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Comments and Recommendations from the Scientific Review Committee 
 
General Comments 
 
The Scientific Review Committee (Committee) commends the CALFED Mercury Project 
investigators for their significant progress since the first project review in the collection of data, 
implementation of a QA/QC program, improvement of analytical capabilities, development of 
methods, and interpretation of initial results.  This mercury project is a significant first step 
toward defining the sources, processes, and factors that control methylmercury (MeHg) exposure 
and associated ecological risks and health risks in the Bay-Delta watershed. 
  
The Committee thanks the staff at the Moss Landing Marine Laboratories for their hospitality 
and efforts in facilitating this review. 
 
Project-Level Comments 
 
Conceptual model.  At the initial Project review (1999), the Committee encouraged the project 
investigators to develop a conceptual model framing their ideas on mercury sources, cycling, and 
bioaccumulation in the Bay-Delta watershed.  The Committee urges that the presentation and 
discussion of a conceptual model be a focal point of the next Project meeting.  In large projects 
involving many investigators, the process of developing a conceptual model is useful for 
assembling a cohesive view of the study region and identifying important linkages between 
project tasks and investigators.  This is especially important in a field setting as complex as the 
Bay-Delta watershed and in a complex investigation of mercury cycling.  The Committee 
believes that the conceptual model of the study region and project would be greatly facilitated by 
application of a GIS-based land-use database for the watershed.  Key geospatial themes could 
include land type and changes in land use, with a focus on wetland type and restoration.  
 
Coordination and communication.  In the first Project review, the Committee recommended 
that field work and sampling be carefully coordinated among investigators.  The Committee 
emphasizes that Project investigators should continue to strive for improved coordination and 
communication – from conceptual direction, through sampling design, data analysis, sharing and 
interpretation of findings, and model development.  The Committee would like to see more 
evidence of coordinated sampling (in time and space) among all groups involved with the 
Project, including studies involving analyses of sediments, water, biota, and mercury processes 
and fluxes.  The Project investigators should soon begin planning to coordinate the preparation 
of reports and manuscripts, and should reach agreement on the ownership and sharing of data.  
Advance agreement among Project investigators on these issues will greatly facilitate the 
integrated analysis and reporting of Project findings.  
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Leaping to conclusions.  The Committee was asked to consider whether the Project 
investigators should de-emphasize work in the Bay Delta and to direct more effort toward 
investigations of methylmercury in major streams in the watershed.  Although some of the initial 
data analyses have yielded interesting patterns, the Committee believes that it would be 
premature to leap to conclusions based on initial findings at the mid Project stage.  Accordingly, 
the Committee believes that it would be premature to implement major changes in the overall 
direction of the Project.  Rather, the Project investigators should strive to complete the most 
defensible, comprehensive possible analysis of results at the end of the Project.  The Committee 
recommends that the project continue largely as planned, although some moderate modification 
is warranted.  For example, the Committee believes there are compelling reasons to increase the 
level of emphasis on the interiors of the marshes of the Bay Delta, with less emphasis on the 
open water areas.  Some additional, focused efforts may also be appropriate to address emerging 
questions, such as identification of the apparent sink(s) for methylmercury in the Bay Delta. 
 
Collaborations with external groups.  The Committee encourages Project investigators to 
establish collaborative partnerships with external scientists and groups knowledgeable about the 
biota, ecology, geochemistry, and hydrology of Bay-Delta watershed.  Such interdisciplinary 
interactions would facilitate a more rigorous interpretation of mercury data from the Project by 
bringing important information and expertise into the overall effort.  Most successful mercury 
research programs have derived as much insight from such ancillary (non-mercury) data as from 
the mercury analyses themselves.  Specifically, the Committee recommends that the project 
investigators acquire access to expertise and information on ecological processes, hydrology, 
geochemistry, food-web structure, and production in the ecosystem under study. 
 
Simulation modeling.  In the first review, the Committee strongly recommended that the field 
studies be linked to efforts to model mercury sources, transport, fate, and bioaccumulation.  
Given that modeling has not yet been funded at mid Project, the Committee recommends that 
this aspect of the work be deferred until planning for the next phase of investigation is begun.  
The next phase of research should be process-oriented, to guide development of a simulation 
model useful to environmental planners and resource managers. 
 
Quality Assurance (QA).  The Committee was pleased with the successful implementation of a 
QA component to the project and unanimously agrees that this should remain a high-priority 
effort.  This effort is absolutely essential for alerting project investigators to problems with 
sampling approaches or analytical results.  For example, the sample contamination revealed by 
high blank levels in the glass bottles used by the USGS laboratory on the total mercury 
determination could have gone undetected, confounding Project results. All Project studies, 
regardless of the investigator or funding source, should participate actively in QA review and 
audit; it was not clear to the Committee that this was being done for some studies.  The 
Committee cautions that any reliance on faulty data could impair the ability of Project 
investigators to (1) accurately evaluate patterns in contamination, (2) assess associated risks, 
(3) reliably assess responses to future restoration measures, or (4) provide decision makers with 
sound advice. 
Ecological Effects.  Decisions concerning the future management and restoration of this 
ecosystem require an understanding of the ecological effects of methylmercury exposure in 
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resident, at-risk wildlife.  Accordingly, the efforts to quantify the exposure and biological effects 
of methylmercury on organisms in upper trophic levels is an important component of the Project.  
The studies of biological effects of methylmercury on wildlife populations are appropriately 
focused on reproductive effects, given the known, high neurotoxicity of methylmercury to the 
developing embryo.  Moreover, initial results show that methylmercury levels in eggs of a 
number of resident bird species exceed threshold concentrations associated with adverse effects 
on the developing embryo. Because wading birds are an important target population, the food 
webs of these birds, and the potential sources of MeHg to these food webs, should be a focus of 
future food web studies. In short, methylmercury may be adversely affecting bird species of 
special concern (including endangered species).  These observations should provide strong 
impetus for continuation of CALFED support for investigations of the biogeochemistry and 
ecotoxicology of mercury in the Bay-Delta ecosystem. 
 
Setting the stage for future work.  The main, stated goal of the current Project is to 
“understand what controls Hg cycling and bioaccumulation well enough to make 
recommendations on remediation.”   With just 1 year of funded field time remaining, the 
Committee believes that this goal is beyond what the Project can reasonably be expected to 
accomplish.  Mass-balance budgets for total mercury and methylmercury and an assessment of 
the bioaccumulation and effects of methylmercury should be the focal points of the current 
project.  These anticipated results will be essential for guiding subsequent efforts to define the 
sources, processes, and factors controlling methylmercury exposure and associated ecological 
risks and health risks in the Bay-Delta watershed.  The Committee urges CALFED to begin 
planning of detailed process-oriented investigations as soon as the current project is completed. 
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Study-Level Comments (from overhead transparencies) 
 
Estimation of Mass Balance – water column and sediment Hg/MeHg Distribution  
 

After assessing the study at this point in time, the committee felt that a Hg and especially 
MeHg mass balance for the delta will be the most important scientific/data outcome of 
the study. With some small changes for 2001, a reliable budget should be achievable 
within the time frame of the project.  

 
During 2000, a large data set was collected and underwent significant QA. The data 
provide the first look at Hg and MeHg distribution and transport in this ecosystem, and as 
such provide probably the most significant piece of the the CALFED Hg study during 
2000. This work, along with Hg distrubitions in resident at-risk wildlife, provide the basis 
around which to focus future decisions on research and remediation directions.   
 
Working with the substantial data set collected to date, the investigators presented a draft 
Hg budget that suggests a sink for MeHg within the Delta region. Construction of a draft 
budget and derivation of hypotheses from it substantiate the progress this group has 
made.  The committee was asked if the sampling emphasis for 2001 should move away 
from the Delta as a result of these findings.  
 
To the committee, a clear determination on whether the delta is a net site of methylation 
or demethylation (including open water and island sites) is the key need for the project 
for 2001. The committee was surprised to hear that the delta may be an area of net 
demethylation, because of our experiences with wetlands as net methylators. However, if 
it is this is a key finding that would have big implications for directions of future 
research. The same is true of course if the delta is a site of net methylation. The project 
needs to be sure that that a tight (best possible) mass balance is done this coming year 
(inflows, outflows, internal fluxes, mid delta sampling, etc.) to solve this issue. Because 
there is still substantial uncertainty in the Bay/Delta budgets, we feel it will be most 
valuable to do another year of similar sampling in order to produce more defensible Hg 
and MeHg budgets for the Bay/Delta area.  After that time, future work can move into 
other areas with more certainty.  
  
Water: During 2001, uncertainties in mass balances for the Delta could be reduced by 

sampling with increased spatial and temporal resolution, including increased 
sampling during high-flow periods, as well as upriver inflows (Sacramento River 
upstream of the Yolo Bypass), and detailed vertical sampling of the water column 
within the Delta.  Consult with groups knowledgeable of the hydrodynamics of 
the Delta to chose additional sampling sites and times, and work more closely 
with the estuarine Hg/MeHg budget group (Gill and the Moss Landing group).  

 
Sediments: Examine a wider range of habitats with a somewhat clearer sampling design 

to understand micro and macrohabitats. 
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Budget needs that stood out to the Committee:  
Sacramento River, especially at head of Yolo Bypass and during high flow (sampling 

frequency should be driven by hydrology and water budgets) 
At the outflow, depth-stratified sampling needed during periods of stratification. 
Increase the frequency of sampling during high flow. 
Consider water residence time in the Delta in constructing budgets. 
Take water samples within the Delta region. 
Increase focus on Hg/MeHg dynamics on Delta islands and in the Yolo Bypass. Clarify 

land use and develop sampling patterns related to land use.  
Eventually, sampling by habitat within the  islands, including the interior of marshes (not 

just the canals), shallow vs deep water; channel order within the marshes where 
important and vegetated vs. unvegetated habitats should be accomplished. This 
might be a part of a future phase of this study.  

Are filtration and bioaccumulation of MeHg by clams quantitatively significant to 
budgets? 

Incorporate better estimates of analytical and field errors into uncertainty analysis.  
Consider approaches used for box models for other trace metals (Cutter’s Se 
models, Gary’s estuarine-dilution model). 

Attempt to clarify relative importance of atmospheric deposition and mines as Hg 
sources. 

Estimate total atmospheric load to the system using annual Hg deposition x total 
watershed area. 

Compare atmospheric load to estimated mine loads. 
Calculate watershed yield for Hg and compare results to yields from watersheds lacking 

mines as sources. 
Future investigations (post Project) should include more detailed study of different 

ecosystem types, including Tuli marshes, reconstructed wetlands, and agricultural 
islands. 

 
Sediment/water fluxes 

This is key part of the delta of budget/bioaccumulation models and a key part of 
understanding Hg/MeHg cycling within various Delta habitats.  Substantial information 
from a fairly large number of sites was collected an analyzed in 2000. The work was 
clearly summarized and put into the context of delta budgets. Some resolution of budgets 
between Gill and Foe still needs to be accomplished, but good progress has been made.  
 
If sediment/water flux work moves into the wetlands in 2001, it might help resolve the 
Delta MeHg source/sink issue. Addition of diel studies to examine MeHg efflux from 
sediment and peats in the dark is planned for 2001, and is warranted based on studies by 
Gill and others in other ecosystems. Planned additional study of sediment geochemistry 
in cores taken near flux sites – including sulfide and sulfate in porewater profiles - will 
also be valuable. Examine Hg, MeHg and geochemical depth profiles of at marsh interior 
sites as per flux. 
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Delta Study (UC-Davis) 
 

Hg/MeHg in sediments/soils: Formation of hypotheses about habitat effects on MeHg are 
great; but more substantiation is needed.  
 
Food webs and indicator organisms: The rationale for choosing indicators needs to be 
better developed. Choices should be made based on food webs that feed important target 
species like wading birds and  humans, rather than just abundance. To understand the 
delta food web data collected by this group in 2000, this group needs to know more about 
the delta food chain, and this could be done to some extent next year. Who is eating who? 
Work with Detla budget group to determine if filtration and bioaccumulation of MeHg by 
clams is quantitatively significant to budgets.  Acquire more information on food-web 
structure and dynamics from other groups working in the Bay-Delta area. Are food-web 
organisms below Corbicula and silversides being examined? Clarify what is being done 
with stable C and N isotope analysis; it was not clear to the review committee whether 
entire food webs were being examined for stable isotope signatures; stable isotope data at 
just one trophic level provide little useful information.  
 
There is no need to continue methylmercury determinations in whole silversides, given 
that all of the mercury present has been shown by initial results to be methylmercury.  
Future analyses of this species should be limited to total mercury 
 

 
Bioaccumulation and Ecological Effects (comments pertaining to all studies) 
 
Conceptual framework: 

The problem being addressed in the Project can be defined quite simply as 
methylmercury exposure. 

It follows that the management challenge is to reduce exposure to methylmercury.  In the 
case of ecological restoration, the challenge is to avoid increasing exposure to 
methylmercury, and to reduce exposure if feasible. 

The scientific challenge is to understand the processes and factors controlling exposure to 
methylmercury and their linkages to potential management actions. 

 
Interpretation of bioaccumulation data: 

The Project investigators should now begin taking steps needed  to accomplish the most 
defensible, comprehensive possible analysis of final results from the Project.  Knowledge 
of food-web structure and dynamics, biology of the studied organisms, and ecological 
processes are important pre-requisites for understanding and interpreting methylmercury 
concentrations in resident biota. 
To facilitate a rigorous and defensible interpretation of project results, investigators are 
encouraged to (1) complete work on analysis of the diet and stable-isotope composition 
or organisms analyzed for mercury, (2) identify and use existing ancillary data, and 
(3) identify external sources of ecological expertise and follow by building collaborative 
partnerships, where appropriate and desirable. 
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Analysis of Sport Fishes (human exposure pathway) 
The anomaly in the mercury data for largemouth bass should be resolved (i.e., 
concentrations of total mercury in 4- to 7-year old fish sampled in 1999 generally 
exceeded that in bass sampled in 1998 by about 60%, a decidedly unusual difference). 
Archived samples of largemouth bass from the two years in should be re-analyzed.  If the 
inter-year differences do not persist after re-analysis, the investigators should critically 
assess the implications for reliability of the larger sport fish Hg data from the 2-year 
period and take appropriate, corrective action. 

 
If the inter-year differences persist after re-analysis of archived samples, attempt to 
identify causal factors that may have increased bioaccumulation of methylmercury in the 
1999 fish.  Potential causal factors could include net rates of methylmercury production 
or a shift to a higher trophic position in 1999 relative to earlier years. 

 
Ecological Effects (at-risk wildlife) 

An assessment of the ecological effects of methylmercury exposure on wildlife in upper 
trophic levels is an important pre-requisite to decisions concerning the future 
management and restoration of this ecosystem.  Accordingly, examination of the 
exposure and biological effects of methylmercury on those organisms at greatest risk to 
methylmercury is an important component of this study.  Moreover, the studies of 
biological effects of methylmercury on wildlife populations are appropriately focused on 
reproductive effects, given the high toxicity of methylmercury to the developing embryo. 

 
Are feeding habits of the at-risk birds sufficiently understood (.i.e., on what and where 
are these birds feeding)?  If not, this information should be obtained to identify pathways 
of methylmercury exposure. 

 
The linkage of field studies and laboratory experiments (being done at Patuxent) is highly 
commended.  The egg-dosing work is innovative, and eventual results from egg-dosing 
studies may overcome a long-standing impediment to progress in assessing reproductive 
effects of methylmercury exposure in avian populations. 

 
The Committee recommends that the wildlife investigators examine the combined effects 
of selenium and methylmercury on avian reproduction and young in experiments 
incorporating environmentally relevant exposure levels. 

 
Mercury Transport in Cache Creek 
 
While the studies on Cache Creek are quite extensive, the SRC has a general concern that the 
Cache Creek results are specific to that system, and will not provide enough information to 
create an overall estimate of mercury loading to the entire system above the delta. The SRC 
recommends that additional sampling sites be added at the  mouths tributaries that flow into the 
Sacramento River and San Joaquin rivers. The SRC assumes that these streams are gauged thus 
enabling estimates of mass transport.   
  
A baseline study of a non-impacted stream system should be part of the study design as this also 
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is critical to the development of a useful TMDL. 
 

The presentations at Moss Landing, did not emphasize event sampling. Most of the mercury may 
be moving during rather short time periods of high flow, when particulate load are elevated. This 
event sampling, which SRC assumes is being done in conjunction with USGS,  should also 
include sampling for TSS, so that rating curves can be developed for TSS vs. mercury transport.  
 
Overall, the study has shown substantive localized impact of Hg mines, but impacts downstream 
of the mines have not been conclusively demonstrated. Assessment of changes of bioavailability 
of Hg as mine wastes moves downstream is being only weakly addressed, and probably won’t be 
resolved within the present project 
 
Bioaccumulation of Mercury in Cache Creek 
 
The SRC was impressed by the extent of data collection on the mercury bioaccumulation by food 
chain organisms. The Committee is of the opinion that the benefit to be gained from another year 
of sampling and analyses of the aquatic macro-invertebrates would be relatively small.  
 
Instead, the Committee recommends that comparative studies of bioaccumulation by macro-
invertebrates in the mine-impacted as compared to uncontaminated streams at corresponding 
altitudes would be very  useful. There is concern that upstream sites are not representative 
controls for the lower-altitude the mine-impacted sites. 
  
It is also recommended that much could be gained by explicit comparative study with data on 
macro-invertebrates from streams on the eastern slopes.  
 
Another possible direction is to compare the invertebrate concentrations to those  in other 
systems that have been studied.  Mercury concentrations do not appear to be unusually high in 
Cache Creek except in the area very near the mines. 
 
The source of mercury to the biota and factors controlling its bioavailability is critical to this 
work.  The study will provide a partial answer, but work on factors controlling rates of MeHg 
production should eventually be done. 

 
The SRC was concerned that in some cases there was over interpretation of data, and caution 
should be taken with correlation’s because of  the differences in  habitats, food web structures, 
and species 
 
Clear Lake research:  The Committee applauds the interdisciplinary work on mercury cycling 
and transport in Clear Lake, which includes geochemistry, hydrology and microbiology.   The 
Clear lake study is of high quality, but the SRC is unaware of funding source for Clear lake 
research and questions its importance to the Cache Creek, with the exception of it being a source 
of mercury at the watershed level. 
 
Source Bioavailability for Methylation 

The UC Davis group has a “methylation potential” assay under development with the 
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objective of examining the relative rate of MeHg production from the various Hg source 
materials in the upper creeks. A common sediment from the Bay/Delta area, with known 
high methylation potential, would be mixed with mine source materials, incubated, and 
the net production of MeHg measured. The method being developed appears to be an 
empirical one in which the outcome (MeHg production) is measured, but the underlying 
biogeochemistry is not examined. Over the last decade, the biogeochemical controls on 
methylation have proved to be complex. Mercury methylation is a function of both 
microbial activity and Hg bioavailability for methylation. In the Sacramento River 
system both the chemical form of Hg and microbial communities change as the source 
material moves downstream.  
 
Although it would be impossible to examine all of the mechanisms that influence 
methylation in the context of this study, the committee felt that that the method being 
developed will not achieve the objective of understanding the bioavailability of source 
materials for methylation. It is unlikely that native sources materials would move 
downstream without geochemical processing.  So, knowing the rate of MeHg production 
of a source material in a downstream sediment doesn’t provide much information on how 
that source material might be methylated in the real world.   
 
Nevetheless, a process-level understanding of the bioavailability of various Hg minerals 
to methylating bacteria would be a valuable contribution to understanding how Hg is 
methylated, and valuable in the context of the CALFED study objectives. However, such 
research would require detailed chemical determinations of the form and speciation of Hg 
during the assays, as well as understanding and control of microbial activity in the assays. 
As presented in Monterey, the method being developed by the CALFED group does 
neither. As presented to us, the committee felt that the assay being developed will 
provide neither new information on underlying processes, nor system-level information 
on MeHg production.   

 
The committee feels that the methylation assays under developent should be rethought in 
the context of a conceptual model for MeHg production in this ecosystem. Is the goal to 
specifically test the bioavailability of certain forms of Hg (e.g. cinnabar or other mine 
materials) to methylating bacteria? Then the assay should include measures of dissolved 
and solid phase Hg, measures of anciallary chemistry needed to develop models of 
dissolved Hg speciation, etc. If the goal is to examine MeHg production from source 
materials as they move through the ecosystem, then methylation studies should be tightly 
linked to work on sediment and soil goechemistry.  Proposed studies in collaboration 
with Nicolas Bloom may be moving in this direction, but the Davis group does not seem 
to have collaborated with Frontier in any significant way to date. Is the goal to 
understand how microbial community structure affects methylation potential? One of the 
strengths of this team is Nelson’s prior work in this area. The committee was 
disappointed to see presentation of work from many years ago without any new effort.  
The committee encourages efforts in this area as part of the current project.  
 
This is a very difficult research topic, which requires cutting edge investigative 
approaches. The SRC was not provided with a written summary of progress for this 
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study, and based on the verbal presentation the Committee concerned that this research is 
not making significant progress. 
 

Solid-Phase Speciation (Frontier GeoSciences) 
This work is improving our understanding of how Hg source materials are processed as 
mercury in contaminated areas moves downstream from mines. This is valuable basic 
information that has not sytematically for any ecosystem other than marine sediments 
before, and  the committee applauds this contribution to our basic understanding of Hg 
geochemistry. The work is also a key part of what is needed to get from Hg sources to 
MeHg exposure in this Sacramento River/Delta system.   
 
The Committee recommends that this study be expanded to inlcude solid-phase mercury 
speciation much further downstream, and perhaps into the delta and estuary. A whole-
ecosystem scale approach using these methodologies could be very instructive for the 
planning of future mechanistic research on the biogeochemistry of mercury in the 
river/delta/ bay ecosystem.  
 
The next steps are understanding how these materials dissolve or partition back into 
interstitial waters as they move downstream, and how much these materials are available 
to methylating bacteria. In 2001, this effort should be linked to microbial studies 
examining bioavailability. However, these studies will need to include a much more 
detailed examination of Hg partitioning and speciation in the assays that what has been 
proposed.  
 

Mine Site Assessment 
Mine site assessment is important for remediation and for mercury loadings.  This study 
appears to be designed to map Hg concentrations in soils and tailings.  This effort will 
not assess Hg fluxes from mine sites.  Such information would be useful in setting 
priorities for remediation and would require estimates of erosion, groundwater 
movement, and associated mercury concentrations. The presentation revealed little 
evidence of progress since the first review, and no clear indication on how data will be 
used to design remediation strategies.  The Committee recommends that this effort move 
quickly beyond the descriptive stage, and that this effort be more closely linked with 
groups studying Hg concentrations and speciation downstream. As planning for 
remediation begins, CALFED should explore potential approaches for critically assessing 
the effectiveness of remediation with before and after studies in impacted areas that are 
down gradient from remediated mine sites.  
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