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This section addresses monitoring and research on contamination in the San Francisco Bay and the Delta (Bay-Delta).  It includes monitoring of contaminant concentrations, toxicity testing, exposure to, and bioaccumulation of contaminants, ecological effects, and human health effects from consumption of fish and shellfish.  It does not include drinking water or microbial disease monitoring which were addressed by other workgroups.  The recommendations are for monitoring within the Bay-Delta, at the confluences of major watersheds and mudflats, but not within the watersheds or tidal marshes which were addressed by other workgroups. 

Goals and Objectives


Water Quality is one of CALFED's Common Programs.  The goal of the Water Quality Program is to improve the quality of the waters of the Sacramento-San Joaquin Delta Estuary for all beneficial uses.   Because species dependent on the Bay and Delta are affected by upstream water quality conditions in some areas, the scope of the Water Quality Program also includes watershed actions to reduce water quality impacts on species dependent on the Delta (CALFED 1998a).


The specific CALFED goals and objectives addressed in this section are (CALFED 1998b): 

· Provide good Delta water quality for recreational use;



Reduce health risks associated with consuming fish.

· Provide improved Delta water quality for environmental needs; 

Reduce concentrations of pesticide residues, hydrocarbons, heavy metals, and other pollutants in water and sediments.  


The CALFED Water Quality Technical Team (WQTT) has produced a Water Quality Program Plan that lists actions to improve water quality (CALFED 1998a).  Monitoring will be needed to evaluate whether those actions are successful.  Since many of the actions have not begun, monitoring cannot yet be designed.  However, the monitoring recommendations included in this section provide for the determination of baseline conditions, and can be expanded in space or time to be used when needed.    


In addition to CALFED's program objectives, there are also regulatory mandates to monitor contamination. The Central Valley- and San Francisco Bay Regional Water Quality Control Boards each have Basin Plans that have numerical and narrative water quality objectives for contaminants and toxicity.  The US EPA issued their draft California Toxics Rule criteria last year as another set of guidelines.  Other "guidelines" exist for sediment contamination and tissue contamination that are used by regulatory agencies for evaluation of environmental conditions in terms of contamination.   

Conceptual Models for Contaminant Monitoring and Research  

Understanding the sources, transport, fate, and effects of contaminants in the Bay-Delta can be greatly facilitated by the use of conceptual models.  The conceptual models shown on Figures 1A and 1B provide a simplified flowchart depiction of the movement of contaminants into and through an ecosystem, delineating key processes, matrices, and effects receptors.  Compartments and linkages in the model that are critical for monitoring and research are referred to in the recommendations below. 


The contaminants model for the Bay-Delta is separated into two related sub-models.

A.  Fate and Transport.  This submodel describes the potential pathways of contaminant transport and the ultimate fate of contaminants, including the potential for biogeochemical transformation of the contaminants, potential for advection in and out of the system, and biotic transfer.  This includes identification of complete ecological exposure pathways, such as ingestion and dermal contact.  Potential pathways for contaminant transport into and through the Bay-Delta include:

· Atmospheric.  Contaminants in the atmosphere may be distributed via volatilization, wind transport, and subsequent deposition either on surfaces that are subject to runoff, or directly into surface water.  This includes wind-borne advective transport of contaminants sorbed to water droplets and/or solid particulates.

· Groundwater-Surface Water Interactions - Contaminants dissolved in groundwater can be discharged into surface waters in rivers, sloughs, and ditches, or can enter the Bay-Delta directly through sub-surface discharge.

· Surface Water - Contaminants can enter and be distributed within the Bay-Delta through dissolution in surface water or via advective sorption to suspended particulates.

· Biotic - Contaminants can enter the Bay-Delta bound in tissues of mobile organisms, or can be accumulated within the Bay-Delta through dermal exposure, ingestion, or inhalation.  Bioaccumulated contaminants may be distributed within the Bay-Delta through trophic interactions.

B.  Ecological Exposures.   This sub-model identifies the biological receptors that might be exposed to contaminants and the trophic relationship between the various receptors.  Biological receptors usually include species, representatives of important feeding guilds, or special status species.  The exposure model can help identify critical assessment and measurement endpoints.  By definition, assessment endpoints will have ecological, toxicological, and/or societal importance, and should be selected based upon factors such as occurrence, ecological significance (e.g. keystone species), conservation status, natural history characteristics, and potential sensitivity to contaminants.  


The conceptual model is intended to be comprehensive, but it should be noted that no monitoring of atmospheric deposition of contaminants or groundwater is proposed in this section.  Instead, the focus is on surface water, sediment, and biotic components of the ecosystem.  Additionally, no monitoring of  birds, higher plants, or terrestrial organisms is proposed.

Current Contaminant Monitoring

There are currently several major contaminant monitoring programs in the Bay-Delta (Table 1).  However, only a few are ongoing programs.  The San Francisco Estuary Regional Monitoring Program (RMP) is the largest and most comprehensive program.  The RMP monitors water, sediment, animal tissue, and contaminant effects, and conducts a series of pilot and special studies to support the monitoring.  The RMP only monitors in San Francisco Bay up to the confluence of the main Rivers.  The Sacramento River Watershed Program (SRWP) and Sacramento Coordinated Monitoring Program (SAC CMP) are both conducted primarily in the Sacramento River, but several sites are sampled in the Delta, downstream to Ryer's Island.  Two Category III  pilot projects, one on aquatic toxicity and the other on fish tissue contamination, are of short duration, but the information they generate could be incorporated into CMARP.  CISnet is an EPA and NOAA sponsored program to develop long-term monitoring in San Pablo Bay, scheduled to begin in 1999, which will be conducted by UC Davis, SFEI, USGS, and PRBO.  Local Effects Monitoring (LEM) studies in the Bay are conducted by permitted dischargers to assess effects of their discharges.  The USGS SF Bay Program conducts studies on important contaminant issues in the Bay.


All of those programs sample a different set of variables at different space and time scales.  There has been little coordination or intercalibration among them, except for fish tissue and benthos sampling.  

Recommended Approach  


  Three related components of a comprehensive Bay-Delta monitoring program are recommended:  Status and Trends Monitoring,  Focused Monitoring of recognized problems, and Research that will help interpret monitoring information better, or to make better monitoring measurements.  Together information from those monitoring efforts will contribute to an overall understanding of sources and loadings, fate and transport, and biological effects of contaminants. 

1.  Status and Trends Monitoring  


This type of monitoring should be conducted to provide an assessment of the condition of the Bay-Delta in terms of contamination.  It can provide information about ambient, or background conditions against which changes due to CALFED actions can be evaluated.   Information generated would be used to appraise water quality in terms of current regulatory guidelines and other indicators of condition.  It will also serve as a sentinel to identify problems that may periodically arise.  For example, in the first year of the RMP (1993), concentrations of PCBs in Bay waters were found to greatly exceed EPA water quality criteria, a fact that was not previously known.  


Status and Trends Monitoring should be conducted on a regular basis at sites throughout the Bay-Delta.  Five types of measurements should be made:

· Dissolved and total trace elements and organic contaminants in water

· Total trace elements and organic contaminants in sediments

· Bioaccumulation of trace elements and organic contaminants in bivalve and fish tissue. 

· Water and sediment toxicity testing.

· Selected indicators of exposure to contamination and biological effects.  


The contaminants recommended for Status and Trends Monitoring are listed on Table 2.  Most of them are standard and well accepted measurements that have been routinely monitored by existing programs for many years.  However, some of the pesticides are not currently monitored routinely.  


Most contaminants have numerical or narrative regulatory objectives and should be monitored to determine compliance with those objectives.  They are also "stressor" indicators useful in interpreting the responses of ecological restoration monitoring indicators.  


Several conventional water and sediment quality parameters are recommended to help interpret the contaminants data.  For example, most trace metals vary with sediment grain-size (sandy sediments have lower concentrations than muddy sediments).   Therefore, measurements of sediment grain-size helps interpret variations in metals data.  The System Productivity section has also recommended monitoring conventional water and sediment quality parameters as "habitat" indicators.  It will be important to monitor those parameters synoptically with contaminants so that relationships among them can be examined.  


Monitoring dissolved pesticides presents a challenge because their occurrence is episodic, and is a function of use patterns, precipitation/irrigation events, and their physio-chemical properties.  The Department of Pesticide Regulation's protocol for prioritization of currently registered pesticides for monitoring in surface water (Bennet, 1997) recommends monitoring several pesticides which are included on Table 2.  Additionally, the Interagency Ecological Program's Contaminants Project Work Team (IEP CPWT) has produced a study outline for the development pesticide monitoring for Category III (see Focused Monitoring).  The DPR's protocol can be refined as new understanding of transport mechanisms is obtained, as use patterns change, and new information about pesticides becomes available.  Therefore, the pesticides that are top priority may change from year to year.  


Aquatic and sediment toxicity testing is recommended to determine compliance with Basin Plan narrative objectives.  Toxicity testing is also used as an indicator of the potential of water or sediments to have biological impacts.  Aquatic toxicity testing should be conducted in response to episodes of runoff or application times where toxicity has been shown occur (see Focused Monitoring).  Research is recommended (see below) to identify resident organisms for use in toxicity testing.  


Contaminant bioaccumulation monitoring is recommended for clams, crustaceans (crabs or crayfish), and fish.  Measurement of contamination in tissues is necessary to evaluate both human health and potential ecological impacts.  Different sampling strategies would be developed for each use.  Measures of the biological condition of the test species should also be conducted (length:weight, shell:tissue).  


Monitoring of biomarkers of contaminant exposure and sub-lethal effects is also recommended.  A suite of biomarkers that are currently developed and tested could be used in conjunction with the bioaccumulation monitoring above or ecological effects monitoring below.  Recommended biomarkers include biochemical indicators (P4501A1 and bile metabolites), and histopathological evaluations. 


Ecological effects of contaminants should be monitored in close coordination with restoration monitoring recommendations.  Many ecological response indicators can be used to monitor contaminant effects.  For example, the number of benthic species per sample (species richness) is a commonly used indicator of benthic response to contamination. That information could come from benthic monitoring recommended by the System Productivity group.  However, in order to evaluate whether numbers of benthic species are affected by contaminated sediments or other factors, a suite of "habitat" and "stressor"  measurements must be monitored synoptically with the benthos.  We recommend that phytoplankton, zooplankton, benthic invertebrates, and several fish species be monitored as contaminant effects indicators (reference appropriate System Productivity and Resident Fish sections).   Measurements of production, growth, mortality, or reproductive capacity (or impairment) are recommended.


Implementation.  Implementation of status and trends monitoring should be developed in the context of existing programs to the maximum extent possible.  In general, the network of sites currently monitored should form the basis for CMARP monitoring (Figure 2).  Sites may need to be added, and sampling times may need to be augmented.  The goal should be to progressively develop a coordinated, working system, from the bottom up, integrated with existing, on-going efforts.  


Decisions remain to be made about where, when, and who will monitor the recommendations in this section.  Current monitoring programs do not monitor all of the measurements recommended on Table 2.  For example, the SAC CMP does not monitor organochlorines or sediments and the RMP does not monitor plankton effects.  The locations to be monitored should be representative of several reaches:  Delta river channels, flooded tracts, backwaters and cross channels, Suisun Bay, San Pablo Bay, Central Bay, and South Bay, in both deep and shallow areas.  Additionally, sites should be located in the mouths of the major Bay-Delta tributaries, storm drains, and representative mudflats.  Currently, the largest gaps are in the Delta, in shallow water, mouths of tributaries, and mudflats.  The USGS San Francisco Bay Program and SAC CMP currently monitor monthly, but the RMP monitors only three times annually for water, and twice for sediment and tissues.  Those programs are complementary and provide information about contamination and effects on different time scales.  Monthly processes are more important to track in the Delta and Suisun Bays because of monthly variation in flows.  However, flow effects are dampened on the Central and South Bays and less frequent sampling could suffice.


Decisions also need to be made about the sampling strategy.  The ability to assess patterns is a function of three characteristics: (1) the magnitude of the signal, (2) the variance of the data, and (3) the sample size (Stow et al. 1998).  Those considerations are independent of the variable of interest and should be kept in mind as the design of the long-term sampling network proceeds.  Most existing programs sample at fixed sites on a routine schedule.  However, those locations are not randomly chosen.  Instead they are chosen because they are perceived to be “at risk” or to represent some characteristic of the system of interest (Edwards, 1998), but they may yield results that are unrepresentative of the region as a whole and include a sampling bias of unknown magnitude. 


One alternative is a probabilistic sampling strategy similar to that used by the EPA's Environmental Monitoring and Assessment Program (EMAP; Urquhart et al, 1998).  Stratified random sampling insures adequate coverage of the entire system and reduces the cost and logistic problems commonly cited as obstacles to employing design/probability based sampling plans (White and Merritt, 1998).  The results obtained from probabilistic designs provide unbiased assessments of  the spatial and temporal trends of contaminants present in the system.  


Elements of both sampling strategies may be combined, overlaying a probabilistic network on the existing site-specific network.  This would also allow an evaluation of the bias present in the results obtained from site-specific monitoring. 

2.  Focused Monitoring  


Focused monitoring is conducted to address known contamination problems.  It can also be designed to determine whether future CALFED actions have been successful.  Such monitoring is more adaptive than Status and Trends monitoring and can be designed to determine the sources of contamination and assess the effects of management actions to reduce them.  


The Central Valley and San Francisco Bay Regional Water Quality Control Boards each have lists of "contaminants of concern".   Additionally, the CALFED WQTT has developed actions for priority contaminants.  Recommendations for six of those contaminants and issues, considered to have highest priority and potential impact, have been selected for Focused Monitoring at this time.  Additional Focused Monitoring should be designed and implemented as needed to track the success of CALFED's Water Quality Program actions.  The most important contaminants of concern in the Bay-Delta are:

· Mercury



· Selenium

· Dissolved organophosphate pesticides.

· Episodic aquatic toxicity

· Organochlorines in Fish Tissues

· Sediment toxicity


The Focused Monitoring studies below may use Status and Trends Monitoring data along with more focused sampling or experimentation to address each issue.  The monitoring design adopted for the Status and Trends component should include measurements needed to support each focused monitoring component.  

Mercury  


Mercury is of concern because it is converted by microorganisms to methyl mercury and biomagnified in aquatic food chains.  At high levels methyl mercury is a potent neurotoxin.  Health advisories have been posted in the Estuary recommending that pregnant women and children do not consume locally caught striped bass or shark due to elevated mercury content.  


The current understanding of mercury in the Central Valley and Bay-Delta was included in the Mercury Action Plan for the CALFED WQTT.  The group developed a series of recommendations for follow-up action.  Principal among these were to: (1) determine whether other local fish species pose a threat to human health and, if so, post advisories, (2) determine whether piscivorous wildlife (principally birds and fish) are also at risk from dietary mercury exposure, (3) determine major estuarine mercury sources and, (4) determine the sources, locations and processes in the ecosystem responsible for the majority of net mercury methylation.


The goal of focused mercury monitoring is to track the reduction of mercury in water and sediment to levels that do not pose a threat to wildlife or human health.  Monitoring and special studies should begin immediately to address the issues outlined above: 


Mercury source studies.  The purpose of these studies are to identify the principal sources of mercury to the Estuary, and should be coordinated with the San Francisco and Central Valley Regional Boards, US Geological Survey and upstream watershed groups.  

Sampling should emphasize all major sources of mercury and should include load estimates from the Sacramento, San Joaquin, Mokelumne and Napa Rivers, Cache and Putah Creeks, atmospheric deposition, sediment resuspension and representative major NPDES discharges.  The sampling strategy should emphasize episodic events (like high flow rain runoff events) likely responsible for the majority of the loading.  Studies should also be conducted to determine the kinds of remediation necessary to reduce mercury contamination. This is a top priority because uninformed remediation that does not consider methylation mechanisms could make the problem worse.  


Fish tissue studies.  The purpose of the studies is to define in more detail the human health risk posed by fish consumption in the Central Valley and Delta and to determine the processes that cause mercury contamination in fish.  One result of the studies may be additional health advisories.  Studies should be coordinated with the Office of Environmental Health Hazard Assessment, Department of Health Services, Fish and Game, and Central Valley Regional Water Board.  Pilot fish tissue studies are presently underway in the San Francisco Bay, Sacramento watershed and in the Southern Delta.  No further sampling should be undertaken until this data is analyzed, whereupon detailed follow-up studies should be undertaken.  The objectives of the new work should include: (1) Collect and analyze additional fish samples at locations with insufficient data.  (2) Identify, collect and analyze other local species that either the peer reviewed literature suggest might have elevated mercury concentrations or that people and wildlife preferentially consume, (3)  For key species, collect and analyze individuals of varying sizes to determine the length/age where biomagnification results in excess mercury accumulation and (4) Sample locations with high mercury concentrations to statistically define areas in the Estuary with high mercury bioavailability.  


Wildlife studies.  The purpose of these studies is to determine the risk posed to wildlife by consumption of mercury contaminated fish.  Feeding trials with mallards have identified mercury concentrations in eggs that cause reproductive impairment, suggesting that the principal areas of concern are the reproductive output of piscivorous birds and fish.  Those results need to be verified with a fish eating bird.  Simultaneously, a nest survey needs to be conducted in the Central Valley and Estuary to determine mercury concentrations in eggs of all species of fish eating birds.  Results of the nest survey should be evaluated in conjunction with the feeding trial results to determine whether the reproductive output of any local species may be compromised by excess mercury.  Similar feeding trials need to be undertaken with a long lived predacious fish species of concern to CALFED. Results of the feeding study should be compared with the results of the fish tissue work to ascertain whether reproductive impairment from mercury may be occurring in the estuary.  This work should be coordinated with the US Fish and Wildlife Service Contaminant Section.


Bioavailability studies.  The purpose of these studies is to identify principal locations, sources and processes in the Central Valley and Estuary responsible for the majority of mercury methylation.  The ultimate goal is to use this information to focus remediation.  The study should be coordinated with the U.C. Davis Clear Lake group and USGS.  The studies should emphasize locations in the ecosystem where the fish tissue studies, egg surveys and loading studies suggest the possibility of elevated methylation rates.  The methyl mercury studies may employ microcosms to measure net methylation rates and/or food chain accumulation studies of sessile local species.


Selenium


Inorganic selenium is converted by microorganisms (mostly bacteria and algae) to organic forms which are biomagnified in aquatic food chains.  At elevated concentrations organic selenium causes teratogenesis and reproductive failure in birds and fish and may even become a human health concern.  


The CALFED WQTT has prepared a Selenium Action Plan summarizing the status of selenium research and control efforts in the Central Valley and North Bay.  The Plan recommends for North Bay that:  (1) continued monitoring and research be undertaken to determine the biological effect of reduced selenium loads from the oil refineries and (2) that an evaluation of the potential interaction between selenium and mercury be undertaken on local biota.  No recommendations were made for either monitoring or research in the South Delta.


Selenium studies have also been recommended by the Interagency Ecological Program's Contaminants Project Work Team (IEP CPWT).   They recommend three actions:  (1) Determine the concentration and chemical speciation of selenium in water and sediment in the lower San Joaquin River and in the Southern Delta, (2) Determine the concentration of selenium in fish and waterfowl in the lower San Joaquin River and the Southern Delta and, (3) Perform a risk assessment to determine whether wildlife and human health may be negatively impacted by the selenium concentrations. 


The goal of the focused selenium monitoring program is to monitor reductions of selenium in water and sediment to levels that do not pose a threat to wildlife or human health.  Monitoring and special studies should be undertaken to address several priority issues: 

 
Sources and effects.  Determine whether mitigation of selenium inputs is necessary for rehabilitation of populations of diving ducks, dungeness crab, and bottom feeding fish.  Determine what sources of selenium are most important to mitigate, and whether non-contentious mitigation solutions are possible. 


South Delta selenium concentrations in water and sediment.  Determine the speciation and concentration of selenium in water and sediment in the lower San Joaquin River and South Delta.  This monitoring should be implemented immediately to provide baseline data to evaluate the effects of current and planned CALFED water management actions.  Modeling efforts should also be undertaken to predict how concentrations might change as a result of different CALFED water management options.  Work should be coordinated with the US Fish and Wildlife Service Contaminant Section, the Salinity Drainage Task Force, and the Central Valley Regional Board, and the USGS's Category III study.


Tissue studies.   Determine selenium concentrations in each trophic level in the lower San Joaquin River and South Delta.  The work should include collection of data on selenium concentrations in fish reproductive tissues and waterfowl eggs.  This study should begin soon to provide baseline data to evaluate present water management and future CALFED activities.  The study should be coordinated with proposed CMARP mercury fish tissue work.


Mercury and selenium feeding trials.  Repeat the mercury-selenium feeding study with both a local piscivorous bird and fish to determine the body burden levels associated with reproductive impairment.


Human health and wildlife risk assessment.  Determine, based upon the above data, the risk to human health and wildlife of selenium and mercury concentrations present in the lower San Joaquin River,  South Delta and North Bay.  This evaluation should be coordinated with the U.S. Fish and Wildlife Service Contaminant Section, the Department of Human Health, Office of Environmental Health Hazard Assessment and Central Valley Regional Water Board.


Dissolved Organophosphate Pesticides

Dissolved pesticides may have an adverse affect on the aquatic resources in the Sacramento-and San Joaquin Rivers, Delta, and Bay (Foe and Connor 1991; Foe 1995; Kuivila and Foe 1995; Deanovic et al. 1996; Bailey et al. 1996).  Therefore, monitoring ambient surface water is necessary to evaluate the effectiveness of management practices that are being implemented to control known pesticide problems and to identify other pesticides that are potentially causing toxicity problems.  The program should determine sources, concentrations, duration, and frequencies of pesticides in the Sacramento and San Joaquin Rivers and Bay-Delta.  Such information is essential for determining the ecological hazard posed by pesticide exposure to aquatic organisms and for prioritizing control efforts.


However, there is a considerable amount of information about pesticides that needs to be developed before a monitoring program can be designed.  The IEP CPWT  has developed a scope for work that recommends a series of studies to that would lead to improved dissolved pesticide monitoring.


Pesticide information needs fall into three general areas:

1) Better access to the Department of Pesticide Regulation’s  Pesticide Use Report (PUR) database,

2) Assessment to determine priority pesticides for monitoring and development of pesticide analytical screens to measure these pesticides at biologically-meaningful detection limits, and

3) Development of critical fate and effects information for the design of the pesticide monitoring program, such as duration of exposure, frequency of exposure, and bioavailability. 


It is recommended that the studies included in the IEP CPWT Issue paper be addressed a priority in the development of Bay-Delta pesticide monitoring.  That work should proceed in parallel with status and trends monitoring for pesticides as described above.  Additionally, several study topics listed below address important information gaps in knowledge about potential pesticide effects in the Bay-Delta.


The data set used to the quantify patterns and trends in dissolved pesticides should ideally be long-term and consist of samples taken at equally spaced intervals.  Because of the episodic nature of dissolved pesticide contamination, more closely space sampling intervals may be required to adequately characterize the frequency of those pulses than are required for other trace contaminants.  In addition, event based sampling can be conducted (storm-chasing) to characterize the contaminants during a single event (some of this has already been done).  The frequency of the events can then be quantified through analysis of long-term weather data. 



In addition to the characterization of the spatial and temporal patterns of contaminants, the sources and transport mechanisms must be understood in order to both choose which pesticides to target for monitoring and to develop effective mitigation measures for any pesticides that are determined to be a contaminant of concern. 


Episodic Aquatic Toxicity

  Ambient toxicity monitoring in the Sacramento and San Joaquin Rivers, and Bay-Delta have shown that the water is frequently toxic to aquatic organisms (Foe and Connor 1991; Connor et al. 1993; Foe 1995; Kuivila and Foe 1995; Deanovic et al. 1996; Ogle et al. 1998).  Most, but not all of the toxicity observed in these studies has been attributed to episodes of  surface water runoff from agricultural areas following rainstorm events.   However, toxic runoff is not limited to agricultural land.  Many pesticides are sold ‘over the counter’ and are commonly applied as part of routine home maintenance, gardening practices, and pet grooming.  In stormwater runoff samples collected from Sacramento, Stockton, Modesto, and other urban basins in San Francisco Bay, pesticides have been measured at toxic concentrations, and bioassays have documented toxicity to aquatic organisms (Bailey et al. 1996). 


Based on the toxicity observed in laboratory tests, direct and/or indirect effects on priority species in the field are likely (de Vlaming 1997).  Previous research has demonstrated that waters flowing into the Delta can be toxic to resident fish species such as the striped bass and chinook salmon (Saiki et al. 1992; Bailey et al. 1994).  Furthermore, episodic ambient water toxicity that affects zooplankton species may also result in impaired fish fitness and population declines, especially during those critical periods when larval fish are preying upon zooplankton. 


Ambient aquatic toxicity monitoring conducted as part of routine Status and Trends Monitoring often misses episodes of toxicity from stormwater runoff events. Therefore, a different sampling strategy is necessary.  The RMP has recently modified aquatic toxicity testing to focus on such episodes.  Further, the existing monitoring programs do not adequately sample in the Delta, a key nursery area and habitat for many of the resident fish species in the Estuary.  Aquatic toxicity testing must be conducted synoptically with the  water contamination monitoring and with the use of toxicity identification evaluations (TIEs)  to determine what caused any observed toxicity. 


The success of CALFED's actions depend upon identifying causes of ambient water toxicity to important species and/or their food organisms, and developing management strategies to minimize or eliminate the causes of the toxicity.  Focused Monitoring of aquatic toxicity should include the following components:


Extended monitoring of ambient water at the confluence of the Sacramento and San Joaquin Rivers.   The RMP currently performs tri-weekly ambient water toxicity monitoring near the confluence of the Sacramento and San Joaquin Rivers during the winter rainstorm period.  However, their testing is limited to the use of the non-resident mysid, Mysidopsis bahia.  The scope of testing should be expanded to include an algal species, fish species, or another resident crustacean,  and should be extended to include sampling throughout the year in order to identify the occurrence, frequency, and duration of episodic toxicity that may be occurring independent of stormwater runoff.


Monitoring of ambient water at upstream sites within the Delta following runoff events.  It is currently known that the mainstem rivers and northern San Francisco Bay are often toxic to aquatic organisms following runoff events. Considerably less is known about the extent, both spatially and temporally, of episodic toxicity in the backwater sloughs, creeks, and embayments within the Delta. This is a critical area of concern as these Delta waters serve as primary habitat and/or spawning and nursery areas for a wide variety of fish species.  Key sites within the Delta must be identified based upon their importance as critical habitat areas and their representation of potential exposure to different anthropogenic activities (e.g., urban, agricultural, recreational, etc.). Then, following runoff events, ambient water should be collected from these sites and tested for toxicity to a representative suite of aquatic organisms.


Identify the cause(s) of any observed toxicity through Toxicity Identification Evaluations (TIEs).   When ambient waters are observed to be toxic, TIEs should be implemented to determine the proximate cause of the toxicity. In order to save costs while maintaining efficacy, the TIE should be selective and focus on probable contaminants (pesticides and metals).  Additional fractionation treatments specific for suspected classes of contaminants (e.g., PBO for identifying organophosphate pesticides) should be included, should previous studies support such use.


Organochlorines in Fish Tissue

Organochlorines (PCBs, dioxins, and organochlorine pesticides) are present in the Bay-Delta food web at concentrations that raise concern for the health of humans that eat field-caught fish and for the health of the fish.  The health advisory recommending limited consumption of Bay fish is in place largely due to the concentrations of PCBs that have been measured in Bay fish.  The potential impacts of those chemicals on fish populations have not been evaluated. 


A summary of knowledge about organochlorines in the Bay is being summarized by the Chlorinated Hydrocarbon Workgroup of the RMP.  This Workgroup is evaluating whether continuing sources still exist, how long it is likely to take for organochlorine concentrations to decline, and how monitoring programs should be designed to best characterize organochlorine contamination.  Their recommendations will be incorporated into CMARP as they are completed.


Current monitoring programs and investigations within the Bay-Delta are focused on suspected source areas within the Bay.  Impacts from sources and sediments within the Delta have not been investigated.  Data is needed to assess the potential impacts of PCBs on the ecosystem of the Delta and impacts on fish populations throughout the Bay-Delta.  Status and trends monitoring will measure concentrations in water, sediment, and tissues, but since organochlorines accumulate in higher trophic levels, the Focused Monitoring should concentrate on fish and wildlife. 


The goal of focused organochlorine monitoring is to identify species and locations where concentrations of organochlorines raise concern for human or wildlife health, to identify continuing sources of organochlorines, and to track the reduction of organochlorines in the watershed and the Estuary to levels that do not pose a threat to wildlife or human health.


A key question to be addressed is the source and mechanism of organochlorine contamination in fish and what kinds of remediation are necessary to reduce that contamination. 


Organochlorine source studies.  Studies should be conducted to determine the sources of organochlorines to the Bay-Delta.  Mass budget studies should be conducted to estimate the magnitude of organochlorine sources and estimate how long it will take for organochlorine concentrations to fall below levels of concern for humans and wildlife.  Mass loading should be estimated from all major sources.  Particle-phase loading from areas with historic contamination is likely the major continuing source of these chemicals to the Estuary and should be a particular target.  Episodic events that mobilize contaminated soils and sediments should be characterized.  Water, sediment, and air sampling should be performed as necessary to support the source studies.

Fish tissue studies.   The objectives of these studies would be to 1) to determine whether organochlorines occur in fish at concentrations that raise concern for human health and the health of fish; 2) to track long-term trends and evaluate the effectiveness of management efforts; and 3) to determine spatial patterns and possible sources of contamination. These studies should be coordinated with the Office of Environmental Health Hazard Assessment, Department of Health Services, Fish and Game, and the Central Valley and San Francisco Bay Regional Water Boards.  Pilot fish tissue studies are presently underway in the San Francisco Bay, Sacramento watershed and in the Southern Delta.  No further sampling should be undertaken until these data are analyzed whereupon detailed follow up studies should be undertaken.   However, a small number of status and trends monitoring sites should be established, where adequate replication is done to allow for characterizing sources of variation in the data and ensure sufficient statistical power to detect long term trends.  Components of the new work should include: 1) Sampling of multiple species.  This should include local species that are preferentially consumed by people and wildlife or that the peer reviewed literature suggests might have elevated mercury concentrations.  Sampling of multiple species would provide better information for evaluation of human and ecological risk due to consumption of fish, and would provide better information on spatial and temporal variation in contaminant bioavailability.  As results accumulate it will be possible to focus sampling on the species that are the best indicators of changes in time and space.  2)  Adequate spatial coverage.  To support health advisories, sampling locations should be representative of general conditions in the waterbodies being sampled.  For identification of continuing sources, sampling should also be performed near suspected sources of contamination.  Replicate sampling of species with site fidelity should be performed to allow statistical evaluation of spatial differences.  3).  Important supplementary information.  In order to interpret the temporal and spatial patterns in the data and to refine the monitoring program it will be important to gather information on relationships between contaminant concentrations and important controlling variables, such as age, sex, lipid content, and trophic level (diet).  In order to evaluate health risks to both humans and wildlife, sampling of both muscle fillets and whole body fish will be appropriate for some contaminants.   

Fish tissue work, for maximum cost efficiency,  should include mercury, selenium, (as recommended above), PCBs, organochlorine pesticides, and some more limited sampling of dioxins.


Wildlife studies.  Monitoring should be conducted to determine the risk to wildlife posed by their consumption of contaminated fish.  The nest survey described for  mercury should also include analysis of organochlorines at selected locations known or suspected to have high concentrations of organochlorines.  Spatial and temporal trend monitoring of organochlorines will be primarily accomplished with the fish monitoring.  However, established colonies of piscivorous birds should be sampled to provide additional information on long term trends in organochlorine concentrations.


Sediment Toxicity

Healthy sediments and benthic communities are an essential component of a healthy aquatic ecosystem.  Sediments are where most nutrient cycling processes take place, and are also a very important source of food organisms for both fish and waterfowl.  Sediments are also a “sink” for most contaminants, and typically have the higher concentrations of most metals and hydrophobic organic contaminants than water. 


Previous studies of sediment toxicity in San Francisco Bay and the Delta have shown that sediment toxicity is widespread in space and time (Thompson et al. 1997a; Ogle et al. 1998).   However, the cause(s) of the toxicity are poorly understood, mainly because sediments are mixtures of numerous potential toxicants.  Additionally, benthic diversity and abundances are lower in Suisun Bay than elsewhere in the Bay-Delta (Thompson and Peterson 1997), but it is not clear whether it is due to contaminants or other environmental factors.  Reductions in benthic organisms could result in adverse impacts on higher consumer organisms, particularly the fish and waterfowl that feed on benthic organisms.


Bioaccumulation of contaminants from sediments may lead to chronic adverse effects in benthic organisms such as the introduced clam Potamocorbula (J. Thompson et al. 1996; Parchaso et al. 1997).   Food-chain transfer to higher level consumers such as fish and waterfowl may biomagnify contaminants and lead to biological impairment or human health risks from ingestion.  


The goal of this Focused Monitoring component is to determine the extent of sediment toxicity and its cause(s), assess the effects that sediment toxicity may be having on the Bay-Delta ecosystems.  This information should facilitate the development of management strategies to minimize or eliminate the causes of the toxicity and/or remediation of the in-place toxic sediments.  The proposed monitoring should include the following components:


Extended monitoring of sediment to cover the spatial gap of currently un-monitored sediments in the Delta.  The Sacramento River Watershed Program (SRWP) tests sediments  downstream to Ryer's Island, and the RMP and USGS currently sample sediments upstream to Chipps Island; very little sediment testing has occurred in the Delta, a key nursery area and habitat for many of the resident fish species in the Estuary.  Key sites within the Delta should be identified based upon their importance as critical habitat areas and representativeness of various anthropogenic activities (e.g., urban, agricultural, recreational, etc).  Sediments collected from those sites should be tested for toxicity to representative organisms. Tests should include solid-phase testing with amphipods and/or larval insects (e.g., Eohaustorius estuarius, Hyalella azteca, Chironomus tentans) and sediment-water interface testing with epibenthic crustaceans (e.g., Ceriodaphnia dubia, Mysidopsis bahia).  


Determine the contaminants present in toxic sediments.  Sediments which are demonstrated to be toxic should be analyzed to determine the concentrations of any chemical contaminants present. Due to the nature of sediments as long-term “sinks” for contaminants, these chemical analyses should include contaminants with present-day use and contaminants limited to historical use.

Identify the cause(s) of any observed toxicity through Toxicity Identification Evaluations (TIEs).  When sediments are observed to be toxic, TIEs should be implemented on the sediment porewater to determine possible causes of the toxicity.  In order to save costs while maintaining efficacy, the TIEs should be selective and focus on probable contaminants (pesticides and metals). Additional fractionation treatments specific for suspected classes of contaminants (e.g., PBO for identifying organophosphate pesticides) should be included, should previous studies support such use.


Determine the bioaccumulation potential of sediment contaminants.  Sediments collected for toxicity testing should also be subject to bioaccumulation testing using  standardized 28-day exposures to Potamocorbula or Macoma (estuarine bivalves) or Lumbriculus variegatus (a freshwater oligochaete).  The resulting tissue concentrations should be compared to existing criteria to evaluate the toxic risk to consumer organisms, a process which may involve food chain modeling. It is also recommended that some of the exposed animals be subject to biomarker analyses (e.g., histopathology) to document exposure and/or adverse effects.

         Perform bioassessment of benthic communities.   Benthic community analysis should be conducted at the same sites as sediment toxicity and sediment contaminant are sampled.   This analysis may help link observed laboratory toxicity with actual benthic impacts.   Furthermore, and independent of toxicity-related concerns, benthic community analysis is a valuable measure of ecosystem health and productivity (see System Productivity).

3.  Research Recommendations


Status and trends monitoring information alone cannot identify cause-and-effect relationships or produce detailed knowledge about processes of contaminant fate, transport, and exposures as shown in the conceptual model.  Such understanding requires iteration with studies that help interpret monitoring better or make better monitoring measurements.  This includes pilot studies on topics that are believed to hold promise for future monitoring, but still require some development.  


The recommendations for studies come from information gaps identified from the conceptual models, from the IEP CPWT, and from the RMP.  


Information gaps from the conceptual model.   Research is needed to develop and test indicators of ecological effects of contamination.  This includes development of resident organisms for use in aquatic and sediment bioassays.  Care should be exercised in the selection of  test species which should be ecologically important, suitable for toxicity and TIE lab work and likely have different contaminant sensitivity than species presently being tested.  Some possible candidates are rotifers, Corophium sp., salmonids, and diatoms.  Other ecological effects indicators that evaluate contaminant effects on growth, mortality, or reproduction of resident species (especially special status species) are also needed. 


Development and testing of indicators of contaminant exposure.  CMARP should support the development and testing of a variety of  biomarkers, ranging from sub-cellular indicators of exposure to tissue impacts (histopathology).  Research is especially needed that demonstrates the linkage between the biomarker and impacts on individuals or populations.    


Evaluate the effects of mixtures of dissolved pesticides, metals, and PAHs on lower trophic level organisms that thereby contribute to adverse effects on Bay-Delta fisheries.  This is the way contamination in ecosystems works. 


Issues Identified by the IEP CPWT.   The PWT is in the process of developing a long-range plan for contaminant studies.  Of special concern are contaminant situations which may affect the abundance and distribution of local aquatic species.  The PWT has identified 14 general issues where contaminants may exert population and/or community level effects (Table 3A).  Those issues were selected as it was felt that increased understanding in these areas would greatly increase our knowledge of contaminant impacts in Central Valley and Bay-Delta aquatic ecosystems.   Six individual issue summaries have been prepared, each includes several component studies (denoted on Table 3A). 


Pilot and Special Studies for San Francisco Bay from the RMP.  The RMP funds several pilot and special studies each year.  Study topics identified for future funding are listed on Table 3B.  Additionally, there are currently workgroups addressing program redesign, including additional studies needs for sources and loadings, sediments, chlorinated hydrocarbons, episodic aquatic toxicity, and trace metals.  Study topics identified by those workgroups will be added to the list when completed in January 1999.  

Quality Assurance     


The ability to combine data from several programs is essential to the success of  CMARP.  To successfully do so will require a strong QA/QC program with participation of all monitoring programs.  



Contaminant concentrations should be measured to levels needed to assess compliance with WQOs and to evaluate their potential for ecological effects.  That principle is currently being used in the RMP and SRWP and their data quality objectives could be adopted as a start.  


It is not necessary to require that standard methods of sampling, handling, or analysis be conducted.  However, performance standards are critical and should be determined based on the goals and objectives of the program stated above.  That approach will requires a strong QA program that includes intercalibration of sampling gear, the splitting of samples among participating laboratories, analysis of standard reference materials, etc.  Meeting the QA standards may require technology transfer to laboratories that are not yet capable of meeting those standards that could be supported by CMARP.  


Immediate implementation of QA and intercalibration exercises among all existing programs is recommended so that when monitoring does begin, comparability will be assured. 

Indicators


Many of the measurements recommended for Status and Trends Monitoring are commonly used as indicators.  Contaminant concentrations are commonly used to indicate of the potential for adverse ecological and/or human health effects when compared to regulatory water quality objectives or criteria.  However, whether the exceedance of a regulatory criteria actually predicts ecological or human health risks has not been rigorously tested in the Bay-Delta.  


Similarly, there are sediment quality guidelines and tissue residue (bioaccumulation) guidelines that can be used indicators of the potential for impacts.  However, most sediment and tissue guidelines hold no regulatory status and their efficacy as indicators of impacts are debated.  Aquatic and sediment toxicity testing is considered to be an indicator of the potential for ecological impacts.  But, again, the relationships between laboratory tests using non-resident species and actual ecological impacts have not been well studied.  


  Several potential contaminant effects indicators were recommended above.  They are standard measurements of ecosystem components or functions that may indicate where or when the system is "abnormal", but their relationship to contamination is not well known.  The most commonly used indicators of contaminant effects in monitoring programs are benthic indicators as used in the large national programs (EMAP, NOAA Status and Trends).  Other potential contaminant effects indicators are recommended for development and testing in the Research Recommendations above.  


 Biomarkers of exposure, which may include biochemical, cellular, histopathological, and physiological measurements, are indicators of exposure to contaminants.  Such indicators provide information about the potential for effects due to chronic exposures, and often are evident in the absence of toxicity and long before population declines are documented.  Some biomarkers are well developed, but others need further development before they can be routinely used.  The most useful are those that have been shown to respond to a class of contaminants, whose sources of natural (or endogenous) variation are known, have high sensitivity, have been validated in the field and have some relationship to higher order physiological measures (like growth, tissue integrity or reproduction).  Biomarkers are not appropriately used in isolation, however they can be valuable potential links between the presence of the contaminants in the environment and higher order effects.  Biomarkers are a complement to many of the bioassays, since they can provide a mechanistic-based measure of sublethal effects.


Only a few well developed indicators and biomarkers have been recommended for Status and Trends Monitoring at this time (Table 2).  Research is needed to develop and test indicators of contaminant exposure and effects appropriate for use by CMARP (see  Research Recommendations).

Linkages

None of the monitoring measurements recommended can indicate ecological impacts alone.   It is only through synoptic sampling of a wide range of water and sediment quality parameters, contamination, toxicity testing, and ecological effects indicators that a "weight-of-evidence" can be derived.  That will require careful integration of information from monitoring conventional water and sediment quality, and ecosystem components as recommended for system productivity, fish, watershed, and shallow water components with contaminants monitoring all conducted at similar space and time scales.  


The other aspect of identifying impacts is demonstrating cause-and-effect.  Monitoring data can help generate hypotheses, but the actual proof is in research using manipulative experiments designed to demonstrate cause-and-effect. 


In order to determine the sources of contamination so that remedial actions can be taken will require integration with the watershed monitoring and water supply and transfer components of CALFED.  
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Table 3.  Listing of research recommendations for contaminants in the Bay-Delta.  Underline indicates that issue summary documents have been developed.  
A.  IEP Contaminant Effects PWT   
1.  
Impacts of insecticides on aquatic invertebrate communities
1a.  
Ecological relevance of Ceriodaphnia toxicity to aquatic communities 

2.  
Causes of unknown toxicity in surface water

2a.
Causes of Fathead minnow toxicity in the lower Sacramento River.

3.  
Delta Smelt toxicity in rearing areas.

4.  
Selenium toxicity to birds and fish
5.  
Mercury toxicity to birds and fish

5a.
Selenium-mercury interactions in birds and fish.

6.
Splittail food chain bioaccumulation in the Yolo Bypass

7.
Low benthic biodiversity in Suisun Bay and Delta.

7a.
Sediment toxicity in Suisun Bay and Delta
7b.
Causes of unknown toxicity in sediment

7c.
Petroleum hydrocarbon contamination

7d.
Metal bioaccumulation and toxicity in the upper Sacramento River
8.
Phytoplankton herbicide interactions

8a.
Cooper phytotoxicity in South Bay

9.  
Chronic fish reproductive effects

9a.
Reproductive impairment in striped bass

9b.
Relationship between contaminant body burdens and adverse effects.

10.
Control of introduced aquatic weeds
10a.
Nutrient dyanamics (water supply versus fish food)
11.  
Organochlorine contamination in San Joaquin Drainage and in San Francisco Bay

12.
Urban stormwater drainage management/urban runoff toxicity

13. 
Zooplankton chromium+6 toxicity
14.
Cadmium bioavailability and toxicity in the Sacramento watershed and Suisun Bay.

B.  Pilot and Special Studies identified by the RMP  

1. 
Watershed Monitoring Pilot Study.  

2. 
Tidal Wetland Monitoring Pilot Study.   

3. 
Sources and Loadings of Contaminants; Atmospheric Deposition Pilot Study.  

4. 
Causes of Sediment Toxicity. 

5. 
Unidentified Trace Organic Compounds.  

6. 
Rates of Particle Burial.     PRIVATE 

7. 
Information Review and Synthesis. 

· Spatial and temporal patterns in PCBs, PAHs, and mercury.


· Sediments contamination. 

· Relationships between water contaminant concentrations and other influencing water parameters, e.g. TSS, flow, salinity, DOC, etc.

· Contaminant Effects in the Estuary 

· Prioritized contaminants across media, e.g. what is known about Hg in water, sediment, and tissues, and effects.   

· Bioaccumulation monitoring.

Table 1.  Listing of current water quality monitoring programs in the San Francisco Bay and Delta.   D=dissolved concentrations; T=total concentrations.  See text for abbreviations. 



WATER
SEDIMENT
    TISSUE
EFFECTS



Metals
Organics
Toxicity
Metals
Organics
Toxicity
Fish
Bivalve
Benthos

DELTA












SAC CMP
D, T
D*
X








SRWP
D, T

X


X
X

X


CAT III


X



X



BAY












RMP
D, T
D, T
X
X
X
X
X
X
X


CISnet



X

X
X
X
X


LEMPs



X
X



X


USGS SF Bay

D*

X                     



X
X



* selected pesticides only
Table 2.  Listing of parameters recommended for Bay-Delta contaminants monitoring.

A.  Conventional Water Quality Parameters

      needed to interpret contaminants data 

      (see System Productivity).

B.  Sediment Quality Parameters
      needed to interpret contaminants data

      (see System Productivity).

C.  Trace Elements
E.  Polycyclic Aromatic Hydrocarbons (PAHs)

Aluminum
1-Methylnaphthalene

Arsenic
2,3,5-Trimethylnaphthalene

Butyltins (TBT, DBT, MBT)
2,6-Dimethylnaphthalene

Cadmium
2-Methylnaphthalene

Chromium
Biphenyl

Copper
Naphthalene

Iron
1-Methylphenanthrene

Lead
Acenaphthene

Manganese
Acenaphthylene

Mercury
Anthracene

Nickel
Dibenzothiophene

Selenium
Fluorene

Silver
Phenanthrene

Zinc
Benz(a)anthracene


Chrysene

D.  Organochlorines
Fluoranthene

PCBs (40 congeners)
Pyrene

Dioxins
Benzo(a)pyrene

Hexachlorocyclohexanes (HCHs)
Benzo(b)fluoranthene


Benzo(e)pyrene


Benzo(k)fluoranthene


Dibenz(a,h)anthracene


Perylene


Benzo(ghi)perylene


Indeno(1,2,3-cd)pyrene


Selected alkylated PAHs

F.  Pesticides and Synthetic Biocides
G.  Bivalve and Fish Tissue Parameters

atrazine*
% Moisture

carbaryl*
% Lipid

carbofuran*
Biological Condition Index

chlorpyrifos


diazinon
H.  Aquatic Toxicity Tests 

dimethoate*

diuron*
2 of 3 EPA freshwater tests: Fathead minnows, Ceridaphnia, Selenastrum 

fonofos*

malathion*
Mysidopsis or Neomysis, 48h % survival, 30d growth in estuarine water

methidathion*


methyl parathion*
I.  Sediment Toxicity Tests

molinate*

phosmet*
Freshwater: Gammarus or Hyallela, 10d, % survival, 30d growth

simazine*
Estuarine: Ampelisca or Eohaustorius, 10d, % survival, 30d growth

aldrin
Bivalve embryos, 7 day, % normal development

dieldrin


endrin
J.  Exposure Indicators

alpha-chlordane
 Selected biomarkers:

cis-nonachlor
        Biochemical

gamma-chlordane
        Histopathology

heptachlor
        Physiological

heptachlor epoxide


oxychlordane
K.  Effects Monitoring 

trans-nonachlor
 Selected measurements as recommended by the 

o,p’-DDD
 System Productivity and Fish workgroups on:

o,p’-DDE
         Phytoplankton

o,p’-DDT
         Zooplankton

p,p’-DDD
         Benthos

p,p’-DDE
         Fish

p,p’-DDT


mirex








* pesticides recommended by the DPR, but not currently monitored.








