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FOREWORD

More than $10M is expended annudly on ocean monitoring in southern Cdifornia
as part of discharger-related monitoring requirements, but most of these programs are
poorly integrated, preventing cumulative assessments and comparison of effects among
facilities. To addressthis concern, the Southern California Coastal Water Research
Project Authority Commission has requested its Saff to develop a modd monitoring
program for dischargersin the Southern CdiforniaBight. The god of the programisto
provide the scientific foundation for coordinating the sampling designs and sampling

methods among programs.

Three documents will be produced as part of this program.  This document, which
isthe firdt, provides areview of the current monitoring programs for the four largest
facilities. It isintended to assess the degree of condgstency among programs, the
effectiveness of the programs at meeting management needs, and the efficiency with which
individud agency gods are attained. The second document, which will build from the
observations made in this document, will be a program design document. 1t will provide
recommendations about the eements and basic sampling design that should be
incorporated in amode program. The third document, which will consst of a series of
documents, will be a set of methods manuds. These manuds will provide specific
recommended implementation practices with regards to field sampling, laboratory andysis,
and information management, and is intended to enhance comparability among programs.

The present document isintended to provide a broad overview of issues that must
be addressed to enhance comparability in sampling e ements held in common among
fadilities. Thisreview, as well as the subsequent documents, is not intended to be facility-
specific; there are many facility- pecific issues that may need to be addressed when
building an individua monitoring program. The mode monitoring program is intended to
provide the fundamenta backbone of a monitoring program, upon which individua



programs can build and mold, to answer the management questions that are most important

to them.
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EXECUTIVE SUMMARY

Municipa and industrid dischargers spend more than $10 M annualy to monitor
the hedlth of the Southern Cdifornia Bight (SCB). Most of these programs were
designed independently and vary in many respects, including the effort expended.
Moreover, these programs have changed little in the last 30 years despite an increased
understanding of both the marine environment and the potentia effects that discharges
have on the beneficid usesin receiving waters. This document provides areview of the
existing marine programs of the four largest publicly owned trestment work (POTW)
dischargers in southern Cdifornia, which have the largest of the moritoring programs.
The review isintended to assess the degree of condgstency among programs, the
effectiveness of the programs at meeting management needs, and the efficiency with
which individud agency gods are attained. This document is part of alarger effort to
develop amode monitoring program for dischargersin the SCB.

Consistency Among Monitoring Programs

Five monitoring dements held in common among al programs (effluent, weater
quality, bacteriological, sediment, and fish monitoring) were assessed for consistency.
The leve of effort among agencies varied by afactor of at least five-fold for each
element, dthough no agency consstently expended more effort across € ements than the
other agencies. For example, a seven-fold difference was found in the number of
sediment metal condtituent andyses, and a five-fold difference was found in the number
of microbiology anadlyses. These differencesin effort are the result of inconsstenciesin
sampling frequency, replication, the number of stations, and the parameters andyzed. In
some cases, these differences were attributable to receiving water environment
characterigtics.

The parameters andyzed differed among programs, particularly in the effluent,
sediment chemidiry and fish tissue chemidiry dements. Although many effluent
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parameters are measured by dl four dischargers, more than 20 parameters are not (e.g.,
fecd coliforms, duminum, phenols). In addition, entire sediment analyte classes are
andyzed by fewer than four agencies. Volatile organic compoundsin sediment, for
example, are andyzed by only one agency. Similarly, differences were found in the
types and amounts of parameters analyzed in fish tissues. All four agencies andlyze
trawl-caught fish tissues for a subset of organic contaminants, but the number of metas
andyzed rangesfrom 0 to 17.

Congderable differences were aso found in methodologica procedures,
particularly for chemica analyses. The greatest differences were apparent in chemica
andysis reporting limits. Most effluent congtituent reporting limits are within afactor of
20, but a 77-fold difference was found in reporting limits for antimony, and a 29-million
fold difference was found in reporting limits for dioxin. A 62-fold differencein reporting
limits was found for sediment-associated silver, and a 300-fold difference was found in
reporting limits for tissue. These differences occur even though each agency is utilizing
EPA approved methodology, meeting quality assurance criteria, and are certified by the
State of Cdifornia

Evaluation of Monitoring Programs

Program effectiveness was eva uated by addressing two questions. Fird, arethe
right parameters being measured to eva uate the condition of the SCB? Second, are the
sampling designs (i.e., the alocation of samplesin time and space) efficient? In generd,
the exigting programs were found to measure the right indicators using acceptable
methodologies; however, in most cases, the sampling designs were found to be inefficient
for addressing the questions of greatest interest to management.

While most of the indicators presently being collected were found to provide
useful and codt- effective informeation, we oftentimes found that multiple parameters were
collected that provided smilar data or were not gppropriate for the management question.

One example is the use of multiple bacterid measuresin offshore waters. Bacterid
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measures are used for two management decision-making purposes. Thefirgt purposeis
to assess swvimmer safety and shdllfish areas adong the shordline and in popular diving
aress. For this purpose, measurement of multiple indicators is appropriate, snce multiple
state thresholds are used to assess public safety. The second purpose is to describe plume
distribution, with samples taken at depths and locations that would not be visited by
swvimmers. Inthis case, the use of multiple bacterid measurementsis ingppropriate
because a sngle inexpensive indicator would provide virtudly the same information

about plume digribution. Other examples include sediment and fish tissue condtituents
(i.e, thdlium or voltile organic compounds), for which there are no guidelines for
assessing impact; and effluent parameters, for which there is no Cdifornia Ocean Plan
objective, and thus trend information regarding mass emissions would be unimportant.

There were two occas ons when new monitoring tools are suggested to improve a
programs ability to answer management questions. The first suggestion was to promote
the use of new technology for water qudity monitoring. Current sampling desgns were
capable of hel ping managers assess where their discharge plumes had not been (i.e. did
not cross an inshore transect), but were unable to determine where their plume currently
is(i.e. in near red-time). Utilizing in-situ sampling technology would help to answer
these questions. While this technology is becoming commercidly available, it has not
been rigoroudy tested for routine monitoring applications; therefore, we suggest thet a
test case gpplication (i.e. a strategic process study) occur to evauate its capabilities. The
second monitoring tool we suggest is sediment toxicity. Sediment toxicity would be a
useful addition for three reasons. Firgt, sediment toxicity provides a useful interpretation
of sediment quaity. Sediment qudity criteria and benthic biocriteria are not yet
available, which requires a weight- of- evidence approach for ng sediment
condition; sediment toxicity provides an additiond threshold for evaluation. Second,
sediment toxicity provides a means of assurance that unmeasured chemicas are not
causing a problem reducing the need to measure alarger array of contaminantsin the
sediment. Third, sediment toxicity is a standard method used by severd nationd
programs, providing context for interpreting local impacts. Sediment toxicity will
become even more va uable when sediment toxicity identification evaugtions (TIES)
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become routindy available enabling mangers to understand the specific condtituents that
are causing toxicity. We suggest that programs should look for opportunities to phasein
sediment toxicity testing, such as regiond monitoring or specia process sudies. The
most va uable opportunities will occur at Stes where sediment chemistry and benthic
infauna data disagree (e.g. chemistry exceeds sediment quality guiddines and benthic
infauna data indicated a hedth community).

Although consderable differences were found in methodology and reporting
levels among programs, most of these differences did not hamper program effectiveness
on aloca scale. There weretwo exceptions. The fird isthe level of detection used for
measuring some effluent condituents. One god of effluent monitoring is to assess
concentrations relative to permit limits derived from the California Ocean Plan. In some
cases, the reporting level exceeded the Cdifornia Ocean Plan derived effluent limit,
meaning that it was possible for an effluent to exceed the limit without being detected.
Another god of effluent monitoring is to estimate mass emissons for comparison to
historic discharges and to other dischargers. For some condtituents, large differencesin
reporting limits among facilities, coupled with a high rate of non-detection at facilities
with high reporting limits, precluded the meaningful comparison of mass emissons.

High reporting limits dso hampered assessment of sediment chemistry data for some
condiituents. Large differencesin reporting limits impair managers ability to compare
data among programs or to regiona results. Although sediment quality criteriaare
unavailable, reporting limits occasonally exceed the thresholds used as sediment qudity
guiddines such as the Effects Range—Low (ERL) (Long et al. 1995).

Sampling designs were oftentimes inefficient for addressing the questions of
greatest interest to management. One shortcoming isthe fallure to differentiate which
questions are mogt effectively addressed through regiondly coordinated monitoring
rather than through site-pecific locd monitoring. One example is fish monitoring.
Since fish are mobile and not acutely sendtive to POTW discharges, they are not good
indicators for assessing facility-specific impacts. Fish are, however, good indicators of
cumulative impact across facilities. Questions about fish, particularly questions about

Vi
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whether the fish are safe to eat, are cumulative impact questions that are more
appropriately addressed through aregiona monitoring program rather than through local
monitoring. Similarly, most of the monitoring components directed towards addressng
concerns of the public, such as“Isit safeto swim?’, are better addressed on larger spatial
scales.

Devedoping regiond-sca e responses to most questions will require more than the
compilation of exising data. While programmatic differences in methods do not hamper
fadility- specific assessments, they do hamper regiond assessments. For example,
consderable differences were found in fish species and tissue types examined for tissue
contaminant levels, with none held in common among dl four dischargers. Moreover,
sampling efforts from the exigting programs are distributed primarily in areas around the
outfalls, an area comprising less than 5% of the areain the SCB. Such efforts aso
require that al of the stakeholders that contribute discharges to the ocean (e.g.,
sormwater dischargers), and make management decisions affecting these discharges,
participate to assess the extent of their impacts. One example includes shordine
monitoring, where ssormwater dischargers are conspicuoudy absent; yet sorm drains
represent the areas that exceed water quality thresholds most frequently. Developing
regiond assessments will require an integrated and coordinated sampling effort smilar to
that of Bight' 98.

Even within fadility- specific monitoring efforts, opportunities exist for design
enhancements. One opportunity is to segregate the monitoring focused on describing
gpatia patterns from that focused on describing tempord trends. Describing spatia
patterns (i.e., mapping) effectively requires gathering data from as many stes as possible,
minimizing replication and repested viststo asngle Ste. Conversdly, trend assessments
require replication and many repeeated visitsto the same site. At present, particularly in
the sediment monitoring programs for dl facilities, the two designs are merged, with
many Stes recaving repeated vists. A more efficient desgn would involve dedicating a
subset of Stesto trend monitoring and increasing the level of repetition at these Sites,

vii
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while dedicating adiginctly separate set of sitesto spatia descriptions that do not
involve repeated vists.

An opportunity also exigts to improve efficiency through the use of power
andyss. Power andyssisadatisticad modeing tool for assessng the vaue of
incrementa sampling effort. Power andys's conducted on effluent monitoring data
reveded that the exiting sampling effort was often more than twice as frequent as
necessary to address the appropriate management questions. At least two additiond
opportunities were identified for power andysis, particularly for sediment and fish
monitoring. The first opportunity isin assessing the desired frequency and replication for
trend monitoring. Most of the monitoring programs have along deta history, dlowing
congtruction of accurate statistical models. The second isin spatid modeling for creating
maps. Accurate spatial patterns require samples that are close enough together to alow
meaningful interpolation, but not so close together as to yield duplicetive information.
Power analysis can be conducted to define the optima sampling distance among points to
develop cost-effective maps. Both of these types of power anadyses will be explored
further in subsequent Southern Cdifornia Coastal Water Research Project (SCCWRP)
documents.

Findly, the efficiency of al the programs would benefit by greater flexibility in
requirements. Existing monitoring programs make measurements at regular intervas and
continue to make the same measurements regardless of findings. A more efficient
gpproach would be to respond to monitoring results. Thus, when alack of impact is
demonstrated by repeated measurements, the frequency of measurement should be
reduced. Conversdy, when animpact or potentia impact isfound, the leve of
monitoring effort should increased to better assess the spatia extent and causes of the
observed impact. Some of the agencies have increased their respective program's
flexibility by incorporating Soecid study dements to address exploratory questions, such
as source-tracking, transport or cause-and-effect projects. Other agencies have
incorporated flexibility into their respective programs by the exchange of routine effort

viii
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for specia study dements. Such programmetic flexibility has proven cost-€effective and

is recommended to be encouraged among agencies.
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[. INTRODUCTION

Ocean monitoring programs conducted by publicly owned treatment works
(POTWs) as part of Nationa Pollutant Discharge Elimination System (NPDES) permit
requirements have existed in the Southern Cdifornia Bight (SCB) for nearly thirty years.
In the 1970s, monitoring programs focused upon characterizing the marine environment
snce our understanding of the ocean environment was till growing. At that time,
NPDES discharger impacts on the marine environment were not well understood; many
impacts were masked by the state of science and many assessments were confounded by
natura variability inherent in the ecosystem. In these early days, the design of ocean
monitoring programs were often based upon an andysis of variance (ANOVA) mode
that compared Stes near a single point source to a Site, or Stes, distant from that source
(TetraTech 1982, U.S. EPA 1991). The design of ocean monitoring programs has
changed very little Snce 1970, despite our increased understanding of the marine
environment and the potentid effects that NPDES permittee discharges have on the

beneficid usesin recelving waters.

Ocean monitoring in the SCB is cogtly. Approximately $10 million is spent
annualy on marine monitoring programs by NPDES permitteesin the SCB (NRC
1990a). Thereisno unified approach to implementing these programs. Since the various
fadilitieslie in separate jurisdictiona boundaries governed by different regulatory
agencies, most monitoring programs have been designed independently and vary in many
respects, including the effort expended. As areault, the data from these different
programs are often not comparable due to differences in sampling methodology,
andytical procedures, and quaity assurance. Even when the data are comparable, they
are stored in a series of independent, incompatible e ectronic storage media that make the
data difficult to access, retrieve and summarize. Thislack of aunified approach not only
limits technical comparability among programs, but it has resulted in inequitable levels of
effort and resource expenditures among the various facilities monitoring the SCB.
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The needs of ocean monitoring programs have changed over the last 30 years.
While the ANOV A-based monitoring design is adequate for addressing some regulatory
issues, thismode has proven to be insufficient for providing important information
required by resource managers, including regulators and permitted dischargers, to enable
better decision-making regarding the protection of beneficid uses. These types of
information include a more accurate and complete characterization of reference
conditions and naturd variability, quantification of the spatial extent aswel as
magnitude of impact, establishment of rates of improvement (or degradation),
determination of cumulative impacts from multiple sources that commingle, and
edtablishment of causeleffect mechanisms for identifying sources of problems.

Regiond monitoring efforts have been one response to the changing needs of
ocean monitoring programs over the last 30 years (NRC 1990b, Cross and Weisherg
1996, SCBPP 1998). Large-scale assessments provide context to resource managers by
describing the range of impacts and placing human impacts into the context of variability
from natural oceanographic events such as El Nifio. Regiona monitoring provides a
description of regiona reference conditions, in part replacing the limited number and
different reference sites used by facility-specific programs. Regionad monitoring also
leads to methods standardization and improved quality control through intercaibration
exercises. Maximizing these benefits, though, requires integration betweenregiond
monitoring and facility- specific monitoring. Regiond monitoring in the SCB isrddivey
new and it isunclear exactly how, when, and where the integration with loca effects
monitoring should be accomplished.

Goal of This Document

The god of this document isto review the existing marine programs of the four
largest POTW dischargersin southern California. Thereview isintended to assessthe
degree of congstency among programs, the effectiveness of each program in meeting the
needs of manegement, and the efficiency with which management goas are attained.
Specificdly, this document addresses the following questions:
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Wheat information is not being collected that might be needed in order to answer
important management questions?

What information is collected too frequently or, conversely, not frequently
enough to make decisions?

What measures are not providing useful informeation or are producing information
not being used in the decision-making process?

This document is part of alarger effort to develop amodel monitoring program
for POTW dischargersin the SCB that integrates facility- pecific and regiond
monitoring activities. Thefirg step in this effort was to define the management questions
that amodel program should address. These management questions are the basis for the
review of exigting programs presented in this document; a summary of how these
questions were developed is presented in Appendix A.  Subsequent documents will
provide sampling design recommendations for amode program, largely based upon the
conclusions about existing programs developed in this document. Thiswill be followed
by a series of methods manua's intended to improve consstency among programs,
including manuds for field operations, laboratory operations and information
managemen.

Approach to Reviewing Existing Marine Monitoring Programs

The review of exigting programs was achieved in three seps. The first step was
to create an inventory of existing monitoring effort by the four largest POTWsin the
SCB. The second step was to compare the effort among the different programs. The
third step was to evduate the design of these programs rdative to their efficiency in

addressing the management questions that they are intended to answer.
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The monitoring inventory was compiled using severd sources of information.
Firgt, each agency’ s monitoring and reporting requirements for its respective NPDES
permits were surveyed. Next, each permit was compared to its respective Annua Report
of Waste Discharge (WDR) and Receiving Water Monitoring Report(s). The most recent
permits and reports were utilized for these techniques (ca. 1997-98). The inventory
documented many monitoring aspects such as the congtituents measured; the number of
stes sampled, sampling locations, sampling frequency and replication; the methods used
to collect and andyze the condtituents and the sensitivity of these measurements, among

other criteria. Following compilation, the inventory was sent to each agency for review.

Comparisons among programs were conducted at three levels. Thefirst wasto
compare tota effort among facilities. This comparison summed tota effort for an entire
year, regardless of how the data were collected. Thus, the comparison did not distinguish
aprogram that samples weekly at a single location from a program that samples once per
year a 52 locations. The second assessment addressed how that effort was dlocated in
gpace and time, including a comparison of the number of Sites, sampling frequency,
replication, etc. The third assessment compared the congtituents measured, as well asthe
techniques used to conduct the measurements.

Program evaluation focused on threeissues. The first, and most important, was
an assessment of how effective the programs were in addressing the management
questions that had been identified earlier asthe primary goad of amode monitoring
program (Table 1, Appendix A). The second part of the evaluation was an assessment of
whether the sampling desgns were efficient (i.e., cost-effective) in achieving these
answers. Specificdly, we evauated whether the frequency, sampling locations, etc.,
were efficiently alocated and whether dlocation differences among programs were based
upon asolid scientific rationde. Lastly, we eva uated whether the proper indicators were
being measured and whether they were measured with a degree of precision gppropriate
to address the management questions of interest. For this eement aswell, we paid
particular attention to whether a scientific rationale was the basis for differencesin

approach among programs.
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Organization of the Document

The management questions addressed by a modd monitoring program include five types
of programmetic eements

Effluent Monitoring

Water Quality Monitoring
Microbiological Monitoring
Sediment Monitoring

Fish Monitoring

Accordingly, this document is organized into five chapters, each addressing one
of these five dements. Each chapter is organized into three sections. The firgt section
identifies amilarities and differences among the ongoing programs. The second section
evauates the effort and designs of the current programs in the context of the appropriate
management questions. The third section provides recommendetions for improving the

efficiency and effectiveness of the current monitoring designs.
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TABLE 1.1. Management questions for each of the five programmatic elements of
ocean monitoring programs in the Southern California Bight.

M anagement Questions

Programmatic Element

Effluent Monitoring - Isthe effluent concentration of selected constituents bel ow
levels that will ensure public safety and protect aguatic life?
What is the mass of selected materias that are discharged
annually?
Is the effluent concentration or mass changing over time?

Water Quality Monitoring - Arewater column physical and chemical parameters within
the ranges that ensure protection of the ecosystem?
What is the fate of the discharge plume?

Microbiologica Monitoring - Does sewage effluent reach water contact zones?
Are densities of bacteriain water contact zones below levels
that will ensure public safety?

Sediment Monitoring - Issediment in the vicinity of the discharge impaired?
- If so, what is the spatial extent of sediment impairment?
Is the sediment condition changing over time?

Fish Monitoring - Isthe health of fish communities changing over time?
Is the population of selected species changing over time?
Is fish tissue contamination changing over time?
Are seafood tissue concentrations below levels that will
ensure public safety?
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II. EFFLUENT MONITORING

Compare and Contrast Among Agencies

The annua number of effluent condtituent measurements differed substantialy among
the four largest POTWSs. A 5-fold difference was found in the number of organic condtituents
analyses conducted and a 7-fold difference was found in the number of metd congtituents
analyses conducted (Table 2.1).

One reason for the differences in the number of measurements among the four
dischargersisthat effluent congtituents are measured at different frequencies. For example,
total coliform concentrations in effluent are analyzed 60 times per year by Hyperion
Treatment Plant (HTP), compared to 700 times per year by Los Angeles County Sanitation
Didgtrict’s Joint Water Pollution Control Plant (WPCP) (Table 2.2). Conversdly, Orange
County Sanitation Didricts (OCSD) does not andyze its effluent for tota coliforms, while the
City of San Diego’s Point Loma Wastewater Treatment Plant (PLWTP) analyzesits effluent
12 times per year for tota coliforms (even though this congtituent is not required in its
NPDES permit). A second example of differences in andyss frequency is antimony.
Effluent is andyzed quarterly for antimony a HTP and JWPCP, monthly at OCSD, and
weekly at PLWTP.

Effluent measurement frequencies vary so widdy that only 9% of the generd effluent
condtituents (e.g., BOD, TOC, bacteria) are andyzed with the same frequency by dl four
dischargers, none of the metd or organic condituent analysis frequencies are common to all
dischargers (Table 2.2).

Although many parameters are measured by al four dischargers, more than 20
parameters are not (Table 2.3). Some of these condtituents are considered subgtitutionsin the
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Cdifornia Ocean Plan (e.g., tota chromium analyses for hexavaent chromium). However,

most congtituents analyzed by three or fewer agencies have no subgtitute (e.g., organotins).

Differences among the facilities are dso gpparent in effluent congtituent reporting
limits (Table 2.4). Although most congtituent reporting limits are within a factor of 20,
antimony and dioxin show a 77-fold difference in reporting limits (0.3-23 pg/L) and a 29-
million-fold difference in reporting limits (0.0017-50,000 ng/L ), respectively.

Evaluation of Existing Effort

The management question "I's the effluent concentration of selected constituents bel ow
levels that will ensure public safety and protect aquatic life?" is effectively being answvered by
al four dischargers for most effluent condtituents. The mgority of effluent condtituent
concentrations and toxicity test results are consstently below California Ocean Plan
objective-based effluent limits (Table 2.5). A few condtituents have andyticd reporting limits
above Cdlifornia Ocean Plan objective-based efluant limits; therefore, the management
question for these chemicals cannot be answered. However, these problems are the result of a
technicd inability to reach extremey low levels (e.g., dioxins) rather than a pecific facility’s
ineffectiveness.

While dischargers are answering the management question effectively for the mgority
of condtituents, they are not answering the question in the most cost-€efficient manner. There
has aready been acceptance that daily data are not required to ensure compliance with water
quality thresholds. However, little or no judtification is evident in the current sampling
designs to vaidate the required frequencies for most of the andytes. Mogt of the frequencies
were set at pre-determined intervals without considering the risk of exceeding the threshold.
The risk-based gpproach assumes that a greater number of samples should be required when
there is a greater chance of a threshold being exceeded. Thiswould occur when the data are
highly variable, or when effluent concentrations are close to exceeding their prescribed limit



Model Monitoring Report

(Figure 2.1). Conversdy, when thereislessrisk of exceeding athreshold, such as when data
are not variable or are distant from the threshold, frequencies may be decreased.

Risk-based gpproaches are contingent upon statistica predictions of likelihood of
exceedence. Our ability to predict the likelihood of exceedence, or in Satistical terms
“confidence” is evduated usng power andyss. Power andys's can determine the optimal
number of analyses required for a desired amount of confidence that an exceedence has not
occurred by examining the variability associated with historical data. This method is
essentidly the reverse of predicting a confidence interva, where estimated confidenceis
determined from a known number of analyses and the associated variability of the data.

Power analysis was used with higtorica effluent concentration data from 1989-96 for
each large POTW to determine the optimal number of samples necessary to be confident that
Cdifornia Ocean Plan objective-based dfluent limits (Table 2.6) or permit performance gods
(Table 2.7) will not be exceeded. As an example, we used power analysis to determine the
relationship between the number of samples per year and confidence that lead concentrations
will not exceed their respective sx-month median threshold (Figure 2.2). The WPCP and
HTP must analyze one sample per year to be 99% confident they will not exceed the
Cdlifornia Ocean Plan objective-based efluent limit, whereas OCSD and PLWTP need to
andyze two samples per year to achieve the same result (Figure 2.2). This difference among
fadilities reflects higher varigbility or vaues closer to the threshold for effluent lead
concentrations for OCSD and PLWTP compared to IWPCP and HTP.

The overdl evauation of frequency using the risk-based approach concludes that al
POTWstypicaly anayze samples more frequently than necessary to maintain an acceptable
level of confidence that they are not exceeding athreshold of concern (Table 2.6). Most
condtituents require less than two samples per year to be 99% confident the effluent is below
permit limits. The most notable exception istotal DDT (dthough most POTWs routingy
report below reporting limits for this condituent). The divergence stems from the reporting
limit being so close to the respective permit limit (Table 2.5). When reporting limits are close
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to or above the permit limit, power anadyssis not able to resolve appropriate frequency
regardless of desired confidence.

Most managers rely upon two criteriawhen assessing desred levels of confidence.
Thefirg criterion hinges upon the importance of the management action that follows from
answering the monitoring question. If the action is dramatic or costly, managers often need a
high leve of confidence before they proceed. For example, if large infrastructure
expenditures are required based upon the monitoring results, then managers will expend
additiona resourcesto collect more samples to be sure that the congtruction is necessary. If
the management action is smal, for ingtance triggering additional sampling periods, then a
lower leve of confidenceisrequired. The second criterion for assessing desired confidenceis
cost efficiency. Figure 2.2 demongrates that effort and confidence are not linear. The
inflection point of this power curve represents the most efficient frequency for monitoring. It
is a this point where maximum confidence is obtained for the fewest number of samples.
More samples do not buy significantly greater returnsin confidence, and a disproportiond
amount of confidence islost when fewer samples are collected. We used these two
mechanisms to salect the 99% confidence level. There was a need to be strongly confident
that concentrations remained below water qudity thresholds to minimize risk, while
ggnificantly more samples obtained only margindly greater confidence that thresholds were
not exceeded.

The next management question for effluent monitoring pertains to mass emissons.
Each agency has effectively addressed this management question within their facility by
demondtrating dramatic reductions in mass emissions over the last 30 years. This
management question aso has aregiona component, however, wherein managers want to
know the cumulative and reative mass emissonsfor dl facilities. The current programs are
less effective at assessing regiond mass emissons. Thisis primarily due to a number of
condituents that are below reporting limits; hence, mass emissons cannot be accuratdy
evauated from the exiging data. Congtituents below the reporting limit can ether be
consdered not present in the effluent and therefore assigned a value of zero, or they can be

handled in a more conservative gpproach by considering them equa to the reporting limit.

10
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Certanly, using estimated values will greetly increase the estimated load. Most programs,
including SCCWRP s annua summaries of effluent characteristics, treat non-detectable

quantities as zero.

The problems associated with assgning non-detectable quantities as zero for
estimating mass emissions are compounded by the fact that most of the constituents monitored
by the POTWs have dissimilar reporting limits (Tables 2.4 and 2.8). Thereault isthat the
agencies that work harder at lowering their limits of detection are pendized. Agencieswith
higher reporting limits result in non-detectable quantities, hence, their mass emissons are
zero. Agencies with lower reporting limits find trace quantities and report some leve of
emissons. The effect of tresting non-detectable quantities as zero or the reporting limit for
mass emission esimation is exemplified by mercury (Figure 2.3) and lead (Figure 2.4). Inthe
case of mercury, PLWTP contributes an estimated 76% of the mass emissions to the SCB by
large POTWs when nondetectable quantities are treated as zero, compared to 29% when nor+
detectable quantities are trested as the reporting limit. Conversdly, WPCP contributes 0%
when non-detectable quantities are treated as zero, and 37% when nondetectable quantities
are treated as the reporting limit. For lead emissions, the contribution by PLWTP changes
from 0% when non-detectable quantities are treated as zero to 65% when non-detectable
quantities are treated as the reporting limit. The lead contribution by OCSD drops from 52%
when non-detectable quantities are trested as zero to 0% when non-detectable quantities are
treated as the reporting limit.

The third management question for effluent monitoring pertainsto trends. Current
programs have been effective at tracking trendsin effluent quaity, particularly for tracking
changesin mass emissons. However, the efficiency of the effluent monitoring program could
be improved for detecting trends. The ability to detect trendsin mass emissonsis afunction
of sampling frequency, amount of change, and confidence. Similar to the effluent evauation,
however, we have not observed ajudtification for the frequency that is currently used to track
trends. Likewise, aconsstent level of change or confidence has not been expressed by
POTWSs or regulators during our interviews and discussions. Therefore, we used power

andysis to determine the percent of change in mass emissions that each discharger can detect
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using current frequencies (Table 2.9). Based upon data from each of the POTWs from 1989-
96, we determined that each agency is able to detect a 25% or smaler change in effluent mass
emissions over five years for most condtituents. Each agency is able to detect changes of less
than 10% for approximately haf of the congtituents examined.

The one congtituent that required an increase in effort to detect a 25% change in mass
emissons over fiveyearswastotd DDT (Table 2.9). Current massemissonsare a low
leves, gpproximately 1.4 kg from al four POTWSs combined in 1996. In this case, managers
need to evaduate if a25% change is a meaningful trend for decison-making. This same
evauation should be applied to every effluent congtituent in order to alocate the appropriate
level of effort for addressng management questions.

Recommendations

The effluent monitoring programs a dl four agencies are, for the most part, effectively
answering the management questions concerning effluent. Congtituents are routindy below
Cdifornia Ocean Plan objectives and permit limits. Effluent monitoring has demonstrated
that reductions in mass emissons from POTWSs have been dramatic over the last 30 years; on
average, there has been a 75% reduction of solids, 95% reduction in trace metals, and >99%
reduction in trace organic congtituents. The reductions have been so dramatic that other
sources, such as sormwater, are now considered the primary source for most congtituents.
Now that levels are currently low, improvements in effluent monitoring design are appropricte
to improve efficiency and lower cogts within facilities, as well as maximize comparability

among programs to provide integrated assessments. These recommendations are given below.

Frequency of monitoring should be proportional to the potential risk of exceeding a water
quality threshold. Power analysis to assess potential risk can dramatically improve

efficiency of effluent monitoring.
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Comparing effluent concentrations or toxicity to thresholds such as water qudity
objectives and permit limits is a useful management tool to assess potentid risk. Our
evauation of current monitoring programs, however, indicated that many agencies are
sampling more frequently than is necessary to maintain an acceptable leve of confidence (i.e,
99% confidence) that they are not exceeding athreshold of concern. Our recommendation is
that the frequency of effluent sampling should be proportiond to the potentid risk of
exceeding that threshold. We further recommend that the potentia risk of exceeding a
threshold be defined using power andysis and higtorica performance of effluent
concentrations. In thisway, the greatest sampling frequency is dlocated to those congtituents
or facilities that have the grestest potential of exceeding athreshold. Agenciesthat are
unlikely to exceed athreshold because they are so far below the limit or their varigbility isso
gmdl should sample less frequently.

Develop a common list of reporting limits so that mass emission estimates among

facilities are comparable.

Mass emissons are an important eement of effluent monitoring because they enable
resource managers to compare contribution of condtituents among different facilities or groups
of fadlities. Our evauation of monitoring programs, however, indicated that many facilities
have dissmilar reporting limits. The dissmilaritiesin reporting limits lead to inconsstencies

in estimating mass emissions when concentrations are below reporting limits,

Our recommendation is that a common list of reporting limits be developed so that mass
emission estimates among facilities would be comparable. Thislist of reporting limits need
not include every congtituent, but only those that are of concern due to their toxic or
biocaccumulative nature, particularly on large regiond scaes. The reporting limitsthat are
developed should be achievable with the current technology.
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The State Water Resources Control Board is currently developing a reporting limit
eva uation based upon a survey from a subset of accredited laboratories. A ranking approach
is being used whereby the reporting limits of each laboratory are ranked and the 20"
percentile will be established as the reporting limit to which the remaining 80" percentile
must conform. Thisis one potentia gpproach that could be evaluated.
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TABLE 2.1. Number of effluent constituent measurements per year. HTP = L.A. City
Hyperion Treatment Plant; JWPCP = LACSD Joint Water Pollution Control
Plant; OCSD = Orange County Sanitation Districts; PLWTP = City of San
Diego Point Loma Wastewater Treatment Plant.

Constituent HTP JWPCP OCSD PLWTP
Genera 4487 4227 1239 3270
Metals 172 132 148 9838
Organics 244 268 528 1212
Toxicity
12 12 4 12
Acute
Chronic 12 12 12 12
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TABLE 2.2. Effluent constituent analysis frequency.

Daily Weekly Monthly Quarterl
y
General
Suspended solids, HTP - - -
Total BOD JWPCP
OCsD
PLWTP
Turbidity HTP - OCSD -
JWPCP
PLWTP
Floating particulates PLWTP - HTP -
Qil and Grease JWPCP HTP OCsD -
PLWTP
Total dissolved PLWTP HTP - -
solids
Volatile susp. PLWTP - - JWPCP
solids HTP
TOC - HTP - -
JWPCP
Residua CI HTP - - -
JWPCP
Ammonia-N - OCsD HTP -
PLWTP JWPCP
Nitrate-N - PLWTP HTP -
JWPCP
Nitrite-N - - JWPCP -
Phosphate - PLWTP JWPCP -
Total phosphorus - - HTP -
Cyanide - PLWTP HTP -
JWPCP
OCsD
Tota coliforms JWPCP HTP PLWTP -
Enterococcus JWPCP HTP - -
Fecal coliforms - HTP - -
JWPCP
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TABLE 2.2 (Continued)

Daily Weekly Monthly Quarterly
Metals
Al, Ba, Co, Fe, - PLWTP - HTP
Mn, V
Sb, Be - PLWTP OoCsD HTP
JWPCP
As, Hg, Cd, Cu, Pb - PLWTP HTP -
Ni, Se, Ag, Zn JWPCP
OCsD
Tota Cr - PLWTP HTP -
JWPCP
Hexavalent Cr - - HTP -
OCsD
Th - PLWTP - HTP
JWPCP
OCsD
Organics
DDTs, PCBs, - PLWTP JWPCP HTP
Chlor. phenols OoCsD
Nonchlor. phenols, - PLWTP OoCcsb HTP
Other CI" pesticides JWPCP
Organotins - - PLWTP HTP
JWPCP
PAHSs, Benzidines, - - OCSD HTP
Acrolein, Dioxin, JWPCP
PLWTP
Acrylonitrile,Other
VOCs, Purg. aromatics,
Other base/neutral
extractables
Toxicity
Acute - - HTP OCsD
JWPCP
PLWTP
Chronic - - HTP -
JWPCP
OoCsD
PLWTP
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TABLE 2.3. Effluent constituents measured by 3 or fewer POTWSs.

General

Residual total chlorine
Volatile suspended solids
Total dissolved solids
Floating particul ates
Carbonaceous BOD
COD

TOC

Nitrate-N

Nitrite-N

Organic-N

TKN as nitrogen
Phosphate

Total phosphorus
Tota coliforms
Enterococcus

Fecal coliforms
Alpharadiation

M etals

Al

Ba

Co

Fe

Mn

\Y

Tota Cr
Hexavalent Cr

Organics

Organotins
Phenols
Total halogenated organics
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TABLE 2.4. Effluent constituent reporting limits.

HTP JWPCP ocCsD PLWTP
Metals (ug/L)
Aluminum 100 - - 50
Antimony 5 03 4 23
Arsenic 1 04 2 0.18
Barium 10 - - 10
Beryllium 03 05 06 0.39
Cadmium 2 08 01 1
Hexavalent chromium 10 - - -
Total chromium 4 20 1 5
Cobalt 2 - - 4
Copper 10 4 1 4
Iron 20 04 - 30
Lead 3 8 1 18
Manganese 10 - - 4
Mercury 03 004 0.2 0.27
Molybdenum 10 - 2 -
Nickel 5 10 2 14
Selenium 1 01 2 04
Silver 04 4 2 6.6
Thallium 5 30 4 40
Vanadium 5 - - 7
Zinc 10 15 2 4
Organics
Organotins (ug/L) 0.005 0.098 - 01
Phenols (ug/L) - 2-19 5 -
Chlorinated phenols (ug/L) 1-7 2-16 3369 166.1
Nonchlorinated phenols (Ug/L) 1-34 2-19 2611 186.1
DDT (ug/L) 0.002-0.01 0.01-0.03 0.02 0.02-0.04
PCB (ug/L) 0.025-0.065 0.08-0.9 0.3 0.07-0.6
Purgeable aromatics (ug/L) 0.04-0.08 0310 0.18-0.58 1-29
Benzidines (ug/L) 2,14 0.101 20 40, 170
PAHs (ug/L) 1 0.015-042 1-10 0878
Dioxin (ng/L) 0.0008-0.0017 3,000 50,000 0.0008-
.008
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TABLE 2.5. Ocean Plan objective based effluent limitations and discharger effluent reporting limits. Underlined values
indicate reporting limits greater than the Ocean Plan objective based effluent limit.

Ocean Plan Objective based effluent limit (mg/L) Reporting Limit (mg/L)

Constituent JWPCP OCsDh PLWTP HTP JWPCP OCSD PLWTP

HTP
endrin 0.168 0.332 0.296 0.408 0.004 0.02 0.007 30
adrin 0.002 0.004 0.003 0.004 0.008 0.01 0.004 0.02
benzidine 0.006 0.011 0.010 0.014 47 0.1 20 40-170
chlordane 0.002 0.004 0.003 0.005 0.005 0.01-0.04 0.27-0.06 0.048
3,3-dichlorobenzidine 0.680 1.345 1199 1.652 2 014 20 40
diddrin 0.003 0.007 0.006 0.008 0.006 0.02 0.005 0.4
hexachlorobenzene 0.018 0.035 0.031 0.043 1 1 4 14
PAHs 0.739 1461 1.302 1.795 12 0.015-0.42 110 0878
PCBs 0.002 0.003 0.003 0.004 0.025-0.065 0.08-0.9 0.3 0.07-0.6
TCDD equivalents 3107 ex10”’ ex10” 810"’ 0.0003-0.001 1 50 0.000093
toxaphene 0.018 0.035 0.031 0.043 0.113 03 0.23 0.24
DDT 0.014 0.028 0.025 0.035 0.002-0.010 0.01-0. 0.007-0.039 0.02-0.04
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Two Scenarios
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FIGURE 2.1. Effluent constituent variability relative to California Ocean Plan objective
based effluent limits. Increases in variability are more tolerable with
distance from the objective.
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TABLE 2.6. Annual samples necessary to achieve 99% confidence that effluent is
within Ocean Plan objective based effluent limit.

JWPCP OCsb PLWTP

Constituent
HTP

Silver 2 <1 2 <1
Arsenic <1 <1 <1 <1
Cadmium <1 <1 <1 <1
Cyanide 52 2 <1 <1
Chromium <1 2 <1 <1
Copper <1 <1 2 2
Mercury <1 2 52 2
Ammonia- N <1 <1 <1 <1
Nickel <1 <1 <1 2
Lead <1 <1 2 2
Selenium <1 <1 <1 <1
Zinc <1 <1 <1 <1
Acute Toxicity 84 180 12 180
Grease & Oll 36 24 12 360
Total DDT Huge # Huge # Huge # Huge #
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TABLE 2.7. Annual effluent samples necessary for 99% confidence in attaining
permit performance goals.

Constituert
TP JWPC OCSD PLWT

P P
Silver 9 13 2 1
Arsenic 2 1 8 25
BOD 20 10 25 184
Cadmium 4 1 3 1
Cyanide 17 12 1 21
Chromium 4 2 3 1
Copper 2 1 1 7
Mercury 2 1 1 2
Nitrogen — Ammonia 7 1 7 6
Nickel 3 1 3 1
Lead 1 1 1 1
Selenium 2 42 15 250
Zinc 2 9 2 267
Oil & Grease 5 319 15 52
Total DDT 1 2 1 1
Chlorinated Phenols 1 1 1 1
Suspended Solids 154 60 23 115
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Figure 2.2. Sampling effort required to achieve an acceptable level of
confidence for lead effluent concentrations. Power analysis
was used with the historical discharge data from 1989-1996 for
each of the four dischargers.
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Figure 2.3.  Proportion of total mercury annual mass emissions.
Differences in reporting limits and treatment of nondetects as 0 or at
the reporting limit affects the proportion of mercury mass emissions
among the four agencies.

ND =0, Total=0.03 MT
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76%

ND = MDL, Total =98 MT
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Figure 2.4. Proportion of total lead annual mass emissions. Differences in
reporting limits and treatment of nondetects as 0 or equal to the
reporting limit affects the proportion of mercury mass emissions
among the four agencies.
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TABLE 2.8. Mass emission estimates treating nondetects as 0, and as the reporting limit.

HTP PLWTP
0CSD JWPCP
ND=0  ND=RL ND=0 ND =RL ND=0  ND=RL ND=0  ND=RL

Silver (MT) 0.7 0.7 24 24 26 26 0 72
Arsenic (MT) 04 34 18 2.2 14 14 04 04
Cadmium (MT) 0.2 0.2 02 112 0.2 152 01 201
Cyanide (MT) 02 13 6.7 97 38 48 09 09
Mercury (MT) 00 120 0 220 0 360 0 280
Nickel (MT) 58 58 51 51 163 169 06 134
Lead (MT) 0.7 0.7 0 60 06 306 0 168
Sdlenium (MT) 04 54 0 33 6.7 6.7 03 03
Total DDT (Kg) 0 05 0 02 21 22 0 05
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TABLE 2.9. Detectable % change in mass emissions over five years with current

sample frequency.

HTP JWPCP PLWTP
OCsD

Silver 9 44 12 5
Arsenic 13 19 42 9
BOD 4 3 2 3
Cadmium 12 19 17 6
Cyanide K74 26 8 1
Chromium 31 3b5 10 5
Copper 6 6 7 1
Mercury 20 16 16 11
Ammonia-N 2 3 2 2
Nickel 16 6 5 12
Lead 18 15 37 6
Selenium 9 3 25 30
Zinc 18 7 6 13
Grease & Ol 4 3 3 4
Tota DDT 58 2 71 77
Solids 4 2 2 7
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[ll. WATER QUALITY MONITORING

Compare and Contrast Among Agencies

Theleved of effort expended on water qudity monitoring differs substantialy
among agencies.  Prior to 1998, when some of the programs were modified, sampling
effort among agencies varied by afactor of three (Table 3.1). Thisdifference was dueto
inconsstenciesin the number of gations sampled and the number of water quaity
parameters andyzed. Sampling frequency did not contribute to the differencesin effort,
snce each agency sampled at monthly intervals. However, differences in receiving water
environments (i.e. width of shelf) may contribute to the differences in number sations.

The number of sampling stations varied by afactor of three among agencies. The
number of water quaity parameters andyzed by each agency varied from two to five.
CTD casts were the only measurements common to al four agencies. Seven other
parameters were measured by three or fewer dischargers, including ammonia,
transparency, PAR, fluorescence (an estimator of chlorophyll), TSS, oil and grease, and
currents (Table 3.2).

In mid-1998, three of the dischargers (HTP, LACSD, and OCSD), aswell asthe
City of Oxnard, coordinated and extended the spatial scae of their water quality
monitoring programs to better understand the interactions among their plumes and the
interaction of their plumes with other land- based freshwater sources. This cooperdtive
effort , referred to as the Centra Bight Cooperative Program (CBCP), was a replacement
of the previous program for HTP and LACSD, while it was added as hew demert to the
OCSD program. The PLWTP 4ill mantainsits origind water quaity program .
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The CBCP dramaticaly increased the level of congstency in sampling activities
among the participating agencies by requiring comparable sampling methods,
measurement parameters, and sampling frequencies (Tables 3.3 and 3.4). Thedesign
increased the amount of area monitored in both longshore and offshore directions by
increasing the number of stations (Figure 3.1), but reduced the frequency of monitoring
from monthly to quarterly. Cooperating agencies coordinate transect locations and
sampling periods to maintain continuity in space and time, and have developed an
information management system to share data.

Evaluation of Existing Effort

Water quality monitoring addresses two basic management questions. 1) Do the
receiving waters near the outfall meet Ocean Plan water quality objectives, and 2) What
isthe fate of the discharge plume. The first question isintended to assess ecosystem
protection, while the second question primarily addresses a human health issue (the
likelihood of the plume reaching water contact zones).

Ecosystem Protection

The higtorica programs have effectively addressed the management question
about ensuring protection of the [water column] ecosystem, dl of the programs have
demonstrated for more than 15 years that they consistently meet Ocean Plan objectives
for pH, dissolved oxygen (D.O.), and transmissivity. When local dterationsin these
parameters have been noted, they have been attributable to natural phenomena unrelated
to outfdl discharge (e.g., sorms, upwelling), or are identified to be within the range of
natura varigbility (Convers and McGowan 1994).  With mogt facilities increasing their
levels of treetment, and thereby reducing their discharge of BOD and suspended solids,
thereislittle likdihood of future declinesin D.O. or tranamissvity. The recent reduction
of most programs from monthly to quarterly as part of the CBCP seems gppropriate.
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The increased spatia scales monitored by the CBCP provide aclearer picture of
factors that lead to anomalies near their outfals. The enhancement in the longshore and
offshore direction improves amanagers ability to assess large- scae natural phenomenon
and identify other anthropogenic plumes that encroach into their discharge zones. In
particular, plumes from surface runoff are currently being identified as potentid large-

scae phenomenon, even during non-rain time periods.

While higtorical monitoring designs have effectively determined that D.O., pH,
and tranamissvity consstently do not exceed water quality objectives, they are not
designed to address nutrient impacts as a potential stimulator of phytoplankton growth.
With reduced discharges of BOD and TSS, nutrient enrichment becomes the mogt likdly
mode of potentia water quality impact from POTW outfals. Severa studies during the
1970’ s suggested that upwelling was alarger source of nutrient enrichment than POTWs
(Eppley 1986), but little routine nutrient or phytoplankton monitoring has been conducted
snce that time by any of the four agencies. The POTWs have recently begun to address
thisissue by adding fluorescence (an estimator of chlorophyll) measurements as part of
the CBCP, while nutrients were measured during Bight 98 and in OCSD’ s specid
dudies. These data should be examined as they become available to determine whether
additional nutrient related messurements are appropriate. For instance, prdiminary
indications from the OCSD specia studies suggest that differencesin nitrogen speciation
may prove useful for differentiating between discharge plumes and natura upwelling

effects on oxygen concentration. .

Plume Location

Our evauation of the question concerning where the discharge plume goes
addressed three tempora scales, including the ability of monitoring programsto: 1)
hindcast (Where has the plume been), 2) determine where the plume currently is (near
real-time), or 3) predict where the plume will go under certain conditions (forecasting).
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Given the importance the public places on this question, particularly with regardsto
beach closures, a successful program should be able to address dl three tempora scales.

To date, none of the programs have attempted to address either of the latter two
time scaes. With regards to the hindcagting, the programs have effectively demondtrated
that for most of the year and under typica oceanographic conditions, POTW plumes
remain submerged and far from shore (Convers and McGowan 1992). However, the
historica monitoring programs have not been effective a ng where the plumeis
located in the offshore environment, or under what conditions the plume is likely to move
towards shore.

The primary reason that managers are unable to answer questions about where the
plumeis located under typical oceanographic conditionsis because the existing data are
underanalyzed. Tremendous effort has been expended to collect spatia information over
the last 20 years, but most analysis has focused on a spatid description of Sngle events,
the data have not been integrated to creaste a map that delineatesisoclines of plume
occurrence (e.g. Figure 3.2). Moreover, little data andyss has been attempted to link
correlative variables (i.e. wind, waves, tide, temperature, barometric pressure, etc.) to

as=ss when conditions exist that move the plumein atypica directions.

The primary reason that managers cannot predict where a POTW plume goes
during atypica oceanographic conditionsis becauise these conditions have not been well
sampled. Episodic events are not well-characterized by a monitoring strategy that
samples at infrequent, preset intervals. An adternative strategy would be to recognize the
suceess in demondrating that the plume is typicaly submerged and to redlocate effort
towards periods when the plume is most likely to move towards surface or shore. Doing

S0 would require switching the sampling schedule from calendar-driven to event-driven.
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Recommendations

Our recommendations focus on exchanging inefficient effort from higtorical
monitoring towards producing a predictive water quaity mode that managers need. Our
recommendations for achieving that god follow afour-step path: 1) reduce monitoring
frequency and reallocate the effort more effectively; 2) andyze existing data; 3) promote
the use of new technology to improve monitoring in atest case gpplication; and 4) find
cooperative interactions among POTW programs, other monitoring agencies, and

researchers to develop a predictive model.

Reduce the frequency of monitoring that addresses questions regarding water quality

impairments and reallocate that effort to address questions regarding plume location.

The monthly water quality monitoring that has been conducted by dl of the large
POTWs was providing redundant information regarding water quality impacts, more than
15 years have effectively demondrated that discharge plumes do not cause exceedences
inwater quaity thresholds. A more efficient redlocation of effort would be to reduce the
monthly frequency in favor of monitoring designs that address other questions, such as
plume location. This has aready begun to occur as part of the CBCP where the
monitoring frequency has been reduced to quarterly sampling. The tradeoff in effort has
been an increase in Spatia extent to assess the impact of other land-based plumes.

Analyze existing data to create isocline maps of plume occurrence

Thefird step in our recommendation isto andyze existing datato improve
hindcasting ability. A tremendous quantity of data has been accumulated over the years
that could be used to create maps of plume occurrence; contours would represent the
proportion of time a plume may occur within its boundaries (Figure 3.2). Spatia
gatisticswill likely play arole in this mapping component. For example, key data sets
will need to be identified so that spatid covariance can be assessed and interpolations
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between data points can be verified. Separate maps might be produced depending upon
prevailing oceanographic conditions such as thermocline present or absent. Similar maps
could also be created in vertical space (e.g. water column cross-section) or even three
dimensions. This recommendation could be undertaken immediately and accomplished

in ardatively short time frame of one to three years.

Promote the use of new technology to capture data regarding episodic events that are
not well-characterized with existing monitoring, but are likely important
oceanographic driving factors influencing plume movement towards shore. The new
technology should be applied in a test case to demonstrate its effectiveness and

improved efficiency prior to becoming routine monitoring.

The second step in our recommendation is to promote the use of new technology
to improve monitoring. Examples of new technology that could be gpplied include
moorings of current meters and/or thermigters, autonomous profiling vehicles (APVS), or
autonomous underwater vehicles (AUVS). They're advantageous because each of these
new technologies are in-situ sampling devices that can record water quaity information
in near-continuous modes. This new technology enables two improvements to current
desgns. Thefirgt advantage is they will be able to capture the atypical, episodic events
that are not well-characterized now, but without having to deploy fidd crewsin
continuous, costly and perhaps unsafe conditions. Their second advantage is thet they
can be telemetered to shore-based facilities. 1f shown to be reliable monitoring tools,
these devices can trigger avariety of adaptive monitoring strategies, such as when fidd
crews could be deployed to obtain spatia information that moorings, APV's, or AUV's
cannot collect. All of these new technologies are only now becoming commercidly
available, but have not been rigoroudy tested for routine monitoring gpplications.
Therefore, this recommendation should be attempted in a test- case gpplication that could

eedly occur within aone to five-year time period.
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Find cooperative interactions among POTW monitoring programs, other monitoring
programs, and researchers to effectively develop predictive models of plume

dynamics.

Thethird step in our recommendation is to find cooperative interactions among
POTW programs and researchers to develop a predictive model. The predictive model is
the ultimate goal managers need to answer questions regarding where the POTW plume
isgoing. Applications for such amode might include chlorination schedules, awvareness
of plumeintrusions to water contact zones, and assessing proposed increases in discharge
volume. However, developing such amodd requires unique experience and expertise
that israrely found in the oceanographic community and typicaly beyond the
expectations of monitoring program personnel. In fact, this type of modd is beyond the
soope of asngle facility and will likely require integration of many fecilitiesto
understand the large- scale processes that drive oceanographic forcing. Thisintegration
has aready begun for severa POTW agencies (e.g. CBCP), and should be fecilitated
among additiona loca agencies, loca research indtitutions, and Nationa Programs.
Severa local research ingtitutions exist within the SCB with such expertise and desire
including UC Santa Barbara, University of Southern Cdifornia, UC San Diego (Scripps
Ingtitute of Oceanography), and the US Geologica Survey. Moreover, these ingtitutions
have ongoing research projects that may overlgp, or may launch off of existing effort, to
better understand ocean dynamics, plume disperson, and transport. Other monitoring
agencies dso exist within the SCB that need to address plume dynamics. In particular,
stormwater management agencies need to assess the fate of their dischargesin the marine
environment. Findly, there are aseries of National Programs that are being developed on
the east coast of the U.S. that desire loca participation to become effective tools for

decisionmaking purposes.
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Table 3.1 Water quality sampling effort among facilities before July 1998. The
number of samples per year reflects the number of sites, number of
parameters, and sampling frequency.

HTP JWPCP CSDOC PLWTP
# Samples/year 1,776 856 1,764 2,016
# Sites 32 28 16 46
Frequency monthly monthly monthly monthly
Areal Coverage 248 55 72 180
(kn?)
Transect depths 18 18 20 10
(m) 30 30 30 18
45 60 40 50
55 305 60 60
60 110 Q0
80 120 100
150 140 115
180
280
310
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Table 3.2 Number of water quality analyses per year before July 1998.

Parameter HTP JWPCP CSDOC PLWTP
CTD 334 420 192 552
Transparency 384 - - 552
PAR - & 192 -
Fluorescence - - 192 -
TSS - - - 684
Ammonia 1,008 252 1,188 -
Oil & Grease - - - 228
Currents continuous - - -
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Table 3.3 Water quality sampling effort among facilities after July 1998. The
number of samples per year reflects the number of sites, number of

parameters, and sampling frequency following initiation of the Central
Bight Cooperative Project.

HTP JWPCP CSDOC PLWTP
# Samples/year 748 474 812 2,016
# Sites 54 48 42 46
Frequency quarterly quarterly quarterly monthly
Approx. Aredl 400 400 300 180

Coverage (kn?)
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Table 3.4 Number of water quality analyses per year after July 1998.

Parameter HTP JWPCP CSDOC PLWTP
CTD 216 192 168 552
Transparency - - - -
PAR - - - -
Fluorescence 216 192 168 552
TSS - - - 684
Ammonia 336 0 476 -
Qil & Grease - - - 228
Currents - - - -
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Figure 3.1 Map of station locations sampled before (top) and after (below) July,
1998. The water quality monitoring programs were adjusted in 1998 as part of the
Central Bight Cooperative Project. Stations now extend from Venturato Laguna.
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Figure 3.2 Hypothetical isocline map of plume occurrence. Each isocline
represents the proportion of time that the plume may occur at that location.
Separate maps could be constructed for varying oceanographic conditions.
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V. MICROBIOLOGICAL MONITORING

Compare and Contrast Among Agencies

Comparison Among POTW Programs

Theleve of microbiological monitoring is dioroportionate among agencies. A
five-fold difference was found in the number of analyses conducted per year (Table 4.1),
which reflects differences in sampling frequency, number of stations sampled, and
number of indicators measured. In addition, each agency alocates sampling effort
between shordline, nearshore, and offshore stations differently.

Sampling frequency at shordine gations varies from daily (5-7 times per week) to
biweekly sampling. The PLWTP samples weekly from May to October, and once every
two weeks from November to April. The OCSD samples weekdays (5 times per week)
from May to September and twice per week from October to April. In contrast, HTP and
JWPCP conduct daily monitoring. The sampling frequency at nearshore stations ranges
from 1 to 10 times per month. The sampling frequency of offshore stations ranges from
lessthan 1 to 4 times per month.

While the number of andyses differs among agencies, the microbiologica
indicators and methods are consistent for shoreline stations. All POTW programs
measure fecd coliform, totd coliform and Enterococcus. Nearshore and offshore
analyses are less consgstent. The PLWTP and IWPCP analyzefor totd coliform, feca
coliform and Enterococcus at nearshore stations, while HTP andyzes exclusvey for
total coliform, and OCSD targets fecd coliforms.
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The number of shoreline stations sampled are somewhat comparable among
agencies, differing by afactor of only two. The number of nearshore and offshore
dations are not comparable; cumulatively, they differ by afactor of eight.  Thislack of
comparability is aso reflected in alocation of effort between shoreline and nearshore and
offshore monitoring. The OCSD alocates most of its effort (86%) to shordine
microbiologica monitoring, while PLWTP dlocates a much smaller proportion (30%) of
its effort shoreline monitoring. [Note: PLWTP monitors at least 40 additiond shoreline
sations, but they are not required under their NPDES permit and are arranged through
supplemental agreements] Moreover, the number of analyses each agency dlocatesto
shoreline monitoring each year is disoroportionate to the length of shoreline it monitors.
A five-fold difference was found among facilities in the number of andyses per mile of
monitored shoreling, ranging from 77 to 384 andyses each year per mile of shordline
(Table4.2).

Comparison Between POTWSs and County Health Programs

Each county in southern Cdiforniamaintains a shordine microbiologica
monitoring program to protect human hedth to which the POTWs contribute data. The
number of annua andyses the four largest POTWSs conduct dong the shordline is amost
twice the number of analyses as the county health departments (Table 4.3).  Part of this
differenceisthat POTWs analyze more indicators than the hedlth departments (Table
4.4). Most POTWs measure dl three indicators while, historically, most hedlth
departments have rarely measured more than two. Thisis largely the result of different
decison criteria The POTWSs address thresholds from the California Ocean Plan
objectives whereas hedth departments mostly address coliform standards. The decison
criteriafor public hedth departments are changing as AB411 is being implemented,

whichisleading to an increase in the numbers of indicators they are required to measure.

While POTWs process more samples, they tend to sample fewer stations than
their hedth department counterparts. Thisreflects a difference in sampling frequency
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among the two groups. County hedlth departments sample each site weekly to monthly,
whereas POTWs sample most Sites multiple times per week (Figure 4.1).

The POTWSs and hedth departments aso differ in the methodologies they use for
processing samples (Table 4.4). The POTWsrely amost exclusvely on membrane
filtration methods, whereas hedth departments have higoricaly relied on multiple tube
fermentation. Both methods are gpproved by the State of Cdifornia. More recently,
hedlth departments have trangtioned to the use of chromogenic substrate tests, which cost
75% less than the other two techniques. The POTWSs have continued to rely on
membrane filtration Snce the chromogenic substrate tests are not yet approved by the
Environmental Protection Agency.

Evaluation of Existing Effort

Microbiological monitoring is conducted for two purposes.  First, offshore
monitoring is used to track the effluent plume. Bacteria are a sengtive tracer of the
effluent plume in offshore areas because there are no other sources of these bacteriain
the offshore marine environment. In contragt, shoreline monitoring, which was originaly
designed to survey for waste plumes encroaching on the beach and for tracking saillsinto
the storm drain system, is now relied upon to assess public water-contact safety. The
county health departments, which have responsibility to close or post beaches in response
to high bacteria counts, have grown dependent upon the POTW shoreline monitoring
data. Nearshore monitoring serves both plume tracking and water- contact safety
purposes. For one agency, nearshore monitoring also serves to address shdlfish safety

pUrpOSES.

Offshore microbiologica sampling has been conducted routingly, at least monthly
for most agencies, for many years. During thistime, the data have been effective at
confirming what managers learned as part of the water quaity monitoring program:
plumes typicdly stay submerged and far from shore the vast mgority of the year. Plumes
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only represent risk for water contact recreation when they surface or move towards the
shore. Therefore, the fixed-grid sampling designs at infrequent, predetermined intervas
that comprise most offshore monitoring programs do not provide much new information

for management decisons.

Offshore microbiologica sampling for the purpose of plume tracking is currently
ineffective because little new information is gained from this effort. The focus of the
offshore monitoring should be on those rare events when the plume may surface and/or
come towards shore. Once per month sampling is unlikely to detect these rare events.
The offshore programs are further inefficient because multiple indicators are measured
usng high-cost methods. If the god of this monitoring isto track plumes, then asingle
indicator using less expensive methods is warranted. This would not apply in those aress,
such as kelp beds, where offshore monitoring is used to assess human water-contact
safety or shelfish sandards.

Shoreline monitoring has dua purposes. Thefirst purpose is to assess whether
overflows, infiltrations and cross-connections into the scorm drain system are affecting
the shordline. The second purpose is to assess whether water quaity objectives are being
achieved in water-contact zones. Stations designated to achieve the first purpose are
clustered near orm drains and collection system infrastructure, while stations designated

to achieve the second purpose are predominantly located on high-use beach areas.

Shoreline monitoring to detect sanitary sewer contributions into stcorm drain
systemsis effective, but this type of monitoring isinefficient because costs appear
misalocated. Sanitary sewer incursions are not the only, and in many cases not even the
primary, source of bacteriato storm drains. Although the ssormwater NPDES permittees
in the SCB have the responghility to maintain sorm drain systems and check for illicit
connection and illegal discharges, none conduct shordine monitoring. Not only doesthis
represent an ingppropriate alocation of costs, but without the slorm drain managers
present in the monitoring program, no forma mechaniam exigts to identify and resolve
problems that are discovered. For example, sanitary surveys may be an appropriate
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adaptive monitoring strategy when chronic bacterial exceedences occur near a storm
drain outlet. However, the management framework among POTWs and storm drain
managers does not exist to perform these surveys and efficiently identify or resolve any
water quality problems.

The public hedlth portion of the shoreline monitoring effort is not well integrated
with the county hedlth department monitoring and, as aresult, isinefficient in most cases.
The POTWSs sample more frequently, measure more indicators and use more expensve
methods than the health departments, even though the data are being placed into a
common data set for acommon purpose.  |f the POTWs were to adopt the same
sampling frequency (weekly) and methods (chromogenic subgirate) used by most Public
Hedth Agencies, the cost for the shoreline program would decrease by over 90%. If the
purpose of monitoring Stes away from storm drainsis primarily to provide data to the
county hedlth department to make decisions, then monitoring design should be integrated
and comparable among POTWSs, county health departments, and stormwater dischargers.
The integration process, focusing on data needs and management decision-making, is
most advanced in Santa Monica Bay where HTP, JWPCP, and Los Angeles County
Hedlth Department have coordinated their programs in terms of sampling locations and
frequency, but even there the dischargers are required to use different and more
expensve laboratory andysis methods (membrane filtration) than the County Hedlth
Department (chromogenic substrate).

Nearshore monitoring often represents a fence-line srategy that has been effective
a providing awarning to managers should the plume move toward shore and,
dternatively, provides confirmation that offshore discharges are not the source when
elevated bacteria counts are detected onshore. Thisdesign isinefficient for many of the
same reasons described for offshore monitoring. Y ears of water quaity monitoring have
dready established that plumes stay submerged offshore the vast mgority of the year.
Nearshore monitoring, when conducted on an infrequent basis (weekly to monthly), is
ineffective a capturing the rare events when plumes might move onshore. Allocating

resources towards a plume location and persistence monitoring program, with an adaptive
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trigger to measure microbiologica indicators, would efficiently enable managersto
answer questions regarding plume location. This strategy is focused upon where the
plume is located, rather than where the plumeis not located.

Recommendations

The POTWSsin the SCB conduct more microbiologica monitoring than any date
in the nation including Hawaii, Horidaor New Jersey. The monitoring programsin the
SCB have effectively answered the two distinct management questions for this program
element (plume tracking and water-contact safety). Managers now have avery good
assessment of the quality of water dong our beaches, how often plumes encroach on the
shordine and the public iswell protected for those ingtances or locations where the water
quaity isdiminished. However, the efficiency and cost-effectiveness of current
monitoring programs could be improved. Our recommendations are presented separately

for plume tracking and water contact safety below.

Plume Tracking

Microbiological monitoring for plume tracking should become an adaptive
component of a water quality monitoring program. Adaptive strategies represent a
cost-effective means of allocating resources to the places and times they contribute
the most value.

Microbiologica monitoring, particularly when conducted in areas distant from shore
a predetermined intervals, is a costly monitoring dement that has provided duplicative
information for many years now. Monthly surveys have repeatedly demonstrated that
plumes from the large POTWs stay far from shore and are usudly submerged,
particularly when the water column is dratified (e.g., strong thermocling). The
information that would be most useful to resource managers a this point in timeisto

identify those rare conditions when plumes surface and/or move towards the shore.
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Therefore, we recommend that microbiologica monitoring for plume tracking become an
adaptive component of awater quaity monitoring program that provides red-time
information about plume location. Offshore and nearshore bacteria sampling should be
employed when redl-time systems indicate an increased likelihood of plume movement
toward shore. As asendtive plume tracking indicator, bacteriawould serve to confirm
and refine information about plume location. Thus, offshore and nearshore monitoring
would not be conducted on a continua basis, but would be focused only on those periods
when bacterid encroachment on areas of human water contact islikdly.

Use a tiered approach for selecting indicators and methods. Sngle indicators using
inexpensive methods are appropriate for plume tracking when many samples are
needed, but multiple indicators coinciding with water quality thresholds should be

analyzed at locations or times when body-contact issues are of concern.

For plume tracking purposes, microbiologica data anays's does not focus on
comparison to AB411 or Cdifornia Ocean Plan standards; rather, it is compared to
background levelsto identify the presence and concentration of the plume. For this
purpose, we recommend that the current practice of measuring three indicators with
membrane filtration be curtailed to measuring asngle indicator using a chromogenic
subgirate technique. Totd coliform is the most sengible of the three indicators Snceit is
not found naturdly in the offshore marine environment and is the most concentrated of
the three indicators presently measured. However, such monitoring should be adaptive.
When the plumeis shown to encroach on beneficia-use areas, such as kelp beds,
shdllfishing zones, or other swvimming aress, dl three indicators should be measured,
alowing comparison to dl of the public hedlth thresholds.
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Water Contact Safety

Effort should be shared equitably among all dischargers of bacteria to assess
regional shoreline water quality for protecting public health.

Assessing hedth risk to swvimmers aong the shordline is aregiond question that
should be addressed cooperatively among county health departments and all water
collection system agencies that potentialy release pathogens to the ocean. Notably
absent from present efforts are sormwater dischargers, which consstently have high
bacterid countsin their discharges, particularly during wet weather. Stormwater
dischargers should become part of a stakeholder group that convenesto refine and
integrate shoreline monitoring programs.

Integrate methods and create regional monitoring designs that focus on quality and

efficiency of POTW and county health department programs.

The primary use of data collected by POTWs on high-use beaches away from
discharge sources isto provide a basis for county health departments to keep the public
informed about beach safety. The methods and sampling frequency employed by the
county hedlth departments to accomplish the same mission on a different set of beaches
costs 90% less than POTWs incur on the beaches they monitor. This discrepancy should
be resolved in a partnership between these organizations, which would assist both groups
in sharing information and ddivering an improved assessment for the public. A
stakeholder group is evolving to serve as the mechanism to integrate these agenciesinto a
common design using gppropriate methods. The Beach Qudity Group is developing
implementation procedures, including beach posting and closures, for the State of
Cdifornia. Methodologica advances provide an additiond areafor improvement to
increase efficiency. If chromogenic subgirate kits provide results comparable to
methodol ogies currently used to assess bathing water quality, then efforts should be made
to gain approva for these kits by the U.S. Environmenta Protection Agency.
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TABLE 4.1. Number of microbiological analyses per year.

Shoreline Near shoreand Total

Offshore
HTP 14,220 9,000 23,220
JWPCP 2,916 3,020 5,936
OCsD 3,840 624 4,464
PLWTP 1,872 4,320 6,192
Total 22,848 16,964 39,812
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TABLE 4.2. Effort relative to distance of shoreline monitored.

Annual No. Shordine

Analyses
Shoreline Miles Monitored
Total Accessible Sandy
HTP 14,220 370 251 251
JWPCP 2916 16.7 99 17
oCcsD 3,840 133 133 99
PLWTP 1,872 243 238 200
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FIGURE 4.3. Comparison of annual effort between POTWs and County Health

Departments.
Shoreline Near/Offshore
No. of Analyses No. of No. of Analyses
Per Year Sites per Year
Sites

4L arge POTWs 59 22,848 53 16,964
Other NPDES 212 27,423 81 7,116
Health Depts. 171 12,656 - -
Total 442 62,927 134 24,080
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TABLE 4.4. Comparison of methods used for shoreline monitoring between POTWs
and Public Health Agencies.

SCB
. Large
Public Health
Agencies POTWs
Total coliform
Mult tube ferm 7,090 3,840
Membrane filt 468 9,228
Cadlilert 728 -
Fecal coliform
Mult tube ferm 4,282 -
Membranefilt - 7,332
Cadlilert 728 -
Enterococcus
Mult tube ferm 1,932 -
Membrane filt - 7,326
Enterolert 728 -
Total 15,956 27,726
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FIGURE 4.1. Frequency of shoreline sampling by Publicly Owned Treatment Works (POTWs) and County Health
Departments.

PERCENT OF SHORELINE SAMPLING

B 5 - 7/ week
T weekly
POTW 1 monthly Co. Health Dept
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V. SEDIMENT MONITORING

Compare and Contrast Among Agencies

Considerable differences were found among the fadilitiesin the leve of effort
expended on sediment monitoring.  The number of sediment chemistry andyses
conducted in a one-year period differ 7-fold, athough the number of benthic infauna
andyses conducted during the same period differ only 2-fold.

The biggest differences are in sampling frequency (Tables5.1 and 5.2). The
OCSD samples gpproximately 80% of its sediment chemistry and benthic infaund
gations on an annud basis, and approximately 20% on a quarterly basis. The WPCP
samples goproximately 30% of its benthic infauna stations semi-annudly, the remaining
70% of its benthic infaund stations annudly, and Al of its sediment chemigtry Sations
biennidly. The HTP samplesdl of its benthic infauna and sediment chemidtry stations
annudly, while PLWTP samples dl of its sations for these parameters quarterly.

The degree of station replication for sediment chemistry among agencies varies
from 1to 3 samples (Table 5.2). Thissame variability also exists for within-agency
replicate differences at two facilities. The WPCP and OCSD analyze three replicates for
sediment chemigtry at sdlected stes aong the 60-m contour and one sample at dl other
gtes. Incontrast, HTP and PLWTP collect one sample at al sediment chemistry Sites.

The number of replicates collected for benthic infaunavariesfrom 1 to 5 samples
among agencies (Table 5.1). The WPCP and HTP collect one sample a each site during
the winter and five replicate samples dong their 60-m contours during the summer. The
OCSD collects three replicates for benthic infauna a their 60-m dations on a quarterly
bass and one replicate at all other Steson an annua bass. The PLWTP collects 2
replicates a dl of its benthic infauna Sites.
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The number of sedimert chemistry and benthic infauna sampling Sationsis
relatively smilar among the agencies (within afactor of two). However, the amount of
area over which these ations are digtributed varies by afactor of eight, and is unrelated
to annud flow or massloading. Instead, the number and distribution of sations usualy
appear to be related to the characteristics of the recaiving environment. For example,
HTP discharges 15,000 metric tons (MT) of suspended solids annudly and maintains 40
sediment chemistry stations distributed over approximately 316 kn, while WPCP
discharges 30,000 MT of suspended solids annudly and maintains 41 sediment chemistry
stations over approximately 32 kn. However, the discharge site characteristics for these
two agencies are different; HTP dischargesinto a bay, whereas WPCP discharges onto a

narrow shelf with generdly faster ocean currents.

The sediment chemigtry condtituents analyzed among the agencies differ
considerably for organic compounds (Table 5.3). Each discharger analyzes sediment for
PCBs and PAHSs, but the types of each compound andyzed is different. For example,
JWPCP andyzes sediment for 3 PCB Aroclors and 13 PAH derivatives, whereas OCSD
anayzesfor 44 PCB congeners and 45 PAH derivatives. Entire andyte classes are
andyzed by only a subset of the agencies. Volatile organic compounds (VOCs) in
sediment, for example, are only andyzed by WPCP. The OCSD dropped VOC anayses
in their 1998 permit because these compounds were consistently not detectablein
sediments. The types of sediment meta condtituents andyzed are more consistent among
fecilities. Of the 15 metds, 9 are analyzed by al four agencies, and 11 are andyzed by

three or more agencies (Table 5.4).

Maost monitoring activities measure congtituents for which there are sediment
quality guidelines such as Effects Range Low (ERL) and Effects Range Median (ERM)
(Long et al. 1995). While sediment qudity criteria are not yet available, these guidelines
represent additiond thresholds that managers can use to make assessments about benthic
habitat condition and the potentid for biologica impairments. For the most part,
sediment monitoring programsin the SCB can use these guiddines, but for sdected
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condtituents the reporting limits are above the threshold of interest, therefore hampering

the comparison (eg., Slver).

Evaluation of Existing Effort

Sediment monitoring has been apart of each agency’s monitoring program since
itsinception and has proven to be highly effective. Each of the agencies has been able to
demondrate tempord declinesin magnitude of discharge effects; most have dso been
able to demondtrate declinesin the spatia extent of discharge effects. Combined with
demondrated declines in mass emissions, the sediment monitoring data have
demondtrated the effectiveness of effluent control programs through improvementsin the
benthic communities and decreases in sediment chemical concentrations. Sediment deta
have dso provided an important foundation for 301(h) waiver decisons.

While sediment sampling programs have been effective for addressing severd
management questions, they are inefficient for addressing the two questions that
managers have indicated during interviews should be addressed: (1) is the sediment
condition (i.e. contaminant concentration and bioeffects) changing over time? and (2)
what is the spatial extent of sediment impairment (i.e. a map)? Present sampling designs
fall to distinguish these objectives, which have different design needs, resulting in
inefficient dlocation of effort.

Describing aspatid pattern requires gathering data from as many stes as
possible. To describe aspatid pattern efficiently, the number of replicates collected a a
ste and the number of repested vidts to the Site (e.g., quarterly or annua sampling)
should be minimized in favor of sampling more Stes. In contradt, trend assessments are
more efficiently accomplished through numerous repested visits to a Ste and replication
during each visit.
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At present, most programs commingle these two questions in a common sampling
desgn. A largegrid of sampling Stes are visited repeatedly over time, often many times
per year, and often with replicates. Revisiting each Site during every survey favors the
trend question, but doing so a al Sites gppears to provide more trend information than is
required to address present management questions. As discharge rates have declined and
the affected area around discharge pipes has decreased, the need for trend monitoring a
al of the higtoricaly monitored Sites has declined.

The practice of measuring replicates at every Ste appears to be an artifact of the
historica approach of using an ANOVA model for spatia assessment. Inan ANOVA
design, the condition at each Steis evauated relative to areference Site(s) and replication
is necessary to determine whether sites differ satigticaly. More recently, though,
regiond reference conditions and indices that quantify condition of an individud sample
relative to regiond reference condition (e.g., the Benthic Response Index for benthic
infauna, iron normdization curves for metals) have been developed through a cooperative
regional monitoring program. This has reduced the need for replication to characterize
the condition of individud Stes, dlowing more efficient dlocation of effort toward
description of spatia patterns at Sites where replication is not needed for trend anadysis.

A more efficient desgn would involve dedicating a subset of sitesto trend
monitoring and increasing the leve of repetition, while dedicating a distinct st of Stesto
gpatia descriptions that do not involve repested vists. Some programs have aready
darted to adopt such a strategy by identifying their most important trend sites and
sampling these a higher frequencies, while surveying the entire grid on aless frequent
basis, without replication. 1n some cases, the Sites are located aong the 60m isobath and
are attempting to identify trendsin linear gradients. However, al agencies continue to

revigt the same stes from year to year.
An opportunity also exigts to improve efficiency through the use of power

anaysis. The OCSD conducted power andysis and demonstrated that the number of
samples dlocated to trend andysis could be reduced by more than 50% with minimal loss
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of trend detection capability; these samples were redlocated to enhancing their detection
of godtid pattern. Two types of power andyss might yield additiond efficiency for the
other sediment monitoring programs. Thefirgt isin assessng the desired frequency and
replication for trend monitoring. Power andysis would provide needed guidance on
whether effort ismost efficiently alocated to increased replication on each sampling vist
or more viststo the Site; it would aso provide information about the value/l oss of
increasing or decreasing totd effort at individua dtes. The second type of power
andyssinvolves spatiad modding. Accurate depiction of spatid patterns requires
samples that are close enough together to alow meaningful interpolation, but not so close
together asto yidd duplicative information. Power andys's can be conducted to define
the optima sampling distance among poaints to develop cost-effective maps. Both of
these types of power andyses will be explored further in subsequent SCCWRP
documents.

The design issues above presuppose that the boundaries for the maps of exposure
and effects are well known, which is not the case. The area over which monitoring is
conducted varies consderably among dischargers, without apparent rationae for these
differences. In most cases, the area sampled is the same as when the programs were
initiated 30 years ago. Sampling boundaries woud be more appropriately established by
quantifying the fate of al discharged materia and then selecting the areato be studied
based on capturing the vast mgjority of the deposits. None of the agencies have yet
quantified the fraction of their discharge that is retained within the sediments of their
sampling grids, but the measurement of linear dkyl benzenes, which are atracer of
sawage effluent, in the Bight’ 98 cooperative regiona monitoring program will soon
alow this assessment.

The emphasis of the sediment program evauation is on sampling design, because
that iswhere the greatest gainsin efficiency can be achieved. However, the differences
in sediment chemical parameters measured among agencies should be diminated. All
agencies are measuring a common et of chemicas that encompasses dl of the
parameters measured by the nationd programs and for which sediment qudity guideines
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are available (Table 5.4). While differencesin PCB parameters fill exist, al agencies
appear to be moving toward a common set of congenersthat is a least as extensive as
that measured by the nationd programs. None of the additiona chemicas measured by
only asubset of agencies gppear to be providing additiond management information,
though there will dways be pressure to add new chemicals of potential concern thet are
not currently measured (e.g., organophosphate pesticides). A superior dternative to
continudly adding new chemicasto thelist of anaytesis to measure sediment toxicity as
ameans of ensuring that unmeasured chemicas are not having biological effects.

Recommendations

Disaggregate the spatial and trend components of the current sediment monitoring
sampling designs. Reallocating sampling sites dedicated to addressing each of these

distinct management questions will improve efficiency and cost-effectiveness.

The present programs have a single sampling design intended to address both spatia
and tempord trend questions, which leads to inefficiency in sample dlocation. A more
cost- effective program would involve dedicating a subset of Sitesthat receive arepeated
vigtsto assess trend monitoring, while dedicating adistinct set of stesthat do not
involve repeated vidts to achieve description of spatid pattern.

The number and location of sampling Stes dedicated to assessing trends is afacility-
gpecific decison, but one that should factor in the size of the locally affected areaand the
vaue of the sites that have been monitored to date. For example, many POTWs have a
long history documenting changes in gradients aong the 60m isobath. If this provides
vauable information, then the trends questions should address gradient andysis. Trend
evauation should aso encompass various habitats that are potentialy impacted, such as
depth-related habitats. Most programs aready monitor these types of habitats, we
recommend that this practice be continued as a means to increase their vaue in trend
anadysis. A dedicated effort should also be made to assess trends in reference conditions
in dmilar habitats unaffected by the discharge. Pooling of effort among dischargers may
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be an efficient technique for accomplishing some of this reference condition assessment.
The desired frequency and replication for sampling al of these trend Stes should be
assessed through power anadlys's, but certain factors such as recruitment information
should be evaluated.

While we recommend that the number of trend Sites be reduced, we are dso
proposing that the number of sites for describing spatia pattern be increased.
Preiminary andlysis of chemistry datain Santa Monica Bay suggedts that spatid
covarianceislost over distances smdler than 4 km. Thus, congtructing a defensible map
probably requiresthat al areas within the map boundaries be within 2 km of ameasured
location, with amore desirable distance being less than that. Further andysisto define
the relationship between distance and confidence in derived maps of condition is
encouraged.

Look for opportunities to incor porate measurements of sediment toxicity to increase
the number of thresholds for evaluating impairment. Sediment toxicity will become
especially useful when sediment toxicity identification evaluations (TIEs) become
routinely available, enabling managers to assess which constituents are responsible

for toxicity.

Currently, no programs in the SCB measure sediment toxicity as part of their routine
monitoring programs athough OCSD has begun to incorporate sediment toxicity tests as
part of their strategic process studies. Sediment toxicity would be a useful addition
because of its vaue in interpretation of sediment qudity. Sediment qudity criteriafor
assessing chemistry and biocriteriafor assessng benthic infauna data are not yet
available. To make these comparisons, each of the agencies can only rely upon sediment
quality guiddines (e.g., NOAA’s ERL/ERM concentrations) to interpret chemistry data
and locdly derived indices (eg., ITI, BRI) to interpret biologca data; however, none of
the agency or regulatory personnel we interviewed expressed extengve confidencein

these subgtitutes for criteria. Instead, they emphasized reliance on weight of evidence.
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The weight of evidence gpproach is enhanced by more evidence, which we believe

sediment toxicity measurement provides.

Sediment toxicity measurement aso provides assurance that unmeasured chemicals
are not causing a problem, reducing the need to measure alarger array of contaminantsin
the sediment. Much aswater column toxicity measures are used to screen for
unmessured chemicalsin effluent, sediment toxicity screens for unmeasured chemicals
accumulated in sediment. Sediment toxicity will become even more vauable when
sediment toxicity identification evaluaions (TIES) are further developed because TIES
provide a mechanism for identifying the causative toxic agents, if toxicity is encountered.
Sediments near wastewater discharges contain avariety of chemica condtituents, many
of which exceed sediment quality guidelines. The advantage of the sediment TIEsistha
it narrows the list of chemicasto only those which are responsible for toxicity, enabling

resource managers to focus their actions on effective remedies.

Lastly, sediment toxicity is a standard method used by severa nationa and sate
programs, providing context for interpreting loca trends. Amphipod toxicity tests are
used routingly in the Cdifornia Bay Protection and Clean-up Program, EPA’S
Environmental Monitoring and Assessment Program, NOAA'’ s Nationd Status and
Trends Program, and for dredged materia eva uations around the country.

Resource managers should begin to look for opportunities to integrate sediment
toxicity into their ocean monitoring programs while sediment TIEs are being devel oped.
Some opportunities exigt for accomplishing thisintegration. Thefirdt is regiona
monitoring which will dso serve as agood testing ground for sediment TIES. A second
opportunity might be strategic process studies such as those being conducted by OCSD.
Specid sudies will be particularly vauable at those sites where sediment chemistry and
benthic infauna data disagree (e.g. chemistry exceeds sediment qudity guidelines and
benthic infauna data indicated a hedth community).
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Institute an archive programto allow for the possibility of unmeasured chemicals.

A formd archive program should be indtituted to enable evauation of trendsin
previoudy unmonitored chemicas. An archiva program would enable the monitoring
program to go back in time to assess background conditions, determine the beginning of
accumulation, and the rate at which accumulations occurred in sediments. Chemicalsin
the current erafor which such history may have been useful include condtituents such as
methyl-tert-butyl ether (MTBE) and organo- phosphate pesticides (Chlorpyrifos). Both
are coming under intense regulatory and legidative scrutiny, yet neither has been

sampled higtorically in order to provide context to new monitoring measurements.
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TABLE 5.1. Infaunal assemblage sampling effort.

# Stations # Replicates Frequency
Agency
HTP 3 1 semiannually
7 1 winter, semiannually
5 summer
JWPCP 15 1 semiannually
3 1 winter, semiannually
5 summer
26 1 annually
OCsD 10 3 quarterly
39 1 annually
PLWTP 21 2 quarterly
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TABLE 5.2. Sediment chemistry sampling effort.

Agency # Stations # Replicates Frequency
HTP 40 1 annually
JWPCP 41 1 annually *
3 5 annually *

18 (subset of above) 1 semiannually *

21 1 biennialy

3 3 biennialy
OoCsD 10 3 quarterly
39 1 annually
PLWTP 23 1 quarterly

* general constituents only
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TABLE 5.3. Number of sediment constituent analyses per year.

HTP JWPCP OCsD PLWTP
General 120 248 297 368
(TOC,AVYS)
Metals 360 135* 1287 1380
Organics
DDTs 240 o0 54 552
PCBs 280 45¢ 4356 644
PAHs 520 195* 4455 2208
phenoalics 40 15¢ - -
hal ogenates 40 15¢ - -
others 280 105* 990 1012

* = half of biennial value
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TABLE 5.4. Sediment constituent reporting limits. Also included are sediment quality guidelines (Long et al. 1995).
NA = not available. Dash = not analyzed.

Effects Range EffectsRange
HTP JWPCP OoCsD PLWTP Low Median
Metals (mg/dry Kg)
Aluminum - - - 5 -
Antimony - 0.18-0.35 - 5 -
Arsenic 0.2 2 0.01 0.08 82 70
Beryllium - 01 0.05 02 - -
Cadmium 01 0.7-1.0 0.01 05 12 9.6
Chromium 2 10 05 3 81 370
Copper 4 2 05 2 A 270
Iron - - 0.6 3 - -
Lead 0.3 2 01 5 46.7 218
Mercury 0.03 0.05 0.02 0.047 015 071
Nickel 12 6 05 3 209 516
Selenium - 0.73-1.2 01 011 - -
Silver 0.03 0.2 0.01 3 10 37
Thallium - 0.44-0.85 NA 10 - -
Zinc 4 1 05 4 150 410
Organics(pg/dry Kg)

DDT 0520 15 0.1-04 0.26-0.94 158 46.1
PCB 10-20 10-50 2 NA 22.7 180
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VI. FISH MONITORING

Three management questions address fish-related beneficia usesinthe SCB. The
firg question pertains to fish community hedth, whereby managers examine populations
and assemblages of fish (and trawl- caught invertebrates that have proved to be useful
indicators). This monitoring is conducted by examining bottom fish rather than pelagic
fish because of their increased exposure to outfal particulates. The second question
pertains to wildlife protection, whereby managers examine concentrations in fish tissues,
in particular liver and muscle tissues, that might bioaccumulate up the food chainin
higher order predators such as birds and mammals. This monitoring is aso conducted by
examining bottom fish species that are not necessarily caught by sport or commercid
fisheries. The third question addresses human hedlth issues examining concentrationsin
fish tissues that might be consumed by the public. This monitoring is aso conducted by
examining bottom fish pecies, but focuses on muscle tissue and targets species caught by

gport and commercid fishermen.

Compare and Contrast Among Agencies

Fish Community Health

Thetota effort for fish assemblage monitoring is somewhat comparable among
agencies. The number of trawls per year for fish assemblage monitoring varies from 38
to 56 (Table 6.1). The number of fish assemblage trawl stations monitored per year
ranges from 9 to 12.

Although the totd effort is rdaively smilar among fadilities, inconsstencies

were found in trawl replication, frequency and spatia extent of assemblage monitoring.
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The number of replicate trawls varies from 1 to 3 among agencies. The WPCP and
PLWTP maintain sngle trawls at dl stes, while both HTP and CSDOC conduct multiple
trawls a their 60 m contour Sites. The HTP conducts 2 trawls at these stations and 1
trawl a al others sites, while CSDOC conducts 3 trawls a most 60 m stations and 2

trawls at al other Stes.

Fish assemblage sampling frequency varies from semi-annudly to quarterly
among agencies (Table 6.1). Only PLWTP has within-agency differencesin sampling
frequency, with semi-annuad sampling at historic 60 m gtations and quarterly sampling at
100 m gites.

The area monitored by trawls differs by afactor of six among facilities (Table
6.1). Aswith sediment chemistry sampling, the difference in area sampled appears to be
more affected by the characterigtics of the discharge area than by the annua volume of
flow or massloading. For example, both HTP and WPCP discharged approximately
340 mgd in 1996. However, HTP maintains 9 fish assemblage trawl stations digtributed

over gpproximately 186 knr?, while WPCP maintains 12 stations over approximately 31
knr?.

Wildlife Protection

Thetotd effort for wildlife protection monitoring is not comparable among
agencies. The number of tissue samples andlyzed per year varies by afactor of three
among facilities, ranging from 39 to 120. The number of Sationsrangesfrom 2to 8
among fadilities for fish tissue chemistry, and the sampling frequency varies from semi-

annud to annud.
Although eight species are targeted for tissue andysis to address wildlife

protection, no single species is measured by al agencies (Table 6.2). Five different
species are targeted by only a single agency and only one speciesis measured by three
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agencies (hornyhead turbot, Pleuronichthys verticalis). White croaker (Genyonemus
lineatus) and bigmouth sole (Hippogl ossina stomata) are targeted by only two agencies.

Thereislittle congstency in the gpproach for selecting tissue types to be analyzed
for assessing wildlife protection. The WPCP andyzes muscle tissue for chemica
andysis, whereass HTP, CSDOC and PLWTP analyze both liver and muscle tissues.
Sample replication is dso inconsistent among facilities. The HTP and PLWTP andyze 3
composite samples for both tissue types in each species, CSDOC analyzestissuesin 10
individuas, and IWPCP andyzes 3 composites for one species (Dover sole, Microstomus

pacificus) and 10 individual samples for another species (white croaker).

A large discrepancy was found in the types of condituents andyzed in fish tissues
(Table 6.3). The number of metals analyzed by each agency rangesfrom 0to 17. Only
two organic andytes, DDTs and PCBs, are common to al agencies. However, some
agenciesreport PCB Aroclors, while others report congeners. Organic congtituents that
are not analyzed by al four agenciesinclude additiona chlorinated pesticides, PAHSs, and

phenolic compounds.

Human Health

Not al agencies conduct seafood tissue monitoring. Three agencies conduct rig
fishing and two of these agencies dso conduct invertebrate tissue chemistry analyses. Of
the agencies that do conduct seafood monitoring, the annua number of sportfish tissue
samples andyzed differs by afactor of five and the number of invertebrate tissue samples
andyzed differs by afactor of three. Although the totd effort isnot smilar, thereis
parity in the number of sations that are sampled for seafood anadlyss. The HTP and
JWPCP collect fish and invertebrates from three zones, and PLWTP collects fish from
two locations (Table 6.4).
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Among the agencies that conduct seafood andyses, the sampling frequency for
gportfish ranges from three times per year to once every two years. Sampling frequency
for invertebrate seafood monitoring ranges from twice per year to once every two years.

No speciesistargeted by dl three agencies that analyze sportfish, or by both of
the two agencies that anayze invertebrates (Table 6.5). However, rockfishes (Sebastes)
are targeted by two facilities. The number of speciestargeted a each Ste dso differs
among facilities. The HTP collects three fish species a each ste, PLWTP collects one
gpecies of rockfish at each site, and WPCP specifically targets kel p bass (Paralabrax
clathratus) at each ste.

Both between and within-agency differences were found in the numbers of
sample replicates and tissues andyzed. The HTP analyzes muscle tissue on three
individuas of each fish species from sites within the zone of initid dilution (ZID), and
muscle from ax individuds of each species from sites outsde of the ZID. The PLWTP
andyzes both muscle and liver on three fish composites from each site. The JWPCP
andyzes muscle tissue for 10 individud fish, and liver tissue for 2 fish compostesfrom
each dte. Tissue and replicate types dso differ among the facilities for invertebrate
andyds. The HTP andyzes three muscle composites on yellow rock crab (Cancer
anthonyi) from each site, while WPCP analyzes gonad from 10 individual red sea

urchins (Strongyl ocentr otus franciscanus) from each site.

Evaluation of Existing Effort

Fish Community Health

Over the last 30 years, agencies have been conducting fish monitoring programs
to assess impacts to specific fish populations and fish assemblages. Although effects on
fish communities were conspicuous a some outfadlsin the 1970s little or no effect has
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been identified at these locd scales for the last 10 to 15 years, other than what can be
accounted for by shiftsin physicd factors (eg., El Nifio). Large-scale surveys, such as
the 1994 Regiond Monitoring Survey, have led to Smilar observations, little effect was
observed near POTWs other than increased biomass and abundance, while the occurrence

of lesions and gross pathol ogies remained low.

The design for trend monitoring is an important and effective tool for
management questions. The public will dways want to know the status of fish resources,
S0 resource managers still need to be able to answer these questions. Trend monitoring,
where fish population and assemblage condition at impacted and reference Sites are
compared to previous years, is an effective tool to communicate findings to the public.
The efficiency of current designs for trend monitoring needs to be evaluated. Replication
and frequency of sampling among Sitesis inconsstent among agencies and only OCSD
has conducted power analysis to determine what the appropriate frequency should be.
However, the purpose of this power analysis was to detect changes over space and time
(repeated measuress ANOVA). Similar analysis needs to be conducted to assess the

appropriate frequency for trend monitoring aone.

Current desgns by dl of the POTWs commingle spatia extent and trend
monitoring. The spatiad extent monitoring is inefficient, however, because it provides
vary little information for decison-making. Thisis partly due to the lack of effects
observed over thelast 10 to 15 years. No effects have been observed in fish population
or assemblages because these parameters are relatively insengtive to current effluent
discharges Vaiability from haul to haul is naturdly high, meking differences from ste
to ste difficult to detect on aloca scde. Large-scade changesin fish populations,
however, are important for environmenta decison-making. Thisis particularly so when
managerstry to assess the effect of cumulative discharges or atempt to evauate locdl
changes in relation to widespread changes in abundance that are occurring throughout the
SCB.
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Sublethal impacts are largely ignored by most POTW monitoring programs.
Subletha impacts, however, are more sendtive and can indicate exposure to pollutant
inputs. The OCSD isthe only agency that routinely measures histopathology during its
fish surveys it chronicaly finds differences among fish caught from impacted aress
compared to reference conditions. Other investigators, including SCCWRP, have dso
observed increases in other subcdlular biomarkers. Unfortunately, these indicators are
not devel oped to the extent that management decisions can be made from this monitoring
data. For example, alink has not been established between histopathology and outfalls as
an epicenter for disease. Asresearch in the areaof subletha impacts continues to assess
these cause-and- effect relaionships, these indicators may become effective tools for
evauating exposure and potentia impacts.

Wildlife Protection

The POTW monitoring for wildlife protection has been effective at addressing
management questions that assess trends within each agency. Every agency hasa
historical record for its respective species and tissue types, some dating back more than
20 years. These data sets have shown decreases in tissue concentrations, at times more
than an order of magnitude, since the 1970s. These data sets are extremely useful
management tools, particularly when combined with reductions in mass emissons and
improvements in sediment chemigiry and biota

Although tissue monitoring provides managers with the ability to assess trends, it
has been ineffective at assessing spatid extent. This can be attributed, in part, to
differences among programs. Integrating monitoring results among agencies is hampered
by incomparable monitoring designs. For example, no single species and tissue type was
monitored by dl agencies.

Current monitoring designs for wildlife protection are not optima for making
assessments of spatia extent due to the lack of sufficient sampling Stes at loca scales.
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Our comparison of programs showed as few as three Sites per program. However, the
gpatid extent of bioaccumulation is not necessarily aloca issue and should encompass
the cumulative contributions from al sources that discharge to the ocean aswell asthe
large range in tissue concentrations from reference areas. Moreover, large-scaleregiond
edimates of wildlife protection provide useful data to managers for informing the public
or for decison-making. Currently, only the regiona monitoring program provides these
integrated assessments at the proper spatial scale and where the costs are appropriately
shared among stakeholders. For example, the 1994 Regionad Monitoring Survey
demondtrated that only 2 of 14 chlorinated hydrocarbons were detectable in the SCB, but
that totad DDT and tota PCB were widespread in fish tissues. Even if dl of the agencies
were comparable in design and methodol ogy, integrating the local programs could not

have provided this assessment.

Human Health

The seafood monitoring programs have been ineffective at assessng management
questions regarding human health. Only three of the four largest POTWs conduct
seefood sampling and andysis as part of their routine monitoring. Moreover, no common
approach or design has been adopted for making assessments of seafood safety among
these three agencies. For example, the programs sample and analyze a variety of species,
a dissmilar frequencies, and with different target analytes. This has begun to change,
with both HTP and JWPCP working together to jointly design a program for Santa
MonicaBay.

The lack of monitoring by some agencies, coupled with inconsistencies among
agencies that do monitor, prevent finding an answer to what should be aregiond
question. |Isthe seafood safe to eat? is a question that needs to be addressed not just near
POTW ouitfals, but at dl locations where fish are caught for consumption. For example,
no routine monitoring program has been established for fish that are caught by sport
fishermen off commercid passenger fishing vessdls, piers or beaches. Not only is
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seafood monitoring aregiond question, but the sources of seafood contaminants need to
be more broadly defined and costs appropriated. Although POTWs are not the only
contributor of pollutants that can bioaccumulate in seafood, they are the only group of
dischargers that conducts routine seafood monitoring.

Perhaps the greatest inefficiency in the seafood monitoring program, however, is
that the POTWSs are not the managers that make decisions about seafood for human
consumption. It is CAEPA’s Office of environmentd Hedth Hazard A ssessment
(OEHHA), not POTW managers, which post fish advisories or closures. Therefore, the
primary decisionmakers are not integrated into the monitoring design. Once again, this
has begun to change in Santa Monica Bay, where OEHHA assisted in the development of
the new HTP and IWPCP seafood monitoring design.

Recommendations

Focus fish population and community monitoring on trend sites since spatial extent
guestions are inefficiently addressed through local monitoring. Spatial extent
guestions for answers to fish population and community impacts should be addressed

through regional monitoring.

Significant effort has been expended in an effort to answer spatia extent questions at
loca scaes. We recommend that monitoring programs focus fish population and
community monitoring on addressing management questions regarding trends and that
the spatid extent effort be redirected towards large, regiona-scale designs that can
capture large portions of a species range in the SCB.

Although we recommend that the spatid monitoring effort be reduced, we do not

recommend that al fish monitoring be diminated at loca scales. Fish monitoring
provides important information that managers need to report to the public. Maintaining a
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reduced number of core trend steswill fulfill thisneed. The frequency of this
monitoring should be optimized based upon power analysis usng historica data
Managers can eva uate whether population or community parameters are increasing,
decreasing or remaining stable over time. Similar to our recommendations for sediment
monitoring, we propose that different habitats be monitored in areas that could
potentially be affected, such as depth-related habitats . Most programs already monitor
these types of habitats, we recommend that this practice be continued as a meansto
increase thelr vauein trend andyss. The remaining Stes should be in the same habitats,
but located in reference areas unaffected by the discharge. Pooling of effort among
dischargers may be an efficient technique for accomplishing some of this reference

condition assessment.

Fish tissue monitoring for wildlife protection should be divided into two questions:
one question for local monitoring to address trends and a second question for

regional monitoring to assess spatial extent.

The POTWSs have been conducting fish tissue monitoring for wildlife for many years.
During thistime, they have effectively developed an extensive history demondtrating
decreases commensurate with effluent and sediment reductions. However, the current
programs measure avariety of species and tissue types and are so incomparable that they
cannot be integrated. Therefore, we recommend that fish tissue monitoring for wildlife
protection be divided into two questions. The firgt question should address trendsin fish
tissue concentrations at local scales. The second question should address the spatial
extent of fish concentrations at regiond scales.

Trend monitoring at local scaleswill enable resource managers to assess whether
discharges are accumulating in loca biota. The same Stesthat are sampled for fish
popul ations (see previous recommendation) can be utilized for thiselement. By
monitoring these Sites over time, resource managers can assess Whether these

concentrations are increasing, decreasing or remaining stable over time.
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We recommend that existing species and tissue types be sampled for locd trend
monitoring. In some cases, a 25-year history of tissue concentrations has been amassed
that will prove valuable if the target species and tissues remain the same. However, some
flexibility should be dlowed to make minor additions in the future. Our comparison of
programsidentified alarge discrepancy in the list of andlytes that are measured in current
programs. We suggest that only substances that bioaccumulate be measured in loca fish
tissues. These compounds include the chlorinated hydrocarbons (DDTs, PCBs) and few
metds (Hg, Se, As). Findly, we suggest that multiple tissues are not required for trend
andyds. Our comparison of programs identified that both muscle and liver are measured
in most programs. Chlorinated hydrocarbons are gpproximately 10-fold more
concentrated in liversthan in muscle. Trends are most useful when detectable levels are
consstently measured. Therefore, liver isthe preferred target tissue for locd trend
monitoring, though individud facilities may need to use another tissue type to maintain
their historica record.

Regiond monitoring can provide answers such as “percent of areawith
concentrations above thresholds for wildlife consumers’ to resource managers.
Unfortunately, no single species has arange that coversthe entire area of the SCB.
Therefore, we recommend that fish guilds be used to gain the necessary large patial
coverage. Fish guilds are aset of fish speciesthat perform smilar ecologicd roles, but
livein separate habitats (e.g., depth zones). Recent SCCWRP research suggests that
sanddab guild species bioaccumulate chlorinated hydrocarbons at similar rates because of
their smilarities in exposure to sources such as sediment and sediment-adwelling prey.
Secondly, we recommend that whole fish be used for regiond assessments. The god of
wildlife protection assessments is to assess whether chemicals present a lower trophic

levels endanger consumersthat swallow prey whole.
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Seafood monitoring for public health is a regional question and should be integrated
with CalEPA’ s Office of Environmental Health and Hazard Assessment (OEHHA).
This monitoring should be shared equitably among all dischargers to the ocean.

Resource managers for POTWSs need to know if their discharges, in combination with
other discharges, are accumulating in seafood and presenting a public health risk.
Unfortunately, the resource managers from POTWSs are not the main users of data on
seafood concentrations. Instead, OEHHA has the jurisdiction for issuing advisories and
closures of commercid and recreationa harvesting areas. Moreover, POTWs are not the
only source of inputs to the ocean of contaminants that can accumulate in seafood,;
therefore, their resource managers are in no postion to take al the actions that need to be
taken. We recommend that the current monitoring programs be integrated with
OEHHA'’ s monitoring designs to address the management needs for closures and
advisories. Furthermore, we recommend that other sources that contribute to
accumulaions in seafood share in the burden of this monitoring effort. The share of
monitoring each discharger should be responsible for should be proportiona to the
amount of congtituent that they have discharged to the ocean.
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TABLE 6.1. Fish assemblage trawling effort.

HTP JWPCP OCSD PLWTP
# Trawlslyear 56 48 4 3
Sampling Quarterly Quarterly Semiannually  Quarterly/
frequency
Semiannuall
y
Areasampled (knt) 186 31 36 75
Trawl depths 18 m 23m 18 m 60m
(semiannual)
60 m 61lm 36m 88 m (quarterly)
150 m 137m 55m 104m
(quarterly)
60m
137m
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TABLE 6.2. Target species for trawl-caught fish bioaccumulation that can be used

for wildlife protection assessments.

HTP JWPCP OCSsD PLWTP
Species
white croaker — M M,L -
hornyhead turbot M,L - M,L M,L
bigmouth sole - - M,L M,L
dover sole - M - -
barred sandbass - - M,L -
longfin sanddab - - - M,L
pacific sanddab - - - M,L
CA scorpionfish M,L
speckled sanddab - - - M,L
kelp bass - L - -
M = Muscle
L =Liver
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TABLE 6.3. Constituent analysis reporting limits for fish and invertebrate tissue
samples. Dash = not analyzed.

HTP HTP JWPCP OCsD PLWTP
muscle liver muscle & muscle & muscle &
liver liver liver
Metals (mg/ wet Kg)
Aluminum - - - - 26
Antimony 0.07 0.25 - - 37
Arsenic 01 05 - - 14
Beryllium 0.01 0.05 - - 0.035
Cadmium 0.04 0.04 - - 034
Chromium 01 0.08 - - 0.33
Copper 0.26 0.28 - - 0.76
Iron - - - - 13
Lead 0.2 0.6 - - 25
Manganese - - - - 0.2
Mercury 0.02 0.17 - 0.02 0.012
Nickel 0.15 05 - - 0.79
Selenium 0.12 0.6 - - 013
Silver 0.01 0.05 - - 0.62
Thallium 01 05 - - 57
Tin - - - - 46
Zinc 0.7 12 - - 058
Organics
DDT (ug/wet Kg) 052 052 5 0.1-0.6 8.8-484
PCB (ug/wet KQg) 10-20 10-20 20 49 4-7
Remaining organochlorine 0515 0515 - 0.1-8 06-19
pesticides (png/wet KQg)
Total organic halides 7 - - - -
(mg/wet Kg)
Base/neutral/acid extractables 0.16-325 0.16-325 7-25 0.012-
(mg/wet Kg) 048
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TABLE 6.4. Sportfish sampling effort.

HTP JWPCP OCSD PLWTP
# Stations 3 zones 3 zones - 2 zones
# Samples/ year 0 18* - 24
Sampling triannually biennially - semiannually
frequency

* = half of biennial value
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TABLE 6.5. Seafood target species.

HTP JWPCP OCsD PLWTP
white croaker white croaker Sebastes sp.
CA scorpionfish kelp bass

ocean whitefish red seaurchin

reef perch

barred sandbass
cabezon
Sebastes sp.

yellow rock crab
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Introduction

Thefirgt gep in cregting any monitoring program is to identify why monitoring is
needed. In the context of our Model POTW Monitoring Program, we established this
need by asking questions. These questions embody the information that resource
managers need to make decisons. If the answer to a gpecific monitoring question is
“yes” then the manager makes one decision. |If the answer is“no,” then an dternative
decison ismade. If thereisno answer, or the answer does not trigger a decision, then the
need for that information should be criticaly evduated. A monitoring question should

aways have some decison vaue.

The audience for monitoring programs iswidely varied and so are the questions
they ask. At one end of the spectrum are upper level resource managers who typicaly
ask very generd questions. These questionsinclude: Isit safeto swim?Isit safeto est
the seafood? |s the ecosystem being protected? The questions are generd at thisleve
because they reflect the concerns of the public to whom the managers are ultimately
responsible. At the opposite end of the spectrum are scientists who ask very speciaized
questions. They ask detailed questions because they have a need to define the specifics
of how, when and where they will collect and andyze physica, chemica and biologica
data. One chdlenge in developing amodd monitoring program is to ensure a connection
among the questions being asked by the different levels of participants in the monitoring

process.

We ve made the connection between policy-level and scientist-level needs by
cregting M anagement Questions. Management questions are those typicaly asked by
mid-level managers who use monitoring information to make decisons. These mid-leve
managers often serve as the interface between the scientists that collect and analyze
monitoring data and the upper leve resource managers that must interact with regulatory
boards and the public. In most cases, there will be many management questions
associated with each policy question and many scientific questions associated with each
management question.
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Goals of This Document

The god of this document isto generate alist of management questions for a
Modd POTW Monitoring Program. Monitoring questions are the Sngle-most important
agpect of designing amode monitoring program. The monitoring question, which
impliesalack of knowledge, provides the need for a monitoring program. None of the
other design or implementation steps that follow can be accomplished if we do not firgt
produce adequate monitoring questions that enable us to focus our effort and resources.
If we do not develop the correct questions, or they are framed improperly, the sampling
design may not be optimd for the results needed to make important management
decisons. Thiswould result in an unnecessary dlocation of monitoring effort, eventualy

increasing the overdl cost of amonitoring program.

Undoubtedly, many management questions will need to be answered. However, it
will beimportant to identify the most important questions that the datistical design
should address in the next steps of model program development. Our objective,
therefore, is to identify the common dementsin the monitoring questions and prioritize
these for further moded program development. Some management questions are Site-
specific or goply to unique agencies. By focusing on the most universal management
questions, we will be able to incorporate designs that dl agencies can utilize,

Approach To Developing Monitoring Questions

We spent over one year with upper and mid-level managers and have developed
the most important management questions to be answered in aModd Monitoring
Program. The questions were derived using three techniques. Firgt, we reviewed existing
literature to assess what important monitoring needs have dready been identified and
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what significant findings current monitoring programs have dready addressed. Second,
we reviewed each of the large and smal POTW monitoring permitsin the SCB and
didtilled this information into a series of monitoring questions. Third, we interviewed
monitoring specidigts from the largest POTW dischargersin southern Californiaand the
NPDES permit writers from each of their respective regulatory boards. In these
meetings, we asked what the most important policy questions were, what the greatest
monitoring information needs were for management and what scientific details were most
relevant to their monitoring programs. Findly, we discussed these questions, as a group,
on aquarterly basis from 1998 to 1999.

One of the most important attributes of a proper management question isto ensure
that the question has decison value. That is, once the monitoring has been accomplished,
the results should feed directly into a decison-making process. Therefore, aswe
developed the list of management questions, we focused on four types of information for
each:

Management I nformation Need - Why does the manager need to know the answer?
Decision Criteria - What criteriawill be used for deriving an answer to the question?
Expected Product - How should the answer be expressed?

Possible Management Actions - What actions will be potentidly influenced by the

answer?

By focusing on these four "decison value' criteria, we ensured that monitoring would
provide the information necessary to communicate scientificaly technica data to upper
management and satisfy the public's need to know.
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Design of This Document

We have designed this document to correspond to the five different mediathat are
monitored in the SCB. These mediainclude:
Effluent
Water Quality
Microbiology
Sediment
Fish
Within each programmeatic dement, we list the most important management questions
refined through our development process, providing justification, rationale, and decision
vauefor each.
Other media are monitored in the SCB including programmetic ements such as
kelp, rocky sub-tidd and rocky intertidal areas, birds and mammas. While these media

were partially addressed during our development process, we do not focus on them in this

document due to the fact that these media are not held in common among al agencies.

Effluent Monitoring

The most important management questions for effluent monitoring are:

| s the effluent concentration of selected constituents below levels that will ensure

public safety and protect aquatic life?

What are the mass emissions of selected materials that are discharged annually?

I s the effluent concentration or mass emissions changing over time?
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|s the plant operating efficiently?

The primary reason for monitoring fina effluent concentrations prior to dischargeis
to assess the potentid risk to the receiving weter, especidly in the water column.
Measuring trace quantities of condituentsin the water column after discharge has been
very chalenging technicdly. However, trace quantities that cannot be measured ill
have the capability to induce imparments to beneficid uses. Therefore, regulatory
agencies have placed water quality objectives on find effluents where concentrations are
much higher and are technicdly easier to sample and measure. Regulatory policies, such
as the Cdlifornia Ocean Plan (Ocean Plan) (SWRCB 1997) apply risk-based models to
predict harmful concentrationsin the environment. The risk-based models are designed
for beneficid uses including seafood consumption (public safety) and protection of
agudic life. Theloca Regiond Water Quality Control Boards then apply these water
quality objectives using a credit for dilution to back-caculate what concentrationsin
effluent should be for writing specific discharge permits. In this way, resource managers
now have the decisionmaking tool to evauate if the concentrations in their discharge
have the capability to impair beneficid uses. These monitoring data can be used to
trigger source tracking or initiate receiving water monitoring for the potentid effects,
among other actions.

A second method that is used for predicting risk to aguatic life isthe use of toxicity
tests. These tests expose sengtive life stages of marine organismsto find effluent (after
sdinity adjustment) to assess their acute or chronic impact (U.S. EPA 1995). The
advantages of these tests are two-fold. Firg, therisk isdirectly measured instead of
modeled. Second, the toxicity tests can capture toxicity that occurs from unmeasured
condituents or from synergistic effects of multiple condituents below their individua
water quaity objectives. Resource managers can use toxicity monitoring to assessif their
discharge istoxic, trigger toxicity identification evauations (TIE) and track sources or
modify the trestment process to reduce environmenta risk.
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Mass emissons are an important contributor to the effluent monitoring program
because they provide resource managers with the tool to compare contributions of
congtituents from different facilities or groups of facilities (e.g., one POTW versus
another POTW or al POTWSs versus urban runoff). Identifying which facilities
contribute the greatest mass emissions helps managers effectively utilize their resources
to reduce inputs. Smdler contributors, where even severe management actions will result
in minute changes to the totd load, should become alower priority for concern. Findly,
as mass- based regulations become more important, such as tota maximum daily loads
(TMDLSs), mass emisson monitoring will become critica in evauating compliance.

Both mass emission and effluent concentration monitoring enable resource managers
to track discharges from asingle facility over time. If effluent concentrations or mass
emissons from afacility are increasing over time, then resource managers can use this
information to carefully congder if management actions are necessary. On the other
hand, if a more drastic management action is taken, monitoring for trends in mass
emissions of effluent concentration can enable that resource manager to document the
improved discharge and reduction in risk to beneficia uses.

Monitoring of effluentsfor plant performance is ancther useful program for facility
performance. Measurements of common POTW constituents such as suspended and
dissolved solids (TSS, TDS), biological oxygen demand (BOD) and others provide
invauable information to facility managers on how well ther plant isfunctioning. Plant
performance, however, is not within the scope of this document. Instead, this document
focuses on potentia impacts to receiving waters in the coastal oceans of the SCB. In
redity, facility managers will messure these genera congtituents at frequencies that
address internal operations, regardless of what regulatory agencies may request.
Therefore, this document does not address the monitoring question regarding plant

performance.
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Water Quality Monitoring

The mogt-important management questions for water quaity monitoring are;

Are water column physical and chemical parameters within the ranges that ensure

protection of the ecosystem?

What is the fate of the discharge plume?

POTWs design their outfals to quickly mix and diffuse with receiving watersin the
SCB. Most POTWSs conduct water quality monitoring to assessif their plume has been
aufficiently mixed to maintain protection of the ecosystem in receiving waters. Many
water column ecosystems are particularly susceptible to reductionsin light or dterations
in pH and dissolved oxygen (D.O.). Light reduction can contribute to a decreasein
primary production that will have aripple effect through the ecosystem may eventudly
leading to reductions in fish abundance and assemblage parameters. Alterationsin pH
and D.O. can have acutely toxic effects on fish and other invertebrates; D.O. reductions
have been responsible for fish killsin other affected ecosystems around the nation.

The Cdifornia Ocean Plan stipulates numerica water qudity objectives for
atainment in the receiving waters near the vicinity of adischarge. Thewater qudity
objectives are for light transmittance, pH, and D.O. One of the primary management
questionsisto assessif the levels near the discharge are meeting Ocean Plan objectives

and that the ecosystem is being protected.

An equaly important, but digtinctly different question that managers need to know is
where ther plumeisgoing. Although light transmittance, pH, and D.O. may be within
acceptable limits, there are concerns beyond water column ecosystem hedth. First, most
managers need to know if their plume is moving towards shore where it may encroach
upon water contact zones. In this case, human hedlth concerns are of interest and

additiona water quality thresholds exist for bacteria (see microbiological monitoring).
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Second, plume direction and mixing has a direct effect on sediment loading. Although,
light transmittance may be within acceptable levels for water column assessments, the
direction of the plume determines where the discharged particles will eventualy sditle.
Y ears of accumulations may affect sediments in locations where the plume direction is
most consgtent. In this case, ecosystem hedlth issues are primary concerns in terms of
habitat quality and impairments of benthic communities (see sediment monitoring).

Microbiological Monitoring

The mogt-important management questions for microbiologicad monitoring ares

Does sewage effluent reach water contact zones?

Are densities of bacteria in water contact zones below levels that will ensure public
safety?

The primary motivation for measuring bacteriain recelving waters is for managersto
determine if POTW discharges are encroaching upon beneficid use areas such as body-
contact recreation zones (i.e., svimming, surfing, diving) and shdllfish harvesting
grounds. Bacteriaare conservative tracers of feca contamination and are often
measurable when other indicators, such as sdinity or turbidity, are not sengtive
measures. Resource managers can use microbiological monitoring to evauate if feca
sources are present and, if sampled across a patial gradient, monitoring can be used to
infer sources and/or transport of bacteria

Resource managers need to assess whether contamination is present and if the levels
are high enough to be a public hedth risk. In the case of three bacteria (tota coliform,
fecd coliform, and enterococcus), water qudity thresholds have been established that set
levels of acceptable risk for body-contact recreation and shellfisheries (SWRCB 1997,
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AB411). By using these thresholds, resource managers have the tool they need, in
conjunction with microbiologica monitoring, to assess if unacceptable risk is present and

whether beach warnings or closures need to occur.

Sediment Monitoring

The most important management questions for sediment monitoring are:

Is sediment in the vicinity of the discharge impaired?

If so, what is the spatial extent of sediment impairment?

|s the sediment condition changing over time?

Sediments integrate constituents that are discharged to the ocean. The particles that
come from POTW discharges, and any associated contaminants, will eventualy settle to
the seefloor where they are incorporated into the existing sediments. Sediments
accumulate these particles over the years until the point where sediment quaity has
degraded and beneficid uses areimpaired. The beneficid uses most often associated
with sediment quality are aquatic life and public safety (seafood bioaccumulation). Public
safety is addressed in the chapter on fish monitoring (although bicaccumulation in
invertebrates can also occur). Impairment of sediment qudity that can affect aguetic life
is monitored by assessing habitat qudity such as grain Sze and organic carbon content,
sediment contamination such as anthropogenic congtituents, biologica communities such
as balanced indigenous populaions, and interactions among dl three components such as
Sediment toxicity.

Resource managers can utilize sediment monitoring to assess if discharges are
affecting receiving waters. Resource managers can use sediment monitoring as a means

A-10
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to evauate if effluent concentrations or mass emissons are accumulaing in receiving
water environments, especidly if they exceed water quality thresholds. An assessment of
magnitude and/or spatid extent of impairment enable resource managers to rank sites and
evauate which locations are most critical for immediate action. Findly, sediment
monitoring can be used for beneficia use assessmentsin other program elements,

particularly assessments of impairment to fish.

Answering the management question "I's sediment near the discharge impaired
and, if so, how much isimpaired?" isatwo-step process. Resource managers will first
want to establish that thereis an impact near their discharge before extending their
monitoring to greater distances. Alternatively, if there is no impact near the discharge,
then additiond sampling is unwarranted. This example of adaptive monitoring, whereby
resource managers can use the monitoring to establish further need, is an efficient

mechanism for minimizing costs and increasing effectiveness of a program.

One of the mogt effective means for communicating spatid extent isamap. Maps
have the capability to add context to interpreting results that long tables of data cannot
convey. Maps are easily understood by non-technica audiences. Maps can be especidly
useful for transmitting magnitude and spatid extent information by the addition of
contours. Contours of increasing sediment concentration, contours of numbers(s) of
indicators that exceed thresholds, and contours of previous year(s) extent aredl
ingghtful toolsto relay detalled information in ameaningful format that will provide the

appropriate context to decisionmakers.

Resource managers can utilize trends in sediment condition to make decisons
regarding the need for additiond actions. If the trend in sediment condition isimproving,
then the manager can utilize this information to demondtrate that the actions aready
undertaken have been effective at reducing risks to beneficiad uses. If thetrend in
sediment condition is getting worse, then little or no action may be necessary if the trend
issmal or the condition of sediment is dready very good. However, if thetrend is
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getting worse and the level is near or above some action leve, then the need to teke

action incresses. If thereis no trend, then little or no action may be required.

Fish Monitoring

The most important management questions for fish monitoring are:

|s the health of fish communities changing over time?

|s the population of selected species changing over time?

| s fish tissue contamination changing over time?

Are seafood tissue concentrations below levels that will ensure public safety?

Fish monitoring hel ps to assessimpacts to two beneficiad uses. Thefirgt isaquatic
life and the sacond is public safety (seafood bioaccumulation). The monitoring questions
above fdl into three categories for resource managers. Thefird two questionsarein
response to managers needs to assess whether populations and assemblages of fish are
normal and not degraded. The third question addresses wildlife protection; contaminants
can bioaccumulate in fish and harm the fish or its predators after consumption. The
fourth question addresses public hedlth; contaminants that bioaccumulate in fish that can

harm humans after consumption.

Protection of fish communities and recreetiona/commercid fishing are among the
greatest public concerns of al the receiving water monitoring ements. Managers need
to be able to address the public's concern, which is most effectively accomplished by
trend analyss. Alterationsin communities of fish and important species are easly
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assessed and communicated to the public by comparing current years to previous years.
Moreover, fish populations and community structure can be related to water quaity
variables such astemperature. Since fish populations extend over wide areas, and water
qudlity variables such as temperatures are wide-scale phenomenon (i.e., El Nifio), this
essentially becomes aregiond question.

Similar to the community and population questions, resource managers can assess
wildlife protection questions by ng fish tissue concentrations over time. Unlike
the community and population questions, however, tissue concentration thresholds exist
(Environment Canada 1997). Thisis extremey important because this enables resource
managers to answer new questions regarding changes in area and proportion of fish that
exceed limits of concern. Assessing the percent of fish or percent of fishing area that
exceeds thresholds of concern adds tremendous context to management decisions,
epecidly if these measures of extent areincreasing over time. Resource managers
should be concerned about contaminants that bioaccumulate in fish because they can
induce harm in the fish itsdf by making them more susceptible to disease or predation.
Also, contaminants that bicaccumulate in fish can be passed up the food chain to
biomagnify in the higher order wildlife consumers such as birds and marine mammals,

Fish tissue concentrations are a priority for many managers to answer questions
regarding human consumption and public hedth. Strict thresholds have been established
by state (CAEPA) and federad (FDA) governments for tissue concentrations of severd
condituents. Fish tissue monitoring will address managers needs by ng if the
levels are above or below these thresholds. We phrased the public health question in
terms of trends because managers need to know not only if the levels are above or below
thresholds, but if they are increasing or decreasing over time. If they areincreasing, and
near the threshold, then management action may be imminent. If they areincreasing, but
well below the threshold, then only continued monitoring may be necessary. If they are
increasing and above the threshold, then management action is necessary.
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Summary of Decision Value Criteria for Priority Management Questions

Potential Action

Management Question

Information Need

Decision Criteria

Expected Product

Effluent M onitoring

Is the effluent concentration
of selected constituents below
levelsthat will ensure public
saf ety and protect aguatic
life?

Managers needsto know if
effluent concentrations are high
enough to represent a potential risk
to public or ecosystem health.
Risk assessors can estimate the
potential for biocaccumulation or
toxic exposure in the receiving
waters based upon effluent
concentrations and predicted
dilution. These are thetools used
to set numerical criteriafor
effluent.

Ocean Plan objectives and
permit limits, toxicity tests.

Table of constituent
concentrations, water quality
threshold, and indication of
exceedence. Toxic unit
summaries.

Examinetoxicity test data, ook
for constituent in ambient
monitoring elements, examine
trends question. Use an adaptive
trigger to increase frequency to
reassess data distribution and
frequency of exceedence. Usean
adaptive trigger to begin a
Toxicity Identification

Evaluation (TIE). If severe,
source |D program.

What are the mass emissions
of selected materials that are
discharged annually?

Managers need to know the total
mass emission of their respective
discharge, and what percentage of
the total mass emission to the
Bight this represents.

Relative to other agencies and
sources, relative to influent.
Compared to performance
goal or waste load allocation
for TMDL.

Bar chart or pie chart of
combined loads from all
sources.

If large piece of pie, then trigger
adaptive strategy to improve
confidence in load estimate.
Examine sediment questions.

I's the effluent concentration
or mass changing over time?

A manager wants to know if
increases in effluent mass or
concentration is an environmental
problem they need to address, or
aternatively, if the massis
decreasing, have the management
actions already been effective.

Historical performance.

Graph of concentration or
mass over time.

The relationship between the
trend in effluent mass and the
total mass emission limit will
alter the amount of response
required to comply with the limit.
If increasing, examine sediment
guestions.
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Information Need

Management Question

Decision Criteria

Expected Product

Potential Action

Water Quality Monitoring

Arewater column physical
and chemical parameters
within the ranges that ensure
protection of the ecosystem?

Managers need to
demonstrate that the
discharge is not adversely
affecting the physical and
chemical characteristics of
ocean waters within the waste
field whereinitia dilution
occurs. In order to protect the
ecosystem, managers must
verify that the POTW s
meeting the numerical and
narrative water quality
objectives.

Ocean Plan Objectivesfor
light transmittance, pH,
dissolved oxygen. Levels
relative to reference
condition.

Table of number of days that
exceeded thresholds by
parameter.

If exceed threshold, assess
spatial extent and frequency
of exceedences.

What isthe fate of the
discharge plume?

I's the plume moving towards
shore. Managers should be
ableto tell public where the
plume goes. What isthe
extent of water column
alterations.

Use conservative tracer of
plume such as salinity or
indicator bacteriafor
determining where the plume
isgoing. Use Ocean Plan
criteriafor exceedences.

Plume map with isoclines
estimating the frequency of
occurrence at different
distances. Table of volume-
daysthat exceed water
quality thresholds.

If large area, trigger adaptive
strategy to assess biological
impacts and incorporate other
measures (i.e. nutrients and
chlorophyll). If moving into
water contact areas, trigger
additional microbiological
monitoring




Model Monitoring Report

Information Need

Decision Criteria

Potential Action

Management Question

Expected Product

Microbiological M onitoring

Does sewage effluent reach
water contact zones?

Water-contact zones adjacent
to POTWs are often
influenced by more than one
anthropogenic source.
Therefore, the POTW
manager must know if the
effluent is contributing to the
degraded water quality at
water-contact zones. The
manager needs information
not only concerning effluent
incursions from the discharge
zone, but also about sewer
line breaks and overflows
into the stormwater system.

Comparison of bacterialevels
to reference condition.

Plume location map. Table
or map of affected sites.

If there isan indication that
the plume isreaching the
water-contact zone, this
justifies the need for further
management action such as
triggering an adaptive
strategy to increase frequency
or spatial extent

Are densities of bacteriain
water contact zones below
levelsthat will ensure public
safety?

Once aplume intrusion has
occurred, the manager needs
to know if the severity, both
in magnitude and duration,
represents a potential health
risk.

Ocean Plan Objectives,
ABA411 Standards.

Table or map of densities at
specific locations, Table of
number of days that exceed
thresholds.

If above standards, contact
Public Health Agencies. If
near drain, notify stormwater
agencies. If chronic, trigger a
special study to track
upstream sources.
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Information Need

Decision Criteria

Potential Action

Management Question

Expected Product

Sediment Monitoring

Is sediment in the vicinity of
the discharge impaired?

A manager needs to know if
the discharge has
accumulated in the
environment and isimpairing
ecological health.

Comparison of indicators to
reference condition.

Table or chart of chemistry,
biology, toxicity relative to
reference conditions for sites
near the outfall.

If impaired, trigger spatial
extent questions. Examine
mass emissions question.
Examine Fish question.

If so, what isthe spatial
extent of sediment
impairment?

Once the sediment is known
to be impacted, the manager
needs to know how big of an
areais affected. The severity
in the spatial distribution will

Comparison of indicators to
sediment quality
guidelines/criteria, Biological
indices/criteria, and
magnitude of toxicity

Map of impacted area.
Contours can add context.

Examine trends question.
Examine plume extent
guestion. Trigger specia
studies to examine cause-and-
effect.

guide the extent of possible endpoints.
management actions.
Isthe sediment condition Increasesin the areaor Relative to magnitude or Graphs of various indicators If getting bigger and worse,

changing over time?

magnitude of sediment
impairment justifies the need
for action. Alternatively, if
the area or magnitude of
concentrations are decreasing,
the manager will know that
previous actions have been
effective. Therelationship
between the trend of sediment
contamination near the
outfall, and conditions at a
reference site will alter the
amount of response required.

spatial extent over time.

over time. Maps with
shrinking/growing contours.

examine effluent mass and
fish question. Trigger special
studies to address fate-and-
transport including other
potential sources.
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Information Need

Decision Criteria

Potential Action

Management Question

Expected Product

Fish Monitoring

Isthe health of fish
communities changing over
time?

Communities of indigenous
species need to be balanced.

Ocean Plan Narrative
Standards. Assemblage
parameters,
guidelines/biocriteria

Table of assemblage
parametersrelative to
regional condition. Graph of
assemblage parameters at
discharge location and
reference condition over time.

If communities are declining
relative to reference
condition, trigger adaptive
strategy to assess spatial
extent. Evaluate tissue
accumulation.

I's the population of selected
species changing over time?

Selected populations need to
be healthy and sustainable.

Ocean Plan Narrative
Standards. Density and catch
per unit effort for selected
species. Gross extermnal
pathologies.

Table of population
parameters relative to
regional condition. Graph of
population parameters at
discharge location and
reference condition over time.

If populations are declining
relative to reference
condition, trigger adaptive
strategy to assess spatial
extent. Evaluate tissue
accumulation. Trigger
special studies to assess
cause-and-effect.

I's fish tissue contamination
changing over time?

Fish tissue contaminant
concentrations are to be
below levels that would
adversely affect the fish or
their consumers. Numerical
quality objectives are not
available in the Ocean Plan,
but predator protection limits
are availablein the scientific
literature.

Ocean Plan narrative
standards. Predator
protection limits. Ecological
risk assessment benchmarks
from Cal EPA or others.

Table of tissue contaminant
concentrations at POTW site,
reference condition, and
predator protection limit.
Estimate of percent of area
and percent of fish that
exceed limit. Create map
showing locations of
exceedences and magnitude.

If increasing, examine
population and community
structure. Evaluate sediment
levels. Trigger an adaptive
program that evaluates
biomarker or biochemical
impairment. Trigger specia
study to assess accumulation
mechanisms and evaluate if
higher-order consumers are
being affected.

Are seafood tissue
concentrations below levels
that will ensure public safety?

Fish tissue contaminant
concentrations are to be
below levels that would
adversely affect human

consumers.,

FDA action limits.

Table of tissue contaminant
concentrations at POTW site,
reference condition, and
action limit. Create map
showing locations of
exceedences and magnitude.

If near or above limits,
contact CalEPA. Increase
trend monitoring program.
Trigger aspecia study for
Sources.
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January 18, 2000

Memoto: The SCCWRP Commission---

Art Coe, Regiona Water Quality Control Board, San Diego Region; Commission Chair
Judith Wilson, City of Los Angeles Bureau of Sanitation; Commission Vice-Chair
Charles Carry, Los Angeles County Sanitation Digtricts

Dennis Dickerson, Regiond Water Quaity Control Board, Los Angeles Region

Robert Ghirdli, Orange County Sanitation Didtrict

Janet Hashimoto, US Environmenta Protection Agency, Region X

Alan Langworthy, City of San Diego Metro Wastewater Dept.

Stan Martinson, California State Water Resources Control Board

Gerard Thibeault, Regiond Water Qudity Control Board, Santa Ana Region

From: CTAG, the Commission’s Technical Advisory Group

Re: Development of a Model POTW Monitoring Program:
Review of Existing Programs (Nov. 22, 1999)

Attached are abbreviated CTAG comments on SCCWRP's independent review of exiding
NPDES monitoring programs for the four largest Southern Cdifornia POTWs.  City of Los
Angdes, Los Angdes County Sanitation Didricts, Orange County Sanitation Didrict, and
City of San Diego. Although this fird phase of the devedlopment of a modd monitoring
program is a “Review of Exiging Programs’, SCCWRP rdies heavily on recommendations to
summarize its assessment of current programs.  Therefore, CTAG has focussed on these
recommendations made for effluent, water qudity, microbiology, sediment and fish
monitoring.

Regulators generdly agree with SCCWRP's recommendations, and therefore did not provide
gpecific comments. POTWSs have significant reservations with the proposds. To POTWS, it
is an important issue whether a particular program recommendation is for routine compliance
monitoring, research, research on monitoring, or regional monitoring. POTWSs have dso
voiced concerns for the cost and feashility of implementing these recommendations. The
scde of some of the proposas markedly exceeds those of current NPDES requirements. The
recommendations are not prioritized.
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These differences in viewpoint are difficult to resolve without exploring the details of the
program changes that are only implied by the recommendations. It is time to move on to the
next phase, recognizing there is ill much work to be done to reach the optimum program.

CTAG looks forward to a continuing didlog with SCCWRP, as modd POTW programs
evolve to improve monitoring of the Southern Cdifornia Bight.

Jan Swll

Los Angeles County Sanitetion Didricts
CTAG Chair
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January 18, 2000

CTAG COMMENTS ON SCCWRP'SRECOMMENDATIONS
Development of a Model POTW M onitoring Program:

Review of Existing Programs (November 22, 1999)

SCCWRFP's charge from its Commission was to develop independent
recommendations for a model POTW monitoring program for the four largest
Southern Cadlifornia POTWs (City of Los Angeles, Los Angeles County
Sanitation Didtricts, Orange County Sanitation District, and City of San Diego).
In turn, the Commission has requested that CTAG (the Commission’s Technical
Advisory Group) prepare a written response to the SCCWRP review of existing
monitoring programs. While this initia report is characterized as a “Review of
Existing Programs’, it has in fact broached a number of monitoring
recommendations as an entrée to the second phase of the model monitoring
program project. The next phase will develop much more specific
recommendations for changes to monitoring programs. Discussions between
CTAG members and SCCWRP saff at that time will permit an exploration of
the differences between member agencies’ positions.

CTAG requests that this letter to the SCCWRP Commission be referenced in the
executive summary of the document. CTAG has significant concerns that need
to be considered in the next phase of the project.

The fdlowing comments focus on the recommendations portion of the review of exiding
programs. Overdl comments are made first, and then each of the monitoring dements are
Separately reviewed.
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A. GENERAL COMMENTS

(1) SCCWRP should identify each recommendation as falling into one of three
monitoring categories.

Each dement should be dealy linked to core compliance monitoring, regiond
monitoring or specid developmentd projectss.  Those dements which cannot be cdearly
associated with any of these categories should be viewed as a potentid SCCWRP or externd
research project.

Core monitoring includes compliance monitoring, which is associated with specific
regulatory requirements or limits, and is intended to be conducted for many years.
POTWSs negotiate such programs independently with their regulators (SCCWRP has
no role), as there are legd and politicd issues, in addition to technicad matters, to be
addressed.

Regional monitoring includes cooperative studies which provide a larger scde view
of conditions in the Southern Cdifornia Bight. It can be used to assess the cumulative
results of anthropogenic and naurad effects on the Southen Cdifornia Bight
environment, and to place POTW and other agencies monitoring in perspective.
Regiond monitoring is the best way to identify those issues or parameters which
gppear to be related to POTW discharges.  Further investigation during subsequent
regiond monitoring or by specid projects would darify that rdationship and suggest
those components which could rationaly be moved to core monitoring programs.

Special projects include deveopmenta research, designed to move monitoring
science and policy forward. These can be used to demondtrate the vaue of particular
andyses, to illudrate ways in which data can be used, or to develop new sills. They
may be conducted by the POTWs, or SCCWRP, or by contract. Some projects are
beyond the power of individud permittees, and may require centra coordination.

CTAG dso suggedts that the forthcoming design document should specificaly identify those
program elements which are unnecessary.

(2) Development of program details may change the recommendations.

CTAG is assured by SCCWRP that the desgn recommendations in the report are
preliminary, and the details must be subjected to more critical review of the details during the
next phase. Such close scruting may revea serious or fad flawvs which will cdl into question
entire individua recommendations. For example, the review of exiding programs implies
that less frequent chemica andyses will be necessary for effluents. However, critical details
have yet to be explored, including specific andytica condituents and reporting limits. ~ Until
such details are fully explored, it is not clear that the recommendations will result in fewer
analyses as the report suggests (see B, effluent, below).
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(3) POTW programsdiffer for good reasons.

The comparisons in the report sometimes imply that the programs should be uniform among
POTWs. In compaing exiging POTW programs, the document does not identify the
regulatory framework for the monitoring. Regulatory requirements contribute sgnificantly to
program differences, and the regulatory document which drives each program or eement
should be identified. These include the Cdifornia Ocean Plan, the Basn Plans and 301(h)
guidance for wavers from full secondary trestment. The future program design document
should identify areas where these regulatory foundations are week. Differences in discharge
recelving environments (eg., shdlow broad plan vs narow shdf), dso account for many of
the differences among programs and design recommendations should acknowledge and reflect
this

B. EFFLUENT. SCCWRP recommends. (1) Frequency of monitoring should be
proportional to the potential risk of exceeding a water quality threshold. Power analysis to
assess potential risk can dramatically improve efficiency of effluent monitoring. (2) Develop
a common list of reporting limits so that mass emission estimates among facilities are
comparable.

(1) The water qudity thresholds should be identified (including the Ocean Plan and facility
gpecific dilution factors). The risk of remaning out of compliance (eg., for running
averages) should be factored in to the caculations of monitoring frequencies. Some of
the projected sampling frequency “savings’ may exist only on paper. While the sampling
frequency needed to meet discharge requirements may indeed be lower than current
levels, the cdculated frequency needed to detect changes in mass emissons could
actudly be much higher than a present. For many metds, the laboratory effort is smilar
whether one, two, or 9x metds are concurrently andyzed. The same applies to the
groups of trace organics. Power anadyses should be conducted for groups of chemicals
which are andyzed together. It is important to remember that datistics are not the only
driving forces for monitoring: there ae regulatory, politicd and practicdity issues.
While the tables generated by power andyss were an interesting exercise, they
sometimes lead to irrationd implications. For example, a huge number of DDT samples
are necessary each year to achieve 99% confidence that the effluent is within the Ocean
Plan objective, and <1 to 2 mercury anayses are necessary for three of the four POTWs
(Table 2.6).

(2) The POTWs srongly contend that risk is the operative issue, not mass. Reporting limits
should not be lowered just for the sake of detection. The recommendation should clearly
specify that it gpplies only to toxic or bioaccumulated chemicads with associated human
or ecologica risks.

C. WATER QUALITY. SCCWRP recommends (1) Reduce the frequency of
monitoring that addresses questions regarding water quality impairments and reallocate that
effort to address questions regarding plume location. (2) Analyze existing data to create
isocline maps of plume occurrence. (3) Promote the use of new technology to capture data
regarding episodic events that are not well-characterized with existing monitoring, but are
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likely important oceanographic driving factors influencing plume movement towards shore.
The new technology should be applied in a test case to demonstrate its effectiveness and
improved efficiency prior to becoming routine monitoring. (4) Find cooperative interactions
among POTW monitoring programs, other monitoring programs, and researchers to
effectively devel op predictive models of plume dynamics.

The POTWs fed that the water qudity recommendations are too generic for the divergty that
exigs among discharges and recelving waters.  The wadefidds behave differently, the
recaving environments are different, the treatment levels are not the same, and even the
controlling regulatory environment varies. This varigbility makes devdopment of a
prescriptive program inappropriate.

(1) CTAG agrees that monitoring frequency for water quadity should be reduced. However,
the POTWs disagree with the second haf of SCCWRP's recommendation, which states:
“redlocate that effort to address questions regarding plume location.”  This is not
compliance monitoring. Plume monitoring is an important tool as an intermediate step if
there is a problem such as incursons by the wastefield into water contact sports zones.
While dally modeling or measurement is generally not supported by the POTWS, the
Orange County Sanitation Digtrict suggests that a description of the generd plume
location is needed to satisfy the publics concerns. Nutrient and phytoplankton
enhancement dudies are specid research which can be done using arborne and saellite
imagery. This should be pursued only if it can be shown by regionad studies that FOTW
discharges are afocus of enhancement.

(2) The POTWs agree that exiging data should be andyzed to creste genera isocline maps
of plume occurrence. The phrase “and to identify most appropriate periods for
characterizing oceanographic seasons’ should be added to the recommendation. It is
dready generdly understood where the plumes occur. While a study to develop a
decription of the loca oceanographic seasons would be useful for interpreting unusua
water qudity findings, a large scde effort over many years would not be productive or
efficient. The POTWSs can provide data for the analyses, but this should be a SCCWRP
project.

(3) Item 3 should not presume an untested technology will lead to routine monitoring, as
implied by the phrase “prior to becoming routine monitoring”. This is a research plan.
The POTWSs bdieve compliance monitoring should include only identified, cost effective
technology that may increese POTW efficency in waer qudity monitoring, and ther
ability to explain POTW discharges in a regionad and loca perspective. POTWSs support
remote sensors as a means of keeping boats and field crews onshore.  Where possible,
cooperative gpproaches with vendors are recommended, to assure that equipment
development istailored to POTW needs.
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(4) This is a research project. Predictive modding should be dte specific, and only if there
are rdevant parochia interests (the need varies with the specifics of each discharge and
receiving environment).

D. MICROBIOLOGY. SCCWRP recommends. (1) Microbiological monitoring for
plume tracking should become an adaptive component of a water quality monitoring program.
Adaptive strategies represent a cost-effective means of allocating resources to the places and
times they contribute the most value. (2) Use a tiered approach for selecting indicators and
methods. Single indicators using inexpensive methods are appropriate for plume tracking
when many samples are needed, but multiple indicators coinciding with water quality
thresholds should be analyzed at locations or times when body-contact issues are of concern.
(3) Effort should be shared equitably among all dischargers of bacteria to assess regional
shoreline water quality for protecting public health. (4) Integrate methods and create regional
monitoring designs that focus on quality and efficiency of POTW and county health
department programs.

(1) Even though becteria are conddered consarvative plume indicators (within limits), some
POTWSs cannot use bacteria for plume tracking because their effluent is chlorinated. For
most POTWSs, shoreward transport is not a concern because it has been demonstrated
through years of monitoring that it does not occur. Adaptive monitoring would not
necessarily demongtrate compliance with nearshore water contact and shellfish standards,
and would create enormous staffing problems.

(2) Any bacterid indicator would be sufficient for plume tracking (dthough severd POTWSs
do not recommend it unless theré's an identified problem). The Ocean Plan requires
multiple indicators for compliance with bathing water and shdlfish dandards.
Chromogenic methods which are recommended as inexpensve substitutes have not been
cetified for marine waters by EPA or ELAP, which may discourage some Regiond
Boards from approving their use.

(3) This recommendation is good in concept, but the bads for equitable sharing must be
defined by the regulators.

(4) The POTWs recommend that choices for andyticd methods in bathing waters and
shellfish areas be performance based. The methods and data must be comparable.

E. SEDIMENTS. SCCWRP recommends. (1) Disaggregate the spatial and trend
components of the current sediment monitoring sampling designs. Reallocating sampling
sites dedicated to addressing each of these distinct management questions will improve
efficiency and cost-effectiveness. (2) Look for opportunities to incor porate measurements of
sediment toxicity to increase the number of thresholds for evaluating impairment. Sediment
toxicity will become especially useful when sediment toxicity identification evaluations (TIES)
become routinely available, enabling managers to assess which constituents are responsible
for toxicity. (3) Institute an archive program to allow for the possibility of unmeasured
chemicals.
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(1) SCCWRP has not demonstrated that disaggregetion is more efficient and cost effective,
CTAG disagrees that current programs have “blended” gspatia/tempora patterns,
athough tempord and spatid programs do augment each other. There are dso tempora
gradient anadyses, which combine both space and time monitoring of changes in
gradients emandating from the outfal zone should be continued. There ae serious
concerns about sediment program design, since very large numbers of samples can be
proposed if there were rigid, blind agpplication of power andyds. It is important to
caefully watch the assumptions used in power andyses, as they often drive the results.
Also, repeated vidts over time give greaster power than does replication a a particular
time. Fndly, if the POTWS reference dtes are within the range of variability of the
regiond monitoring surveys, then the POTWs recommend that local “controls’ be used,
unlessit can clearly be shown that more distant Sites provide more useful informetion.

The POTWs are not convinced of the need for mapping as described in the
document, without defined confidence levels. A “shotgun” approach to defensible maps isn’t
needed: parameters requiring the greatest resolution and precision, both near and distant
from the discharge, must be defined first. In many cases, general distribution patterns have
been identified, and available maps suffice.

(2) Sediment toxicity tets ae cdealy a ressach issue which demands rigorous
demongtration before use as a monitoring tool. If no problem s demongtrated by regiona
monitoring in the POTW subpopulation, then sediment toxicity teds ae not
recommended for routine monitoring.  If there is no effluent toxicity but there are toxic
sediments, there is typicdly no associated management action to be taken. For sediment
toxicity, both methods and results vary, and the meaning of the results is often unclear.
TIEs have not been used effectively in sediments (even for water qudity, TIES are often
not clear).

(3) Sediment archiving is not supported by the POTWs, who see very little utility to such a
progran.  Holding times would be exceeded for most chemicads (except metas).
SCCWRP's examples illusrate some of the problems MTBE is voldile, and
chlorpyrifos (and some other organics) are designed to have short shelf lives,

F. FISH. SCCWRP recommends: (1) Focus fish population and community monitoring on
trend sites since spatial extent questions are inefficiently addressed through local monitoring.
Spatial extent questions for answers to fish ppulation and community impacts should be
addressed through regional monitoring. (2) Fish tissue monitoring for wildlife protection
should be divided into two questions: one question for local monitoring to address trends and
a second question for regional monitoring to assess spatial extent. (3) Seafood monitoring for
public health is a regional question and should be integrated with CalEPA’'s Office of
Environmental Health and Hazard Assessment (OEHHA). This monitoring should be shared
equitably among all dischargersto the ocean.
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(1) POTWssee aneed for continued local monitoring of population trendsin fish and
invertebrates. These data are needed for 301(h) permits, for demonstrating the lack of
discharge related impacts to the public and for gradient andyss. Regiond monitoring
should be used for concurrently assessing Bight-wide, local and reference conditions.

(20 POTWs support the continued use of historica species and tissues, as possible.

(3) CTAG supports integration of seefood monitoring with OEHHA. Monitoring results are
aready shared with this agency.



