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Special Study Proposal: Characterization of Sediment 
Contamination in Bay Margin Areas  
 
Summary:  Bay margins are more productive and highly utilized by biota of interest 

(humans or wildlife) than the open Bay areas. This study will provide an 
unbiased characterization of surficial sediment contamination and 
ancillary characteristics in shallow Bay margin areas, which will be used to 
investigate spatial distributions of pollutants, watershed influences, and 
regional trends. This study will lay the foundation for future work to link 
watersheds to the open Bay through the margin habitats. 

 
Estimated Cost:   Year 1  Year 2 
   Field  $165k  $165k 
   Lab  $84k  $84k 
   Report    $13k 
   Total  $249k  $262k 
    

Grand Total   $511k 
 
Oversight Group:   TRC 
 
Proposed by:          Don Yee, Phil Trowbridge (SFEI) 
 

PROPOSED DELIVERABLES AND TIMELINE 
Deliverable Due Date 
Task 1. Project Management (write and manage sub-contracts, track 

budgets) 
Summer – Dec 2014 

Task 2. Develop detailed sampling plan Feb 2015 

Task 3. Field Sampling Summer 2015, 2016 

Task 4. Lab analysis Summer/fall 2015,  2016 

Task 5. QA/QC and data management Dec 2015, 2016 

Task 6. Data web upload Mar 2016, 2017 

Task 7. Final report and Pulse article Sep 2017 
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Background 
 
The Bay margins are important habitats where contaminant exposure is high in some known 
locations, but that have been largely unsampled by the RMP, due to logistical considerations; 
the RMP historically focused on deep water locations, limited even after the 2002 redesign to 
areas accessible by a moderately large boat (~3 foot draft). Aside from the margins’ 
importance as habitats in themselves, contamination in margins may contribute to the lack of 
decreasing trends in biota (e.g., fish tissue) concentrations of PCBs (and other persistent 
bioaccumulative contaminants), despite long-term changes in sediments in parts of the open 
Bay. Locations on the margins often may have a closer linkage with terrestrial sources and 
therefore a higher potential for showing a positive response to management actions aimed at 
reducing loads and impairment. Analysis of margins contaminant concentrations in the RMP 
Margins Conceptual Model Report (Jones et al., 2012) suggested higher and more variable 
concentrations in margins, but much of previous sampling was spatially biased to include 
known polluted areas in the margins associated with Superfund sites and other legacy 
sources, while the characteristics of contamination of other sites in the Bay margins are less 
known.   

Study Objectives and Applicable RMP Management Questions 
 
This study will provide an unbiased characterization of surficial sediment contamination and 
ancillary characteristics (grain size, TOC, etc.) in shallow Bay margin areas. According to the 
RMP Margins Conceptual Model Report (Jones et al., 2012), these data are limited but are 
needed to characterize and model contaminant risk, fate, and trends in the Bay margins.  
Otherwise, assessments of exposure and risks to margins biota can only be estimated 
extrapolating from data from deeper, subtidal, open water areas of the Bay, and/or biased 
margin cleanup target areas, which are likely unrepresentative of most locations the margins. 
Collection of representative margin data is the only real solution for characterizing exposure 
and risk, and populating empirical models or validating/calibrating mechanistic models of 
food web and contaminant fate processes.  Ideally margins sampling should occur regularly, 
as it is characterizing a relevant, evolving, and critical portion of the ecosystem. 
Deterministic sampling related to identifying sources, or to management in specific locations 
should be addressed by monitoring schemes specifically designed for those needs and are 
considered complementary, even if logistically they can be added to efforts characterizing 
ambient margins.  Management questions to be addressed by studying margins are the same 
as those of the overall RMP S&T effort, localized to the margins, as shown in Table 1. The 
primary management questions identified in the Margins Conceptual Model Report (Jones et 
al., 2012) are included on this table and marked with an asterisk. 
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Table 1: Study objectives and questions relevant to RMP management questions 
Management Question Study Objective Example Information 

Application 

1) Are chemical concentrations 
in the Estuary at levels of 
potential concern and are 
associated impacts likely? 

Help characterize the level of 
impairment or potential 
concern for shallow habitats. 
 
Establish expected ambient 
concentrations for margin 
habitats. 

What is the contribution of 
contaminated Bay margin sites 
to regional impairment?* 
 
Is it unrealistic to set targets for 
wetland reuse of dredge 
sediment concentration targets 
using open Bay data? 

2) What are the concentrations 
and masses of contaminants in 
the Estuary and its segments? 
 2.1 Are there particular regions 
of concern? 
 

Improve understanding of 
contaminant distribution and 
inventory.  
 
Allow unbiased comparison of 
various Bay habitats.  

Are there regional influences of 
high leverage watersheds on 
sediments in the margins? 
 
Do expectations of more 
contaminated margins (from 
known polluted sites) extend 
more generally? 
 
If concentrations differ in 
margins, how does that change 
our estimates of pollutant 
inventories & fate?  

3) What are the sources, 
pathways, loadings, and 
processes leading to 
contaminant-related impacts in 
the Estuary?* 
3.1. Which sources, pathways, 
etc. contribute most to impacts? 

Obtain information on 
contaminant distribution to 
support and refine conceptual 
and numerical models of 
contaminant loads and fate 
processes.   

Are distributions of 
contaminants in margin areas 
consistent with our expectations 
for various contaminant 
processes? 

4) Have the concentrations, 
masses, and associated impacts 
of contaminants in the Estuary 
increased or decreased? 
4.1. What are the effects of 
management actions on 
concentrations and mass? 

Track trends in margins.   Are sediment concentrations in 
margins changing faster or 
slower than in the open Bay or 
other areas? 
 
Are additional/different actions 
needed? 

5) What are the projected 
concentrations, masses, and 
associated impacts of 
contaminants in the Estuary?* 

Improve contaminant fate and 
bioaccumulation models by 
separately characterizing margin 
habitats for empirical and 
mechanistic modeling.  

Does better characterization of 
contamination in the margins 
change our expected trajectory 
for recovery? 

 
* Primary management questions from the Margins Conceptual Model Report (Jones et al., 2012) 
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This sampling effort would most directly address questions 1, 2, and 4, characterizing the 
margins spatially and temporally, while providing information that can guide investigations 
into questions 3 and 5 via special studies.  For example, distributions of a contaminant found 
in margins sampling could inform decisions on whether to further investigate sources (e.g., 
whether deterministic sites in a special study are truly more contaminated than average 
margins), or show the existence of regional impacts from specific watersheds.  
 
The strength of randomized spatially distributed sampling schemes (such as that used for the 
RMP open Bay S&T) is that the data can representatively characterize the environment 
without bias. As more information is collected, these questions can be answered with greater 
certainty and statistical power. However, throughout the process, the characteristics of the 
margins can also be tested against null hypotheses of no significant differences in various 
comparisons: to impairment thresholds, concentrations versus margins or Bay in other 
segments (to prioritize management areas), or temporal trends within segments.  In early 
years with relatively little data, only very large differences will be statistically significant, but 
over time as sample counts accumulate, smaller differences can be discerned.   
 
None of the management questions can be addressed for margins using data from open 
water areas of the Bay or a biased selection of hot spots or other deterministic sites. Similar 
to the need for data for open water sites provided by the current RMP S&T Program, no 
amount of modeling and other extrapolation methods can substitute for representative data.   

Approach 
 
Study Area and Sampling Locations 
 
The proposed margins sampling monitoring would include areas previously excluded from 
the sampling frame in the RMP S&T redesign process: areas shallower than 1 foot at MLLW, 
up to the unvegetated shoreline (roughly MHW). A margin sampling frame was defined in 
consultation with Josh Collins and the SFEI GIS team, minimizing overlap with other 
monitoring such as CRAM assessed wetland areas (by excluding vegetated areas) and the 
open water areas already in the RMP Bay S&T (areas below 1 foot below MLLW).  
 
A GRTS method was used to draw sampling locations (up to 128 per segment) from this 
frame in an unbiased manner through consultation with Don Stevens, the environmental 
statistician who helped design the RMP open Bay GRTS sample draw.  Although it was 
investigated whether or not to include areas previously skipped in the Bay S&T sampling 
(due to water being too shallow for the vessel to access), Don Stevens recommended that 
they not be added, as oversample sites already have been sampled and should be adequate 
for characterizing the Bay stratum.  Figure 1 shows a map of the Bay with the first 8 margins 
sampling locations in each segment marked. Deterministic sites picked for other studies 
could be added on, or sampled independently, depending on the needs of each particular 
study (e.g., if seasonal or event data is needed on a different schedule from the margins S&T). 
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Figure 1. First 8 margin sites each segment. First 4 each segment have larger icons, and 
would be sampled first if all segments needed characterization in the first year.  Orange areas 
are margins frame sampled. 
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Sample Size 
 
Don Stevens noted that assuming the open Bay and margins strata have similar variances, 
equal numbers of samples in each stratum (e.g., the margin frame within each segment) 
would provide the greatest power to detect differences among strata. The RMP S&T 
Program has reduced the number of sediment stations to 20 random stations each sampling 
event in the open Bay. In the long term, comparable sample counts among segments in 
ongoing margins and open Bay sampling would allow comparison of these strata most 
efficiently. Therefore, we recommend collecting sediment samples from 20 stations each 
event (40 within 2 events for the whole Bay) for this initial pilot effort. 
 
Sampling Frequency 
 
The RMP S&T Program collects sediment samples from the open Bay every four years. The 
most recent sampling event was in 2014. The next event will be in 2018. The open Bay areas 
have been sampled for many years, so the quantity of data for the open Bay stratum is much 
greater than for the margins. Therefore, a higher rate of margins sampling may be warranted 
in the short term between the planned open Bay sampling years. Moreover, it is 
hypothesized that variance in the margins may be higher (perhaps even if not biased toward 
known contaminated areas). If this is true, greater sample numbers in the more variable 
strata can better distinguish differences (among strata and versus thresholds/criteria).  Even 
beyond the statistical considerations, if margin areas are productive and highly utilized by 
biota of interest (humans or wildlife), then they should be monitored more intensively than 
other areas of the Bay. Therefore, we recommend collecting two rounds of margins samples 
in 2015 and 2016 at a total of 40 sites. The frequency of margin sampling after 2016 will be 
determined after this initial study. 
 
Sampling Season  
 
Whether the samples are collected in the dry or wet season could potentially introduce a bias 
that may skew the assessment of ecosystem status. Being nearer potential terrestrial sources, 
margins may be more likely than open Bay sites to be influenced by wet-weather pollutant 
loads. Sediment toxicity (if/when included in monitoring) and/or pollutants (e.g., current 
use pesticides) may be episodic and require seasonal data to representatively characterize 
condition. For this initial study, we recommend dry season sampling to eliminate the extra 
variability from wet-season storms, especially if the primary concerns are long term legacy 
contaminants in TMDLs. Wet season sampling can be considered in the future, after data on 
distributions in the dry season are first evaluated.  Given possible greater episodic influences, 
any future wet season margins sampling plan may need to synchronize with open Bay wet 
season sampling events in order to minimize confounding of spatial vs. temporal differences. 
 
Spatial/Temporal Distribution of Effort 
 
There are two options for dividing up the field work across two seasons: collecting a few 
samples in all five segments of the Bay in each year; or concentrating effort on half the Bay 
in each of the years. Concentrating effort in a few segments is preferred if the 
characterization of margins ambient concentrations needs to be established quickly for 
specific segments (e.g., to get a baseline for temporal trends, comparison to criteria, or 
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comparison of priority management areas/segments). More sites in close proximity will also 
reduce sampling transit costs. This approach, however, introduces a biasing risk from 
episodic events (e.g., if all LSB samples are collected in a year with atypically high rainfall and 
sediment discharge, a bias could be introduced that is not seen for segments collected in 
another year).  Despite this risk, we recommend concentrating effort on half of the bay in 
each of the sampling years.  Logistically, this will reduce field time and costs, and there are 
no apparent, pressing needs for immediate characterization of margins in the whole bay at 
once. Compositing the top 5 cm of sediment as is done in open Bay RMP ambient 
monitoring will somewhat tend to reduce the risk of bias from sampling episodic events. 

Budget 
 
The following budget represents estimated costs for one of many possible ways to 
implement this program. Efforts and costs can be scaled up or down by changing the types 
of analyses run, number of samples per segment in a given year, or number of segments per 
event.  
 
Table 2.  Field and laboratory costs for the two-year study. Field sampling costs assume 
concentrated sampling in half of the estuary in each year. Laboratory costs are presented as 
cumulative total cost (including field and reporting costs) with an increasing number of 
target analytes.   
 

 
Target Analytes 

Year 1 
20 sites sampled in one 

half of estuary 

Year 2 
20 sites sampled in 
other half of estuary 

Total 
40 sites sampled 

 Field Costs only  $165,000 $165,000 $330,000 

 Report   $13,000 

1 above + TMDL Pollutants $197,325 $197,325 $407,650 

2 above  + Ancillary $204,075 $204,075 $421,150 

3 above + Trace Metals $217,035 $217,035 $447,070 

4 above + Organic Pollutants $249,135 $249,135 $511,270 

5 
above + Emerging 
Contaminants $315,585 $315,585 $644,170 

6 above + Toxicity $375,585 $375,585 $764,170 

7 above + Benthic Invertebrates $435,585 $435,585 $884,170 

 
Budget Justification 
 
Field Costs 
 
Field cost estimates were based on daily 2014 RMP sediment cruise staffing/ contractor/ 
equipment costs + 10%, scaled up for the expected number of field days. After a few pilot 
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years are completed, field methods and cost estimates may be refined, and efforts may be 
scaled up, with some additional factors to be considered: 
1. Costs are not strictly proportional, e.g. mobilization costs may higher in years or seasons 

without RMP S&T sediment sampling or if very few sites are sampled per event. In 
general, the field sampling cost to collect 20 samples in the margin areas may be 40-50% 
higher than to collect the same number of samples in the open Bay areas. 

2. Efforts are not fully scalable in all years, e.g., some RMP labs would not be able to 
handle a large increase in samples (e.g., double the usual samples per year), particularly 
years in which open Bay samples are being analyzed already. 

 
The field sampling cost estimates are based on a conservative estimate of sampling 2 1/3 
sites per day (constrained to high tide periods for access from Bay, and/or limited slow 
approach from land, assuming that a 3rd site may be sampled every 3rd day when sites are 
relatively closely-spaced).  For a scenario where the whole bay is sampled (with half the 
number of sites per segment) each year, sites are likely to be spaced wider apart, with few 
opportunities for more than 2 sites per day.  In that case, we estimate the field sampling 
costs would be $180,700 per year ($15,700 more per year than the listed approach). 
 
Reporting Costs 
 
To produce a stand-alone final report and associated content for the Pulse and other SFEI 
publications, we estimate 40 hours of senior staff time @ $150/hr, 80 hours of junior staff 
time @ $70/hr, and 8 hours of design staff time @ $115/hr. 
 
Laboratory Costs 
 
Laboratory costs were estimated from 2014 lab pricing or other recent studies. Roughly 50% 
has been added to analytical costs to approximate associated data management and project 
management costs. Table 2 presents (cumulative) costs for several analytical options 
1. TMDL priorities (Hg/MeHg, PCBs)  
2. Above + Sediment ancillary characteristics (grain size, TOC, etc). 
3. Above + Other TMDL trace elements (Se, Cu & other metals) 
4. Above + Other organics of interest (PAHs,  pesticides)  
5. Above + Emerging contaminants (PBDEs, PFCs, PFC precursors). 
6. Above + Sediment toxicity 
7. Above + Benthic assemblage 
 
We recommend analyses 1 & 2 (with many archive samples) at a minimum for a total cost of 
$421K, or 1 to 4 (possibly selecting ECs like PBDEs in addition to or instead of PAHs or 
pesticides) for a total cost of $511K. For comparison, a similar two-year program for open 
Bay sediments would cost $453k (54 sites).  Chemical analyses omitted can be offset in part 
by collection of larger/more archive samples.  Item 5 could be added for selected CECs at 
later dates through analysis of archive samples.  Items 6 & 7 (toxicity and benthos) are 
unlikely to be started until the Bay S&T has reviewed the available data and established a 
plan for future sampling and interpreting data.  Margins toxicity and benthic data would face 
many of the same questions and uncertainties.  
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Reporting 
 
Data from this sampling effort would be reported via RMP web tools on an ongoing basis 
along with other S&T data, and the cumulative margins data to date at any point can be 
compared to thresholds/criteria, other segments, and open Bay data. The spatial distribution 
of pollutants relative to high-leverage watersheds can be evaluated using mapping tools. 
Significant differences may not be found in early years due to the small sample size, but over 
time it will become apparent if the distributions in the margins are likely to be significantly 
different or not for various contaminants and other characteristics (e.g., grainsize, TOC). 
After the completion of the scheduled first two rounds of samples (minimum 8 samples per 
segment) this comparison will be formalized in RMP publications such as the Pulse and an 
RMP technical report.   
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Appendix 
 
Maps of each Bay Segment showing margin areas in yellow and proposed sampling locations. 
 

 
Lower South Bay  
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South Bay 
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Central Bay 
 

        Item 5



Margin Characterization – 9/16/14 Review Draft 
Do not quote, cite, or distribute 

13 
 

 
San Pablo Bay 
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Suisun Bay 
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