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Mercury has long been recognized as 
one of the nastiest pollutants affecting 
San Francisco Bay. it has washed into 
the South Bay from mercury mines, 
particularly the new almaden Quick-
silver Mining District, which once was 
the nation’s greatest mercury min-
ing region. it has entered the north 
Bay via the Central Valley watershed, 
through its use in gold processing in 
the Sierra nevada foothills. it remains 
present in the waste stream, a result 
of wide use in dental products, elec-
tronics, batteries, fluorescent light 
bulbs, and other products. atmospheric 
deposition of mercury from distant 
coal-burning power plants, waste 
incinerators, and oil refineries can be 
other major sources.
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Mercury has been called San Francisco Bay’s 
public enemy number one (SFEI 2008). It 
is the main pollutant driving the Bay’s fish 
consumption advisory and a prime suspect 
for harming the health of birds and other 
wildlife. Its most toxic form is methylmer-
cury, which accumulates in biota and reaches 
higher concentrations as it is passed up the 
food chain. Methylmercury is primarily pro-
duced by bacterial action in sediments that 
contain mercury. 
Understanding the sources, distribution, and 
rates of methylmercury production in San 
Francisco Bay are key issues for understanding 
how mercury enters and moves through the 
food chain. Direct analyses of total mercury 
and methylmercury in water, sediments, sport 
fish, and bird eggs, which are routine compo-
nents of the RMP,  provide some information, 
but do not answer all the questions. RMP 
special studies of biosentinel fish with small 
home ranges, such as the Mississippi silver-
side and topsmelt, provide additional data on 

Determining the dominant sources of mercury to 
the Bay sediments has been a challenge. Scientists 
from the University of Michigan and the U.S. 
Geological Survey, with funding and assistance 
from the RMP, have begun using a new tool, 
stable mercury isotopic signatures, and their 
results are providing some notable insights (Geh-
rke et al., in press). 

MeRCuRy iSotoPiC SignatuReS
Mercury exists as seven natural stable isotopes, 
which are forms of the same chemical element 
having slightly different atomic masses. Stable 
mercury isotope atomic masses range from 196 to 
204. The most common mercury isotope has an 
atomic mass of 202, generally written as 202Hg. 
Studies have shown that there are different mixes 
of mercury isotopes in mercury ore, coal, soils, 
sediments, and other source material, and these 
differences can be used as identifiers or signa-
tures. Some physical and biological reactions 
that transform mercury in the environment can 
change those signatures, so differences in isotopic 

signatures can be used to track both sources and 
environmental processes. 
One measure of mercury isotopic signatures is 
reported as δ202Hg (delta 202Hg), which is calcu-
lated by comparing the ratio of 202Hg to 198Hg in 
an environmental sample to the same ratio in a 
reference material. The δ202Hg value is reported 
in parts per thousand ‰, where 0‰ means that 
the isotopic signature of the sample is the same as 
that of the reference material. Positive numbers 
indicate a signature characterized by a greater 
relative abundance of higher mass-isotopes. 
Negative numbers indicate a greater abundance of 
lower-mass isotopes. Other measures of isotopic 
signatures are also used, but δ202Hg has proven 
especially valuable in assessing mercury sources in 
San Francisco Bay.
In mercury mining, mercury was separated from 
its parent rock material by exposing the ore (cin-
nabar) to high heat in a process called “roasting.”  
In the process of roasting the cinnabar to produce 
mercury metal, mercury with lower 202Hg was 
preferentially evaporated and recaptured as metal. 
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uptake through the food chain and geographic variation. But use of biosentinels can be 
limited, chiefly because it is difficult to find the needed numbers and species of fishes 
at all locations that scientists want to monitor.
Consequently, RMP scientists are evaluating alternative approaches to understanding 
mercury in the Bay. One new approach uses artificial, passive sampling devices, which 
can be deployed at any site and for a range of time periods. Passive samplers known as 
Diffusive Gradient in Thinfilm (DGT) devices are being tested as sentinels for meth-
ylmercury pollution in the Bay. The DGTs were first developed by Canadian scientists 
at Trent University, who began testing them in the Bay in 2008 (Hintelmann et al. 
2010). The DGTs are composed of a series of gel layers stacked between a plastic base 
and a cover ring (Figure 1). They expose a fixed area of a diffusive gel surface to the 
Bay waters. Pollutants pass through the diffusive gel and are bound in a resin gel layer, 
which is separated from the diffusive layer for analysis. The amount of methylmercury 
in the resin gel provides an index of the average concentrations of methylmercury in 
the water during the deployment period.
One of the first Bay Area tests, short-term deployments in San Pablo Bay, showed that 
methylmercury concentrations in the DGTs strongly correlated with concentrations in 
sediment pore waters (the water filling spaces between grains of sediment). Likewise, 
preliminary laboratory tests showed that when DGTs, clams, and fish were exposed 
to methylmercury in water or in association with food, the DGTs accumulated meth-
ylmercury to predictable levels, with corresponding amounts of accumulation by the 
clams and fish.

Sentinel deviceS
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Figure 1.
Assembly of a water column DGT, with plastic base and 
cover ring holding gel layers. Sediment DGTs have a 
different filter, thicker diffusive gel, no support gel, and 
are mounted into elongated holders. Methylmercury 
diffuses across the diffusive gel layer and is bound in the 
resin gel layer.

Figure 2. 
DGT deployments in 2009 found lowest levels of 
methylmercury at sites that were open to the Bay and 
higher levels at more enclosed and industrial sites. The 
highest levels were found at legacy sites near historic 
mining areas and near some wastewater treatment plants 
(WWTP). Levels were also elevated at Tomales Bay, which 
is also affected by historic mercury mines. The extremely 
high concentrations of mercury seen at one site in the 
north bay and one in the south bay were considered 
outliers, and not included in the box plot analysis.
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Mercury with higher δ202Hg was left behind 
in the roasted ore. Consequently, the mercury 
metal produced by the mines and the wastes 
from its production have different isotopic 
signatures. These differences make it possible to 
use δ202Hg  as a tracer in the Bay. 

MeaSuRing iSotoPiC SignatuReS in 
Mine SaMPleS, CoReS, anD SuRFaCe 
SeDiMentS
The University of Michigan team measured 
isotopic signatures in a series of studies designed 
to assess the relative importance of the legacy 
of mercury mining in the Bay Area compared 
to those of gold processing and industry. 
They compared the isotopic signatures of (1) 
unroasted and roasted mine debris, (2) sedi-
ment-core samples from near the historic min-
ing district in the South Bay and in the Delta, 
and (3) surface sediments from sites throughout 
the Bay (Figure 1). 
Isotopic signatures of unroasted mine tailings 
and roasted ore from the New Idria Mercury 
Mine, located 230 km south of San Francisco 
Bay, were used as surrogates for similar material 
that originated from the New Almaden Min-
ing District. The analyses of the mine samples 
showed differences in the isotopic signatures in 
unroasted and roasted samples. Unroasted ore 

samples had δ202Hg values averaging -0.37‰. 
Roasted samples had higher δ202Hg values than 
the unroasted samples, averaging +0.03‰. 
Information from other sources has confirmed 
that, as expected, mercury used in industry has 
much lower δ202Hg values than were found in 
either roasted or unroasted samples from the 
New Idria mine. 
Sediment core samples provided evidence for 
the influence of the legacy of mercury mining in 
the South Bay. Core samples from Alviso Slough, 
which is the drainage channel from the New 
Almaden Mining District, had higher δ202Hg 
values than samples from the Cosumnes River, 
which flows through former gold mining areas 
on its way to the Delta and has a low δ202Hg sig-
nature similar to the mercury metal used in gold 
processing. Core samples from the Yolo Bypass, 
downstream from both mercury and gold-
mining areas, also had significantly lower δ202Hg 
values than samples from Alviso Slough. Yolo 
Bypass δ202Hg values were somewhat higher than 
those from the Cosumnes River, consistent with 
a local mercury mine source, as well as inputs 
from gold mining and industrial sources.
There was some good news in the samples from 
Alviso Slough. The lowest total mercury con-
centrations and lowest δ202Hg values (-0.29 and 
-0.32‰) were found in layers from shallow sedi-

ments, representing the most recently deposited 
material. The total mercury results confirmed 
earlier studies suggesting that restoration efforts 
and time are producing a slow recovery from 
the mining legacy. The isotopic signatures can 
be explained by the recently deposited material 
having acquired mercury from unprocessed 
mercury ore deposits that continue to erode 
and ongoing industrial sources, while deeper 
sediments included more of the roasted material 
generated while the mines were in operation.  
Surface sediment samples from nine seasonal 
wetlands in the South Bay and 20 intertidal 
coves throughout the Bay provided a clear 
picture of the relative importance of legacy 
mining sources of mercury to the Bay. All of the 
surface sediment samples taken in the study 
had elevated levels of total mercury, but those 
data did not point to a particular source. Inter-
estingly, the highest total mercury levels were 
found in the Central Bay, at sites near the Martin 
Luther King Regional Shoreline in Oakland and 
at Point Isabel in Richmond, which are not close 
to historic sources. 
In contrast, the isotopic signatures illuminated 
the sources of contamination (Figure 2). Sedi-
ments from Lower South Bay and South Bay 
had δ202Hg levels of -0.30 to -0.53‰, pointing to 
inputs from the New Almaden Mining District. 
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Figure 1.
Sampling locations. The star marks       the 
mouth of the Alviso Slough; the curved line 
depicts the approximate center line of San 
Francisco Bay.
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The next step was to deploy DGTs for longer 
periods, at first for one week and then for four 
weeks, throughout the Bay and also in Tomales 
Bay. The one-week deployments at 20 sites in 
2008 showed that DGTs were capable of detect-
ing geographic variability. Methylmercury levels 
were below detection limits at the San Francisco 
piers and highest at Point Isabel marsh in Rich-
mond. Elevated levels of methylmercury were 
also found in the South Bay, in the Guadalupe 
River and near Alviso, and in the easternmost 
part of Suisun Bay, near Kirker Creek.
Four-week deployments at 44 sites in 2009 were 
coordinated with RMP small-fish biosentinel 
sampling. DGTs were deployed and fish were 
sampled at the same locations, and the deploy-
ments ended at the same time that fish were col-
lected. The sampling locations represented (1) 

open waters, (2) enclosed bays and wetlands, 
(3) sites with historically high mercury levels, 
(4) sites with known industrial influences, 
and (5) sites downstream from wastewater 
treatment plants. DGTs were also deployed in 
Tomales Bay.
The results (Figure 2) indicated that 
enclosed sites with wetlands or marshes not 
in direct exchange with the Bay had higher 
levels of methylmercury accumulation than 
sites with direct water exchange. Legacy sites, 
those potentially affected by historic mining 
activities, had relatively high, but variable, 
levels. Elevated levels were also found in 
Tomales Bay, which also has a legacy of his-
toric mercury mining. Sites within industrial 
areas had levels twice above background, and 
sites immediately downstream from some, but 
not all, wastewater treatment plants showed 
particularly high levels of methylmercury 
accumulation. 
Comparisons between DGTs and the biosenti-
nel fish showed that sites with higher concentra-
tions of methylmercury in small fish also had 
higher levels in the DGTs. The correlations were 
statistically significant, although the relationship 
was driven largely by the high methylmercury 

levels at Alviso, the site closest to the historic 
mercury mines. However, even a weak correla-
tion between fish and DGT levels is encourag-
ing. There are many differences between the 
assessment methods, including length of expo-
sure time and the fact that even fish with small 
home ranges do move and may occupy some-
what differing habitats. In 2009, the results from 
the two fish species did not even correlate well 
with each other, showing that there are habitat 
and other differences even among biosentinels 
and that there is still much to learn.  
Since DGTs are not limited by habitat or other 
considerations that affect fish distributions, they 
may be of greatest use in areas where fish collec-
tions are impractical or impossible. DGTs could 
be deployed in isolated urban watersheds with 
no native fishes, at wastewater discharge points, 
at other potential hot spots, or in highly saline 
salt ponds. DGTs could also be deployed during 
time periods when young fish are not present. 
DGTs may not replace direct measurements in 
water, sediment pore water, or biosentinel fish 
species, but they can provide a reliable addi-
tional tool for investigating sources of methyl-
mercury contamination in the San Francisco 
Bay food web.

Sediments from Suisun Bay and the Carquinez 
Straits had lower δ202Hg levels, ranging from 
-0.74 to -0.99‰, about the same as those found 
in the Cosumnes River sediment cores and mer-
cury metal. Samples from the Central Bay had 
intermediate values. 
There was a strong statistical correlation between 
δ202Hg levels and distance from Alviso Slough. 
The spatial gradient suggests two main sources of 
mercury to the Bay: the historic mercury mines 
in the south and the historic gold mining or 
industrial activity in the north. Tides and currents 
gradually mix mercury from these two sources 
throughout the Bay. 

looking aheaD
This groundbreaking study demonstrated that 
mercury isotopic signatures can be used to track 
sources of mercury in the Bay. The University of 
Michigan team is also studying mercury isotopic 
signatures in small fish, and their preliminary 
results point towards the sediments as the domi-
nant source of methylmercury accumulated in 
the fish. Their complete results, when available, 
will provide further insights on mercury sources 
and the paths by which mercury is converted to 
methylmercury and enters the San Francisco Bay 
food chain.
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FiguRe 2. 
Mercury isotopic 
signature of San 
Francisco Bay surface 
sediments. The rectangle 
at the top of the graph 
shows the range in 
δ202Hg values found in 
surface sediments from 
the Cosumnes River 
channel and adjacent 
wetlands. The triangles at 
the bottom of the graph 
show δ202Hg values 
for surface sediments 
in Alviso Slough. Gray 
diamonds represent 
intertidal samples, and 
white squares represent 
wetland samples.
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New Almaden Mine 1876. 
Published by Thompson & West. 
Courtesy of David Rumsey.

QueStionS and CoMMentS about this 
newsletter or the RMP? Please visit  
www.sfei.org/rmp or contact Rachel allen, 
rachel@sfei.org. 


