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ABSTRACT 
 

The primary objective of this study (Task 1A) was to calculate a mercury budget for the 
freshwater side of the Bay-Delta Estuary.  This was done by combining estimates of 
loads entering from the Central Valley and exiting to both San Francisco Bay and to 
southern California with estimates of mercury flux to and from Delta sediment (Task 4A, 
Dr Gary Gill).  A secondary objective was to estimate the importance of inorganic 
mercury from wet atmospheric deposition in the Central Valley on the mass balance of 
the estuary. 
 
Two major sources of raw total mercury were measured in the Bay-Delta Estuary.  The 
first was the Sacramento River and accounted for 161-kg during the 18-month study.  
Most of this mercury was transported during winter storms.  The second was erosion of 
mercury contaminated sediment from Suisun Bay. This material is likely transported 
mostly during summer.  The precise amount of material being eroded from the Bay is not 
known but may be about 278-kg or similar to what was exported during the study from 
the Central Valley. Mercury from Suisun Bay is transported both up and down estuary. 
 
The Delta is a net sink for raw methyl mercury. The Sacramento River was the major 
river source and accounted for 60-85 percent of the total load on a monthly basis.  Loads 
were highest in winter and spring (January to May).  This was because both flow and raw 
methyl mercury concentrations (0.08-0.34 ng/l) were greatest then. The average river 
loading for the study period was about 10 gm-day-1. Average flux from sediment was 
estimated at about 6 gm-day-1 (Task 4A).  A precise estimate of the export rate is more 
difficult as methyl mercury concentrations in 30 percent of the export measurements were 
below detection.  However, the average methyl mercury export rate from the Delta was 
estimated at about 6 gm-day-1.  Most of this material went to San Francisco Bay.  The 
difference between the sum of all inputs (16 gm-day-1) and exports (6 gm-day-1) is 10 
gm-day-1.  This is the best estimate at present of the methyl mercury loss rate in the 
Estuary.  Mechanisms responsible for the loss are not yet known.  
 
Direct deposition of mercury from rain on surface water in the Delta was not significant.  
Wet deposition was estimated at about 618-gm or 0.2 percent of the total mercury load to 
the Delta during the 18-month study.  The rate may increase in wet years to about 2.8-kg 
of mercury. Indirect wet deposition and runoff from the Central Valley are more 
uncertain but may be more significant.  The estimate of the annual contribution from 
indirect deposition ranges from a low of 25-kg to a high of 74-kg-yr-1 or 23-69 percent of 
the total incoming mercury budget from the Central Valley for water year 2001.  
Uncertainties in the calculation of indirect loads are discussed.  
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INTRODUCTION 
 

The Sacramento-San Joaquin Bay-Delta Estuary is a significant natural resource.  It is the 
largest estuary on the West Coast of North America draining over forty percent of the 
State of California.  The Delta, or freshwater side of the Estuary, comprises about 1,800 
km of channels and has about 400 square km of open surface water.  It is a source of 
drinking water for 22 million Californians and is home to 230 birds, 45 mammals and 52 
species of fish (Department of Water Resources, 1995).  Nine million people live around 
its shore.  The Delta supports a recreational striped bass, salmon, sturgeon, and large 
mouth bass fishery. Subsistence and sports fishermen also take other less desirable fin 
and shellfish species. 
 
Control of mine waste is a modern legacy of early California history.  Extensive deposits 
of mercury were discovered in the California Coast Range in the nineteenth century 
(Pemberton, 1983).  The mines were of national importance accounting for about ninety 
percent (100 million kg) of the mercury mined in the United States between 1850 and 
1980. The cinnibar ore was crushed and roasted on site to produce elemental mercury and 
the waste rock left to erode into surface water.   
 
Gold was discovered in California in 1848.  It was mined by placing sluice boxes in 
streams and adding elemental mercury to amalgamate the precious metal.  One billion 
cubic meters of mercury contaminated sediment was released into Central Valley creeks 
and rivers by hydraulic gold mining (San Francisco Estuary Project, 1994).  The result 
was widespread sediment mercury contamination in streams and rivers in the Sierra 
Nevada and downstream in the Bay-Delta Estuary.   
 
Mercury is a potent human and wildlife neurotoxin with fetuses and the very young being 
most at risk (White et al., 1995).  The principal route of exposure is through consumption 
of mercury contaminated fish.  In 1971 a human health advisory was issued for the Bay-
Delta Estuary advising pregnant women and children to not  consume striped bass.  The 
advisory was again released in 1993 upon review of more data. Elevated mercury 
concentrations in fish tissue and in water samples collected during storm events led the 
State of California to place the Delta on its Clean Water Act 303(d) list of impaired water 
bodies.   
 
Methyl mercury is the neurologically important form of the element and is produced by 
sulfate reducing bacteria in anoxic sediment. A positive correlation exists in the Bay-
Delta Estuary between total and methyl mercury sediment concentrations (Heim et al., 
2002).  This observation has led to the hypothesis that bulk sediment mercury levels in 
the Delta may be one factor influencing sediment methyl mercury production rates and 
subsequent aqueous concentrations.  
 
Primary hypotheses of the CALFED grant1 were that the main source of methyl and total 
mercury in the Bay-Delta Estuary was from river inputs and from in situ estuary sediment 
                                                           
1 CALFED grant entitled “An Assessment of Ecological and Human Health Impacts of Mercury in the 
Bay-Delta Watershed”. 
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production and that aqueous methyl mercury concentrations determine biotic tissue 
levels.  If correct, then the control of methyl mercury in estuarine biota would necessitate 
a good understanding of the temporal and spatial pattern of methyl and total mercury 
inputs and sinks.  The main objective of this study (Task 1A) was to estimate the 
magnitude of the loads of mercury entering the Bay-Delta Estuary from the Central 
Valley and exiting to San Francisco Bay and Southern California.  These results were 
combined with the amount of mercury fluxing to and from sediment (Task 4A) to 
calculate a methyl and total mercury budget for the Delta.   
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Method and Materials 
 
Sample Collection 
 
Water was collected monthly between March 2000 and October 2001 from all the major 
freshwater sources to the Bay-Delta (Sacramento, San Joaquin, Mokelumne and 
Consumnes Rivers and Prospect Slough) and from all its major export sites (Delta 
Mendota Canal, State Water Project and X2) for mercury analysis (Figure 1).  The Delta 
Mendota Canal (DMC) and State Water Project (SWP) are the major man-made 
conveyances transporting water out of the Delta to central and southern California.  X2 is 
defined as the location in the Estuary with 2-o/oo bottom salinity.  Surface salinity at X2 
is usually about 0.5-o/oo. The location of X2 moves hourly as a function of both the tidal 
cycle and freshwater inflow.  Samples were collected at X2 to estimate mercury exports 
to San Francisco Bay2.   
 
Water samples were collected using ultra clean sampling techniques.  Briefly, each 
sample was collected in double-bagged 4-liter amber glass bottles that had previously 
been rinsed three times in ambient water.  Samples were place on ice and aliquots 
decanted from the same bottle for total suspended solids (TSS), raw and filtered total and 
methyl mercury.  All samples were filtered in the field within 8 hours of collection.  
Preservative was added within 3 days of collection at the analytical laboratory. Raw and 
filtered total mercury was analyzed at the California Department of Fish and Game’s 
Moss Landing Marine Laboratory using EPA method 1631 (revision B) while raw and 
filtered methyl mercury was determined by Battelle Marine Sciences Laboratory 
(Battelle, 2000).  TSS was analyzed at Sierra Foothill Laboratory using EPA method 
160.2.   
 
Water samples were collected as subsurface grabs.  In shallow streams they were taken 
by wading into the middle of the creek, facing upward, and collecting the sample after all 
turbidity had dispersed.  When samples were collected by boat, the vessel was anchored 
and allowed to swing into the wind.  The depth of water was determined with a 
fathometer and the sample collected by lowering the sampling bailer to within several 
feet of the bottom and slowly pulling back to the surface.  Finally, samples were taken 
from bridges by lowering the bailer off the center of the bridge taking care to collect the 
sample without hitting the bottom.  
 
About 30 percent of the water moving through the Bay-Delta in summer is diverted to 
Delta Islands for agriculture.  About a third of the diverted flow is returned in island main 
drains to Delta channels.  Water samples were taken from five representative delta island 
main drains (Staten, Empire, Lower and Upper Jones, and Twitchell Islands, Figure 1) in 
June and July of 2000 to ascertain whether the islands were a net source or sink for 

                                                           
2 Selection of X2 as the location to calculate mercury export from the freshwater Delta was somewhat 
arbitrary.  This salinity was chosen as 2 to 3-0/00 salinity is the normal osmotic tolerance of freshwater 
organisms and the primary goal of the project was to estimate mercury loads to the habitat of these 
organisms. 
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methyl mercury.  All samples were taken from main drains within a quarter mile of the 
pump house while being actively drained.  
 
Loads 
 
Bulk mercury loads (kg) were estimated by multiplying water volume (acre-feet) by 
mercury concentration (ng/l): 
 

(Hg concentration)(Water volume)(1.235 X 10-6) 
 

If mercury concentrations were below the ability of the laboratory to quantify, then half 
the detection limit was employed.  This was only a problem with the methyl mercury 
analysis.  The methyl mercury detection limit in 2000 and 2001 was 0.022 and 0.011 ng/l, 
respectively. 
 
Net mercury production on Delta Islands was estimated by subtracting the amount of 
mercury exported from the islands from the amount of mercury diverted onto them as 
irrigation water.  Exports were estimated by multiplying the average mercury 
concentration of return flows from islands in June and July by return flow volumes.  
Return flows were obtained from the Department of Water Resources Delta Island 
Consumption Use Model (personal communication, Suits).  The amount of mercury 
imported to the islands was estimated by taking the average mercury concentration of the 
Sacramento River and of the State Water Project and multiplying this by the estimated 
volume of water diverted onto them. 
 
Flow at main river and export sites is from the U.S. Geological Survey and the California 
Department of Water Resources.  The web address for obtaining each flow is listed in 
Appendix A with a more detailed description of the location of the sampling site. 
 
Atmospheric Deposition 
 
Mercury loading from precipitation on surface water in the Delta (direct deposition) and 
from runoff of mercury contaminated rain falling in the Central Valley (indirect 
deposition) was estimated.  Purpose of the calculations was to determine the proportion 
of fluvial input that might be attributed to atmospheric deposition. 
 
Direct deposition was estimated by multiplying the average mercury concentration in 
rainwater in San Francisco Bay by the average rainfall total for the Cities of Sacramento 
and Stockton and by the surface area of the Delta.  The average mercury concentration in 
rainfall in San Francisco Bay (8 ng/l) was from Tsai (2001).  The rainfall totals for the 
Cities of Sacramento and Stockton were from the California Department of Water 
Resources snow survey web site (2002).  Finally, the surface area of the Yolo Bypass and 
of the Delta was estimated at 254 and 127 km2 (personal communication, Stephenson).   
 
Indirect deposition was estimated by surveying rainfall patterns in the Central Valley 
below all major dams and selecting 10 weather stations that appeared to represent the 
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general precipitation pattern of each region. Rainfall totals for a wet (1999) and dry 
(2001) water year in each sub basin were multiplied by the associated area, the mercury 
concentration in precipitation in San Francisco Bay and a high and low runoff coefficient.  
Precipitation was again from the California Department of Water Resources snow survey 
web site.  The area of each sub watershed was estimated from an Arcview GIS watershed 
mapping program (California Interagency Mapping Committee, 1999). Runoff 
coefficients are an estimate of the fraction of mercury deposited in a watershed that is 
subsequently carried into surface water.  A low (10 percent) and high (30 percent) runoff 
coefficient was selected to evaluate the effect of indirect deposition on the mercury 
budget of the Delta.   
 
Quality Assurance/Quality Control Program.   
 
About 15 percent of all mercury analyses were for quality assurance and quality control 
purposes.  The program had both a field and a laboratory component. 
 
Field The field component consisted of the collection of blanks and field duplicates.  On 
18 occasions field blanks were collected.  The procedure consisted of randomly selecting 
one site and carrying laboratory water of known low mercury concentration into the field 
and processing it thereafter in a manner identical to the field sample.  The results were 
compared with laboratory detection limits for total and methyl mercury to ascertain 
whether field contamination occurred.  Also, on 24 occasions duplicate field samples 
were simultaneously taken at randomly selected sites.  The difference in TSS and 
mercury concentration between the paired samples was used to assess field variability. 
 
Laboratory The quality assurance/quality control program at the California Department of 
Fish and Game Moss Landing Marine Laboratory and at Battelle Marine Sciences 
Laboratory consisted of both amendments to and replicate analysis of the same sample.  
At each laboratory a known amount of mercury was spiked into a randomly selected field 
sample and the percent recovery measured3. Similarly, replicate analysis of randomly 
selected field samples4 was undertaken and the percent difference between the two 
analyses noted.  The purpose of the amendments and of the replicate measurements was 
to ascertain the accuracy and precision of the analyses.  
 
In addition, a small number of field samples5 were randomly selected and split for 
duplicate analysis by Frontier GeoSciences to obtain an independent assessment of the 
accuracy and precision of the total and methyl mercury measurements. The results of the 
two sets of analyses were compared and the relative percent difference (RPD) calculated.  
Any instance of a sample’s calculated RPD value being greater than 25 percent was 
noted. 
 

                                                           
3 44 amendments for total and 88 amendments for methyl mercury  
4 45 measurements for total and 54 measurements for methyl mercury 
5 10 measurements each for total and methyl mercury 
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Results and Discussion 
 
Quality assurance/Quality control program  
 
The program consisted of a field and laboratory component.  The field portion consisted 
of the analysis of blanks and field duplicates. Analysis of field blanks demonstrated 
sporadic contamination6 (Table 1, Appendix B) which was subsequently traced to the 
reuse of both Teflon tubing and four liter glass sample collection bottles.   The problem 
disappeared when new bottles and tubing was used with each set of samples.  The 
contamination should not have unduly affected the accuracy of the mass balance loading 
rates, with the possible exception of May 2002, as the concentration of the contaminated 
samples was only about 20 percent of the concentration in the lowest field value. A blank 
sample collected on May 2000 contained 0.098-ng/l methyl mercury or about 70 percent 
of the smallest field value measured on the occasion.  
 
Field duplicates were collected on 18 occasions to assess the repeatability of the 
measurements (Table 2, Appendix B).  The mean relative percent difference7 for raw and 
filtered total mercury was 11 and 17 percent, respectively, while a similar measure for 
raw and filtered methyl mercury was 9 and 26 percent.  Analysis of filtered methyl 
mercury laboratory duplicates demonstrates a similar variability (34 percent; Table 3, 
Appendix A) suggesting that much of the methyl mercury field variability may arise 
during laboratory analysis.   
 
The laboratory portion of the quality assurance/quality control program consisted of the 
analysis of intra-laboratory duplicates and amendments and inter-laboratory splits.  The 
mean relative percent difference of the intra-laboratory duplicates for raw and filtered 
total mercury and raw and filtered methyl mercury was 7, 11, 11, and 34 percent, 
respectively8 (Table 3, Appendix B).  On 30 to 50 occasions a known amount of mercury 
was spiked into a randomly selected field sample and the percent recovery calculated to 
assess accuracy.  The mean percent recovery for raw and filtered methyl mercury spikes 
was 100.3 and 99.4 percent, respectively (Table 4, Appendix B) while for raw and 
filtered total mercury it was 108 and 106 percent, respectively (Table 5, Appendix B). 
 
The inter laboratory splits consisted of randomly selecting a small number of field 
samples and submitting them to a second laboratory for analysis.  The purpose of the 
inter laboratory splits was to assess whether any bias existed in the values being reported 
by the primary laboratory.  Frontier GeoSciences was selected as the second laboratory.  
The average RPD for raw and filtered total mercury was 20 percent (Gauthier et al., 
2003).  About half the time9 the value reported by Moss Landing Marine Laboratories 
was greater than that reported by Frontier GeoSciences suggesting no systematic bias 
between the two sets of measurements.  In contrast, the RPD for raw and filtered methyl 

                                                           
6 12 of 67 analyses for total mercury and 4 of 67 analyses for methyl mercury. 
7 High minus low value divided by the average of the high and low value. 
8 The number of samples reanalyzed for raw and filtered total mercury and raw and filtered methyl mercury 
was 22, 23, 37 and 17, respectively. 
9 11 of 20 measurements. 
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mercury was 16 and 47 percent, respectively.  The higher RPD for filtered methyl 
mercury emphasizes the greater uncertainty in these measurements.  Also, Frontier 
GeoSciences reported a higher value than Battelle Marine Sciences in 10 of the 15 
measurements suggesting that the organic mercury values in this report may be biased 
slightly high.   
 
In conclusion, results from the quality assurance/quality control program suggest, with 
the possible exception of the filtered methyl mercury data, that the values are of sufficient 
quality to be used in the calculation of a mercury budget for the Bay-Delta Estuary. 
Conclusions from the filtered methyl mercury data should be viewed with caution. 
 
Bay-Delta Budget  
 
Raw field data, including mercury concentrations and water discharge rates, are 
summarized by month for each major import and export site in the Bay-Delta in 
Appendix C.  This information has been used to construct monthly water, sediment, l 
inorganic and methyl mercury budgets for the estuary. 
 
Water Budget  
 
This study was conducted during a relatively dry period. Summer flows were normal but 
winter precipitation was low enough to be largely contained by valley reservoirs resulting 
in little winter storm runoff except during March 2000. Discharge during the year and a 
half study was about 27.2 million acre-feet (Table 1).  The water budget was balanced to 
within 1.5 percent10.  
 
The Sacramento River was the major source of water and accounted for about 75 percent 
of all metered flow (Table 1).  Most of the water in winter and spring was exported to 
San Francisco Bay (X2) while in summer and fall the State and Federal Pumps (SWP and 
DMC) exported a large fraction to southern California.   
 
Figure 2 illustrates net water movements in the estuary during the study period. As 
mentioned previously, the Sacramento River is the major water source while the primary 
sinks are San Francisco Bay and the State and Federal pumps in the South Delta near 
Tracy.  Net water flow is down the Sacramento River to San Francisco Bay and through a 
series of interconnecting channels to the State and Federal Pumps near Clifton Court 
Forebay. Smaller tributaries such as the Mokelumne, Consumnes and San Joaquin Rivers 
and Prospect Slough are less important in the water budget but do control water quality in 
their drainage and immediately downstream in the delta.  A combination of tidal mixing 
and dilution rapidly reduce the influence of each smaller tributary once in the tidal prism. 
 
Suspended Sediment Budget 
 

                                                           
10 Estimated water exports exceeded imports by 394,000 acre-feet.  Some of this difference may result from 
the fact that within Delta precipitation was not included in the water budget.  
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The Sacramento River was the major source of sediment to the Delta and accounted for 
880 thousand metric tons or 62 percent of the total load (Table 2). Prospect Slough, a 
storm conveyance system receiving runoff from the coast range and from the upper 
Sacramento Basin, transported a relatively large amount of sediment (241 thousand 
metric tons) during March 2000, the only month when it had significant flow (Table 1).  
In wet years the Slough can transport as much sediment in a few months as the entire 
Sacramento River does in an entire year (Foe and Croyle, 1998).  The other two major 
sources of water to the estuary, the San Joaquin and Mokelumne-Consumnes Rivers, only 
contributed about 18 percent of the sediment load. 
 
The area downstream of X2 (leading to San Francisco Bay) appeared to be the major sink 
for sediment. Load calculations suggest that 93 percent of all the sediment leaving the 
Delta moved past X2.  Interestingly, the freshwater side of the estuary appeared to be 
exporting about 50 percent more sediment than was delivered to it.  Exports were greater 
than imports in 11 of 18 months with an estimated net loss of about 775 thousand metric 
tons.  Losses tended to be greatest when flows were largest and X2 was located in the 
channel off Suisun bay11.  Spatially, this suggests that most of the erosion may occur 
there.  
 
Hydraulic gold mining deposited massive amounts of sediment in the San Francisco Bay-
Delta Estuary.  Bathymetric surveys conducted between 1867 and 1887, the time period 
of most active hydraulic mining, reveal that about 60 million cubic meters of mercury 
contaminated sediment was deposited in Suisun Bay alone (Cappiella et al., 2001).  
Results from the latest bathymetric survey suggest that about 60 percent of the surface 
area of Suisun Bay was eroding between 1942 and 1990 with an average loss of one 
million cubic meters of sediment per year12, 13.  This is equivalent to an erosion rate of 
528.6 thousand metric tons of sediment per year14 or about 60 percent of the annual 
erosion rate from the Central Valley (Table 2). Unfortunately, no information exists on 
present erosion in Suisun Bay. 
 
A turbidity maximum is often located in the shipping channel off Suisun Bay if salinity is 
greater than half a part per thousand (Arthur and Ball, 1978; Schoellhamer, 2001).  Much 
of the water in Suisun Bay is less than 2-m deep.  Data collected by the U.S. Geological 
Survey suggest that the turbidity maximum is primarily produced by wind induced waves 
which resuspend shallow water sediment allowing tidal currents to carry the material to 
deeper channels where it can be transported away (Schoellhamer, 1996; Schoellhamer 
and Bureau, 1998).  X2 was located in the shipping channel off Suisun Bay during much 
of this study and water samples collected here must contain material eroding from the 
Bay.   Erosion from Suisun Bay likely accounts for this studies finding of a net loss of 
sediment from the Delta (Table 2).  Continuous U.S. Geological Survey optical back 
scatter measurements at Martinez and at Mallard Island (Figure 1) consistently 
demonstrate higher concentrations of suspended matter at the downstream site suggesting 

                                                           
11 Months of March, April, May and July 2000 and February and March 2001 (Table 1 and 2). 
12 The levee for lower Sherman Island broke during this time and Sherman Lake is also eroding. 
13 -1.2 cm/yr 
14 A cubic meter of sediment weighs 528.6-kg (personal communication, Schoellhamer). 
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that most of the eroding material is being transported to San Francisco Bay 
(Schoellhamer, 1996).  However, gravitational circulation may move some mercury-
contaminated sediment, like it does salinity, landward of X2 into the freshwater side of 
the estuary.      
 
Total Mercury Budget 
 
A primary objective of this study was to develop a mercury budget for the estuary.  A 
positive correlation exists between total and methyl mercury concentration in surficial 
sediment in the estuary (Heim et al., 2002).  This suggests that bulk mercury 
concentration in sediment may be one factor influencing microbial production of methyl 
mercury and concentrations in aquatic organisms. 
 
The Sacramento River was the principal source of raw and filtered total mercury in the 
study (Table 3 and 4).  The River is calculated to have transported 162-kg of total 
mercury or 58 percent of all imports. Most of the material entered the Estuary in winter 
storm runoff (January through March).  About 15 percent of the entire load (24-kg) was  
in a filter passing form. Prospect Slough, which receives storm runoff from mercury 
mines in Putah and Cache Creeks as well as flow from the upper Sacramento Basin, 
transported the largest amount of mercury of any of the river systems in a single month 
(70-kg in March 2000).  This emphasizes the potential importance of contributions from 
Prospect Slough in wet years. 
 
A positive correlation was observed on the Sacramento River at Greene Landing between 
raw total mercury concentration and flow (Figure 3, P<0.002).  A similar relationship was 
also observed in 1993-94 at low flow (Foe and Croyle, 1998).  However, no correlation 
existed at high flow in the winter of 1994-95.  It was hypothesized that the change in the 
relationship resulted from a change in the origin of the water mass.  At low flow water 
primarily originates from Shasta and Oroville Dams in the upper Sacramento and Feather 
River basins.  In contrast, in winter the source of the water at Greene Landing is mostly 
storm runoff from the lower American River.  Storm water from the upper Sacramento 
and Feather Rivers is routed down the Yolo Bypass. 
 
A positive correlation was observed between raw total mercury concentration and TSS at 
both Greene Landing and at X2 (Figure 4).  The slope of the relationship at Greene 
Landing (0.14 ng-gm-1) was half that of X2 (0.32 ng-gm-1).  The two slopes are 
statistically different (P<0.001, t-test).  Slope in Figure 4 is a measure of mercury 
enrichment on particles collected at the site.  The enrichment factor for Greene Landing 
is similar to values previously measured for the upper Sacramento Valley during low 
flow conditions but somewhat less than the 0.2-ppm that occurs during high flow (Foe 
1995).  The enrichment factor for X2 is similar to TSS concentrations reported 20 miles 
downstream in San Pablo and North Bay (0.33-ppm), subembayments of San Francisco 
Bay (Schoellhamer, 1996).  A pattern of increasing bulk surficial mercury sediment 
concentrations has also been reported as one travels westward in the Delta to San 
Francisco Bay. Slotton et al (2002) and Weim et al (2002) report that sediment mercury 
concentrations in the Sacramento River and in the Delta range between 0.15 and 0.20-
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ppm while concentrations in Suisun Bay are 0.30 to 0.35-ppm. Hornberger et al (1999) 
report that the mercury concentration of sieved surficial sediment (<0.64-µm) in a core 
from Grizzly Bay, a subembayment of Suisun Bay, was 0.3-ppm but increased to 0.95-
ppm at a depth of 30-cm.  The mercury enriched zone persisted to about 80 cm before 
declining to a background concentration of 0.05 to 0.08-ppm.  The increased mercury 
concentration at 30-cm was ascribed to deposition of mercury contaminated gold tailings.   
 
A pattern of increasing particle mercury enrichment with increasing salinity is not 
commonly reported for estuaries.  Particulate mercury concentrations decreased with 
increasing salinity in the Gironde and Scheldt Estuaries (Cossa and Noel 1987; 
Leermakers et al. 1995).  The decrease is ascribed to degradation and solubilization of 
particulate organic matter for which mercury has a high affinity.   
 
A possible explanation for both the increase in mercury concentrations on suspended 
particles at X2 and the increase in bulk sediment concentrations westward in the estuary 
is erosion of mercury-enriched particles from shallow water in Suisun Bay and 
subsequent transport into the shipping channel by tidal currents. If sediment erosion rates 
in Suisun Bay are still a million cubic meters per year, then this is equivalent to the 
release of about 185-kg of mercury per year or 278-kg for the year and a half study15.  
Most of this material is probably moved seaward with net freshwater outflow. The net 
loss of mercury from the estuary reported in Table 3 may, at least in part, result from 
erosion of mercury contaminated sediment from Suisun Bay.  The data also suggest that 
suspended and surficial sediment mercury concentrations in San Francisco Bay (0.33-
ppm) are the result of present and historical erosion from Suisun Bay (0.35-ppm).  
Mercury contaminated sediment from the Central Valley (0.15-0.20 ppm) dilutes 
concentrations in Suisun and San Francisco Bays.  
 
Three transects were run across the freshwater side of the estuary and up the lower 
Sacramento River in 2001 to ascertain whether gravitational circulation might also 
transport mercury enriched particles landward of Suisun Bay (Table 5).  The location of 
X2 was upstream of Suisun Bay during each of the 3 cruises and mercury enriched 
particles, similar to concentrations measured off Suisun Bay, were consistently observed 
at or above the confluence of the Sacramento and San Joaquin Rivers. Brannon Island16 
was the most upstream site sampled with concentrations similar to Suisun Bay. Mercury 
enriched particles can be transported from the confluence of the Sacramento and San 
Joaquin Rivers, like salinity, toward the State and Federal pumps and deposit along the 
way in the Central Delta (Figure 2).  Therefore, Suisun Bay is likely a major source of 
mercury for both the Delta and for San Francisco Bay.  
 
In conclusion, two major sources of raw total mercury were measured in the Bay-Delta 
Estuary.  The first was the Sacramento River and accounted for about 161-kg during the 
study period (Table 3).  Most of this mercury was transported during winter storms.  The 
second was erosion of mercury contaminated sediment from Suisun Bay.  Work by 
Schoellhamer (1996) and Schoellhamer and Bureau (1998) suggest that most of this 
                                                           
15 (106 meters3/yr)(528.6 kg/meters3)(0.35 ppm) 
16 About 15 miles above Suisun Bay 
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material is likely transported in summer.  The precise amount of material being eroded 
during the study period from Suisun Bay is not known but may be similar (278-kg) to 
exports from the Central Valley (Table 3). Mercury from Suisun Bay is transported both 
up and down estuary. 
 
Monomethyl Mercury Budget 
 
A major objective of the CALFED grant was to develop a monomethyl mercury budget 
for the Delta.  Methyl mercury tissue concentrations of several important game and 
forage fish were correlated with clam tissue concentrations in the estuary.  Methyl 
mercury uptake in clams was positively related to aqueous methyl mercury concentration 
divided by the square of the chlorophyll concentration suggesting that fish tissue 
concentrations were also related to waterborne methyl mercury levels (Foe et al., 2002).  
The biotic findings emphasize the importance of understanding the source and fate of 
aqueous methyl mercury.  The primary source of methyl mercury in the Delta is 
hypothesized to be from river inputs and from in situ sediment production.  The main 
goal of this study (Task 1A) was to measure river loads while Dr Gill of Texas A & M 
was to estimate sediment flux (Task 4B). The two sets of results were to be combined to 
develop a “first cut” methyl mercury mass balance estimate for the Delta.      
 
The Sacramento River was the major riverine source of methyl mercury to the estuary 
(Table 6).  The only exception was in March 2000 when the Yolo Bypass was flooded 
and Prospect Slough became the major source of organic mercury.  In all other months 
the Sacramento River accounted for 60-85 percent of the total load.  The load of raw 
methyl mercury was highest in winter and spring (January to May).  This was because 
both flow and raw methyl mercury concentrations (0.08-0.34 ng/l) were largest  in these 
months (Table 3 and Appendix C).  Aqueous raw methyl mercury concentrations 
averaged half this during the rest of the year (about 0.08 ng/l).  The dissolved methyl 
mercury fraction in the Sacramento River at Greene Landing was above detection (0.022 
ng/l) in 11 of 17 measurements and averaged about 45 percent of the unfiltered value. 
 
Monthly raw methyl mercury loads for the San Joaquin, Mokelumne-Consumnes and 
Prospect Slough is  presented in Table 6.  Loads from each appear higher in winter and in 
early spring.  However, this was the result of increased flow not higher aqueous 
concentrations (Appendix C). There was no apparent seasonal methyl mercury 
concentration pattern in any waterway except the Sacramento River. Finally, average 
methyl mercury concentrations in Prospect Slough (0.26 ng/l) were higher than in the 
Sacramento River (0.12 ng/l, P<0.01, Kruskall-Wallis) but similar to values in the San 
Joaquin (0.16 ng/l) and Mokelumne-Consumnes (0.17 ng/l).   
 
Raw methyl mercury was positively correlated with TSS at both the Sacramento River at 
Greene Landing and at X2 (Figure 5).  The relationship was stronger at X2 (P<0.005) 
than at Greene Landing (P<0.03) but whether this is an artifact of the small sample size 
(N=18 for both correlations) is not known.  
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Methyl mercury export rates are difficult to accurately quantify as thirty percent (16/54) 
of the concentration measurements at export sites were below detection (Table 6).  
Twelve of these occurred in the first summer (June-October).  As a result, the detection 
limit was halved in the second year and only three values were below detection.  These 
occurred in August and September when concentrations on the Sacramento River are 
low.  The major export was to San Francisco Bay (X2).  On average 86 percent of the 
methyl mercury leaving the system was transported past X2. 
 
No dissolved methyl mercury mass balance budget was attempted as one third of all 
measurements (44/123) were below detection.  Also, the relative percent difference of 
duplicate laboratory and field samples was 26-37 percent (Table 2 and 3 of Appendix B) 
making accurate estimates of dissolved methyl mercury loads problematical. However, 
dissolved data was collected with each sample and the information is included in 
Appendix C.   
 
 
Water samples collected from Delta Island main drains suggest that the islands are net 
exporters of raw methyl mercury.  There are about three-quarters of a million acres of 
Delta Islands under agricultural production.  Water is diverted onto the islands for 
irrigation (Figure 6a) and the unused portion returned to Delta waterways via a series of 
main drains (Figure 6b). Many of the islands are predominately peat, a substance that Gill 
et al. (2002) and Heim et al. (2002) have shown to be a good substrate for methyl 
mercury production.   Methyl mercury samples were collected from five main drains in 
June and July 2000 to ascertain whether the islands were a net source or sink for mercury.  
Mercury concentrations were variable but quite high when compared to concentrations in 
the channels surrounding the islands and from which irrigation water is diverted and 
unused water returned (Appendix C).  Concentrations averaged 0.35 ng/l in June and 
July.  This translates to a net production rate of 17 to 35-gm per month or 10-25 percent 
of river load in the two-month period. Island loads, while substantial, were beyond the 
ability of this project to characterize further. The concentrations are sufficiently high 
though, to warrant evaluation of tissue concentrations in piscivorous wildlife 
predominately feeding in Delta Island drains. 
 
A major finding of the CALFED grant was that the Delta is a net sink for raw methyl 
mercury.  The load of methyl mercury entering the Delta is the sum of the loads from the 
Rivers and from in situ sediment production. Losses from the system are the sum of the 
exports to the State and Federal Pumps and to San Francisco (X2).  The difference 
between the sum of known inputs and exports is a measure of the uncertainty of the 
measurements and of the importance of other unknown processes in the Delta.  The 
estimate of river loads are likely quite accurate. The measurements were all above 
detection, except for two occasions on the Mokelumne River, a minor input to the Delta.  
Also, river concentrations appear similar over time and differences in replicate 
measurements at the same place and time were low17 (Table 2, Appendix B).  The 
average river loading for the study period was about 10 gm-day-1 (Table 6, Figure 7).  In 

                                                           
17 Average relative percent difference was 9 percent (N=24, Table 2, Appendix b) 
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contrast, while it is clear that exports were less than imports18, a precise estimate of the 
export rate is more difficult as methyl mercury concentrations in 30 percent of the 
measurements were below detection.  The average methyl mercury export rate from the 
Delta was estimated at about 6 gm-day-1 (Table 6, Figure 7).  In situ methyl mercury 
production from the sediment was variable and likely higher in summer than winter (Gill 
et al., 2002).  Average sediment flux for the Delta and Suisun Bay was estimated at about 
6 gm-day-1 (Figure 7). The difference between the sum of all inputs (16 gm-day-1) and 
exports (6 gm-day-1) is 10 gm-day-1.  This residual is our present best estimate of the rate 
of methyl mercury loss in the Delta.  The process(es) contributing to the loss are not 
known but are a focus of a new CALFED grant (Gill et al. (2001).  
 
A special study was conducted in the summer of 2001 to ascertain the location where the 
decrease in methyl mercury concentration occurred.  Three transects were run down the 
Sacramento River and out toward Suisun Bay, the water path from the main source to the 
main sink of methyl mercury.  The largest drop in concentration occurred on all three 
cruises in the vicinity or immediately downstream of Rio Vista (Table 5). The drop in 
concentration was between 30 and 60 percent. There are several possible explanations.  
First, electrical conductivity also began to increase in the vicinity of Rio Vista and the 
decrease in methyl mercury may be related to the increase in salinity.  Second, the 
Sacramento River joins the Deep water Ship Channel a mile upstream of Rio Vista.  At 
this point the River abruptly changes from being narrow and shallow (<10 ft) to wide and 
deep (35 ft).  Increased channel cross-section results in an increase in water residence 
time and a decrease in travel time. As a result there need not be any new mercury 
removal process at work below Rio Vista but just more time per river mile for processes 
that may already be occurring above the City.  
 
Atmospheric Deposition 
 
Mercury loads from direct wet deposition on surface water of the Delta and from indirect 
deposition and runoff to the Delta from the Central Valley was estimated.  The purpose of 
the calculation was to provide a provisional evaluation of the importance of each in the 
mercury budget of the Estuary.  
 
Mercury loading from rain falling on surface water in the Delta was not significant.  
Direct deposition was estimated for the 18-month study at about 618-gm or 0.2 percent19 
of the total Delta load. The value was calculated by multiplying precipitation totals by the 
surface area of the Delta and the mercury content of the rain.  The most variable of the 
three values is the rainfall total and the surface area of the estuary.  This study was mostly 
conducted during a dry period.  Precipitation in wet years may be up to 50 percent greater 
and this often occurs when the Sacramento River is at flood stage and the Yolo Bypass is 
flooded.  The Bypass increases the size of the Delta by a factor of three.  Therefore, direct 
loading in wet years may increase by a factor of 4.5 and result in an atmospheric 
contribution of about 2.8-kg of mercury.    
 
                                                           
18 Calculated exports were less than imports on seventeen of eighteen occasions (Table 6)  
19 0.618/278.5 kg mercury or 0.2 percent. 
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Mercury load estimates from indirect deposition and runoff from the Central Valley are 
more uncertain but appear important in the overall budget of the Delta.  The annual 
contribution from indirect wet loads range from a low of 25-kg to a high of 74-kg or 23 to 
69 percent of the total mercury budget for water year 200120 (Table 7).  The major 
uncertainty in the calculation of indirect loads is the concentration of mercury in rainfall 
and the appropriate runoff coefficient to use.  Mercury concentrations in rain in San 
Francisco Bay were used.  However, concentrations in rain at Covelo California, a 
national mercury deposition measurement site about 150 miles north of San Francisco 
Bay in the Coast Range, are half those of the Bay area.  Also, inputs from dry deposition 
were not included in the present estimate.  Tsai (2001) estimated that about 4.5 times 
more mercury was being deposited on an annual basis in dry than in wet deposition in 
San Francisco Bay.  CALFED has awarded a grant to Texas A & M to measure wet and 
dry mercury deposition in the Central Valley.  The study should commence in 2003. 
 
The second major uncertainty factor in estimating the transfer of atmospheric loads from 
the Central Valley to the Delta is in determining an appropriate runoff coefficient.  
Runoff coefficients are a function of meteorology, land use characteristics, slope, size 
and soil characteristics of the watershed (Tsiros, 1999).  Dolan et al (1993) estimated that 
roughly 10 percent of the mercury falling in the Lake Superior watershed entered the 
lake.  Quemerais et al (1993) determined that about 12 percent of the atmospheric 
mercury deposited in the St. Lawrence River watershed ran off.  Mason et al (1994) 
estimated that about 30 percent of atmospheric deposition was reaching Swedish and mid 
continental American lakes in overland flow.  Tsai (2001) used a runoff coefficient of 32 
percent for San Francisco Bay. This study employed a range of runoff coefficients from 
10 to 30 percent.   
 
Variations in annual precipitation did not strongly affect the estimate of mercury loads 
from the Central Valley.  Precipitation totals for a wet and dry year are included in Table 
7 and 8.  Little difference in rainfall was noted between the two water year types 
suggesting that this is unlikely to be a major source of variation in the mercury loads 
estimates.  
 
 

                                                           
20 Low estimate was calculated as 24.5/107.9 or 23 percent while high estimate was 74/107.9 or 69 percent 
of the total Delta budget. 
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Table 1.  Water balance (thousand acre-feet) for the Bay-Delta Estuary between March 2000 and Sept 2001.  The budget does not 
include within Delta precipitation.  Negative import-export values indicate that the estuary is exporting more water than is entering it. 
 

IMPORTS EXPORTS  
 

Date 
 

Sac 
River 

 

 
San 

Joaquin 
River 

 
Mokelume 
Consumnes 

Rivers 

 
Prospect 
Slough 

 
Total 

Imports 

 
DMC 

 
SWP 

 
X2 

 
Delta 

Is 

 
Total 

Exports 

 
Imports- 
Exports 

Mar-00 3,594 758 178 2,057 6,589 207 340 6,358 6,907 -317
Apr-00 1,583 323 68 28 2,004 131 181 1,686 1,998 6
May-00 1,254 299 74 7 1,635 77 105 1,439 125 1,747 -111
Jun-00 975 175 51 3 1,205 180 260 588 180 1,210 -5
Jul-00 1,285 120 40 3 1,449 265 359 604 233 1,461 -12
Aug-00 1,080 129 25 2 1,238 269 385 397 144 1,197 41
Sep-00 900 137 23 3 1,065 252 386 294 88 1,021 43
Oct-00 732 172 16 6 928 257 306 356 56 976 -48
Dec-00 856 135 23 3 1,019 238 291 428 39 997 21
Jan-01 1,072 150 26 18 1,269 168 240 968 1,377 -107
Feb-01 1,175 176 37 72 1,462 195 260 1,031 1,486 -24
Mar-01 1,532 218 45 147 1,944 115 360 1,426 1,902 42
Apr-01 743 182 39 5 970 129 98 735 963 7
May-01 574 223 28 3 829 52 33 612 125 824 5
Jun-01 742 96 6 2 847 178 8 484 180 852 -4
Jul-01 923 86 5 3 1,017 253 216 310 233 1,013 4
Aug-01 820 82 4 4 910 253 248 215 144 860 4
Sep-01 746 81 4 1 834 242 212 275 88 818 16
TOTAL 20,595 3,552 701 2,373 27,222 3,469 4,295 18,212 1,639 27,617 -394
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Table 2.  Sediment balance (thousand metric tons) for the Bay-Delta Estuary between March 2000 and September 2001.  Negative 
import-export values indicate that the estuary is exporting more sediment than is being delivered to it. 
 

IMPORTS EXPORTS  
 

Date 
 

Sacramento 
River 

 

 
San Joaquin 

River 

 
Mokelume-
Consumnes 

Rivers 

 
Prospect 
Slough 

 
Total 

Imports 

 
DMC 

 
SWP 

 
X2 

 
Total 

Exports 

 
Imports- 
Exports 

Mar-00 182.0 45.0 4.0 241.1 472.0 4.1 2.3 855.9 862.3 -390.2
Apr-00 74.3 22.4 1.3 2.8 100.7 1.5 4.9 349.8 356.2 -255.5
May-00 24.8 28.9 1.1 1.0 55.7 3.4 2.6 255.9 262.0 -206.3
Jun-00 18.1 16.9 0.5 0.6 36.1 2.9 1.5 43.6 48.1 -12.0
Jul-00 26.4 10.0 0.3 0.7 37.3 4.6 2.5 68.6 75.7 -38.4
Aug-00 26.7 13.6 0.5 0.3 41.1 9.3 5.7 13.3 28.3 12.8
Sep-00 18.9 7.8 0.2 0.3 27.3 9.7 2.9 13.1 25.6 1.7
Oct-00 15.4 10.4 0.6 0.3 26.8 8.3 4.2 12.3 24.8 2.0
Dec-00 19.0 3.4 0.2 0.2 22.8 4.1 4.0 16.9 25.0 -2.2
Jan-01 221.3 11.0 0.6 4.5 237.4 3.1 2.1 46.6 51.8 185.5
Feb-01 117.6 19.4 1.4 22.4 160.8 4.6 3.5 93.0 101.1 59.7
Mar-01 30.3 13.5 0.7 11.5 55.9 2.4 3.6 153.3 159.3 -103.4
Apr-01 27.5 8.6 0.5 0.4 37.0 1.9 0.5 39.1 41.5 -4.5
May-01 14.9 14.3 0.3 0.9 30.4 1.2 0.3 25.7 27.2 3.2
Jun-01 19.2 8.8 0.2 0.5 28.7 6.4 0.0 35.3 41.7 -13.0
Jul-01 14.8 5.9 0.1 0.9 21.8 6.9 15.8 10.3 33.0 -11.2
Aug-01 21.3 4.6 0.1 0.5 26.4 5.0 1.6 12.2 18.8 7.6
Sep-01 7.6 3.6 0.1 0.1 11.4 7.2 1.8 13.9 23.0 -11.6
TOTAL 880.0 248.1 12.6 289.0 1429.6 86.6 59.8 2058.9 2205.3 -775.7
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Table 3.  Raw total mercury mass balance (kg) for the Bay-Delta Estuary between March 2000 and September 2001.  Negative 
import-export values indicate that the estuary is exporting more total mercury than is entering it. 
 

IMPORTS EXPORTS  
 
Date 

 
Sacramento 

River 
 

 
San Joaquin 
River 

 
Mokelume- 
Consumnes 

Rivers 

 
Prospect 
Slough 

 
Total 

Imports 

 
DMC 

 
SWP 

 
X2 

 
Total 

Exports 

 
Imports- 
Exports 

Mar-00 39.20 8.03 1.49 70.50 119.2 1.07 1.16 279.54 281.8 -162.5
Apr-00 12.88 4.60 0.64 0.74 18.9 0.43 1.60 102.44 104.5 -85.6
May-00 5.20 2.75 0.48 0.19 8.6 0.57 0.49 87.45 88.5 -79.9
Jun-00 4.05 1.82 0.27 0.13 6.3 0.59 0.71 13.89 15.2 -8.9
Jul-00 4.86 1.07 0.17 0.14 6.2 0.89 0.85 19.32 21.1 -14.8
Aug-00 4.58 2.03 0.16 0.07 6.8 1.50 1.04 4.77 7.3 -0.5
Sep-00 3.38 1.06 0.08 0.07 4.6 1.33 0.82 3.62 5.8 -1.2
Oct-00 3.41 1.53 0.13 0.11 5.2 1.27 0.94 3.41 5.6 -0.4
Dec-00 3.17 0.52 0.08 0.06 3.8 0.72 4.78 5.5 -1.7
Jan-01 30.33 1.32 0.29 0.62 32.6 0.65 0.49 14.94 16.1 16.5
Feb-01 21.12 2.29 0.00 0.00 23.4 0.98 0.79 19.99 21.8 1.7
Mar-01 6.47 2.31 0.24 2.13 11.1 0.63 1.52 42.28 44.4 -33.3
Apr-01 4.15 1.60 0.29 0.13 6.2 0.33 0.27 10.06 10.7 -4.5
May-01 2.57 2.28 0.21 0.21 5.3 0.22 0.11 7.72 8.1 -2.8
Jun-01 4.09 1.19 0.06 0.13 5.5 0.77 0.00 6.58 7.3 -1.9
Jul-01 4.91 0.58 0.04 0.20 5.7 0.89 1.85 1.51 4.3 1.5
Aug-01 5.64 0.63 0.02 0.13 6.4 0.90 0.48 2.65 4.0 2.4
Sep-01 1.96 0.61 0.03 0.03 2.6 1.28 0.54 4.11 5.9 -3.3
TOTAL 161.98 36.21 4.69 75.59 278.5 15.00 13.67 629.07 657.7 -379.3
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Table 4.  Filterable total mercury mass balance (Kg) for the Bay-Delta Estuary between March 2000 and September 2001.  Negative 
import-export values indicate that the estuary is exporting more dissolved mercury than is entering it. 
 

IMPORTS EXPORTS  
 
Date 

 
Sacramento 

River 
 

 
San Joaquin 

River 

 
Mokelume-
Consumnes 

Rivers 

 
Prospect 
Slough 

 
Total 

Imports 

 
DMC

 
SWP 

 
X2 

 
Total 

Exports 

 
Imports- 
Exports 

Mar-00 4.88 1.24 0.26 3.45 9.83 0.42 0.75 12.09 13.26 -3.43
Apr-00 2.33 0.51 0.12 0.05 3.01 0.18 0.30 2.21 2.69 0.31
May-00 1.15 0.27 0.09 0.01 1.52 0.07 0.11 1.03 1.21 0.31
Jun-00 0.70 0.16 0.06 0.01 0.92 0.16 0.26 0.44 0.86 0.06
Jul-00 1.06 0.20 0.05 0.01 1.32 0.21 0.36 0.60 1.18 0.14
Aug-00 0.85 0.12 0.04 0.01 1.02 0.29 0.83 0.28 1.40 -0.38
Sep-00 0.67 0.13 0.02 0.00 0.82 0.00 0.28 0.22 0.50 0.32
Oct-00 1.16 0.65 0.03 0.01 1.85 0.23 0.28 0.24 0.76 1.09
Dec-00 0.40 0.10 0.02 0.00 0.52 0.12 0.19 0.21 0.52 0.00
Jan-01 3.38 0.17 0.08 0.03 3.66 0.15 0.20 0.62 0.97 2.68
Feb-01 3.72 0.21 0.25 0.31 4.49 0.22 0.24 1.06 1.52 2.97
Mar-01 1.42 0.21 0.06 0.14 1.83 0.26 0.73 3.22 4.21 -2.39
Apr-01 0.53 0.09 0.07 0.00 0.69 0.13 0.11 0.46 0.71 -0.02
May-01 0.35 0.14 0.05 0.01 0.55 0.07 0.04 0.23 0.34 0.21
Jun-01 0.14 0.03 0.01 0.00 0.18 0.02 0.00 0.26 0.28 -0.10
Jul-01 0.32 0.05 0.01 0.00 0.38 0.18 0.10 0.10 0.38 0.00
Aug-01 0.69 0.18 0.00 0.01 0.88 0.14 0.11 0.10 0.35 0.53
Sep-01 0.41 0.11 0.01 0.00 0.53 0.14 0.10 0.13 0.37 0.16
TOTAL 24.16 4.553 1.23 4.053 33.99 3.00 5.01 23.50 31.52 2.47
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Table 5.  Change in water quality seaward in the Sacramento River during the summer of 2001. 
 
 

 
Station 

 
Date 

 
River
Mile 

 
Chlor 
(µg/l) 

 
Phaeo 
(µg/l) 

 
TSS 

(mg/l) 

 
Sp. Cond

(mS) 

 
Raw 
THg 
(ng/l) 

 
Filtered 

THg  
(ng/l) 

 
Raw 

MMHg 
(ng/l) 

 
Filtered 
MMHg  
(ng/l) 

 
THg/TSS 
(ppm) 
 

 
MMHg/Chlor2 

(ng/µg2) 

 
Freeport 29 May 120 5.06 5.28 14.0 177 2.39 0.50 0.09 0.04 0.17 0.09 

Greene Landing 29 May  6.12 6.16 21.0 192 3.63 0.5 0.10 0.03 0.17 0.10 
Walnut Grove 29 May  4.7 4.63 13.0 180 2.19 0.44 0.10 0.03 0.17 0.10 

Rio Vista 29 May  4.47 4.5 26.0 245 5.87 0.68 0.06 0.02 0.23 0.06 
Brannon Is (X1) 29 May  3.12 4.42 37.0  13.00 0.93 0.05 0.01 0.35 0.05 
Grizzly Bay (X3) 29 May  2.49 2.87 34.0 5723 10.20 0.31 0.04 0.01 0.30 0.04 
Grizzly Bay (X5) 29 May  1.39 2.21 24.0 8421 6.53 0.37 0.05 0.01 0.27 0.05 

             
Freeport 26 June 120 2.79 1.86 14.0 151 2.55 0.41 0.07 0.04 0.18 0.07 

Green Landing 26 June  2.99 2.79 21.0 145 4.46 0.15 0.09 0.01 0.21 0.09 
Walnut Grove 26 June  3.18 2.69 22.0 155 4.71 0.38 0.08 0.03 0.21 0.08 

Rio Vista 26 June  3.63 3.61 32.0 310 6.90 0.71 0.06 0.02 0.22 0.06 
Brannon Is (X1) 26 June  3.04 4.12 47.0 1800 9.21 0.42 0.03 0.02 0.20 0.03 
Sherman Is (X3) 26 June  1.83 3.74 34.0 5400 11.00 0.43 0.04 0.01 0.32 0.04 

             
Freeport 31 July 120 2.93 2.50 19.0 136 1.21 0.21 0.06 0.03 0.06 0.06 

Greens Landing 31 July  2.77 2.18 13.0 159 1.31 0.28 0.11 0.02 0.10 0.11 
Walnut Grove 31 July  2.89 1.72 14.0 172 1.34 0.21 0.06 0.01 0.10 0.06 

Rio Vista 31 July  4.67 3.02 30.0 179 4.69 0.28 0.06 0.03 0.16 0.06 
Sherman Is (X1) 31 July  3.04 3.61 31.0  11.10 0.45 0.04 0.01 0.36 0.04 
Pittsburg (X2) 31 July  2.14 2.38 11.0  3.95 0.26 0.04 0.01 0.36 0.01 
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Table 6.  Raw methyl mercury mass balance (gm) for the Bay-Delta Estuary between March 2000 and September 2001. Positive 
import-export values indicate that the estuary is importing more methyl mercury than is leaving it.  Values with an asterisk were 
calculated from a water concentration that was below detection.  Half the detection limit was used in calculating loads.  The detection 
limit was 0.022 and 0.011 ng/l in 2000 and 2001, respectively.   
 

IMPORTS EXPORTS  
 
Date 

 
Sacramento 

River 
 

 
San Joaquin 
River 

 
Mokelume- 
Consumnes 

River 

 
Prospect 
Slough 

 
Total 

 
DMC 

 
SWP 

 
X2 

 
Total 

 
Imports- 
Exports 

Mar-00 657.0 153.6 37.8 1280.3 2128.7 39.2 58.5 1601.8 1699.5 429.1
Apr-00 228.7 58.7 23.8 14.0 325.3 1.8* 10.5 170.5 182.8 142.5
May-00 520.4 49.6 23.1 2.9 596.0 16.4 18.7 428.4 463.4 132.6
Jun-00 86.2 47.7 7.2 1.0 142.1 16.5 3.5* 79.3 99.3 42.8
Jul-00 82.5 17.6 0.5* 0.8 101.4 3.6* 4.9* 8.2* 16.7 84.8
Aug-00 146.8 22.4 4.9 0.6 174.7 3.7* 5.2* 5.4* 14.3 160.4
Sep-00 57.2 16.8 0.3* 0.4 74.7 3.4* 27.7 8.5 39.6 35.1
Oct-00 77.0 33.6 2.7 1.1 114.5 3.5* 4.2* 4.8* 12.5 102.0
Dec-00 94.2 17.1 2.8 1.1 115.2 18.5 18.0 31.5 68.0 47.2
Jan-01 323.3 44.5 8.2 9.6 385.6 29.9 33.6 113.0 176.5 209.1
Feb-01 256.2 39.3 15.0 36.9 347.4 2.7 24.7 84.9 112.2 235.2
Mar-01 159.1 48.1 10.5 59.2 276.7 13.2 24.5 290.7 328.4 -51.6
Apr-01 103.8 21.1 9.8 0.9 135.5 3.8 7.1 6.4* 17.3 118.2
May-01 69.9 33.6 6.2 1.1 110.8 3.6 2.1 30.9 36.6 74.1
Jun-01 80.5 30.5 1.7 0.7 113.3 13.4 0.0 22.1 35.5 77.9
Jul-01 123.1 15.6 1.0 1.2 141.0 20.2 5.7 26.9 52.8 88.2
Aug-01 72.1 19.7 0.3 0.6 92.8 9.9 2.1* 14.4 26.4 66.3
Sep-01 87.9 16.5 1.0 0.2 105.6 2.1* 8.4 2.4* 12.9 92.7
TOTAL 3226.0 686.0 156.7 1412.6 5481.3 205.3 259.5 2929.9 3394.7 2086.6
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 Table 7. Low and high estimate of mercury runoff (kg/yr) from wet deposition in the Central Valley during a wet (1999) and dry 
(2001) water year. 
 

WET WATER YEAR DRY WATER YEAR 
RAINFALL 
DEPOSIT1/ 

LOW RUNOFF 
ESTIMATE2/ 

HIGH RUNOFF 
ESTIMATE2/ 

RAINFALL 
DEPOSIT1/ 

LOW RUNOFF 
ESTIMATE2/ 

HIGH RUNOFF 
ESTIMATE2/ 

(kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) (kg/yr) 
261 26 78 245 25 74 

 
1/ From table 8. 
2/ Low and high runoff coefficient were 10 and 30 %, respectively. 
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Table 8.  Estimate of mercury deposition (kg/year) in the Central Valley watershed below all major reservoirs during a wet (1999) and 
dry (2001) water-year.  Average mercury concentration in precipitation is assumed to be similar to San Franscisco Bay (8.0 ng/l, Tsai, 
2001).  Precipitation is from Department of Water Resources California Cooperative Snow Surveys. 
 

  WET YEAR DRY YEAR 
 

Location 
 

AREA 
 

PRECIPITATION 
MERCURY 

DEPOSITON 
 

PRECIPITATION 
MERCURY 

DEPOSITON 

 (km2) (cm) (kg/yr) (cm) (kg/yr) 
Shasta Dam (SHO) 9,638 142.8 110.1 110.9 85.5
Stony Gorge( STG) 3,885 39.5 12.3 47.8 14.9
Englebright (ENG) 1,251 81.2 8.1 59.6 6.0
McClure (EXC) 2,547 42.2 8.6 42.8 8.7
Los Banos LSB) 10,581 17.9 15.1 22.6 19.1
Stockton (STK) 8,657 38.3 26.5 35.4 24.5
Folsom (FLD) 4,553 51.4 18.7 43.0 15.7
Capay (CPY) 2,135 44.5 7.6 58.3 10.0
Orland (ORL) 8,836 42.7 30.2 46.2 32.6
Sacramento (SCR) 7,914 38.0 24.1 44.4 28.1
Total  59,997 261.4  245.0

 



 28 

 
 
Figure 1.  Map of mass balance study sites in the Sacramento-San Joaquin Bay-Delta Estuary.





 
 
 
 

Figure 3.  Correlation between raw total mercury concentration at Greene Landing on the Sacramento River and flow at Freeport in 2000 and 
2001. 
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Figure 4. Correlation between raw total mercury (ng/l) and TSS (mg/l) for the Sacramento River at Greene Landing and for X2.  Diamonds
are Greene Landing while squares are X2.
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Figure 5.  Correlation of raw methyl mercury (ng/L) and TSS (mg/L) for the Sacramento River at Greene Landing and for X2.  Squares are Greene Landing while 
diamonds are X2. 
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Figure 6a.  Map of Delta Island irrigation diversion points.  (From Department of Water
Resources Sacramento-San Joaquin Delta Water Atlas.)
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Figure 7.  Cartoon of methyl mercury flux rates in the Bay-Delta Estuary.  River input and export rates to the San 
Francisco Bay are from this report while sediment production is from Gill et, al., 2002.  The rate of unidentified 
loss processes was determined by subtracting the measured river and sediment input from export to San 
Francisco Bay. 


	Figure 2: Figure 2.  Typical water circulation patterns in the Delta during study.  Arrows indicate
	part 2: net water movement.  (From Department of Water Resources exhibit 51D to State Water
	part 3: Resources Control Board hearings on Bay-Delta Estuary, 1991).
	Figure 6b: Figure 6b.  Map of Delta Island irrigation return points.  (From Department of Water Resources
	partb: Sacramento-San Joaquin Delta Water Atlas).
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