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1.0 INTRODUCTION 
Cristina Grosso and Sarah Lowe 

1.1 Program Structure and Objectives 
The San Francisco Estuary Regional Monitoring Program for Trace Substances (RMP) is 
the primary source for long-term contaminant monitoring information for the Estuary. 
The RMP is an innovative and collaborative effort between the scientific community, the 
San Francisco Bay Regional Water Quality Control Board (Water Board), and the 
regulated discharger community.  The RMP’s annual budget is currently about $3 
million, which is primarily funded by the discharger community through wastewater 
discharge permits issued by the Water Board (refer to Table 1.1 for a list of the 2003 
RMP participants). 
  
The Status and Trends Monitoring Program is the long-term contaminant-monitoring 
component of the RMP that was initiated as a pilot study in 1989. The Water Board uses 
data from the program for regulatory purposes such as evaluating the Estuary for 303(d) 
listing of water bodies, calculating National Pollutant Discharge Elimination System 
(NPDES) permit conditions, and estimating Total Maximum Daily Loads (TMDL).  
Additionally, long-term monitoring data are used to evaluate whether management 
actions are successful in reducing contaminant loads to the Estuary.  
 
The Technical Review and Steering Committees (TRC and SC, respectively) meet 
quarterly to provide oversight and guidance to the RMP.  The committee members 
include representatives from the scientific, regulatory, stakeholder, and discharger 
communities.  The TRC and SC assist in program development by prioritizing studies, 
suggesting new areas of research, and providing constructive comments on existing 
projects and the overall program.  The RMP provides an important forum for 
collaborative research efforts, encouraging dialogue among scientists, regulators and 
stakeholders, and facilitating sound environmental management decisions.  
Approximately every five years, the RMP conducts an external review of the technical 
and administrative structure and performance to ensure that the RMP remains useful to 
the regulatory and scientific communities.  Nationally prominent scientists and 
environmental mangers are invited to participate in the review process. The last five-year 
review was conducted in 2003/2004.   The workgroup’s Report of the 2003 Program 
Review includes future recommendations.  
 
The RMP is based on management questions and program objectives that are updated by 
the Water Board, RMP staff, the TRC, and the SC every five years. The RMP recently 
updated its management questions and objectives in January 2005 (available on the web 
at http://www.sfei.org/rmp/RMPproginfo.htm).  However, for this report, the program 
objectives in effect were to: 

1. Describe patterns and trends in contaminant concentration and distribution.  
2. Describe general sources and loading of contamination to the Estuary.  
3. Measure contaminant effects on selected parts of the Estuary ecosystem.  
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4. Compare monitoring information to relevant water quality objectives and other 
guidelines.  

5. Synthesize and distribute information from a range of sources to present a more 
complete picture of the sources, distribution, fates, and effects of contaminants in 
the Estuary ecosystem. 

 
The Status and Trends Program is comprised of four program elements that collect data 
to address the RMP Objectives:  

1) The Status and Trends Program consists of long-term contaminant monitoring to 
characterize the status and trends for contaminants in water, sediment and biota 
(bivalves) in the Estuary (Objectives 1,3, and 4). 

2) The Sport Fish Contamination Study is a triennial screening of fish tissue for 
contaminants of concern to human health (Objectives 1,3, and 4). 

3) The Episodic Toxicity Monitoring component investigates potential toxic effects 
in Estuary tributaries (Objectives 1 and 2).  

4) The USGS conducts two long-term monitoring efforts partially funded by the 
RMP, including monthly water quality measurements in the deep channels of the 
Estuary (from the Lower South Bay to the confluence of the Sacramento and San 
Joaquin Rivers), and sediment transport monitoring and modeling in the northern 
Estuary. 

 
Contaminant sources and loadings (Objective 2) and additional effects measures 
(Objective 3) are addressed through three focused workgroups that help to develop pilot 
and special studies: the Sources, Pathways and Loadings Workgroup, the Contaminant 
Fate Workgroup, and the Exposure and Effects Workgroup.  These workgroups meet 
once or twice a year to review progress and make recommendations for further study. 
The RMP synthesizes and distributes its monitoring and study results (Objective 5) 
through conferences, workgroups, literature reviews, technical reports, newsletters, and 
the Pulse of the Estuary. 
 
The RMP also conducts Pilot and Special Studies. Pilot Studies usually are designed to 
investigate and develop new monitoring measures related to anthropogenic contamination 
or contaminant effects on biota in the Estuary.  Special Studies address specific scientific 
issues that the TRC, SC, or Water Board identify for further study.  These additional 
studies are developed through an open application process, which starts with an applicant 
submitting a study idea to the RMP Program Manager for discussion at a TRC quarterly 
meeting.  Specific details on the study development and selection processes are available 
on the RMP home page.  Chapter 1.4 below describes the Pilot and Special Studies 
conducted by the RMP in 2003.  A summary of Pilot and Special Studies conducted by 
the RMP in the past is available on the RMP home page.  
 
The Annual Monitoring Results report focuses on the RMP’s Status and Trends Program. 
The RMP publishes separate technical reports for the Sport Fish Contaminant Study and 
for the Episodic Toxicity Monitoring effort.  These reports are available on the web at 
RMP’s Documents and Reports.  A brief description of those monitoring programs, the 
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USGS programs, and the Pilot and Special Studies funded in 2003 can be found in 
Chapter 1.3 below.  For more information on the RMP, refer to the RMP home page.  

1.2 The Status and Trends Program (2003) 
2003 was the second year that the Status and Trends Program collected water and 
sediment samples using the EPA’s  Environmental Monitoring Program (EMAP) 
Generalized Random Tessellation Stratified (GRTS) sample design (Stevens, 1997; 
Stevens and Olsen, 1999; Stevens and Olsen, 2000).  This type of design is appropriate 
for addressing the RMP objective (Objective 1) to describe the spatial and temporal 
patterns of contamination in the Estuary (Lowe et al., 2005).  
 
Sampling site information is presented in Table 1.2, and site location maps are included 
in Chapters 2.0-4.0.  Subcontracting agencies perform the logistical planning, sampling, 
and laboratory analyses for trace contaminants and ancillary measures. Participating 
contractors for 2003 are listed in Table 1.3.  SFEI maintains current laboratory standard 
operating procedures (SOPs) for all analyses.  A summary of the sampling and analytical 
methods used by the Status and Trends Program in 2003 are included in Chapter 5.0. 
SFEI provides technical oversight, participates in field sampling, manages the data, 
performs a rigorous quality assurance and quality control (QA/QC) evaluation, and 
synthesizes and reports the information.  Monitoring data are available for downloading 
via the RMP website using the Status and Trends Monitoring Data Access Tool at 
http://www.sfei.org/rmp/data.htm.  

1.2.1 Random Sampling Design for Water and Sediment 
The GRTS sampling design for water and sediment will allow the RMP to better address 
Objectives 1 and 4 (above) and will provide the Water Board with a better statistical basis 
from which to characterize spatial patterns of contamination in each region or the Estuary 
as a whole.  
 
With the randomized data collected, the RMP can better estimate the spatial and temporal 
distribution of water and sediment contaminants in the Estuary, determine if the mean 
contaminant concentration within a region is above a regulatory guideline, estimate what 
proportion of the Estuary is toxic to laboratory test organisms, and provide a solid 
foundation for evaluating progress in reducing contaminant concentrations in water and 
sediment. 
 
The RMP allocated GRTS samples for water and sediment monitoring into five 
hydrographic regions of the Estuary. Those five regions are: Suisun Bay, San Pablo Bay, 
Central Bay, South Bay, and Lower South Bay. The number of samples allocated to each 
region was determined by a power analysis that focused on contaminants and regions of 
greatest concern to the Water Board at the time of the redesign effort.   
 
Seventy-five water and sediment samples were randomly allocated into the five 
hydrographic regions in the Estuary downstream from the confluence of the Sacramento 
and San Joaquin Rivers.  The sampling frame for water and sediment monitoring is the 3-
foot and 1-foot contour of the Estuary at mean lower low water, respectively (based on 
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NOAA’s NAD-83 bathymetry coverage).  Each year, a subset of the seventy-five random 
sites is sampled in sequential order, increasing the spatial coverage of the Estuary over 
time.  
 
Several “historical” water and sediment sites were retained from the previous sampling 
design to provide continuity with the original RMP monitoring design.  Sampling occurs 
once a year during the dry season when Estuary conditions are most consistent on an 
interannual basis. 
 
The sediment sampling design incorporates repeated measurements at two random sites 
per region on an annual, five-year, and ten-year cycle to allow additional trends analyses.  
Repeated sampling reduces within-population variation if a population element retains 
much of its identity through time.  While this is assumed to be true for sediment, it is not 
true for water due to the constantly moving water masses within the Estuary.  Therefore, 
the water sampling design does not include repeated sampling of randomly allocated 
sites, and trends in water will be tracked for each region as a whole based on estimates of 
population statistics.  Trends analyses are not attempted in this report for the GRTS 
design samples as only two years of data are presented.   
 
For more information on the new Status and Trends monitoring design, refer to the 
following articles and technical reports: Re-design Process of the San Francisco Regional 
Monitoring Program for Trace Substances (RMP) Status and Trends Monitoring 
Component for Water and Sediment (Lowe et al., 2005), 2000 Pulse of the Estuary and 
RMP News: Winter 2001/2002.  

1.3 2003 Annual Monitoring Results 

1.3.1 Reporting of Results 
Table 1.4 lists all parameters measured in water, sediment, and bivalve tissue samples in 
2003.  While only a subset of the parameters measured is presented in this report, all 
results for 2003 and previous years can be accessed and downloaded from the web using 
the new RMP Data Access Tool.  In addition, Conductivity, Temperature, and Depth 
(CTD) profiles of the water column are collected at all RMP water, sediment, and bivalve 
tissue stations.  In 2003, CTD casts were collected during both the bivalve deployment 
and retrieval sampling efforts, and both depth and time casts were collected during water 
sampling.  Although these data are not presented in this report, results are available upon 
request. 
 
Water, sediment, and bivalve tissue monitoring results for many trace contaminants and 
important ancillary measures are displayed in maps.  Schematic box plots and cumulative 
distribution function (CDF) plots for water and sediment random samples provide simple 
summary statistics by region.  The GRTS sampling design allows several years of data to 
be combined to provide better spatial coverage of the sample frame.  In this report, we 
combine random sample results from 2002 and 2003, but only show the historic results 
for the 2003 sampling effort.   
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No water samples were tested for ambient water toxicity in 2003.  Since very little 
aquatic toxicity has been observed by the RMP in past monitoring years, ambient water 
toxicity testing will take place on a reduced five-year schedule.  The next sampling is 
scheduled for 2006. 

1.3.3 Sediment Chemistry and Toxicity 
Sediment sample collection occurred during the dry season in August at 47 sites 
throughout the Estuary.  Eight random sites and one historical fixed site were sampled 
per region.  Sampling at two sites located at the southern end of the Estuary in Sunnyvale 
(C-1-3) and San Jose (C-3-0) were discontinued in 2003.  Monitoring of trace organics in 
sediment began at these stations in 1996 as part of the NPDES permit process. 
 
The analyte list for sediment quality, trace metals, and trace organics was the same as in 
2002, including the new classes of compounds (i.e., PBDEs, phthalates, and p-
nonylphenol). However, not all the results are available for reporting at this time. 
 
Twenty-seven sediment samples were tested for toxicity.  Toxicity tests included mean 
percent survival of the amphipods Eohaustorius estuaries after exposure to solid-phase 
sediments for 10 days and mean percent normal development of live Bay mussel Mytilus 
galloprovincialis larvae after exposure to sediment elutriates for 48 hours.  Phase I 
toxicity identification evaluations (TIEs) were conducted at three sites (LSB001, SU011, 
and SU013) to investigate possible causes of toxicity.  Sediment monitoring results are 
discussed in more detail in Chapter 3.0. 

1.3.4 Bivalve Bioaccumulation  
The bivalve bioaccumulation sample design remains a convenience sample design 
because deployment of caged bivalves requires secure moorings.  In 2003, several 
changes were made to the bivalve tissue monitoring component.  Because it was 
determined that only two to three sites were required per region to track long-term 
changes in contaminant concentrations, three sites were discontinued at Napa River 
(BD50) and Petaluma River (BD15) in San Pablo Bay and Horseshoe Bay (BC21) in 
Central Bay.  Based on a series of special studies conducted during 2000-2002, only one 
transplanted bivalve species Mytilus californianus was deployed, which will allow for 
comparing the bioaccumulation of contaminants throughout the Estuary, and all bivalves 
were deployed in cages to reduce the effects of bivalve predation. 
 
Nine mooring sites (three per region) and two historic River sites (BG20 and BG30) were 
monitored for potential bioaccumulative contaminants using transplanted and resident 
bivalves.  There are no data for San Pablo Bay (BD20) due to a lost mooring.  
Transplanted Mytilus californianus were deployed in cages for three months and 
maintained halfway through at 45 days.  Resident clams (Corbicula fluminea) were 
collected from the Sacramento and San Joaquin River sites.  The analyte list for trace 
organics was the same as in 2002, including the new classes of compounds (i.e., PBDEs, 
phthalates, p-nonylphenol, triphenylphosphate, and nitro and aromatic musks).   
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Data from 1993-2001 indicate that trace metals do not appreciably accumulate in 
transplanted bivalve tissue at mid-channel locations.  Therefore, trace metals analyses 
were scaled back to once every five years as a periodic screening measure, and tributyltin 
analysis was discontinued.  Since mercury bioaccumulation is included in the Sport Fish 
Contamination Study, mercury analysis in bivalves has been discontinued.  Trace metals 
will be analyzed in bivalve tissue again in 2006.  Bivalve tissue monitoring results are 
discussed in more detail in Chapter 4.0.   

1.3.5 Sport Fish Contaminant Study 
Sport fish sampling, which occurs on a three-year cycle, was conducted in 2003.  Popular 
sport fish species were sampled at several fishing locations, and tissue samples were 
analyzed for mercury, PCBs, organochlorine pesticides, and PBDEs.  These results will 
be available on the RMP Fish Tissue Data Page in the Summer of 2005 and a technical 
report will be made available at the same time on the web at RMP’s Documents and 
Reports.  

1.3.6 Episodic Toxicity Monitoring 
The RMP is re-scoping the Episodic Toxicity Monitoring component to better address the 
changing patterns of pesticide usage in urban and agricultural areas.  A summary of the 
Episodic Toxicity Monitoring findings from 1996-2001 was reported in the 2003 Pulse of 
the Estuary article “Ten Years of Testing for the Effects of Estuary Contamination”.   
In addition, technical reports from this program are available on the web at RMP’s 
Documents and Reports.  
 
During Winter 2002 and Spring 2003, episodic aquatic toxicity monitoring was 
conducted at five tributaries to the Estuary:  Sacramento-San Joaquin Rivers 
(downstream of the confluence, at Mallard Island), Petaluma River, Sonoma Creek, San 
Lorenzo Creek, and Coyote Creek.  A minimum of five storm events was sampled at each 
of the tributaries to cover the temporal extent of potential sources of contaminant input 
(e.g., first flush during October-December, dormant spray runoff during December-
February, row crop runoff during March-June, and urban gardening during April-June).  
Invertebrate and fish-larvae toxicity tests were conducted, as well as toxicity 
identification evaluations (TIEs) when significant toxicity was present.   
 
Samples were not collected during Winter 2003.  In 2004/05, the Episodic Toxicity 
Monitoring component has turned its efforts to screen bedded sediments entering the 
Estuary for potential toxic effects and to characterize those sediments for the full suite of 
RMP contaminants (Table 1.4) and pyrethroids.  The Toxicity workgroup is scheduled to 
meet later this year to discuss the various aquatic and sediment toxicity components of 
the RMP and make recommendations to the TRC for monitoring toxic effects in the 
future.  
 

1.3.7 United States Geological Survey Studies 
The United States Geological Survey (USGS) has been a collaborating agency in the 
RMP since the beginning of the Program.  In 2003, it continued to supplement RMP 
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monitoring by conducting two special studies that address basic hydrographic and 
sediment transport processes. 
 
Factors Controlling Suspended Sediment in San Francisco Bay 
This sediment transport study examined the role of several physical factors controlling 
suspended sediment concentrations in the Estuary for a variety of hydrologic, tidal, and 
wind conditions and generated time series measurements for calibration and validation of 
sediment transport models.  This monitoring element has taken on added importance 
because of its close relationship to episodic toxicity due to particle-bound contaminants 
and its relationship to the special study evaluating particle-associated contaminant load 
inputs from the Central Valley at Mallard Island.  Time series measurements of 
suspended sediment concentrations were collected at eight sites in each major region of 
the Bay using optical backscatter sensors deployed at mid-depth and near the bottom.  
Conductivity and temperature data were also collected at most sites.  For more 
information refer to the 2003 Pulse of the Estuary article Sediment Dynamics Drive 
Contaminant Dynamics. 

 
Hydrography and Phytoplankton 
This study collected monthly measurements of five water quality parameters at 38 
stations throughout the Estuary to describe the changing spatial patterns of basic water 
quality from the lower Sacramento River to the southern limit of the South Bay.  
Measurements included: salinity, temperature, and dissolved oxygen (which influence the 
chemical form and solubility of some trace contaminants); and suspended sediments and 
phytoplankton biomass (which influence the partitioning of reactive contaminants 
between dissolved and particulate forms).  This information is needed to better 
understand the seasonal changes in water quality and estuarine habitat as they influence 
biological communities and the distribution and reactivity of trace contaminants.  For 
more information refer to the 2003 Pulse of the Estuary article Lessons from Monitoring 
Water Quality in San Francisco Bay. 
 

1.4 Other RMP Studies 

1.4.1 Pilot Studies 
Pilot Studies augment RMP Status and Trends monitoring by focusing on specific topics 
relating to contamination in the Estuary and provide a proactive approach to addressing 
management goals and needs. Pilot Studies may eventually be incorporated into the 
Status and Trends long-term program (e.g., Episodic Toxicity Monitoring, Sport Fish 
Contamination Study).   
 
Two pilot studies were conducted by the RMP in 2003.  
 
Mercury Deposition Network 
This was a collaborative study funded by the City of San Jose and the RMP.  Mercury 
was measured in rain samples at a sampling station in San Jose as part of the total 
maximum daily load (TMDL) refinement.  Data were incorporated into the national 

1.13 



RMP Annual Monitoring Results 2003 

database to evaluate atmospheric mercury contributions from large urban areas and long-
range aerial transport from outside the region to surface waters.  This is the only 
remaining component of the Air Deposition Pilot Study that contributed PAH and PCB 
data for mass budget models.  Data collection for this study will continue through 2005.  
For more information, refer to the final report San Francisco Bay Atmospheric 
Deposition Pilot Study Part 1: Mercury or contact Donald Yee at donald@sfei.org. 
 
Exposure and Effects Pilot Study 
Beginning in 2000, the RMP implemented this five-year pilot study to develop several 
indicators of contaminant exposure and effects.  Using resident species, this study 
measures exposure and effects at several trophic levels and at different levels of 
biological organization and spatial scales.  Indicators being tested include: diving duck 
muscle (human exposure indicator); cormorant and Forster’s tern eggs (chemical trend 
indicators); hatchability of Forster’s terns, least terns, and clapper rails (effects 
indicators); blood chemistry and biomarkers in harbor seals (exposure and effects 
indicators); biomarker studies in fish, aquatic and sediment toxicity testing of resident 
species (effects indicators); and benthic community evaluations (effects indicators).  
Linking contaminant bioaccumulation with effects measurements at various levels of the 
food web can assist with establishing contaminant regulatory priorities and responding to 
emerging contaminants.  For more information, contact Jay Davis at jay@sfei.org. 

1.4.2 Special Studies 
Special Studies help the RMP address specific data gaps or management or scientific 
questions related to contaminants in the Estuary.  For example, two recent special studies 
identified and evaluated previously unknown organic contaminants and led to the 
addition of several new analytes (e.g., PBDEs, phthalates, and p-nonylphenol) to the 
RMP target analyte list to see if those contaminants are prevalent in the Estuary.  For 
more information, refer to the reports Identification and Evaluation of Unidentified 
Organic Contaminants in the San Francisco Estuary and Identification and Evaluation of 
Previously Unknown Organic Contaminants in the San Francisco Estuary (1999-2000).   
 
Three special studies were conducted by the RMP in 2003. 
  
Contaminant Loads from the Sacramento and San Joaquin Rivers 
RMP continued to collaborate with the USGS to monitor suspended solid concentrations 
at Mallard Island.  Sampling will continue through 2004 and contribute to nearly 10 years 
of continuous data when combined with data collected by the USGS from 1994-98. 
 
The RMP also collaborated with other groups conducting fixed-time and flood-response 
water sampling (Interagency Ecological Program) to collect sediment-related 
contaminant concentrations at Mallard Island for the purpose of developing statistical 
relationships between concentrations and optical backscatter measurements.  These 
relationships can be used to estimate time-continuous concentration data that when 
combined with estimates of discharge can estimate sediment loads from the Delta and to 
model contaminant loads entering the Estuary from the San Joaquin Valley.  For more 
information, contact Lester McKee at lester@sfei.org. 
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Receiving Water Monitoring of the 1977 Priority Pollutant List  
and Comparisons to California Toxics Rule (CTR) Criteria 
The California Toxics Rule (CTR) specifies 129 priority pollutants that may impair 
beneficial uses in the waters of California.  The purpose of this special two-year study 
was to provide the Water Board with information on contaminants listed in the CTR that 
were not currently being monitored by the RMP and to comply with an NPDES permit 
provision for ambient water monitoring for dischargers in the San Francisco Estuary.  
Similar to the 2002 sampling effort, estuarine water was sampled at three historical RMP 
sites (Sacramento River, Dumbarton Bridge, and Yerba Buena Island) during the wet 
(January) and dry (July) seasons.  For more information, contact Donald Yee at 
donald@sfei.org. 
 
Nine-Year Synthesis of Contaminant Status and Trends 
Prior to the implementation of the new random sampling design in 2002, the RMP 
employed a fixed station sampling design from 1993-2001.  The RMP is in the process of 
synthesizing and reporting on those results in a special issue of the scientific journal 
Environmental Research.  The articles will address two of the Program’s objectives 
(Objectives 1 and 5) to provide a rigorous evaluation of long-term trends and to 
synthesize RMP and non-RMP data into an integrated assessment of contamination status 
and trends in the Estuary.  The 2004 Pulse of the Estuary was the first part of a two part 
series highlighting key findings related to the Status and Trends monitoring efforts and 
synthesizing that information.  Please contact Jay Davis at jay@sfei.org for more 
information. 
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Introduction Tables 

Table 1.1. RMP Program Participants in 2003. 
 

Municipal Dischargers 
Central Contra Costa Sanitary District  
Central Marin Sanitation Agency  
City of Benicia  
City of Burlingame 
City of Calistoga  
City of Palo Alto 
City of Petaluma 
City of Pinole/Hercules 
City of Saint Helena 
City and County of San Francisco  
City of San Jose 
City of San Mateo 
City of South San Francisco/San Bruno 
City of Sunnyvale 
Delta Diablo Sanitation District 
East Bay Dischargers Authority 
East Bay Municipal Utility District 
Fairfield-Suisun Sewer District  
Las Gallinas Valley Sanitation District  
Marin County Sanitary District #5, Tiburon 
Millbrae Waste Water Treatment Plant 
Mountain View Sanitary District 
Napa Sanitation District 
Novato Sanitation District 
Rodeo Sanitary District 
San Francisco International Airport 
Sausalito/Marin City Sanitation District 
Sewerage Agency of Southern Marin 
Sonoma County Water Agency 
South Bayside System Authority 
Town of Yountville 
Union Sanitary District 
Vallejo Sanitation and Flood Control District 
West County Agency 
 
Industrial Dischargers 
C & H Sugar Company 
Chevron Products Company 
Dow Chemical Company 
General Chemical Corporation 
Martinez Refining Company 
Rhodia, Inc. 
TOSCO – Rodeo Refinery 
Ultramar Inc - Avon Refinery 
USS – POSCO Industries 
Valero Refining Company 

Cooling Water 
Mirant of California 
 
Stormwater 
Alameda Countywide Clean Water Program  
Caltrans 
City and County of San Francisco 
Contra Costa Clean Water Program 
Fairfield-Suisun Urban Runoff  
    Management   Program 
Marin County Stormwater  
     Pollution Prevention Program 
San Mateo Countywide Stormwater Pollution 

Prevention Program 
Santa Clara Valley Urban Runoff  
     Pollution Prevention Program 
Vallejo Sanitation and Flood Control District 
 
Dredgers 
Benicia Port Terminal Co. 
CALTRANS – Martinez Bridge Retrofit 
CALTRANS – San Rafael Bridge Retrofit 
Chevron 
City of Benicia Marina 
City of Vallejo Marina 
Emerycove Marina 
Emerycove Yacht Harbor Entrance 
Galilee Harbor 
Loch Lomond Marina 
Marin Yacht Club 
Marina Co. Park District 
Marina Vista Homeowners Association 
Port of Oakland 
Port of San Francisco 
TOSCO Corporation 
Valero Refining Co. 
Vallejo Yacht Club 
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Table 1.2. Summary of RMP sampling stations, 2003. 
Latitude and longitude coordinates are reported in decimal degrees.  Historic and random site coordinates are reported in WGS 84 and NAD 27 datum, 
respectively. Conductivity, Temperature and Depth (CTD) profiles are collected at all sites. Site depth measurements are taken from the Cruise Reports 
for water and sediment sites.  The bivalve site depths are estimated measurements relative to mean lower low water (MLLW) based on NOAA’s nautical 
charts. 

Type of Analysis 

Region/Site Name Site Code 
Historic 

Site Sample Type Collection Date Latitude Longitude

Site 
Depth

(m) 
Trace 

Elements
Trace 

Organics Ancillary Toxicity 
Sacramento River BG20 x Bivalve Tissue 8/18/2003 38.060 121.792 8   x x   
Sacramento River BG20 x Sediment 8/18/2003 38.059 121.814 10 x x x x 
Sacramento River BG20 x Water 8/15/2003 38.060 121.811 9 x x x   
San Joaquin River BG30 x Bivalve Tissue 8/18/2003 38.021 121.805 6   x x   
San Joaquin River BG30 x Sediment 8/18/2003 38.023 121.808 8 x x x x 
San Joaquin River BG30 x Water 8/15/2003 38.020 121.806 10 x x x   

Grizzly Bay BF21 x Sediment 8/18/2003 38.116 122.040 2 x x x x 
Suisun           SU001S Sediment 8/19/2003 38.100 122.046 7 x x x x
Suisun SU002S   Sediment 8/18/2003 38.059 121.980 12 x x x   
Suisun SU006W   Water 8/14/2003 38.059 121.944 2 x x x   
Suisun SU007W   Water 8/14/2003 38.074 122.085 3 x x x   
Suisun           SU009S Sediment 8/18/2003 38.118 122.048 2 x x x x
Suisun SU009W   Water 8/14/2003 38.082 122.065 5 x x x   
Suisun SU010S   Sediment 8/18/2003 38.069 121.993 0.3 x x x   
Suisun SU010W   Water 8/14/2003 38.069 121.991 2 x x x   
Suisun           SU011S Sediment 8/19/2003 38.075 122.103 3 x x x x
Suisun SU012S   Sediment 8/18/2003 38.092 122.041 2.5 x x x   
Suisun           SU013S Sediment 8/19/2003 38.056 122.090 7 x x x x
Suisun SU014S   Sediment 8/18/2003 38.065 121.950 2 x x x   

San Pablo Bay BD20 x Bivalve Tissue Not sampled. Mooring lost. 
Pinole Point BD30 x Bivalve Tissue 9/26/2003 38.017 122.368 3   x x   
Pinole Point BD31 x Sediment 8/20/2003 38.024 122.364 7 x x x x 
Davis Point BD40 x Bivalve Tissue 9/26/2003 38.054 122.261 7   x x   

San Pablo Bay SPB001S   Sediment 8/19/2003 38.072 122.387 3 x x x x 
San Pablo Bay SPB002S   Sediment 8/20/2003 38.016 122.341 2.5 x x x   
San Pablo Bay SPB005W   Water 8/13/2003 38.047 122.397 4 x x x   
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Table 1.2. Summary of RMP sampling stations, 2003. 
Latitude and longitude coordinates are reported in decimal degrees.  Historic and random site coordinates are reported in WGS 84 and NAD 27 datum, 
respectively. Conductivity, Temperature and Depth (CTD) profiles are collected at all sites. Site depth measurements are taken from the Cruise Reports 
for water and sediment sites.  The bivalve site depths are estimated measurements relative to mean lower low water (MLLW) based on NOAA’s nautical 
charts. 

Type of Analysis 

Region/Site Name Site Code 
Historic 

Site Sample Type Collection Date Latitude Longitude

Site 
Depth

(m) 
Trace 

Elements
Trace 

Organics Ancillary Toxicity 
San Pablo Bay SPB006W   Water 8/13/2003 38.026 122.298 3 x x x   
San Pablo Bay SPB007W   Water 8/13/2003 38.028 122.448 3 x x x   
San Pablo Bay SPB008W   Water 8/13/2003 38.088 122.317 2 x x x   
San Pablo Bay SPB009S   Sediment 8/20/2003 38.038 122.448 3 x x x x 
San Pablo Bay SPB010S   Sediment 8/20/2003 38.028 122.359 7 x x x   
San Pablo Bay SPB011S   Sediment 8/19/2003 38.093 122.464 2.3 x x x x 
San Pablo Bay SPB012S   Sediment 8/19/2003 38.050 122.390 1.5 x x x   
San Pablo Bay SPB013S   Sediment 8/19/2003 38.080 122.384 3 x x x x 
San Pablo Bay SPB073S   Sediment 8/20/2003 38.032 122.437 3.5 x x x   

Alameda BB71 x Bivalve Tissue 9/24/2003 37.696 122.340 9   x x   
Yerba Buena Island BC10 x Bivalve Tissue 9/24/2003 37.819 122.347 3   x x   
Yerba Buena Island           BC10 x Water 8/11/2003 37.821 122.349 7 x x x  
Yerba Buena Island            BC11 x Sediment 8/20/2003 37.822 122.349 7 x x x x

Golden Gate BC20 x Water Could not be sampled due to weather conditions. 
Red Rock BC61 x Bivalve Tissue 9/24/2003 37.928 122.469 4   x x   

Central Bay CB001S   Sediment 8/21/2003 37.877 122.361 3 x x x x 
Central Bay CB002S   Sediment 8/22/2003 37.625 122.347 5 x x x   
Central Bay CB005W   Water 8/12/2003 37.838 122.341 3 x x x   
Central Bay CB006W   Water 8/12/2003 37.694 122.255 3 x x x   
Central Bay CB007W   Water 8/11/2003 37.917 122.400 2 x x x   
Central Bay CB008W   Water 8/12/2003 37.633 122.367 3 x x x   
Central Bay CB010S   Sediment 8/21/2003 37.691 122.308 11 x x x   
Central Bay CB011S   Sediment 8/20/2003 37.968 122.451 6 x x x x 
Central Bay CB012S   Sediment 8/21/2003 37.754 122.369 15 x x x   
Central Bay CB013S   Sediment 8/21/2003 37.822 122.360 13 x x x x 
Central Bay CB014S   Sediment 8/21/2003 37.652 122.289 7 x x x   

1.18 



RMP Annual Monitoring Results 2003 

Table 1.2. Summary of RMP sampling stations, 2003. 
Latitude and longitude coordinates are reported in decimal degrees.  Historic and random site coordinates are reported in WGS 84 and NAD 27 datum, 
respectively. Conductivity, Temperature and Depth (CTD) profiles are collected at all sites. Site depth measurements are taken from the Cruise Reports 
for water and sediment sites.  The bivalve site depths are estimated measurements relative to mean lower low water (MLLW) based on NOAA’s nautical 
charts. 

Type of Analysis 

Region/Site Name Site Code 
Historic 

Site Sample Type Collection Date Latitude Longitude

Site 
Depth

(m) 
Trace 

Elements
Trace 

Organics Ancillary Toxicity 
Central Bay CB074S   Sediment 8/21/2003 37.666 122.327 10.5 x x x x 

Dumbarton Bridge BA30 x Bivalve Tissue 9/25/2003 37.513 122.135 5   x x   
Dumbarton Bridge BA30 x Water 8/5/2003 37.514 122.135 6 x x x   
Redwood Creek BA40 x Bivalve Tissue 9/25/2003 37.547 122.195 3   x x   
Redwood Creek BA41 x Sediment 8/22/2003 37.559 122.211 3 x x x x 

South Bay SB001S   Sediment 8/22/2003 37.612 122.264 3 x x x x 
South Bay SB002S   Sediment 8/25/2003 37.610 122.167 2 x x x   
South Bay SB009S   Sediment 8/21/2003 37.678 122.194 2 x x x x 
South Bay SB010S   Sediment 8/22/2003 37.562 122.211 15 x x x   
South Bay SB011S   Sediment 8/22/2003 37.610 122.340 4 x x x x 
South Bay SB011W   Water 8/8/2003 37.597 122.341 2 x x x   
South Bay SB012S   Sediment 8/22/2003 37.589 122.246 15 x x x   
South Bay SB012W   Water 8/8/2003 37.650 122.201 2 x x x   
South Bay SB013S   Sediment 8/22/2003 37.623 122.247 6 x x x x 
South Bay SB013W   Water 8/7/2003 37.594 122.277 2 x x x   
South Bay SB014S   Sediment 8/26/2003 37.538 122.174 12 x x x   
South Bay SB014W   Water 8/5/2003 37.565 122.169 2 x x x   
South Bay SB015W   Water 8/7/2003 37.626 122.276 4 x x x   
South Bay SB016W   Water 8/7/2003 37.608 122.210 3 x x x   
South Bay SB017W   Water 8/8/2003 37.616 122.269 3 x x x   
South Bay SB018W   Water 8/7/2003 37.596 122.179 2 x x x   
South Bay SB019W   Water 8/8/2003 37.637 122.274 6 x x x   

Coyote Creek BA10 x Bivalve Tissue 9/25/2003 37.470 122.064 6   x x   
Coyote Creek BA10 x Sediment 8/25/2003 37.468 122.064 2 x x x x 

Lower South Bay LSB001S   Sediment       8/26/2003 37.492 122.098 7 x x x x
Lower South Bay LSB002S   Sediment        8/25/2003 37.479 122.078 9 x x x

1.19 



l Monitoring Results 2003 RMP Annua

1.20 

Table 1.2. Summary of RMP sampling stations, 2003. 
Latitude and longitude coordinates are reported in decimal degrees.  Historic and random site coordinates are reported in WGS 84 and NAD 27 datum, 
respectively. Conductivity, Temperature and Depth (CTD) profiles are collected at all sites. Site depth measurements are taken from the Cruise Reports 
for water and sediment sites.  The bivalve site depths are estimated measurements relative to mean lower low water (MLLW) based on NOAA’s nautical 
charts. 

Type of Analysis 

Region/Site Name Site Code 
Historic 

Site Sample Type Collection Date Latitude Longitude

Site 
Depth

(m) 
Trace 

Elements
Trace 

Organics Ancillary Toxicity 
Lower South Bay LSB007W   Water 8/5/2003 37.495 122.108 13 x x x   
Lower South Bay LSB008W   Water 8/5/2003 37.488 122.083 4 x x x   
Lower South Bay LSB009S   Sediment       8/26/2003 37.492 122.107 3 x x x x
Lower South Bay LSB009W   Water 8/6/2003 37.497 122.107 15 x x x   
Lower South Bay LSB010S   Sediment        8/25/2003 37.471 122.090 2 x x x
Lower South Bay LSB010W   Water 8/6/2003 37.487 122.079 2 x x x   
Lower South Bay LSB011S   Sediment       8/26/2003 37.504 122.119 16 x x x x
Lower South Bay LSB011W   Water 8/6/2003 37.504 122.119 15 x x x   
Lower South Bay LSB012S   Sediment        8/25/2003 37.471 122.102 2 x x x
Lower South Bay LSB013S   Sediment       8/25/2003 37.487 122.101 1 x x x x
Lower South Bay LSB014S   Sediment        8/25/2003 37.475 122.070 5 x x x
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Table 1.3.  RMP Contractors and Principal Investigators in 2003. 
 
Principal Contractor Mr. Paul Salop and Dr. Andrew Gunther 
 Applied Marine Sciences (AMS), Livermore, CA 
 
BACWA Coordination Mr. William Ellgas and Ms. Julia Halsne 
 East Bay Municipal Utility District (EBMUD), Oakland, CA 
 
Water Trace Element Chemistry Dr. Colin Davies and Ms. Misty Mayer 
 Brooks-Rand Ltd. (BRL), Seattle, WA 
  
 Dr. Russ Flegal and Ms. Genine Scelfo 
 UC Santa Cruz (UCSCDET), Santa Cruz, CA 
  
Water Trace Organic Chemistry Dr. Million Woudneh and Ms. Laurie Phillips 
 AXYS Analytical Services, Inc. (AXYS), Sidney, BC 
  
 Dr. Dave Crane and Mr. Loc Nguyen 
 California Dept. of Fish & Game, Water Pollution Control  
 Laboratory (CDFG-WPCL), Rancho Cordova, CA  
 
Water Hardness Mr. Jim Chen and Ms. Kathleen Irby 
 Union Sanitary District (USD), Fremont, CA 
 
Sediment Trace Element Chemistry Dr. Colin Davies and Ms. Misty Mayer 
 Brooks-Rand Ltd. (BRL), Seattle, WA 
  
 Dr. Russ Flegal and Ms. Genine Scelfo 
 UC Santa Cruz (UCSCDET), Santa Cruz, CA 
  
 Mr. Anthony Rattonetti and Mr. Lonnie Butler 
 City and County of San Francisco (CCSF), San Francisco, CA 
 
Sediment Trace Organics Chemistry Mr. François Rodigari 
 East Bay Municipal Utility District (EBMUD), Oakland, CA 
  
Sediment Toxicity Testing Mr. John Hunt, Mr. Brian Anderson, and Mr. Bryn Phillips 
 Marine Pollution Studies Lab (MPSL), Granite Canyon, CA 
 
Bivalve Trace Organics Dr. Dave Crane and Mr. Loc Nguyen 
 California Dept. of Fish & Game, Water Pollution Control  
 Laboratory (CDFG-WPCL), Rancho Cordova, CA  
 
Bivalve Condition and Survival Mr. Paul Salop 
 Applied Marine Sciences (AMS), Livermore, CA 
 
USGS Water Quality Dr. James Cloern, USGS, Menlo Park, CA 
 
USGS Sediment Transport Dr. David Schoellhamer, USGS, Sacramento, CA 
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Table 1.4. Parameters analyzed in water, sediment, and bivalve tissue 
samples in 2003. 
 
Refer to Table 1.3 for laboratory names. 
Conventional Water Quality Parameters Lab(s) Reporting Units 
Conductivity AMS/UCSCDET µmho 
Dissolved Ammonia UCSCDET mg/L (N) 
Dissolved Nitrate UCSCDET mg/L (N) 
Dissolved Nitrite UCSCDET mg/L (N) 
Dissolved Organic Carbon UCSCDET µg/L 
Dissolved Oxygen UCSCDET mg/L 
Dissolved Phosphates UCSCDET mg/L  
Dissolved Silicates UCSCDET mg/L  
Hardness (when salinity is < 5 ‰) USD mg/L (CaCO3) 
pH AMS/UCSCDET pH 
Phaeophytin UCSCDET mg/m3

Salinity (by salinometer) UCSCDET psu 
Salinity (by SCT) AMS/UCSCDET ‰ 
Temperature AMS/UCSCDET °C 
Total Chlorophyll-a UCSCDET mg/m3

Total Suspended Solids UCSCDET mg/L 
Sediment Quality Parameters Lab(s) Reporting Units 
% clay (< 4 µm) UCSCDET % dry weight 
% silt (4 µm–63 µm ) UCSCDET % dry weight 
% sand (63 µm – 2 mm) UCSCDET % dry weight 
% gravel + shell (> 2 mm) UCSCDET % dry weight 
% solids BRL/CCSF/EBMUD % dry weight 
Depth  AMS m 
Hydrogen Sulfide (QAQC measurement) MPSL µg/kg 
pH (porewater, interstitial sediment) AMS pH 
Total Ammonia (QAQC measurement) MPSL µg/kg 
Total Organic Carbon UCSCDET % 
Total Sulfide (QAQC measurements) MPSL µg/kg 
Total Nitrogen UCSCDET % 
Bivalve Tissue Parameters Lab(s) Reporting Units 
% Lipid  CDFG-WPCL % 
% Moisture CDFG-WPCL % 
Bivalve Percent Survival AMS % 
Growth - Change in Internal Shell Volume AMS mL 
Dry Flesh Weight AMS g 
Toxicity Tests—Water and Sediment Lab(s) Reporting Units 
Aquatic Toxicity –Americamysis (shrimp) % Survival PERL % 
Episodic Aquatic Toxicity –  

(Ceriodaphnia, Menidia, Americamysis) % Survival 
PERL % 

Sediment Toxicity – (Amphipod) % Survival MPSL % 
Sediment Toxicity – (Bivalve) % Normal Development MPSL %  
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Table 1.4 continued. Parameters analyzed in water, sediment, and bivalve tissue 
samples in 2003. 
 

 
Parameter Name 

Water 
(Dissolved  
and Total) 

Sediment 
(dry weight) 

Lab(s) BRL/UCSCDET BRL/CCSF/ UCSCDET 
Aluminum (Al)*  - mg/kg (200) 
Arsenic (As) µg/L (0.1) mg/kg (0.2) 
Cadmium (Cd)* µg/L (0.001) mg/kg (0.001) 
Cobalt (Co) µg/L - 
Copper (Cu)* µg/L (0.01) mg/kg (2)  
Iron (Fe)* µg/L (10) mg/kg (200) 
Lead (Pb)* µg/L (0.001) mg/kg (0.5) 
Manganese (Mn)* µg/L (0.01) mg/kg (20) 
Mercury (Hg) µg/L (.0001) mg/kg (0.00001) 
Methylmercury (MeHg) ng/L (0.005) µg/kg (0.005) 
Nickel (Ni)* µg/L (0.01) mg/kg (5)  
Selenium (Se) µg/L (0.02) mg/kg (0.01) 
Silver (Ag)* µg/L (0.0001) mg/kg (0.001) 
Zinc (Zn)* µg/L (0.005) mg/kg (5) 

  - Parameter is not sampled for the matrix. 
* Near-total instead of total concentrations are reported for water.  Near-total metals are 

extracted with a weak acid (pH < 2) for a minimum of one month, resulting in 
measurements that approximate bioavailability of these metals to Estuary organisms. 

1 Beginning in 2002, trace elements in bivalve tissue will be analyzed on a five-year cycle. 
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Table 1.4 continued. Parameters analyzed in water, sediment, and bivalve tissue 
samples in 2003. 

 
Trace organic parameters (lab; reporting units) – 
in water (AXYS; pg/L), sediment (EBMUD; µg/kg), and bivalve tissue (CDFG-WPCL; µg/kg) samples:  
Organochlorines analyzed by GC-ECD will be determined using two columns of differing polarity. 
PAHS  
(Target MDLs: water – 200 
pg/L, sediment and tissue – 5 
µg/kg; water PAHs reported in 
ng/L) 

SYNTHETIC BIOCIDES 
(Target MDLs: water – 2 pg/L, 
sediment and tissue – 1 
µg/kg) 

OTHER SYNTHETIC COMPOUNDS  
1New analytes added in 2002. 
2Constitute Octa-BDEs. 
3Constitute Nona-BDEs. 

1-Methylnaphthalene 
2,3,5-Trimethylnaphthalene 
2,6-Dimethylnaphthalene 
2-Methylnaphthalene 
Biphenyl 
Naphthalene 
1-Methylphenanthrene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Fluorene 
Phenanthrene 
Benz(a)anthracene 
Chrysene 
Fluoranthene 
Pyrene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(e)pyrene 
Benzo(k)fluoranthene 
Dibenz(a,h)anthracene 
Perylene  
Benzo(ghi)perylene  
Indeno(1,2,3-cd)pyrene  
Dibenzothiophene 
 
Alkylated PAHs 
C1-Chrysenes 
C2-Chrysenes 
C3-Chrysenes 
C4-Chrysenes 
C1-Dibenzothiophenes 
C2-Dibenzothiophenes 
C3-Dibenzothiophenes 
C1-Fluoranthene/Pyrenes 
C1-Fluorenes 
C2-Fluorenes 
C3-Fluorenes 
C1-Naphthalenes  
C2-Naphthalenes 
C3-Naphthalenes  
C4-Naphthalenes 
 
 

Cyclopentadienes 
Aldrin 
Dieldrin 
Endrin 
 
Chlordanes 
alpha-Chlordane 
cis-Nonachlor 
gamma-Chlordane 
Heptachlor 
Heptachlor Epoxide 
Oxychlordane 
trans-Nonachlor 
 
DDTs 
o,p’-DDD 
o,p’-DDE  
o,p’-DDT 
p,p’-DDD 
p,p’-DDE 
p,p’-DDT 
 
HCH 
alpha-HCH 
beta-HCH 
delta-HCH 
gamma-HCH 
 
Other Synthetic Biocides 
Chlorpyrifos (water only) 
Dacthal (water only) 
Diazinon (water only) 
Endosulfan I (water only) 
Endosulfan II (water only) 
Endosulfan Sulfate (water 
only) 
Hexachlorobenzene 
Mirex 
Oxadiazon (water only) 
 
 

PCB congeners (IUPAC numbers) 
(Target MDLs: water – 2 pg/L, sediment 
and tissue – 1 µg/kg)  
8, 18, 28, 31, 33, 44, 49, 52, 56, 60, 66, 
70, 74, 87, 95, 97, 99, 101, 105, 110, 
118, 128, 132, 138, 141, 149, 151, 153, 
156, 158, 170, 174, 177, 180, 183, 187, 
194, 195, 201, 203 
 
Polybrominated Diphenyl Ethers1  
(BDE-IUPAC No., Compound Name) 
(Target MDLs: water – 1 pg/L, sediment 
and tissue – 1 µg/kg).   
BDE 17         [2,2’,4-triBDE] 
BDE 28         [2,4,4’-triBDE] 
BDE 47         [2,2’,4,4’-tetraBDE] 
BDE 66         [2,3’,4,4’-tetraBDE] 
BDE 82         [2,2’,3,3’,4-pentaBDE] 
BDE 85         [2,2’,3,4,4’-pentaBDE] 
BDE 99         [2,2’,4,4’5-pentaBDE] 
BDE 100       [2,2’,4,4’,6-pentaBDE] 
BDE 128       [2,2’,3,3’,4,4’-hexaBDE] 
BDE 138       [2,2’,3,4,4’,5’-hexaBDE] 
BDE 153       [2,2’,4,4’,5,5’-hexaBDE] 
BDE 154       [2,2’,4,4’,5,6’-hexaBDE] 
BDE 183       [2,2’,3,4,4’,5’,6-heptaBDE] 
BDE 190       [2,3,3’,4,4’,5,6-heptaBDE] 
BDE 2032

BDE 2042

BDE 2052

BDE 2063

BDE 2073

BDE 2083

BDE 209        
Nitro Musks1 (tissue only) 
Musk ambrette       Musk xylene            
Musk ketone            
 
Polycyclic Musks1 (tissue only) 
Celestolide        Tonalide 
Galazolide         Versalide 
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Table 1.4 continued. Parameters analyzed in water, sediment, and bivalve tissue 
samples in 2003. 

 
Trace organic parameters (lab; reporting units) continued – 
C1-Phenanthrene/Anthracenes 
C2-Phenanthrene/Anthracenes 
C3-Phenanthrene/Anthracenes 
C4-Phenanthrene/Anthracenes 
 

Other Synthetic Compounds1

(Target MDLs: water – 50 pg/L, 
sediment and tissue – 5 µg/kg) 
 
p-Nonylphenol 
Triphenylphosphate (tissue only) 

Phthalates1

(Target MDLs: water – 50 pg/L, 
sediment and tissue – 5 µg/kg)  
 
Bis(2-ethylhexyl)phthalate 
Butylbenzylphthalate
Di-n-Butylphthalate 
Diethylphthalate 
Dimethylphthalate 
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