time. The State and
Regional Water Board staff would 1ike to gain additional experience with this
definition before it is adopted by the State Water Board. After this
definition is tested more fully, we will bring the definition before the State
Water Board for consideration as a Statewide plan amendment or for
consideration for adoption by resolution. The ranking criteria proposed in
this staff report will be useable with any definition of a toxic hot spot.

BACKGROUND

The BPTCP 1is a comprehensive effort to regulate toxic pollutants in enclosed
bays and estuaries of the State. The program consists of both short-term and
long-term activities. The short-term activities include the identification and
priority ranking of toxic hot spots, development and implementation of regional
monitoring programs designed to identify toxic hot spots, development of
narrative sediment quality objectives, development and implementation of
cleanup plans, revision of waste discharge requirements as needed to alleviate
impacts of toxic pollutants, and development of a comprehensive database
containing information pertinent to describing and managing toxic hot spots.
The long-term activities include development of numeric sediment quality
objectives; development and implementation of strategies to prevent the
formation of new toxic hot spots and to reduce the severity of effects from



existing toxic hot spots; revision of water quality control plans, cleanup
plans, and monitoring programs; and maintenance of the comprehensive database.
The California Water Code, Section 13393.5, requires the State Water Board to
develop and adopt criteria for the priority ranking of toxic hot spots in
enclosed bays and estuaries. The criteria are to “take into account pertinent
factors relating to public health and environmental quality, including but not
limited to potential hazards to public health, toxic hazards to fish,
shelifish, and wildiife, and the extent to which the deferral of a remedial
action will result or is likely to result in a significant increase in
environmental damage, health risks or cleanup costs."

The role of the ranking criteria is to provide a prioritized 1ist of sites
based on the severity of the identified problem. The Water Code calls for
waste discharge requirements to be reevaluated in the ranked order. Water Code
Section 13395 states, in part, that the Regional Boards shall "initiate a
reevaluation of waste discharge requirements for dischargers who, based on the
determination of the Regional Board, have discharged all or part of the
pollutants which have caused the toxic hot spot. These reevaluations shall be
for the purpose of ensuring compliance with water quality control plans and
water quality control plan amendments. These reevaluations shall be initiated
according to the priority ranking established pursuant to subdivision (a) of
Section 13394 and shall be initiated within 120 days from, and the last shall
be initiated within one year from, the ranking of toxic hot spots.”

The priority ranking for each site is to be included in a Toxic Hot Spot
Cleanup Plan which describes a number of factors including identification of
likely sources of the pollutants that are causing the toxic characteristics and
actions to be taken to remediate each site. The regional list of ranked hot
spots will be consolidated into a statewide prioritized Tist of toxic hot
spots, and included in the statewide Toxic Hot Spot Cleanup Plan.

Within specificed periods of time, waste discharge requirements for each source
identified as contributing to a toxic hot spot are to be reviewed and revised
(with certain exceptions) to prevent further pollution of existing toxic hot
spots or the formation of new hot spots. The reevaluation of permits is to be
conducted in the order established by the pricrity ranking of hot spots.

WORKING DEFINITION OF A TOXIC HOT SPOT

Water Code Section 13391.5 defines toxic hot spots as "...locations in enclosed
bays, estuaries, or any adjacent waters in the 'contiguous zone' or the
‘ocean'... the pollution or contamination of which affects the interests of the
state, and where hazardous substances have accumulated in the water or sediment
to levels which (1) may pose a substantial present or potential hazard to
aquatic life, wildlife, fisheries, or human health, or (2) may adversely affect
the beneficial uses of the bay, estuary, or ocean waters as defined in water
quality control plans, or (3) exceeds adopted water quality or sediment quality
objectives."

While the statutory definition provides the basis for identifying hot spots,
practical implementation requires a more detailed definition. Accordingly, the
BPTCP has developed a working definition that includes five "triggers" for
determinaticon of a known toxic hot spot:



Known Toxic Hot Spot

A site meeting any one or more of the following conditions is considered to be
a known toxic hot spot:

1.

Site exceeds water or sediment quality objectives for toxic pollutants that
are contained in appropriate water quality control plans.

This finding requires chemical measurement of water or sediment, or
measurement of toxicity using tests and objectives stipulated in water
quality control plans. Determination of a toxic hot spot employing this
finding should rely on recurrent measures over time (at least separate
sampling dates). Suitable time intervals between measurements must be
determined by staff.

. Water or sediment exhibits toxicity associated with toxic pollutants, based

on confirmatory toxicity tests acceptable to the BPTCP.

To determine whether toxicity exists, recurrent measures (at least 2
separate sampling dates) should demonstrate an effect. Appropriate
reference and control measures must be included in the toxicity testing.

The methods acceptable to and used by the BPTCP may include some toxicity
test protocols not referenced in water quality control plans (Table 1).
Toxic pollutants should be present in the media at concentrations sufficient
to cause or contribute to toxic responses in order to satisfy this
condition.

. Tissue toxic pollutant levels of organisms collected from the site exceed

levels established by the 0ffice of Environmental Health Hazard Assessment
(OEHHA), California Department of Health Services (DHS), United States Food
and Drug Administration (FDA) for the protecticn of human health, or the
National Academy of Sciences (NAS) for the protection of human health or
wildlife, or a health warning against the consumption of such organisms has
been issued by OEHHA or DHS. :

Acceptable tissue concentrations are measured either as muscle tissue
(preferred) or whole body residues. Residues in liver tissue alone are not
considered a suitable measure for known toxic hot spot designation. Animals
can either be deployed (if a resident species) or collected from resident
populations. Recurrent measurements are required. Residue Tlevels
established for the protection of human health can be applied to any
consumable species.

Shellfish: Except for existing information, each sampling episode should
include a minimum of three replicates and the value of interest is the
average value of the replicates. Each replicate should be comprised of at
least 15 individuals. For existing State Mussel Watch information related
to organic pollutants, a single composite (20-100 individuals) sample may be
used instead of the replicate measures. When recurrent measurements exceed
one of the levels referred to above, the site is considered a known toxic
hot spot.



Fin-fish: A minimum of three replicates is necessary. The number of
individuals needed will depend on the size and availability of the animais
collected;: however, a minimum of five animals per replicate is recommended.
The value of interest is the average of the three replicates. Animals of
similar age and reproductive state should be used.

. Impairment is associated with toxic pollutants found in resident
individuals.

Impairment means reduction in growth, reduction in reproductive capacity,
abnormal development, histopathological abnormalities, or identification of
adverse effects using biomarkers. Each of these measures must-be made in
comparison to a reference condition (the endpoint measured in the same
species and tissue collected from an unpolluted site).

Growth Measures: Reductions in growth can be addressed using suitable
bioassays acceptable to the BPTCP (Table 1) or through measurements of field
populations.

Reproductive Measures: Reproductive measures must clearly indicate
reductions in viability of eggs or offspring, or reductions in fecundity.
Suitable measures include pollutant concentrations in tissue, sediment, or
water which have been demonstrated in laboratory tests to cause reproductive
impairment; significant differences in viability or development of eggs
between reference and test sites; differences in sex ratios sufficient to
decrease reproductive success.

Abnormal Development: Abnormal development can be determined using measures
of physical or behavioral disorders or aberrations. Indications that the
disorder can be caused by toxic poliutants, in whole or in part, must be
available.

Histopathology: Abnormalities representing distinct adverse effects, such
as carcinomas or tissue necrosis, must be evident. Indications that toxic
poliutants are capablie of causing or contributing to the disease condition
must also be available.

Bjomarkers: Direct measures of physiclogical disruption or biochemical
measures representing adverse effects, such as significant DNA strand
breakage or perturbation of hormonal balance, must be evident. Biochemical
measures of exposure to pollutants, such as induction of stress enzymes, are
not by themseives suitable for determination of known toxic hot spots.
Indications that a toxic pollutant causes or contributes to the adverse
effect are needed.

. Significant degradation in biological populations and/or communities
associated with the presence of elevated levels of toxic pollutants.

This condition requires a demonstration that diminished numbers of species
or changes in the number of individuals of a single species (when compared
toc a reference site) are associated with concentrations of toxic pollutants.
The analysis should reily on measurements from multipie stations. Care
should be taken to ensure that at least one site is not degraded so that a
syitable comparison can pe compieted.



Table 1.

Cleanup Program.

Toxicity Tests used by and acceptable to the Bay Protection and Toxic
A1l of the toxicity tests listed in the California

Enclosed Bays and Estuaries Plan are also acceptable.

‘Type of Toxicity

Test

Organism Used

Common Name

Scientific Name

Reference

Solid Phase
Sediment

Sediment Pore
Water Tests

Elutriate*
Tests

Amphipod
Amphipod
Amphipod
Polychaete

Bivalve larvae

Abalone larvae
Echinoderm
fertilization
Giant kelp

Red alga

Fish embryos

Cladoceran

Bivalve larvae

Abalone larvae
Echinoderm

Giant kelp
Red alga

Mysid
Fish embryos

Fish larvae

Cladocerans

Rhepoxinius

Eohaustorius
Hyalella
Neanthes

Crassostrea

Mytilus
Haliotis

Strongy-
locentrotus
Macrocystis
Champia
Atherinops
Menidia
Pimephales
Daphnia

Cereodaphnia

Crassostrea

Mytilus
Haliotis

Strongylocen-
trotus
Macrocystis
Champia
Holmesimysis
Atherinops
Menidia
Pimephales

Atherinops
Menidia

Pimephales

Daphnia
Cereodaphnia

Table 1 is continued on the next page.

ASTM, 1991

DeWitt et ai., 1589
Nebecker et., al 1984
Johns et. al., 1990

ASTM, 1987; Tetra Tech

1986, Chapman & Morgan,
1983

ASTM, 1987

Anderson et al., 1990

Dinnel et al., 1990; with

modification by EPA, 1992

Anderson et al., 1990
Weber et al., 1988
Anderson et al,, 1990
Middaugh et al., 1088
Spehar et al., 1982
Nebecker et al., 1984
Mount and Norberg, 1984;
Horning and Weber, 1985

ASTM, 1987; Tetra Tech,
1986; Chapman and
Morgan, 1983

ASTM, 1987

Anderson et al., 1990
Dinnel et al., 1987

Anderson et al., 1991
Weber et al., 1988

Hunt et al., 1992
Anderson et al., 1990
Middaugh et al., 1988
Spehar et al., 1982
Anderson et al., 1990
Peltier and Weber, 1985;
Weber et al., 1988
Peltier and Weber, 1985;
Weber et al., 1988
Nebecker et al., 1984
Mount and Norberg, 1984;
Horning and Weber, 1985




Table 1 (continued)

Type of Toxicity Reference

Test

Organism Used
Common Name Scientific Name

Ambient Water

Bivalve larvae

Abalone larvae
Echinodernm
fertilization

Giant kelp
Red alga

Mysid
Fish embryos

Fish larvae

Cladocerans

Crassostrea

Haliotis
Strongylccen-

trotus

Macrocystis
Champia

Holmesimysis
Atﬁerinogs
Menidia
Pimephales

Atherinops
Menidia

Pimephales

Daphinia
Cereodaphnia

ASTM, 1987; Tetra Tech,
1986; Chapman and
Morgan, 1983

Anderson et al., 1990
Dinnel et al., 1987;
with modifications by
EPA, 1892

Anderson et al., 1991
Weber et al., 1988

Hunt et al., 1992
Anderson et al., 1990
Middaugh et al., 1988
Spehar et al., 1982
Anderson et al., 1690
Peltier and Weber, 1985
Weber et al., 1988
Peltier and Weber, 1985
Weber et al., 1988
Nebecker et al., 1984
Mount and Norberg, 1984

Horning and Weber, 1985

* Elutriate toxicity tests are of value in estimating the toxicity of
disposed sediments to aquatic organisms. Elutriate test results can be
used to qualify a site as a potential hot spot but should not be used
to confirm a site as a known hot spot. Either a pore water or a solid
phase test should be used to confirm toxicity.

Sites are designated as known hot spots after generating information which
satisfies any one of the five conditions of the working definition. To
utilize this working definition, a list of toxicity tests has been
assembled. This list identifies toxicity tests that can be employed in
monitoring and surveillance activities described in regional monitoring
plans and partially satisfies the Water Code requirement [Section
13392.5{a)(2)] for standardized analytical methods (Department of Fish and
Game Marine Pollutant Studies Laboratory, 1992). The BPTCP toxicity methods
are listed in Table 1.

Potential Toxic Hot Spot

In addition to the identification of known toxic hot spots the statute
requires the jdentification of suspected or potential hot spots (Water Code
Section 13392.5). Sites with existing information indicating a possibility
of impairment but without sufficient information to allow a finding
consistent with the working definition of a known toxic hot spot are
classified as potentiai hot spots. More specifically, four conditions
sufficient to identify a potential not spot have been determined. If any
one of these conditions is satisfied a site can be designated a potential
toxic hot spot. These are:



1. Concentrations of toxic pollutants are elevated above background levels
but insufficient data are available on the impacts associated with such
pollutant levels to determine the existence of a known toxic hot spot;

2. Water or sediments containing toxic pollutants exhibit toxicity in
screening tests or tests other than those used by the BPTCP;

3. Tissue toxic pollutant levels in resident or test species are elevated
but do not meet conditions for determination of the site as a known hot
spot; tissue toxic pollutant levels exceed Maximum Tissue Residue levels
(MTRLS) derived from water quality objectives contained in appropriate
water quaiity control pians; or a health warning has been issued for the
site by a local public health agency; and/or

4. The level of pollutant at a site exceeds Clean Water Act, Section 304(a)
criterion, or sediment quality guidelines or EPA sediment toxicity
criteria for toxic pollutants.

ASSUMPTIONS AND LIMITATIONS OF THE RANKING CRITERIA

The Water Code Section 13393.5 requires that the criteria take into account
"pertinent factors relating to public health and environmental quality,
including but not limited to, potential hazards to public health, toxic hazards
to fish, shellfish, and wildlife, and the extent to which the deferral of a
remedial action will result or is likely to result in a significant increase in
environmental damage, health risks or cleanup costs.”

In addition to the considerations stipulated in Water Code Section 13393.5,
several assumptions were applied to the evaluation of the various alternative
ranking systems.

Assumptions
1. Criteria should address broad programmatic priorities.

2. Criteria are to be used to organize internal work and program activities
(i.e., the evaluation of the need to adjust permit limits or monitoring
priorities).

3. Criteria are not designed to determine regulatory enforcement actions.

4. Ranking should be based on existing information at the time of ranking;
additional studies should not be required for the purpose of prioritizing
known or potential toxic hot spots (potential toxic hot spots will be
identified and additional information will be needed before a potential
site can be ranked as a known toxic hot spot).

5. Assessment of cost and feasibility of remedial actions for a site will be
considered in toxic hot spot cleanup plans but factors that influence cost
will be considered.

6. The priority list will be revised periodically.



7. A1l other factors being equal, sites that are well characterized (i.e.,
significant amounts of available data) will rank higher than sites that are
jess well characterized (i.e., few available data and greater uncertainty
about the site).

8. The best available scientific information wiil be used to evaluate the data
available for site ranking.

9. Sites for which cleanup or remediation has been implemented but which
retain toxic hot spot characteristics will only be considered for reranking
if circumstances change that would allow for further reducing adverse
impacts at the site. A list of sites that have been remediated without
complete removal of toxic hot spot characteristics will be maintained.

10. A site that has been remediated will be removed from the priority list.
timitations

The ranking criteria are intended tc provide the relative priority of a site
within the group of sites considered to be known toxic hot spots. Since not
all sites will have the same scope and quality of information available at the
time of ranking, this relative placement should be founded in measures of the
potential for adverse impacts. The determination that some adverse impacts are
occurring at the sites will have been made previously to the ranking and in
accordance with the definition of a toxic hot spot. While the ranking should
reflect the severity of the demonstrated adverse impacts, the full scope of
ecological and human health impacts will 1ikely not be characterized at the
time of ranking, and therefore, should not be the goal of the ranking criteria.
These impacts may be addressed as part of the activities conducted pursuant to
the cleanup plans. The ranking criteria should provide a mechanism to
discriminate among all those sites considered to be toxic hot spots (using the
water code definition or other more specific definition) and thereby provide
for a placement of each site relative to other sites under consideration.

The ranking criteria are not to be used to define a toxic hot spot. The
determination of whether a site qualifies to be considered a toxic hot spot is
a separate and previous step. The BPTCP has establised a detailed working
definition of a toxic hot spot, which is consistent with the statutory
definition contained in Water Code Section 13391.5. The working definition

presented above is not proposed for adoption by the State Water Board at this
“time.

The ranking criteria are not to be used to define cleanup actions or establish
cleanup levels. The actions to be undertaken to cleanup or remediate a site
will be developed on a case-by-case basis for each site. The considerations to
be addressed at all sites, together with special considerations for each site,
will be described in the cleanup plans required by Water Code Section 13394.



RANKING SYSTEM ALTERNATIVES

Four ranking systems are presented for consideration. Two of these systems
were developed for purposes somewhat different than those of the BPTCP. These
are the Clean Water Strategy used by the State Water Board for resource
allocations, and the Hazard Ranking System used by US EPA for Superfund site
prioritization. These systems are offered for consideration because they are
established and have been used with success for their respective purposes.

I. Clean Water Strategy

The State Water Board's Water Quality Coordinating Committee, in 1990,
has developed the Clean Water Strategy (Strategy) as a management tool to
provide a common framework for applying the collective professional
Judgement of State and Regional Water Board staff to identify and
prioritize water quality problems (Diaz, 1991). The Strategy consists of
six phases which, to date, have been partially implemented. These phases
are: (1) collecting water quality information, (2) comparing and ranking
the importance and the condition of water bodies, (3) prioritizing work
required to address threats and impairments of water quality identified
in Phase 1, (4) allocation of staff and contract rescurces to the list
generated in Phase 3, (5) implementation of the funded work, and (6)
review and assessment of results and products. CWS rankings are
developed through a collective professional judgement process. This
process uses criteria and numerical ratings to ailow statewide staff to
separate and group waters in five levels of importance (value of the
resource) and within each each level of importance, to group the severity
of problems in five levels. The CWS does not rely on formulas or
weighted criteria in developing rankings. The CWS process relies on a
series of "bite size" judgements an d groupings, which when combined
result in general concensus on final rankings.

Phases 1 and 2 of the Strategy might be appliied to satisfy the Water Code
requirements for Toxic Hot Spot ranking in the BPTCP. While the basic
purpose of the Strategy is to prioritize responses to water quality
problems (similar to Toxic Hot Spot ranking) there are some fundamental
differences in purpose and approach between the Strategy and the
requirements of the BPTCP. The most fundamental difference is that the
Strategy creates priorities for work based on ranking of entire water
bodies whereas the Hot Spot Ranking is intended to address hot spots
which, except in extraordinary cases, are likely to be localized areas.
In addition, the Strategy must consider a number of water quality
impairments other than those caused by toxic pollutants. For instance,
depressed levels of dissolved oxygen should be considered in the Strategy
but would be excluded for BPTCP purposes. A third difference is that the
Strategy generates independent ranked lists for several classes of water
bodies (such as rivers, lakes, and wetlands), while the BPTCP is required
to rank hot spots together, irrespective of the type of water body (such
as wetlands; fresh, brackish, and marine portions of estuaries; and
bays). Finally, the Strategy rankings are designed to support Phases 3
and 4; i.e., proposed responsive actions and allocation of resources. In
the BPTCP, determination of likely responsive actions to hot spot
designations are included as part of Toxic Hot Spot Cleanup Plans and are
not included in the ranking process. .



ii.

Since the Strategy was developed before the BPTCP was established, it
will likely be modified to incorporate new information from the BPTCP. A
1ikely outcome of this modification will be that the toxic hot spot
rankings will be included as one of the many factors used to develop
water body rankings in the Strategy. In any case, the Strategy will
continue to be used for purposes beyond the scope of the BPTCP. A
summary of the ranking process using the Strategy is provided in

Appendix 1.

Hazard Ranking System

The Hazard Ranking System (HRS) was developed as part of the
implementation of the national Superfund program (US EPA, 1990). The HRS
is designed to score the relative threat associated with actual or
potential releases of hazardous substances from specific sites and to
rank the site on the National Priority List for superfund cleanup. The
HRS provides a numerical value derived from the assessment of four
different environmental pathways each evaluated for three specific
factors. The pathways are: (1) ground water migration, (2) surface
water migration, (3) soil exposure, and (4) air migration. The three
factors are (1) the likelihood of release, (2) waste characteristics, and
(3) targets. Through a series of steps, each pathway is assigned a
numerical score which integrates the assessment of the three factors for
that pathway. The pathway scores are then combined to produce the final
site value. The site is ranked against other sites based on this final
site value; larger numeric values receive a higher priority.

The actual derivation of a final site value is a rather complex process
that reguires a significant amount of site-specific information. Scme
steps in the process are common to all four pathways while others are
specific to the particular pathway under consideration.

While the HRS provides a somewhat consistent treatment of sites for
ranking purposes, the requirement of extensive evaluation makes it rather
cumbersome and time consuming process. Furthermore, this system stiil
requires a number of assumptions and professional judgement in order to
compliete the evaluation and ranking. The HRS was developed under
guidance from Congress that the system "to the maximum extent feasible,

. accurately assesses the relative degree of risk to human health and
the envircnment posed by sites and facilities subject to review" (Fed.
Reg. Vol 55, No. 241, pg 51532). Although this directive does not
constitute a mandate for a full risk assessment before ranking, it has
been interpreted to require a more detailed analysis (as evidenced by the
HRS) than required for the purposes of the BPTCP. The level of details
required to complete an HRS evaluation does not seem justified for BPTCP
purposes.

Furthermore, the HRS is designed to emphasize threats to human health.
For example, two of the three factors in the surface water-overland/flood
migration path address human exposure (drinking water threat and human
food chain threat), and one factor addresses environmental threats
(sensitive environments). The scores for these factors further emphasize
human health by allowing a maximum score for drinking water and food
chain factors of 100 but only a maximum of 60 for environmental threats.
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When scores are computed for the final site value, the emphasis clearly falls
on human health considerations. This is in contrast to the BPTCP where human
health and environmental (aquatic 1ife and wildlife) considerations are given
equal weight. Appendix II provides further information on the HRS criteria.

I11. Simplified Toxic Hot Spot Ranking Criteria

four}
.

In looking for the simplest approach to ranking, it becomes clear that
using a single type of information greatly reduces the complexity of the
problem. An approach using only chemical data is presented below. This
approach satisfies Water Code requirements. It is quite easy and simple
to use but loses detail in the rankings when compared to the weighted
toxic hot spot ranking criteria discussed subsequently in this report.

SIMPLIFIED RANKING CRITERIA
Tissue residues:
Assign values based on criteria listed below and using the average
concentration of pollutants reported for any organisms collected from the
site for a single sampling event. Assign a value for each substance that
exceeds its MTRL. Select the substance providing the highest score.
If a concentration of a toxic substance in tissue:
Equals or exceeds MTRLL of 1000 ug/kg assign a value of 1
Between MTRL of 10 ug/kg and 1000 ug/kg assign a value of 2
Less than or equal to MTRL of 10 ug/kg assign a value of 3

Multiply by 2 if more than one substance exceeds its MTRL in the same
sample.

Assign values based on criteria listed below and using the concentration of
pollutants reported for ambient waters collected from the site. Use the
substance providing the highest score for exceeding water quality
objectives in the appropriate statewide plan. Ranking values are assigned
For water quality objective equal to or over 1 mg/1, assign a value of 1.

For water quality objective between 100 ug/1 and 1 mg/1, assign a value of

For water quality objective less than 100 ug/1, assign a value of 3.

Multiply by 2 if more than one substance exceeds its applicable water

2. Water column quality:
based on the values below:
2.
quality objective.

1

MTRLs (Maximum Tissue Residue Levels) are calculated by multiplying the
human health water quality objective in the appropriate statewide plan by
the chemical's bioconcentration factor (BCF) (Cohen, 1993). The BCF is
defined as the ratio of the contaminant concentration in tissue to
contaminant concentration in water. MTRLs proposed for use in the ranking
system are presented in Appendix 3.
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Iv.

Sediment values:

Assign values based on sediment weight-of-evidence guidelines recommended
for the State of Florida and the criteria listed below and using the dry
weight normalized concentration in bulk sediments collected from the site.
Use the substance providing the highest score.

Above the Probable Effects Level (PEL) assign a value of 3.

Between the No Observed Effect Level (NOEL) and PEL assign a value of 2.
Multiply by 2 if more than one substance exceeds to NOEL.

Final Ranking Value:

Values should be generated for criteria 1 through 3 wherever possible. In
some cases it will not be possible to generate a criterion. For example, a
pollutant of concern may not have an asscciated sediment value. In these
cases assign a value of zero for each criterion that cannot be fully
developed.

Sum the values for criteria 1 through 3. The resulting sum is the final
ranking value. The site with the highest score will be assigned rank #1.

Weighted Toxic Hot Spot Ranking Criteria

The ranking system presented below has been designed to (1) provide a
site-specific refinement of the Clean Water Strategy and (2) address
specific requirements of the BPTCP (Water Code Sections 13390 et seq.).

A value for each criterion described below should be developed provided
appropriate information exists. ‘Any criterion for which no information
exists should be assigned a value of zero. The sum of the values for the
six criteria will serve as the final ranking scere. In developing the
score for each criterion an initial value is identified and then adjusted
by one or two correction factors as appropriate.
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WEIGHTED RANKING CRITERIA

1. Human Health Impacts

Potential Exposure: Select from the following the applicable circumstance
with the highest value:

Human Health Advisory issued for consumption of aquatic 1ife from the
site (assign a value of 5); Human Health advisory issued for sensitive
populations consuming aquatic life from the site (4); Tissue residues 1in
aquatic organisms exceed FDA/DHS action level or OFHHA trigger level (if
available for the location) {3); Tissue residues in aquatic organisms
exceed MTRL (2).

Potential Hazard: Multiply the exposure value selected by one of the
following factors:

Pollutant(s) of concern is(are) known or suspected carcinogen? with a
cancer potency factor or an other pollutant of concernwith a referbce dose
(assign a value of 5); Pollutant{s) of concern is(are) not known or
suspected carcinogens without a cancer potency factor or pollutant of
concern without an RFD (3); other pollutants of concern (1).

2. Other Beneficial Use Impacts
A. Rare, threatened, or endangered species present: Select from the

following the applicable circumstance with the highest value and one
other value if applicable. Do not use any species twice:

Endangered species present at the site (assign a value of 5),
Threatened or rare species regularly present at the site (4),
Threatened or rare species occasionally present at the site (3).

Multiply each identified value by 2 if multiple species are present in
any category. Add all resultant values for final Criteria 2A value.

2 These are substances suspected of being carcinogenic as classified in the
EPA Integrated Risk Information System (IRIS), by the Office of
Environmental Health Hazard Assessment or by the Department of Health
Services. A list of the substances proposed for use in the ranking system
is provided in Appendix 3.
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B. Demonstrated aquatic life impacts: Select one or more value(s):

Community impairments associated with toxic pollutants (assign a value
of 5), statistically significant toxicity demonstrated with acute
toxicity tests acceptable to the BPTCP (4), Statistically significant
toxicity demonstrated in chronic toxicity tests acceptable to the BPTCP
(3), reproductive impairments documented (2), toxicity is demonstrated
only occasionally and does not appear severe enough to alter resident
popuiations (1).

Multiply each value by 2 if the demonstrated effects exceed 80 percent
cf the organisms in any given test or 80 pecent of the species in the
analysis.

C. Chemical measures3:

i. Tissue residues exceed NAS guideline (assign a value of 3), at or
above State Mussel Watch Elevated Data Level (EDL) 95 (2), greater
than State Mussel Watch EDL 85 but less than EDL 95 (1).

ii. Water quality objective: Exceeded regulariy (assign a value of
3), infrequentiy exceeded (2).

jii.  Sediment values (sediment weight of evidence guidelines
recommended for State of Florida)%; Above the Probable Effects
Level® (PEL) (3), between the NOEL® and PEL (2). For a
substance with no calculated PEL: Above the effects range
median/_(ER-M) (2), between the effects range lowest 10
percent’/ (ER-L) and ER-M (1).

If muitiple chemicals are above their respective EDL 85, water quality
objective or sediment value, seiect the chemical with the highest value
for each of the criteria (i) through (iii) above. Add the values for (i)
through (iii) (above) to derive the initial value. Multiply the initial
value by 2 if muitipie chemicals are suspected of contributing to the
toxic hot spot.

3 The tissue residue guidelines and sediment values to be used in the ranking
system should be the most recent version available. The guidelines and
sediment values proposed for use in the ranking system are included in
Appendix 3. Water quality objectives to be used are found in the
California Enclosed Bays and Estuaries Plan, Inland Surface Waters Plan or
California Ocean Pian (depending on which pian appiies). Where a regional
water quality control plan (Basin Plan) contains a more stringent value
than the statewide plan. 1In such a case, the regional water quality
objective will be used,

Footnotes 4, 5, & and 7 are listed on pages 20 and 21.
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Areal Extent of Toxic Hot Spot
Select one of the following values:

More than 250 acres (assign a value of 10), 50 to 250 acres (8), 10 to less
than 50 acres (6), less than 10 acres (4).

Pollutant Source

Select one of the following values:

Source of poliution identified (assign a value of 5), Source partially
accounted for (3), Source unknown (2?, Source is an historic discharge and
no longer active (1).

Multiply by 2 if multiple sources are identified.

Remediation Potential

Select one of the following values:

Site is unlikely to improve without intervention (4), site may or may not
improve without intervention (2), site is likely to improve without
intervention (1).

Multiply the selected value by one of the adjustment factors listed below:

Potential for immediate control of discharge contributing to the toxic hot
spot or development of source control/waste minimization programs (assign a
value of 4), potential for implementation of an integrated prevention
strategy involving multiple dischargers (3), site suitable for
implementation of identified remediation methods (2). If site can not be

classified (assign a value of 1).

Involvement of multiple agencies

If government agencies other than the State or Regional Water Boards have
interests in assessing or managing the site, assign a value of 10.

Rationale for Criteria

This section decribes the rationale for each of the six criteria listed above.

1.

Human Health Impacts

The human health impacts criterion has two parts: An estimate of potential
exposure and an estimate of potential hazard. For the exposure estimate
the highest score is given if a general human health advisory has been
issued. This type of advisory is an indication that aquatic Tife used for
consumption is severly contaminated (i.e., the beneficial use is severely
impaired). A human health advisory issued for a sensitive population
(e.g., pregnant women, subsistence fisherpersons, etc.) is less severe than
the general advisory because fewer people would generally be affected. The
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FDA/DHS action levels receive a lower score because these values do not
take into consideration the site-specific factors of the risk assesments
used for human health advisory issued for a site. A tissue residue level
above the MTRL does not by itself demonstrate a waterbody impairment.

MTRLs receive the lowest scores because they are established for a specific
consumption rate (6.5 g/day for the Inland Surface Waters Plan and the
Enclosed Bays and Estuaries Plan and 23 g/day for the California Ocean
Plan) and at a cancer risk level of one in one million.

The potential hazard factor assumes that the risk posed by known or
suspected carcinogens with a cancer potency developed or an other poliutant
of concern with a reference dose available is greater than the risk posed
by pollutants without a cancer potency or reference dose available. This
is consistent with the approach taken in the three Statewide Plans, EPA
methods for caiculating water quality criteria, and the approaches of OEHHA
and DHS.

QOther Beneficial Use Impacts

This criterion combines the varijous factors that should be considered in
evaluating impacts on water quality, sediment quality, aquatic life and
wildlife.

A. Rare, threatened or endangered species

This criterion evaluates the occurence of rare, threatened or endangered
species at a known toxic hot spot. The highest value is assigned if an
endangered species is present and lower scores if threatened or rare
species is regularly or occasionally present at the site. Association with
endangered species is considered more severe than regular or occasional
presence of rare or threatened species.

If muitiple species in the categories are present the value is multiplied
by 2. This value was selected to refiect the additional complexity of the
situation when more than one rare, threatened or endangered species is
present.

B. Demonstrated Aguatic Life Impacts

This criterion is a measure of aguatic life impact Trom the most severe
conditions to less severe conditions. Measurements of actual measured
marine or bay community impairment indicates that there is a direct
measurement of impact. These kinds of impairments are difficult to measure
and would only be measureable at the most highly impacted sites. Lower
values are assigned to acute (short-term) and chronic toxicity (long-term
or sensitive 1ife stage tests) which serve as indicators of actual impacts.
Reproductive impairements and occasional toxicity are given the lowest
values because of the difficulty in interpreting these effects on aquatic
1ife populiations.

If multipie species are effected the value is multiplied by 2 to reflect a
more severe condition. This multiplier is also applied if cver 80 percent
of the test organisms are effected. This factor will allow for
distinctions to be made between moderate and more severe reponses of
organisms.
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€. Chemical Measures

This criterion has three parts: (i) Tissue residues, (ii) water quality

objectives, and (iii) sediment values. As described in the last section of
this criterion, if multiple chemicals are suspected of contributing to the
known toxic hot spot then the sum of (i) through (iii) is multipled by "2".

i. Tissue Residues and Water Quality Objectives

Tissue residue levels are very difficult to evaluate in terms of impact on
aguatic life but some measures do exist to aid in the interpretation of
chemicals bioaccumulated in fish or shellfish tissue. The NAS (1972) has
evaluated tissue residues for several chemicals. In this criterion, if an
NAS guideline is exceeded the highest score is received. Elevated data
levels (EDLs) from State Mussel Watch, are given lower values depending on
whether the EDL is above 95 percent or 85 percent. EDLs are given lower
scores because they do not measure actual effect on organisms. EDLs are
included because State Mussel Watch information is generally available and
these data are valuable in assessing the relative exposure of organisms to
toxic pollutants.

The "water quality objective" criterion gives a higher value when a water
quality objective from the appropriate water quality control plan is
exceeded regularly. If an objective is infrequently exceeded a lower score
is given.

ii. Sediment Values

The inclusion of sediment values in evaluating chemical constituent
concentrations deserves some clarification. A major focus of the Bay
Protection statutes is the assessment of sediment quality. At this point
in time, a comprehensive collection of numeric values for toxic poliutants
in sediment, similar to water quality objectives, does not exist. However,
two related efforts have been completed that provide an overview of
sediment quality. These are the National Oceanic Atmospheric
Administration (NOAA) technical memorandum NOS OMA 52 by Long and Morgan
(1990), and the sediment weight-of-evidence guidelines developed for the
Florida Coastal Management Program (1993).

Long and Morgan (1990) assembled data from throughout the country for which
chemical concentrations had been correlated with effects. These data
included spiked bioassay results and field data of matched biological
effects and chemistry. The product of the analysis is the identification
of two concentrations for each substance evaluated. One level, the Effects
Range-Low (ER-L) was set at the 10th percentile of the ranked data and was
taken to represent the point below which adverse effects are not expected
to occur. The second level, the Effects Range-Median (ER-M), was set at
the 50th percentile and interpreted as the point above which adverse
effects are expected. A direct cause and effect linkage in the field data
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was not a requirement for inclusion in the analysis. Therefore, adverse
biological effects recorded from a site could be attributed to both a high
concentration of one substance and a low concentration of another substance
if both substances were measured at the site. The adverse effect in fieid
data couid be caused by either one, or both, or neither of the two
substances of concern. This introduces a certain degree of ambiguity into
the analysis. Additionally, both fresh and salt water sites were included
in the analysis and no attempt was made to distinguish between these two
types of sites. Finaily, sites not demonstrating any adverse effects were
excluded from the derivation of the ER-L and ER-M.

The project funded by the State of Florida {1993) revised and expanded the
Long and Morgan (1990) data set and then identified two levels of concern
for each substance: the "NOEL" or no observabie effect level, and the
"PEL" or probable effect level. Some aspects of this work represent
improvements in the original Long and Morgan analysis. First, the data was
restricted to marine and estuarine sites, thereby removing the ambiguities
associated with the inclusion of freshwater sites. Second, a small portion
of the original Long and Morgan (1990) database was excluded, while a
considerabie increase in the total data was realized due to inclusion of
new infermation. The basic criteria for data acceptance and for
classifying the information within the database were essentially the same
as used by Long and Morgan (1990).

The development of the NOEL and PEL differ from Long and Morgan's
development of ER-L and ER-M in that data showing no effects were
incorporated into the analysis. In the weight-of-evidence approach
recommended for the State of Florida, two databases were assembled; a “no-
effects" database and an "effects" database. The PEL was generated by
taking the geometric mean of the 50th percentile value in the effects
database and the 85th percentile value of the no-effects database. The
NOEL was generated by taking the geometric mean of the 15th percentile
value in the effects database and the 50th percentiie value of the no-
effects database and dividing by a safety factor of 2. By including the no
effect data in the analysis, a clearer picture of the chemical
concentrations associated with the three ranges of concern; no-effects,
possible effects, and probable effects, can be established. The ER-M
values from Long and Morgan (1990) and PEL values from the weight-of-
evidence approach recommended for the State of Florida are presented in
Table 2. The weight-of-evidence approach recommended for the State of
Florida has not yet established guidelines for five substances included in
the Long and Morgan (1990) analysis (Table 2). Even though the Long and
Morgan (1990) approach may have limitations, it is important to include it
in evaluating ranking for the six pollutants listed in Table 3 if the data
are available. Because of the limitations in using the ER-M and ER-L,
lower vaiues have been assigned as compared to when a PEL and NOEL are
available.
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Areal Extent of Toxic Hot Spot

The rationale for this criterion is to discount smaller sites because these
sites will be difficult or perhaps may not be practical to remediate. This
criterion is an estimate only. If the areal extent is completely unknown
this criterion should be assigned a value of zero. While this estimate may
over- or under-estimate the size of the toxic hot spot, we assume that one
of the first steps in planning for a cleanup of a known toxic hot spot will
be a charaterization of the size of the hot spot before any remedial
activity occurs.

Pollutant Source, Remediatijon Potential
and Involvement of Multiple Agencies

These three criteria involve judgments of whether the sources of pollutants
are identified, the likely remediation potential, and whether the State and
Regional Water Boards are likely to be joined in site remediation by other
agencies and the responsible parties. These criteria will be based on the
experience and judgement of the State and Regional Water Board staff.

The "pollutant source" criterion scores a site on the basis of knowledge of
whether the source of pollutant is known. If the source is a result of a
historic discharge (no longer active) a site is given the lowest score
because it will be impossible to improve the site by modifying existing
practices. The "remediation potential" criterion is an estimate of whether
the site is amenable to intervention and whether waste minimization or
prevention programs (implemented through permits) could be used to solve
identified problems. Sites requiring sediment or other remediation or
other expensive approaches receive a lower score. The "involvement of
other agencies" criterion is an estimate of the potential for other
agencies to assist the State and Regional Boards in implementing or
initiating site cleanup or characterizing a site. The rationale of this
criterion is that if other agencies are involved in addressing the problem
at a site the State and Regional Board's involvement may more expeditiously
cleanup the site.
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Table 2: Comparison of sediment screeningATevels developed by NOAA (Long and
Morgan, 1990) and the weight-of-evidence approach recommended for the State of
Florida (1993).

State of Florida NOAA

SUBSTANCE NOELG PELS ER-M7

Organics ug/kg
Total PCBs 25 270 380
Acenaphthene 30 450 650
Acenaphthylene 35 500
Anthracene 80 800 960
Fluorene 25 450 640
2-methyl naphthalene 25 330 670
Naphthalene 140 1100 2100
Phenanthrene 150 1300 1380
Total LMW-PAHS 250 2500
Benz(a)anthracene 160 1500 1600
Benzo{a)pyrene 220 1900 2500
Chrysene 200 1800 2800
Dibenzo(a,h)anthracene 60 300 260
FTuoranthene 380 3900 3600
Pyrene 300 1900 2200
Total HMW-PAHs 800 9000
Total PAHs 2900 29000 35000
p,p'-DDE 1.7 100 15
Total DOT 2.3 300 350

Metals mg/kg
Arsenic 10 70 85
Cadmium i 8.6 9
Chromium 35 230 145
Copper 30 200 390
Lead ' 25 170 110
Mercury 0.15 1.4 1.3
Silver 2.2 3.5 2.5
Zinc 270 70 280

4 Values are for bulk sediment chemistry on a dry weight basis.
{footnotes continued on next page)
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Table 3: Screening levels developed by NOAA (Long and Morgan, 1990) for which
no PEL or NOEL is established.

SUBSTANCE ER-L7 ug/kg ER-M/ ug/kg
Chlordane 0.5 6
Dieldrin 0.02 8
Endrin 0.02 45
2-methylinaphthalene 65 670
Antimony 2000 25000
Nickel 30 50

STAFF_RECOMMENDATION

The Weighted Toxic Hot Spot Ranking Criteria are recommended for use for the
BPTCP. An example of the application of this method is presented below.

TRIAL APPLICATION OF THE RANKING CRITERIA

Evaluation of the weighted toxic hot spot ranking criteria was accomplished by
applying the criteria to two known hot spots: the Sacramento River stretching
from Freeport to Hood and Cabrillo Pier in Los Angeles Harbor. The information
available for the sites is mostly contained in two documents (Montoya 1991 and
Birosik 1991) and is summarized below. A table Tisting the values assigned to
the two sites for each criterion is also presented.

Where information suggests that natural background metals concentrations
exceed the PEL, normalizing factors (e.g., Acid Volatile Sulfide:
Simultaneously extracted metals [Di Toto et al., 1990]) may need to be
applied.

5 PEL is that concentration above which adverse biological effects are likely
to occur. It is developed by taking the geometric mean of the 50th

percentile value of the effects database and the 85th percentile value of the
no-effects database.

NOEL is defined as the sediment concentration below which adverse effects are
not likely to occur. The value is derived by taking the geometric mean of
15th percentile of the effects database and the 50th percentile of the no-
effects database and dividing by a safety factor of 2.

7 The ER-M is analogous to the PEL. It is that concentration above which
adverse effects are likely. It is developed by taking the 50th percentile of
the ranked adverse effects data in the Long and Morgan database. The ER-L is
developed by taking the 10th percentile of the ranked adverse effects data.
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As summarized by Montoya (1991), the U.S. Geological Survey has reported water
hardness and both dissolved and total concentrations of a variety of metals at
the Sacramento River site for a number of years in both wet and dry seasons.
Similar data has been produced by the Central Valley Regional Water Quality
Control Board as recently as 1991, and the Regional Water Board has performed
three-species water toxicity testing in recent years. The State Water Board's
Toxic Substances Monitoring Program has reported levels of organic chemicals and
metals in game and other fish collected annually at Hood since 1977. The FDA
Action Levels are not exceeded but there is a human health warning for mercury
(Hg) in Striped Bass. Other relevant information is the presence of an
endangered species, winter run chinoock saimon (Steinhart, 1990); demonstrated
chronic toxicity in multiple species; exceedance of NAS DDT levels; and regularly
exceeded water quality objectives for metals.

Data for the Cabrillo Pier area of Los Angeles Harbor consists largely of a
recent human heaith risk assessment (Pollock et al., 1991). Human health impacts
are demonstrated by a sportfishing health advisory against the consumption of
resident species caught in the vicinity of Cabrillo Pier. The hazardous
substance of concern is DDT, a carcinogen. An endangered species, California
Least Tern, is present in the area, and exceedance of NAS DDT levels have been
reported.

Areal extent of both sites is relatively difficult to judge because the media
used to qualify the sites (water in the Sacramento River and fish at Cabrillo
Pier) show greater movement than sediment. Nevertheless, it is safe to assume
that both are larger than 50 acres. Both sites are also similar in that the
poliutant sources are multiple and partially accounted for. Metals in the
Sacramentc River can originate from urban runoff, point source discharges,
agricuitural practices, acid mine drainage, and other sources. DDT and PCB in
Tish caught from Cabrillo Pier can originate from widely scattered reservoirs in
sediment, urban runoff, and perhaps aerial depositicn. Both sites are simiiar in
that improvement is unlikely to occur soon without intervention.

The two sites differ, however, in their potential for implementation of an
integrated prevention strategy. Controliing metals in the river may be
successtul because the variety of sources can be controlled through waste
discharge requirements; controlling the sources of DDT and PCB is probably not
possible with waste discharge requirements. Finally, due to widespread interest
in the health of the Delta and concern for threats to human health at Cabrilio
Pier, both of these sites are likely to gain the interest of muitiple agencies.

Ranking criteria scores for these two known toxic hot spots are presented in
Tabie 4. In summary, the Sacramento River hot spot scored higher than the
Cabrilio Pier site. This was due in large part to the greater chemical and
aquatic life impacts and a greater the likelinood of success of an integrated
control strategy, these higher values were somewhat compensated for by a greater
human health impact at Cabriilc Pier.
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Table 4: Ranking Criteria Scores for Two Known Hot Spots
the Sacramento River (Freeport to Hood) and Cabrillo Pier

Criteria
. Human health impact

o

a. Potential exposure

b. Hazard

c. Total score (a x b)
2. Beneficial use impacts
a. Endangered species
b. Aquatic Tlife
c. Chemical measures
i. Tissue residues
ii. Water objective
iii. Sediment values
Total score
3. Areal extent

4, Pollutant source

5. Remediation potential

6. Multiple agencies

Known Hot Spot

Sacramento River,
Freeport to Hood

Human Health
Advisory (Hg) 5

Non-Carcinogen 3
with RFD

15

Endangered species

present 5

Chronic toxicity
3x2=656

DDT NAS Tevel

exceeded 3
Metals regularly

exceeded 4

No data 0

7 x 2 = 14

>50 acres 8

Metals 1in river
water from multi-
ple sources

3x2=26
Improvement un-
1ikely without
intervention by
an integrated
strategy

4 x 3 =12
Avoiding Delta im-
pacts will likely
interest multiple
agencies 10

L.A. Harbor,
Cabrillo Pier

Human health
advisory 5

Carcinogen 5
with cancer
potency

25

Endangered sp

present é
Not demonstrated
0
DDT NAS level
exceeded 3
No data
0
No data 0
3 x 2 = 6
>50 acres 8
DDT & PCB in

fish from multi-
ple sources
3x2=656
Improvement un-
likely without
intervention but
strategy is un-
clear
4 x1=14
Remediating the
identified problems
interests NOAA
10

Cumulative Score

86
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RANKING OF POTENTIAL HOT SPOTS

The BPTCP will conduct confirmatory work on potential hot spots to determine if
they are known toxic hot spots. Since a large number of potential hot spots
are likely to be identified, some manner of scheduling the confirmatory work is
needed.

In contrast to known hot spot ranking, Potential Hot Spots have substantially
less information available for ranking purposes. Furthermore, since monitoring
costs are much lower than probable remediation costs, the ranking of sites for
monitoring purposes does not justify the level of detail used for known toxic
hot spot ranking. Consequently, ranking of these sites is less quantitative,
consisting simply of the grouping of sites into high, medium, and low
probability of qualifying as a known hot spot. The predominant types of
information available for ranking are State Mussel Watch (SMW) tissue levels,
sediment contaminant levels, and, less frequently, toxicity testing. Other
kinds of data which are only occasionally available include organism
impairment, community degradation, and water contaminant levels.

The highest rank is reserved for sites that are most likely to qualify as known
hot spots due to the existence of data indicative of high risk and falling into
one of the five conditions for qualification as a known toxic hot spot. Such
data will include positive toxicity testing resuits, tissue contaminant levels
approaching NAS, FDA, or QOEHHA protective levels, and occasionally other
appropriate data. Sediment contaminant data are not included because no
chemical-specific sediment quality objectives have been adopted in water
quality control plans. Generally, old information will have less importance
than recent data, unless the recent data is not particularly useful in judging
the 1ikelihood for known hot spot qualification. For example, recent positive
toxicity tests will precbably be considered equivalent to screening and
therefore require confirmatory toxicity testing. Conversely, recent SMW
results below NAS, FDA, or OEHHA protective levels will probably be judged
unworthy of further tissue testing if territorial fish are unavailable at that
site.

The "medium" rank consists of sites with high sediment contaminant levels, as
judged first using the PEL sediment screening values, and the values from Long
and Morgan (1990) for additional substances where an ER-M is available.
Sampling and analysis of fish tissue will focus on SMW sites with EDLs over 85
unless the results of high rank sites show that fish are unavailable or
incapable of concentrating pesticides, PCB, or mercury above protective levels.

Remaining sites are of low rank and consist predominantly of sediment
contaminant levels below £R-M, PEL values and/or SMW EDL 85.
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SUMMARY

The Clean Water Strategy (CWS) is a renewed commitment by the State and Regional
Boards to focus efforts on the highest priority water quality needs. As part of
this commitment, the way priorities are determined and decisions made was reviewed.
That review revealed a need to more fully consider water body information in
deliberations. To accomplish this, an enhanced Water Quality Assessment was
developed, and improvements were made to reinforce water body based decision making.
These features include greater reliance on information from the Water Quality
Assessment, a comprehensive evaluation of needs, and a systematic way of weighing
considerations such as risk, feasibility, cost/benefit, and trade-offs. Applying
these features ensures water body based decision making at the program, region, and
statewide levels. This ensures that California's highest priority water quality
needs are addressed.

INTRODUCTION

The following provides an outiine of how water quality issues are addressed. Each
component involves State and Regional Board staff participation and is described in
seven phases as follows:

Phase I: Obtaining Information

This phase is accomplished primarily through the Water
Quality Assessment {WQA). The WQA is a periodic
review and inventory of water quality conditions in

---> I. the State. The WQA provides the source and type of
Water Quality threats to and impairments of each water body asses-
Assessment sed. Waters selected by the Regional Boards and

waters which appear on selected federal lists have
more comprehensive information provided on fact
sheets.

Phase II: Prioritizing Water Bodies
In this phase, water bodies are rated with respect to
their resource value and the severity of the threats

II. and impairments which may affect them. Resource
Water Body value is the relative importance of a water body,
Ratings and is rated through the factors; magnitude of

beneficial uses, size, and uniqueness. Impairments
and threats are rated in accordance with detailed
condition criteria.

Phase II1: Identifying Statewide Water Qua]iiy Issues
To compliment the water body specific perspective pro-

vided by Phases I, and II, Phase III presents an
IT1. analysis of statewide priority issues relating to
Significant Water pollutants, problem sources, and trends. This
Quality Issues analysis is done using the WQA and water body
' ratings. The resulting guidance to address signif-

icant issues is issued annually by the Executive
Director.




Phase IV: Prioritizing Actions
Actions to address the water body priorities and sig-
nificant issues identified in Phases Il and III are

Iv. evaluated for feasibility, cost/benefit, and risk
Action concerns. Priorities are then determined by bal-
Priorities ancing issues such as prevention vs. restoration

efforts, work dealing with different pollutants and
problem sources and the level of efforts in each
type of water body.

Phase V: Allocation

V. The allocation or adjustment of resources reflecting
Allocation Phase 1V priorities is made through budgeting
decisions.

Phase VI. Impliementation
VI. Resources are deployed by appropriate organizations
Implementation according to the allocation in Phase V.

Phase VII: Results

<-- VII. Results are determined through water quality mon-
Results itoring and management tracking of programs and
contracts. This final phase enables measurement
of the progress and effectiveness of the actions
taken.

The remainder of this document deals with Phases I through IV where initial Clean
Water Strategy efforts have concentrated.

PHASE I: OBTAINING INFORMATION

The Water Quality Assessment (WQA) provides information on water quality conditions
and the pollutants and sources of concern. It is a single integrated data base
applicable to all water quality program needs.

The WQA includes the most important waters in the state (2500 were included in
1991). Information includes size, resource value and condition ratings, descripticn
of concerns {location, pollutants, and probable sources), and an accounting of the
federal lists. A1l infermation is maintained by the Regional Boards.

The WQA data base can be used to provide various reports related to waters,
poilutants and sources, etc. These reports assist program targeting on waters and
the analysis of statewide issues.

PHASE II: PRIORITIZING WATER BODIES

Water quality information cbtained in Phase ! is translated inte water body ratings
in Phase II. LlStS of these rated waters assist the development of program,
regional, and generaj statewide priorities.



2b.

2c.

RATINGS

1 3 5
Many important Several important A few beneficial
beneficial uses, beneficial uses. Mod- uses. Low use.
High use. erate use.

Water Body Size

This is the aerial extent of the water body. The rating scale varies by water
body type using the units in the Water Quality Assessment.

RATINGS
1 2 3 4 5
Rivers and
Streams (mi) > 100 70-100 40-70 15-40 0-15

Lakes, Reser-
voirs, &
Saline Lakes (ac) > 5000 2500-5000 1000-2500 200-1000 0-200

Ground Water
{sq-mi) > 500 200-500 100-200 50-100 0-50

Bays & Harbors (ac) >10000 2500-10000 1000-2500  200-1000 0-200
Estuaries (ac) > 2500 1000-2500 500-1000  200-500 0-200
Wetlands (ac) > 2500 1000-2500 500-1000  200-500 0-200

Uniqueness (surface waters only)

An indicator of unique or exceptional characteristics of the water body not
accounted for in other resource value factors. The criteria and range of
ratings for this factor are:

RATINGS
1 2 3 5
Water body supports Presence of threatened Regionally Common
critically important or endangered species Uncommon
or unique ecosystem. (RARE BU?, or slightly
Examples include less important example
National Estuarine of "1",

Sanctuaries, Wild and
Scenic Rivers (only
Wild and Scenic por-
tion receives. "1"
rating).



2d.

3a.

Dependence {ground water only)

An indicator of the extent to which the overlying community or the state

depends on the ground water basin.

factor are:

RATINGS

The criteria and range of ratings for this

1

2

3

5

. Overlying area entir- High municipal

ely dependent on
ground water for mu-
nicipal purposes
(sole source), or

. All ground water
is used and is pre-
dominantly for mun-
icipal uses in over-
lying area, export
areas, or both.

dence on ground water
basin, or total depen-

depen- Moderate to Ground Water

dence for purposes, ground
other than municipal. basin.

significant not heavily
dependence on relied on.

water

Each water body is assigned a CONDITION rating reflecting the level of threat

to or impairment of beneficial uses.

on a scale from one to
impaired.

Like resource value, condition is rated

five. One represents highly threatened or. grossly

Condition ratings are assigned for each threat to or impairment of a water
body. These are recorded on Water Quality Assessment fact sheets. Where
multiple concerns exist, an overall condition rating is assigned to enable

statewide comparisons.

The following criteria is used to provide consistent statewide condition

ratings.

Degree of Impairment.

This is an indication of the magnitude of impairment of
water quality. If unknown, indicate "UNK."

RATINGS
1 3 5

Bacteria . Longstanding Periodic health Objectives some-
continuous de-  warnings. times or slight- -
clared health ly violated.
warnings. -

BOD . Severe D0 Sag Occasional DO Objectives some-
causing fish Sags. times or slight-
kills. 1y violated.

Metals & . Health warnings No health warn- Minor elevation

Trace Eie- for fish or ings, but eleva- of levels in

ments & shellfish con- ted levels in fish and shell-

Organics sumption. fish or shell- fish

fish.



RATINGS

1 3 5

Metals & . Drinking water Drinking water QObjectives some-

Trace Ele- standard ex- standard ex- times or slight-

ments & ceeded in ex- ceeded, exist- 1y violated.

Organics isting public ing public

(cont'd) water supply. water supply

not affected.

. Critical Tife Critical life Objectives some-
stages com- stages only times or slight-
pleteiy unsup~- partially sup- 1y violated.
ported. ported.

. Overall absence Benthic crgan- Sediments con-
of benthic org- isms adversely taminated, but
anisms. affected. no noticeable

change in ben-
thic popula-
tion.

Nitrate . Drinking water Drinking water Objectives some-
standard ex- standard ex- times or slight-
ceeded in ceeded, pubiic 1y violated.
existing public water supply
water supply. not affected,

individual
drinking sup-
plies affected.

Nutrients . Severe constant Occasional DO Objectives some-
DC Say causing  Sags, Frequent times or slight-
fish kills, se- Algal Blooms, ly violated.
vere odors, sig- Taste and odor
nificant public problems in

~complaints. drinking water.

Salinity . Restricted use Restricted use Objectives some-
of existing of existing Ag times or slight-
public water supply. ly violated.
supply.

. Widespread fish Periodic fish  Objectives some-
kills. kiils & overall times or slight-

population de- 1y violated.
cline.

. Critical iife Critical life Objectives some-
stages com- stages only times or slight-
pletely unsup- partially sup- ly violated.
porteqd. ported.

Siltation . Widespread dis- Siltation of Abnormal turbid-

truction of
spawning areas.

some spawning
areas.

ity.



3b.

Degree of Threat.

Siltation
{cont'd)

Tempera-
ture

Toxicity

quality.

RATINGS

1

3

5

. Severe and re-

peated fish
kills.

. Widespread fish

kills.

. Critical life

stages com-
pletely unsup-
ported.

. Acute or chron-

ic toxicity w/
widespread ad-
verse impacts
on resident
population.

IT unknown, indicate "UNK."

Land Use

Point
Source Dis-
charges

Infrequent,
Timited fish
kills & popu-
lation decline.

Marked decline
in fish/plant
populations.

Critical tife
stages only
partially sup-
ported.

Acute or chron-
ic toxicity w/

some impacts on
resident popu-

lations.

RATINGS

Abnormal turbid-
ity.

Objectives some-
times or slight-
1y violated.

Objectives some-
times or slight-
ly violated.

Acute or chron-
ic toxicity w/
no noticeable
jmpacts on resi-
dent population.

This is an indication of the magnitude of a threat to water

1

3

5

. Dramatic, wide-

spread land use
changes in wa-

tershed, includ-

ing draining
and filling

. Dramatic, wide-

spread increase
in traffic,
visitation etc.

. Static land use

with high con-
centration of
sites involving
potential pol-
lutants

. Effluent domi-

nated receiving
water and Cate-
gory I dis-
chargers.

Gradually ex-
panding land
use changes,
including
draining and
filling

Moderate in-
crease in
traffic, visi-
tation etc.

Static land use
with moderate
concentration of
sites involving
potential pol-
lutants

Discharge ac-
counts for 1/4
receiving water
voiume and
Category 1/11
dischargers.

Static land use.

Minor or no
change in traf-
fic, visitation
etc.

Static land use
with low concen-
tration of sites
involving pot-
ential poliu-
tants

Discharge volume
minor compared
to receiving
water volume and
Category II or
111 dischargers.



RATINGS

1 3 5
Trends . Dramatic con- Moderate con- Minor or no con-
stituent level stituent lev- stituent level
increase in el increase increase over
short time per- over time. time.
iod.
4.  Upon completion of the resource value and condition ratings, the rated water

bodies are listed in descending order of resource value for each water body
type. This emphasizes resource value as the first priority consideration.
Waters with the same resource value are arranged in descending order of
condition ratings to provide further rankings as follows:

WATER BODY TYPE

Waters with
Resource Value of: Impaired List Threatened List

1 Waters in descending severity of impairment
or threat with a resource value of 1.

2 as above for RV=2
3 as above for RV=3
4 " as above for RV=4
5 as above for RV=5

PHASE III: STATEWIDE WATER QUALITY ISSUES

Phase III involves an analysis of the WQA and the water body rankings. This
analysis is used to assist the annual preparation of guidance to staff on
significant water quality issues. This guidance, in conjunction with Phase II water
body priorities, is used to solicit action proposals, direct program activities, and
to screen and evaluate actions proposed.



Significant issues guidance includes:

a. Identification of the most significant pollutants and sources of pollution
affecting California's waters. :

b. Identification of issues requiring short and long term strategies.
c. ldentification of general actions to address the significant issues.

Issues are identified by the Division of Water Quality Monitoring and Assessment
Unit. Every January the Executive Director issues guidance to address issues.

Phase 111 products are not limited to the annual significant issues guidance. On an
ongoing basis, the Monitoring and Assessment Unit prepares distillations and

summar ies of Water Quality Assessment information. These provide an additional
level of detail and perspective to compliment the Executive Director's guidance.
Staff should access this information as appropriate.

PHASE 1V: PRIORITIZING ACTIONS

Phase IV is preceded by the solicitation of actions which reflect the prierities
determined through Phases II and III. This assists the focusing of actions on the
most significant concerns.

In Phase IV, the proposed actions addressing the needs of water bodies and
pollutant/source concerns are evaluated and prioritized within available resources.
Priorities are arrived at through combining Phase II and III rankings and guidance
with feasibility, cost/benefit, and risk considerations. Funding lines are drawn
based on balancing issues such as prevention vs. restoration efforts, work dealing
with different pollutants and problem sources and the level of efforts in each type
of water body (Figure 1).

The following sequence of actions occurs during Phase IV (see Figure One):
1. Phase II and Phase 111 priorities are distributed.

2. Actions are initially ranked in accordance with the resource value and
condition ratings of the water body(s) with which they deal. The result is a
listing formatted the same way as described in Phase II. However, these lists
include only the water bodies for which actions are proposed. For example,
assume a program needs to rank actions pertaining to five rivers; a, b, ¢, d,
e. The following list results: :

- 10 -



Phase 1V

Phase III Interim Priorities

Water body ratings and significant
issues priorities

l

Feasibility Considerations

Technical

Economic/Financial

Institutional
Political/Legal/Environmental/Social

I

Figure 1

Strategic Considerations

Various factors may cause feasible proposals to move up or down on
priority lists. These factors include:

- Cost/Benefit Considerations
- Risk Evaluation
- Spin-off Benefits

Final Balancing

Funding decisions are made balancing the dis-
tribution of resources by:

Water Body Type

Prevention, Assessment, and Cleanup Activities
Pollutant Constituent

Problem Source

Priority Actions

A final list of actions is determined
consistent with available resources
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Rivers and Streams

Condition
Water Body Name Resource Value Imgairea Threatened
b 1 2
e 1 2
C 2 1
a 2 2
d 2 4

Next, actions dealing with significant issues may warrant special consideration
on the priority lists. These actions are elevated or flagged for elevation
later in deliberations.*

The actions are next subjected to the following FEASIBILITY considerations to
further adjust the priority list:

Technical Feasibility:

Is this action technically sound?

Will this action result in an assured solution or constructive partial
solution to the problem? '

Other?

Economic/Financial Feasibility:

Does the action cost an inordinate amount with respect to identified
funds?

At culmination of a project, do we anticipate inordinate implementation
costs which haven't been recognized? .

Is the action suitabie for funding by cthers or matching funding?

Does the action fit best with the proposed program funds?

Is the action duplicative?

Other?

Institutional Feasibility:

Does the action have the support from others who will play an active role
in Implementation? _

Are there institutional obstacles which could severely impede the
effectiveness of the action?

Should the action be managed by an entity other than what is being
proposed?

Does the action consider all appropriate cooperators?

Other?

*

For actions which fail and are of significant concern, guidance and feedback to
the proposer shouid indicate issues to be resolved and encourage resubmission of
the action proposal.
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Political, Environmental, Social, Legal Feasibility:

Are there severe political, environmental, social, or legal difficulties
with respect to the action?

Are there legislative aspects which have not been recognized and which
could 1imit the success of the action?

Other?

Should an action be judged infeasible, that action will be crossed off the
priority list(s) and the reasons documented.* In instances where the staff is
concerned about one feasibility component but is not in a good position to make
an ultimate judgement (such as political feasibility) that concern will be
documented and referred for higher level review.

Strategic concerns are evaluated and may elevate or lower actions on the
priority lists. The following are considered:

Cost/Benefit: Will a low cost action yield relatively high benefits with
respect to other actions? For example, it may be advantageous to fund
several low ranked actions rather than one more expensive high raked
action. 1In order to achieve the most benefits with available funds,
actions which leverage benefits may be elevated on priority lists for each
type of water body.

Risk: Is the action being considered something that has to be done
immediately, or can it wait? As a result of inaction now, will inordinate
costs or harm occur later?

Spin-off Benefits: Scmetimes an action in ore program or region can yield
information useful throughoul the organization, or be on the critical path
for several other actions statewids, or it may leverage significant
participation by other parties. .Actions resulting in such spin-off
benefits should be considered for elevation on priority lists.

Additionai Considerations: Any concern or programatic need not covered
above.

The final step in determining priorities involves balancing the distribution of
resources by:

1

Water Body Type

Prevention, Assessment, and Cleanup Activities
Problem Source

Pollutant Constituent

For actions which faii and are of significant concern, guidance and feedback to

the proposer should indicate issues to be resclved and encourage resubmission of
the action proposai.



This ensures that level of efforts are balanced with respect to reducing risks
in each type of water body, for each type of poilutant or problem source, and
in protection/restoration activities.

Staff recommendations based on the above considerations are then forwarded to
management.,

NOTE: This phase involves a high degree of best professional judgement. While
the above outlines an iterative process involving several considerations, the
most important aspect is the assurance that important considerations have been
made. In practice many of the iterations described above will occur
simultaneously.
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Examples of Water Body
Based Decision Making

Example One: Statewide Cutbacks

It is 1993 and we have been successful in adding 100 positions for critical
work this year. However, a call comes from the Department of Finance--we face
another general five percent cut. How do we take the cut? Implementation of
the Clean Water Strategy (CWS) will assist in making this decision.

While the CWS emphasizes water body based decision making, the ultimate goal
is efficiency in reducing risk. That is, ensuring that program actions on
higher overall risk situations are covered and that the lower overall risk
situations are recognized and addressed subject to available funds. The CWS
water body ratings provide important comparative relationships between waters
in the State. By understanding the relationships between water bodies, it is
possible to compare actions to reduce risk, determine priorities, and adjust
resources accordingly. The following represents a possible outcome of the
1993 situation:

As programs have increasingly focused on higher priority risk reduction
situations, a compaction of work efforts has occurred. For program THIN,
instead of barely addressing 100 situations, efforts have been concentrated on
40 situations and the same funds are being used to accomplish more overall
risk reduction in the State. In this scenario the number 41 situation is
unfunded.  Program FAT has also seen compaction and its unfunded situations
can now be compared with number 41 in program THIN. If the highest priority
unfunded situations in each program represent the same risk, then five percent
reductions would be equal in both programs. If program FAT is addressing
lower risk priorities, then this program would be targeted for reduction.
Conversely, program THIN may be targeted for budget increases or redirection
augmentations from programs such as FAT.

Example Twe: Allocation of New Resources

The Abandoned Mine Program Manager has been directed to make recommendations
regarding $3 million in new program resources. The manager must request
proposals from the Regional Boards and draft staff recommendations on how the
funds should be used. How can water body rankings and significant issues
guidance be used to help make recommendations on resource allocation?

First, the program manager should request that proposers give first
consideration to actions addressing high resource value water bodies with the
most severe threats or impairments. If the significant issues guidance
indicates any abandoned mines priorities, then these should also be
highlighted in the solicitation.

Once proposals are received, the program manager preliminarily ranks proposals
based on water body rankings. For example, if proposals were received
relating to the Eel River and the Sacramento River, both resource value "1"
water bodies, the Sacramento River project would initially be ranked higher
due to the river's higher level of impairment (a "1" impaired rating versus a
3" threat). Next, guidance on significant water quality issues is
considered. For instance. if the guidance indicates that mercury problems are
most important, then proposals addressing mercury should be considered for



elevation on priority lists. Similarly, if guidance is focused on abandoned
mine problems affecting ground water, then this information should be kept in
mind when balancing decisions between different water body types are
eventually made.

Next the actions proposed are screened for feasibility. This includes
institutional, political, legal, economic, environmental, technical, and
social aspects. If a proposed project is feasible, then the benefits of the
proposals are weighed through cost/benefit, timing, and risk considerations.
For exampie, if the proposed Eel River project was tc yield the same benefits
as the proposed Sacramento River project for significantly lower cost, the Eel
River project might be elevated above the Sacramento River project.

Finally, balancing decisions are made to distribute the $3 million.
Distribution by water bhody type, problem scurce, pollutant constituent, and
prevention versus remediation efforts are all considered. Recommendations are
forwarded for management review and approval.

Example Three: Managing Current Resources

Region Ten's Stormwater Program is preparing its annual workplan. Stable
funding is expected but it's inadequate to address ali program needs. How can
the CWS improvements assist the program manager pricritize the workload.

By examining the Water Quality Assessment (WQA) the program manager can
identify waters with threats and impairments related to stormwater. Reports
can be accessed through the WQA which provide specific program targeting lists
(see the Monitoring and Assessment Unit). If more detail is needed, water
body fact sheets might be of assistance.

The manager would then consider the ratings of the waters (included in the WQA
data base) identified above. These ratings provide the manager with water
body relationships. In turn, the manager ensures protection of the highest
resource value waters through safeguards such as the permitting of stormwater
discharges, inspections and enforcement. Similarly, for waters impaired by
stormwater, the manager ensures that consideration for priority actions first
address the highest valued, most severely impaired waters. After all costs
and needs are considered, the manager aiigns fiscal resources with water body
priorities. Again, the Executive Director's significant issues guidance
should also be consulted for related concerns.



APPENDIX 2
HAZARD RANKING SYSTEM

The Hazard Ranking System (HRS) was developed as part of the implementation of
the national superfund program. The HRS is designed to score the relative
threat associated with actual or potential releases of hazardous substances
from specific sites and to assign the site to the National Priority List for
Superfund cleanup. The HRS provides a numerical value derived from the
assessment of four different environmental pathways each evaluated for three
specific factors. The pathways are (1) ground water migration, (2) surface
water migration, (3) soil exposure, and (4) air migration. The three factors
are (1) the likelihood of release, (2) waste characteristics, and (3) targets.
A summary of the HRS is provided below beginning with steps common to the four
pathways, followed by a brief description of an evaluation of the surface water
pathway.

The first step in developing a pathway score is to identify sources of
hazardous substances. In the context of the HRS, sources mean "any area where
a hazardous substance has been deposited, stored, disposed, or placed, plus
those soils that have become contaminated from migration of a hazardous
substance" (Federal Register, Vol. 55, No. 241, December 14, 1990). The
specific substance(s) of concern are then identified by either documentation
(labels, manifests, monitoring report, etc.) or observation.

At this point the factor assessment begins with the evaluation of the
Tikelihood of release. When an observed release is demonstrated, a maximum
value (550) is assigned for this factor. An observed release is defined
explicitly but generally can be considered to be samples with substances at
concentrations three times the background concentration or, if no background
value exists, concentrations above the quantitative 1imit. If an observed
release is not identified then the potential for release is evaluated on a
pathway specific basis (summarized below for the surface water pathway).

The next step is evaluation of waste characteristics factor. This involves
evaluating and scoring toxicity and quantity, and then multiplying the scores
for these characteristics together. The final waste characteristics value for
a pathway is derived from a table provided in the regulations. Waste

characteristics are evaluated for the substance with the greatest hazard for
the pathway.

To determine which substance poses the greatest hazard, a toxicity factor value
is combined with the mobility, persistence, bioaccumulation factor. The
toxicity factor is derived from one of three information sources: (1) for
carcinogens the cancer potency factor combined with the substance
classification as known or potential carcinogen is used, (2) for noncarcinogens
a reference dose (RfD) is used where available, or (3) for noncarcinogens where
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an RfD is not available, an acute toxicity value is used. The value of the
toxicity factor is dependent on the numerical value of each of these
characteristics (carcinogenicity, reference dose, acute toxicity) and is
derived from a table provided in the regulations. Several clarifying
conditions apply to this evaluation.

Once a toxicity factor is identified it is multiplied by a mobility,
persistence, and/or bioaccumulation factor. The choice and characterization of
this second factor is pathway specific. Each toxicity, factor is multiplied by
its respective mobility, persistence, bioaccumulation factor, and the substance
yielding the highest product is selected as the hazardous substance of concern
for waste characterization, ’

The second major factor to evaiuate for waste characterization is waste
quantity. This factor is evaluated using a hierarchy of four measures:

(1) hazardous constituent quantity, (2) hazardous waste stream quantity,

(3) volume, and (4) area. The first of the measures (in order presented) for
which there is adequate information is used to develop the quantity factor.
With some exceptions, the hazardous wastes identified for CERCLA (Comprehensive
Environmental Response, Compensation, and Liability Act) purposes constitute
the substances of concern for quantity assessments. The quantity associated
with each source is characterized (assigned a value according to tables
provided) and the sum of the scores for all sources is used to select a final
quantity factor for the pathway. Several specific conditions are considered
when determining whether adequate information is available to invoke one of the
hiearchical measures.

The final value for the waste characteristics factor is obtained by multiplying
the toxicity factor, adjusted according to the mobility, persistence, and/or
bioaccumulation factor, by the quantity factor. The product of this
multiplication is then applied to a table to select the final waste
characteristics factor. Special adjustments are made when considering
bicaccumulative substances.

The final factor score needed for developing a site score is a target score.
The evaluation of targets is divided into four classes: (1) individual,

(2) human population, (3) resources, and (4) sensitive environments. Each
class is evaluated on the basis of actual or potential releases and the
intensity of the exposure. The intensity of the exposure is divided into
Level I or Level II exposures. Generally, Level I exposures are where the
concentrations of hazardous substances in specific media (i.e., water, tissue,
sediment) meet or exceed available regulatory limits (benchmarks) such as water
quality standards or public health warnings or an established dietary risk.
Level II exposures are again assigned to observed releases, but in this case,
the appropriate benchmark value for the media-specific concentration has not
been exceeded, or a benchmark does not exist. The final target score is
developed differently for each pathway and will be illustrated below for
surface water.
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The development of a value for the surface water migration pathway is
summarized below to illustrate the complexity and comprehensiveness of the
assessment. Each of the four pathways are treated similarly, although not all
pathways contain as many subdivisions as the surface migration path.

Two basic components are included in the surface migration path:

(1) Overland/flood migration, and (2) Ground water to surface water migration.
The Overland/flood path will be summarized for this illustration. A source or
a site of contaminated sediments is identified and a target distance is defined
(generally as 15 miles down gradient from the site of contamination). The
evaluation is then broken down into three parts, threat to drinking water,
threat to the human food chain, and threat to sensitive environments. Fach of
these components is further subdivided to evaluate the likelihood of release,
waste characteristic, and targets. The treatment of these evaluations is
substantially the same but the specific information applied within the
individual evaluations differs. The threat to drinking water evaluation will
be described as an illustration.

The likelihood of release evaluation for the drinking water threat is divided
into observed releases and potential releases. If an observed release can be
established, the maximum score is applied to this factor, otherwise a potential
release is evaluated. Observed release is explicitly defined for this
evaluation. A potential release is evaluated based on three components:

(1) containment, (2) runoff, (3) distance to surface waters. For BPTCP
purposes, known toxic hot spots would fall under the observed release category.

Waste characteristics for the threat to drinking water are evaluated next.

This evaluation is based on two factors: toxicity/persistence and quantity.

An evaluation is conducted for each substance capable of migrating from the
source to surface water. The toxicity factor is developed as described above.
Persistence is based on environmental half-life (the result of the combination
of decay processes, biodegradation, hydrolysis, photolysis, and volatilization)
and sediment sorption (based on log Kgy). The value for the half-life of the
substance of concern is generated from an equation provided in the .regulations.
The persistence factor is then selected from a table, using the appropriate
values for half-1ife and certain conditional characteristics of the water body
and drinking water sources present. Toxicity and persistence are combined into
a single value using another table provided. The toxicity/persistence value is
multiplied by a quantity value (see above) and this product is applied to
another table to select the drinking water threat - waste characteristics
value.

The drinking water targets value is derived next. This value is based on three
factors: nearest intake, population, and resources. For the intake target and
population target a determination is made of whether the target is subject to
observed or potential releases of hazardous substances and whether
concentrations meet Level I (exceed specified benchmarks) or Level II (below
specified benchmarks) criteria. A score for the nearest intake is then
developed. The drinking water intake nearest to the source and within the
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migration path defined is identified. If this intake is subject to measured
concentrations of the substances of concern {Level I or II) it is assigned a
score. Otherwise a score is assigned based on a dilution weight selected from
a table provided in the regulations.

The population serviced by each intake within the migration path is identified
(adjusted for blended drinking water). The population size subject to Level I,
Level II, and potential contamination is determined for the totail migration
path (summing individual intakes) and the sum of these three categories is used
as the population target value. A resource value is assigned based on the use
of water for irrigation, livestock watering, water recreation area, actual or
designated drinking water source, or for commercial food preparation.

The drinking water threats-targets factor is developed by summing the values
for intake, population, and resources. The final drinking water threat factor
score is derived by muitiplying the likelihood of release value, waste
characteristics value, and targets values and dividing by 82,500. The
resulting value is then used to select the drinking water threat score from a
table provided. This score is then combined with scores for Threat to Human
Food Chain and Environmental Threat to arrive at the score for final score for
overland/flood migration component. This score is in turn combined with a
score for ground water to surface water migration to arrive at the final
Surface Water Migration Path score. The Surface Water Migration Path score is
combined with the other three path scores using an equation provided to
generate the finai site score.
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APPENDIX 3

CHEMICAL SPECIFIC VALUES FOR CARCINOGENS USED FOR RANKING TOXIC HOT SPOTS.

SUBSTANCE PELL MTIRLZ  MIRL? WQo3 WQ03
(dry)  (Fresh)(Estuarine) (Fresh) (Marine)
mg/kg ug/kg ug/kg ug/1 ug(]

acrylonitrile 0.96 |11

aldrin 0.05 |0.33 0.13 0.14

arsenic 64 200 5.0 9.3

benzene 1.8 110 0.34 21

benzidine 0.005 0.02

bery1lium 0.15 2.5

bis(2-chloroethyl)ether 0.09 4.3

bis(2-ethylhexyl)phthalate 380 1300

carbon tetrachloride 4.1 72

chlordane 1.1 1.2 0.00008 0.00008

chloroform NA 1800 100 480

4,4 DDE 0.13 32.0 32.0

DDT, total 0.27 32.0 32.0 0.00059 0.0006

1,4-dichlorobenzene 550 3600 8.9 64.0

3,3'-dichlorobhenzidine 4.5 8.0

1,2-dichloroethane 0.6 150.0

1,1-dichloroethylene 0.32 18.0

dichloromethane 4.2 1400 4.6 1600.0

1,3-dichloropropene 0.4 60

dieldrin 0.65 0.7 0.00014 0.00014

2,4-dinitrotoluene 0.42 35.0

1,2-diphenylhydrazine 1.0 14

hatomethanes NA 1800 100.0 480.0

heptachlor 1.8 1.9 0.00016 0.00017

heptachlor epoxide 0.8 0.8 0.00007 0.00007
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APPENDIX 3 (continued)

CHEMICAL SPECIFIC VALUES FOR CARCINOGENS USED FOR RANKING TOXIC HOT SPOTS.

SUBSTANCE PEL MTRL MTRL WQO WQo
{dry) (Fresh)(Estuarine) (Fresh) (Estuarine)
mg/kg ug/kg ug/kg ug/1 ug/1

hexachlorcethane 170 760

hexachlorobenzene 6 6 0.00066 0.00069

hexachlorobutadiene 1.2 140

hexachlorocyclohexane (gamma) 2.5 8.1 0.019 0.062

hexachlorocyclohexane (alpha) 0.5 1.71 0.0039 0.013

hexachlorocyclohexane (beta) 1.8 6 0.014 0.046

isophorone 38 27

N-nitrosodimethylamine 0.00006 (0.7

N-nitrosodiphenylamine 370 1200

pentachlorphenol 3.1 90.0 0.28 8.2

PAH's (total) 28.00 | 0.08 0.93 0.0028 10.031

acenaphthene 0.45

anthracene 0.74

fluorene 0.46

naphthalene 1.10

phenanthrene 1.20

LMW-PAH, total Z2.40

benz(a)anthracene 1.30

benzo(a)pyrene 1.70

chrysene 1.70

dibenzo(a,h)anthracene 0.32

fluoranthene 3.20

pyrene 1.90

HMW-PAH, total 8.50

PCB's (total) 0.26 2.2 2.2 0.00007 0.00007

2,3,7,8-tetrachlerodibenzo-

p-dioxin 0.00007 |0.00007

TCDD equivalents 0.000000013!0.000000014

toxaphene 8.8 9 0.00067 0.00069

1,1,2-trichloroethane 2.7 160

1,1,2,2-tetrachlorcethane 0.86 54.0

trichleroethylene 33 980
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APPENDIX 3 (continued)
CHEMICAL SPECIFIC VALUES FOR NONCARCINOGENS USED FOR RANKING TOXIC HOT SPOTS.

SUBSTANCE PEL MTRL MTRL WQ0 WQO
{dry) (Fresh)(Estuarine) (Fresh) (Estuarine)
mg/kg mg/kg mg/kg ug/1 ug/1

tetrachloroethylene 19 210

2,4,6-trichlorophenol 50 150

vinyl chloride 0.15 40

acrolein 69 170

antimony 0.014 4.3

cadmium 7.5 0.64 NA 10** 9.3

chlorobenzene NA 46

4-chloro-3-methylphenol NA NA 3000.0

bis(2-chloroisopropyl)ether 3.4 430.0

chromium (VI) 240~ NA NA 50.0**

Chromium (111) 530 11000

copper 170 NA NA *ok 2.9

cyanides 0.7 220.0

di-n-butylphthalate 240 1100

1,2-dichlorobenzene 150 970 2700.0 | 18000.0

1,3-dichlorobenzene 22 150 400.0 2600.0

2,4-dichlorophenol NA 32 0.3

diethylphthalate 1700 8600

2,4-dimethylphenol NA 220

dimethylphthalate 11000 110000

4,6-dinitro-2-methylphenol 0.07 4.2

2,4-dinitrophenol 0.11 22

endosulfan-total 0.25 0.5 0.056 0.0087

endrin, total 3.0 3.2 0.0023 | 0.0023

ethylbenzene NA 1100

fluoranthene 49 62 42.0 42.0
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APPENDIX 3 (continued) .
CHEMICAL SPECIFIC VALUES FOR NONCARCINOGENS USED FOR RANKING TOXIC HOT SPOTS.

SUBSTANCE PEL  MTRL MIRL WQ0 W0
{dry) (Fresh) (Estuarine) (Fresh) (Estuarine)
mg/kg mg/kg mg/kg ug/1 ug/1

hexachlorocyclopentadiene NA 75

lead 160 NA NA 50** 5.6
mercury 1.4 1.0 1.0 0.012 0.025
nickel 28 220 600** 8.3
nitrobenzene 0.05 5.4

phenol NA 6500 300

selenium NA NA 5.0 71.0
silver 2.5 NA NA 50.0%* | 2.3
thallium 0.20 0.7

toluene 110 3200 10000.01 30000.0
tributyltin 0.3 20.0 0.005
1,1,1-trichloroethane 1.1 62

zinc 300 NA NA 5000.0*] 86.0

* The PEL is based on total chromium rather than Cr{VI).

** jindicates an aquatic 1ife objective exists that may be a lower vaiue than
1isted, due to its dependance on water hardness and/or acidity. The lower
value of the Tisted or calculated value should be used.

1 PEL is that concentration above which adverse biological effects are Tikely
to occur. It is developed by taking the geometric mean of the.50th
percentile value of the effects database and the 85th percentile value of
the no-effects database.

2 MTRL-Maximum Tissue Residue Level. The MTRL is calculated by multiplying
the human health water quality objective in the appropriate Statewide Plan
by the chemical's bioconcentration factor (BCF) {Cohen, 1993). MRTLs
proposed for use in the ranking system are based on the standards contained
in the most recent version of the California Enclosed Bays and Estuaries
Plan.

3 WQO--Water Quality Objectives are the standards contained in statewide
water quality control plans for freshwaters or enclosed bays and estuaries.
These columns do not contain the water quality objectives adopted by the
State Water Board in November 1992 because these WQO have not been approved
by the Office of Administrative Law. The water quality objectives in the
most recent version of the Statewide Plans should be used.
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NAS, FDA, and OEHHA Limits Relevant to the BPTC Program
Marine Organisms
(ng/g or ppb wet weight)

NAS

Recommended

Guideline

FDA Action
Level or
Tolerance (edi-

OEHHA Trigger
or Health
Advisory Level

Chemical (whole fish) ble portion) (edible portion)
(A) (B) (C)
Total PCB 500 2000* 100
Total DDT 50 5000 100
aldrin ) (D) 300*(E) -
dieldrin ) (D) 300*(E) -
heptachlor ) (D) 300*(E) -
heptachlor epoxide ) 300*(E) -
lindane 50 - -
chlordane 50 300 23
endosulfan 50 - -
methoxychlor 50 - -
mirex 50 - -
toxaphene 50 5000 -
hexachlorobenzene 50 - -
any other chlorinated 50 - -
hydrocarbon pesticide
mercury - 1000* 500
(as methyl (as total
mercury mercury)

A National Academy of Sciences. 1973. Water Quality Criteria, 1972 (Blue
Book). The recommendation applies to any sample consisting of a
homogeneity of 25 or more fish of any species that is consumed by fish-
eating birds and mammals, within the same size range as the fish consumed

No NAS recommended guidelines exist for marine

by any bird or mammal.

shellfish.

B U.S. Food and Drug Administration.

1984.

Shellifish Sanitation

Interpretation: Action Levels for Chemical and Poisonous Substances. A
tolerance, rather than an action level, has been established for PCB.

€ Office of Environmental Health Hazard Assessment.

1991.

A Study of

Chemical Contamination of Marine Fish from Southern California. II.

Comprehensive Study.
has been established for mercury.

D Limit is 5 ng/g wet weight.
noted by footnote D.

A health advisory level, rather than a trigger level,

These values should only be used if they
specifically apply to the waterbodies for which they were developed.

E  Singly or in combination for shellfish.

*  Fish and shellfish.
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Senate Bill No. 1084

CHAPTER 1157

An act to amend Sections 13392.5, 13393, 13393.5, 13394, and 13396.5
of, and to add Sections 13394.6 and 13396.7 to, the Water Code, relat-
ing to water.

[Approved by Governor October 10, 1993. Filed with
Secretary of State October 11, 1993.]

LEGISLATIVE COUNSEL'S DIGEST

SB 1084, Calderon. Bays and estuaries.

(1) Existing law, which is to be repealed on January 1, 1994,
requires the State Water Resources Control Board to impose annual
fees applicable to all point and nonpoint dischargers who discharge
into enclosed bays, estuaries, or any adjacent waters in the
contiguous zone or the ocean, as defined. Existing law requires the
state board, on or before January 1, 1993, to make a prescribed report
to the Legislature.

This bill would extend that repeal date to January 1, 1998. The bill
would prohibit the state board from imposing a fee on any
agricultural nonpoint source discharger. The bill would extend the
due date applicable to the report to January 1, 1996.

(2) Existing law requires each California regional water quality
control board that has regulatory authority for any enclosed bay or
estuary to develop, by January 1, 1992, for each such bay or estuary,
a consolidated data base that identifies and describes all suspected
toxic hot spots.

This bill would instead require those regional boards to develop;- - ~

by January 30, 1994, a consolidated data base that identifies and
describes all potential hot spots.

(3) Existing law requires the state board to adopt, by July 1, 1992,
general criteria for the assessment and priority ranking of toxic hot
spots.

This bill would extend that date to January 30, 1994,

(4) Existing law requires each regional board to complete and
submit to the state board, by July 1, 1993, a toxic hot spots cleanup
plan. Existing law requires the state board to submit to the
Legislature, by January 1, 1994, a consolidated statewide toxic hot
spots cleanup plan.

This bill would extend the due date applicable to the toxic hot spots
cleanup plan to January 1, 1998, and the due date applicable to the
consolidated statewide toxic hot spots cleanup plan to June 30, 1999.

(5) Existing law requires the state board to adopt sediment
quality objectives for toxic pollutants.

This bill would require the state board to consider prescribed
federal sediment criteria for toxic pollutants, and to take specified



Ch. 1157 —2—

action, in connection with the adoption' of sediment quality
objectives.

The bill would require the state board to establish a prescribed
advisory committee to assist the state board in carrying out specified
water quality functions relating to bays and estuaries.

(6) The bill weuld require the state board, in consultation with the
State Department of Health Services, to contract with an
independent contractor to conduct a study to determine the adverse
health effects of urban runoff on swimmers at urban beaches, as
prescribed. The biil would make legislative findings and declarations.

The people of the State of California do enact as follows:

SECTION 1. The Legislature finds and declares all of the
following:

(2) A significant source of beach contamination results from
urban runoff.

(b) The public use of beaches has declined 25 to 30 percent. That
decline is attributable in part to concerns about contamination.

(¢) The number of beach closures by local public officials
continues to increase each year.

SEC. 2. Section 13392.5 of the Water Code is amended to read:

13392.5. (a) Each regional board that has regulatory authority
for one or more enclosed bays or estuaries shall, on or before January
30, 1994, develop for each enclosed bay or estuary, a consolidated
data base which identifies and describes all known and potential
toxic hot spots. Fach regional board shall, in consultation with the
state board, also develop an ongeing monitoring and surveillance
program that includes, but is not limited to, the following
components:

(1) Establishment of a monitoring and surveillance task force that
includes representation from agencies, including, but not limited to,
the State Department of Health Services and the Department of Fish
and Game, that routinely monitor water quality, sediment, and
aquatic life.

(2) Suggested guidelines to promote standardized analytical
methodologies and consistency in data reporting.

(3) Identification of additional monitoring and analyses that are
needed to develop a complete toxic hot spot assessment for each
enclosed bay and estuary.

(b) Each regional board shall make available to state and local
agencies and the public all information contained in the consolidated
data base, as well as the results of new monitoring and surveillance
data.

.-SEC. 3. Section 13393 of the Water Code is amended to read:

13393. (a) The state board shall adopt sediment quality
objectives pursuant to the workplan submitted pursuant to Section
13392.6.
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(b) The state board shall adopt the sediment quality objectives
pursuant to the procedures established by this division for adopting
or amending water quality control plans. The sediment quality
objectives shall be based on scientific information, including, but not
limited to, chemical monitoring, bioassays, or established modeling
procedures, and shall provide adequate protection for the most
sensitive aquatic organisms. The state board shall base the sediment
quality objectives on a health risk assessment if there is a potential
for exposure of humans to pollutants through the food chain to edible
fish, shellfish, or wildlife.

(c) (1) Notwithstanding subdivision (a), in adopting sediment
quality objectives pursuant to this section, the state board shall
consider the federal sediment criteria for toxic pollutants that are
being prepared, or that have been adopted, by the Environmental
Protecton Agency pursuant to Section 1314 of Title 33 of the United
States Code.

(2) Iffederal sediment criteria have been adopted, the state board
shall review the federal sediment criteria and determine if the
criteria meet the requirements of this section. If the state board
determines that a federal sediment criterion meets the requirements
of this section, the state board shall adopt the criterion as a sediment
quality objective pursuant to this secton. If the state board
determines that a federal sediment criterion fails to meet the
requirements of this section, the state board shall adopt a sediment
quality objective that meets the requirements of this section.

SEC. 4. Section 13393.5 of the Water Code is amended to read:

13393.5. On or before January 30, 1994, the state board, in
consultation with the State Department of Health Services and the
Department of Fish and Game, shall adopt general criteria for the
assessment and priority ranking of toxic hot spots. The criteria shall
take into account the pertinent factors relating to public health and
environmental quality, including, but not limited to, potential
hazards to public health, toxic hazards to fish, shellfish, and wildlife,
and the extent to which the deferral of a remedial action will result,
or is likely to result, in a significant increase in environmental
damage, health risks, or cleanup costs.

SEC. 5. Section 13394 of the Water Code is amended to read:

13394. On or before January 1, 1998, each regional board shall
complete and submit to the state board a toxic hot spots cleanup plan.
On or before June 30, 1999, the state board shall submit to the
Legislature a consolidated statewide toxic hot spots cleanup plan.
The cleanup plan submitted by each regional board and the state
board shall include, but not be limited to, the following information:

(a) A priority ranking of all hot spots, including the state board’s
recommendations for remedial action at each toxic hot spot site.
~ (b) Adescription of each hot spot site including a characterization
of the pollutants present at the site.

(¢) An estimate of the total costs to implement the plan.

92 170
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(d) An assessment of the most likely source or sources of
pollutants. '

{e) An estimate of the costs that may be recoverable from parties
responsible for the discharge of pollutants that have accumulated in
sediment.

(f) A preliminary assessment of the actions required to remedy or
restore a toxic hot spot.

(8) A two-year expenditure schedule identifying state funds
needed to implement the plan. -

(h) A summary of actions that have been initiated by the regional
board to reduce the accumulation of pollutants at existing hot spot
sites and to prevent the creation of new hot spots.

(i) The plan submitted by the state board shall include findings
and recommendations concerning the need for establishment of a
toxic hot spots cleanup program.

SEC. 6. Section 132394.6 is added to the Water Code, to read:

13394.6. (a) The state board shall establish an advisory
committee to assist in the implementation of this chapter. The
members of the advisory committee shall be appointed by the state
board to represent all of the following interests:

(1) Trade associations whose members are businesses that use the
bay, estuaries, and coastal waters of the state as a resource in their
business activities.

(2) Dischargers required to pay fees pursuant to Section 13396.5.

{3) Environmental, public interest, public health, and wildlife
conservation organizations.

(b) The members of the advisory committee shall select a
member as the chairperson of the committee. The chairperson shall
convene meetings of the committee every three months in any
calendar year. The members of the advisory committee shall serve
without compensaticn. .

(¢) The advisory committee shall have access to all information
and documents, except for internal communications, that are
prepared to implement this chapter and may provide the state board
with its views on how that information should be interpreted and
used.

SEC. 7. Section 13396.5 of the Water Code is amended to read:

13396.5. (a) The state board shall establish fees applicable to all
point and nonpoint dischargers who discharge into enclosed bays,
estuaries, or any adjacent waters in the contiguous zone or the ocean
as defined in Section 502 of the Federal Water Pollution Control Act
(33 U.S.C. Sec. 1362), which shall be collected annually.

(b) The fees shall create incentives to reduce discharges to the
ocean, bays, and estuaries and shall be based on the relative threat
to water quality from point and nonpeint dischargers. The schedule

- of fees shall be set at an amount sufficient tc fund the responsibilities

and duties of the state board, the Office of Environmental Health
Hazard Assessment, and the Department of Fish and Game
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established by this chapter. The total amount of fees collected
pursuant to this section shall not exceed four million dollars
($4,000,000) per year. Nothing in this section limits or restricts the
funding of activities required by this chapter from sources in addition
to the fees established by this section.

(c) Fees collected pursuant to this section shall be deposited in
the Bay Protection and Toxic Cleanup Fund which is hereby created,
and shall be available for expenditure by the state board, upon
appropriation by the Legislature, for the purposes of carrying out this
chapter.

(d) Fees collected pursuant to this section shall be in addition to
fees established pursuant to Section 13260 and shall not be subject to
the maximum fee established in subdivision (d) of Section 13260,
provided that the annual fee under this section shall not exceed the
amount of thirty thousand dollars ($30,000) per discharger.

(e) Any person failing to pay a fee established under this section
when so requested by the state board is guilty of a misdemeanor and
may be liable civilly in accordance with subdivision (d) of Secton °
13261.

(f) On or before January 1, 1996, the state board shall report to the
Legislature on the progress made toward meeting the requirements
of this chapter and the adequacy of the fee leveis established in
subdivisions (b) and (d).

(g8) No fee may be imposed pursuant to this section on any
agricultural nonpoint source discharger.

(h) This section shall remain in effect only until January 1, 1998,
and as of that date is repealed, unless a later enacted statute, which
is enacted before January 1, 1998, deletes or extends that date.

SEC. 8. Section 13396.7 is added to the Water Code, to read:

13396.7. (a) The state board, in consultation with the State
Department of Health Services, shall contract with an independent
contractor to conduct a study to determine the adverse health effects
of urban runoff on swimmers at urban beaches. The contract shall
include a provision that requires the study to be conducted as
prescribed in the study proposal approved by the Santa Monica Bay
Restoration Project. The study shall be paid for by using available
resources or state funds appropriated in the annual Budget Act.

(b) It is the intent of the Legislature that the state board and the
State Department of Health Services use the results of the study
undertaken pursuant to subdivision (a) to establish recreational
water quality standards.






