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fish was ‘collected from the site 1 mile below the Dunn Creek confluence, we hypothesize

that it may have lived much of its life within the immediate influence of the Dunn Creek

mine-impacted flows.

Table 8.  Marsh Creek Fish Composite Samples (Whole Fish)
Mercury Concentrations (fresh/wet weight ppm Hg)

Species Weight Length Individuals -- Hg
SPECIES yreignt pengln - lndividuals g

(g} (mm) in Comp. (wet wt ppm)

1 mile above Dunn Ck Conﬂuence

California Roach 472 72 n=1 0.21
1 mile below Dunn Ck Confluence
California Roach 4.1 72 n= 0.20
. y 9.0 93 n=1 0.71
~5 miles below Dunn Ck confluence
California Roach 1.5 52 n=11 0.25
and 2.2 63 n=16 0.23
juvenile Hitch 4.0 72 n=i9 0.19
" " 7.5 ) n= 0.18
" ¥ 19.2 115 n=1 0.24
1 mile above Marsh Ck Reservoir ‘
California Roach 2.8 65 n=3 0.13
“ “ 4.0 76 n=3 0.24
" " 6.9 84 n=2 0.15 -
0.5 mile below Marsh Ck Reservoir
juvenile Bluegill 1.7 50 n=9 0.24
" N 3.4 61 n=3 0.19
" N 54 70 n=3 0.21
Downstream near Oakley
juvenile Salmon 3.6 70 n=, 0.07

A collection of larger hitch individuals (72-117 g, 1-3 yrs) was made one mile above
the reservoir. We also noted several large goldfish in the creek at this location, which were
- likely the grown results of earlier releases by the public. Large fish were not found in the
creek upstream of this region. Muscle mercury concentrations in the 8 larger hitch taken
upstream of Marsh Creek Reservoir, at 0.29-0.51 ppm (Table 9), were very similar to
levels measured in adult hitch within the reservoir (section 3.2.3, Table 11).
The juvenile bluegill samples taken immediately below the reservoir were similar in

both size and mercury concentration to upstream roach and juvenile hitch, on a whole body
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Table 9. Marsh Creek Fish Muscle (Fillet) Mercury Concentrations
(fresh/wet weight ppm Hg)

Identification Weight Length Muscle Hg
(g) {mm)  (wet wt ppm)
1 mile above Marsh Ck Reservoir
Hitch 72 177 0.44
f 73 181 0.30
2 88 194 0.40
- 90 196 0.35
» 97 197 0.51
s 106 208 0.51
i 114 205 0.46
" 117 205 0.29
0.5 mile below Marsh Ck Reservoir
juvenile Bluegill 52 68 0.22
v 53 71 0.35
a4 5.8 71 0.40
Downstream near Gakley
juvenile Salmon “2.2 60 0.01
o 2.5 63 0.01
wo® 3.9 72 0.06
S 4.0 72 0.06
R 5.6 80 0.02
1 yr Bluegill 22 113 0.05
Crayfish (tail meat) * 8.3 30¥ 0.04
oo 12.2 39¥ 0.03
"o 16.8 41¥ 0.04

¥ Lengths for crayfish are standard carapace lengths, not total lengths.

composite basis (1.7-5.4 g, 0.19-0.24 ppm Hg). While these are quite different fish
species; at this small size their feeding habits are relatively .similar, with food items
dominated by small in-stream invertebrates. The similar mercury concentrations measured
at this time indicate that bioavailable mercury had been moving out of and/or through the
reservoir in previous months. The aqueous mercury data (section 3.1.1.2) indicates that
this was clearly the case under post-storm, high flow conditions. In addition to whole
body composites, we analyzed muscle mercury in several 5-6 g juvenile bluegill taken
downstream of the reservdir (Table 9). Muscle concentrations were somewhat higher than
the whole body levels (0.22-0.40 ppm muscle vs 0.19-0.24 whole body). This is often the
case. In ongoing research at the University of California, we repeatedly find muscle tissue
to be the major repository for mercury in fish (Reuter et al. 1989, Slotton 1991, Suchanek
et al. 1993, Slotton et al. 1996). '
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The samples taken from downstream Marsh Creek near Oakley provide some
interesting comparative information. Here, we collected five small parr salmon (2-6 a), a
one year old bluegill (22 g), and several adult crayfish. Muscle mercury in all of these
samples, as well as composite mercury in the parr salmon, was significantly lower than that
seen in fish from upstream Marsh Creek and the reservoir. Concentrations were all < 0.07
ppm Hg. Once again, while the upstream roach and juvenile hitch are very different fish
than the juvenile salmon, at this small size they are quite similar in body form and in the
diet imposed by their size. Salmon parr such as these were almost certainly born in the
only gravel spawning areas available on Marsh Creek downstream of the reservoir; i.e. just
below the reservoir. As they only migrate downstream at this life stage (Moyle 1976), they
could not have originated from outside of the watershed. Therefore, the mercury in these
samples provides a reasonable measure of mercury bioavailability in downstream Marsh
Creek, as compared to upper watershed roach and juvenile hitch of the same size. The
levels were approximately one third of concentrations seen upstreami.

While the direct comparison between parr salmon and roach of the same size may be
complicated by the fact that roach of the same size can be considerably older, we found the
same trend in the other samples. The bluegill taken near Oakley was also very low in
mercury (0.05 ppm), despite being considerably larger than the comparative samples from
just below the reservoir. Similarly, the crayfish tail meat samples were all very low, at
0.03-0.04 ppm Hg. These organisms are relatively sedentary as compared to fish, and can
thus provide a good measure of localized conditions, integrated over their lifespans. In our .
work with crayfish throughout the Sierra Nevada, we have consistently found them to
contain mercury at levels greater even than co-occurring hellgrammites, with concentrations
generally similar to those of local fish (Slotton et al. 1995a). This results from their
consumption of dead fish, the preferred food of these scavengers. On a comparable dry
weight basis, the crayfish tail meat concentrations near Oakley were 0.15-0.20 ppm Hg.
This is considerably lower than invertebrate samples of any trophic level taken between the
Mt. Diablo mine area and the reservoir, and much lower than the hellgrammite mercury
concentrations, which ranged from 0.50 ppm to far greater levels.
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3.2 Marsh Creek Reservoir

3.2.1 Reservoir Sediment

Table 10. Marsh Creek Reservoir Sediment Laboratory Data

Identification Sediment Depth Heg %o Water % Organic
(cm)  (inches) {dry wt ppm) ~ {drywt)
Surficial Sediment--
Large (East) Basin
. SW Quadrant (surficial sediment) 0.49 75.1% 5.8%
SE Quadrant (surficial sediment) 0.35 69.5% 4.7%
NE Quadrant (surficial sediment) 0.46 70.6% 4.3%
NW Quadrant (surficial sediment) 0.44 67.0% 5.6%
Center {(surficial sediment) 0.47 70.6% 439,
Surficial Sediment--
Small (West) Basin
N Side (surficial sediment) 039 50.9% 4.2%
S Side (surficial sediment) 0.46 53.1% 4.5%
Center (surficial sediment) 0.49 43.4% 3.9%

Core 1: Large (East)
Basin--Center

section 1 5 2 0.53 | 53.4% 5.7%
section 2 24 9 0.54 46.5% 4.3%
section 3 42 17 0.71 54.8% 5.9%
section 4 60 24 0.64 53.7% 4.4%
section 5 78 31 0.80 40.7% 3.8%
section 6 97 38 1.48 51.4% 6.4%
section 7 : 115 45 . 0.58 45.2% 4.0%
section 8 129 51 0.68 40.0% 3.4%
section 9 139 55 0.36 35.3% 3.4%
section 10 148 58 0.24 21.8% 1.2%
Core 2: Small (West)
Basin--Center
section 1 5 2 0.58 49.7% 5.5%
section 2 23 9 0.52 46.4% 6.0%
section 3 41 16 0.51 40.6% 5.4%
section 4 57 22 0.41 34.7% 5.5%
section 5 77 30 0.36 33.7% 5.3%
section 6 100 39 0.71 49 8% 6.4%
section 7 122 48 0.52 38.5% 4.4%
section 8 145 57 1.03 39.7% 5.3%

We characterized the current mercury concentrations in Marsh Creek Reservoir bottom
sediments by sampling surficial bottom seditnent at 8 locations distributed throughout the
reservoir. The record of historic mercury deposition in the reservoir was determined by
taking extended sediment cores into the bottom at the centers of each of the two main .
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Figure 18. - Marsh Creek Reservoir Sediment Sampling Sites
(September 1995)
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basins. These cores were sectioned and analyzed throughout their lengths for mercury and
.general sediment parameters. The reservoir sediment data is presented in Table 10.
Sampling locations are displayed in Figure 18. Graphic répresentations of the core data are
shown in Figures 19 and 20.

Surficial sediment mercury concentrations, which correspond to the most recent
deposition from the watershed, were very similar throughout the reservoir at 0.35-0.49
ppm (mean = 0.44 ppm). This is very comparable to the 0.40 ppm result obtained by
Levine-Fricke (1993a) for a sediment sample taken within the water line of the reservoir in
July 1993. While mercury levels were relatively uniform, the sediment character was
somewhat different between the two basins. The surficial sediment in the larger, eastern
basin was higher in moisture content and somewhat higher in the percentage of organic
matter. This is consistent with the smaller, western basin being the location of the direct
inflows from Marsh Creek. The associated inputs of new sediment from the watershed
will initially be of larger grain size and lower moisture percentage near the inflow, as that is
where the heavier material will drop out of the water as the current slows. New deposition
in other areas of the lake, further away from the inflow, will be dominated by the fine
particulates which remain suspended in the water long enough to reach those areas.
Subsequent increases in organic percentage and moisture content are particularly likely
where there is extensive weed growth, as has been the case in this shallow reservoir.

The core taken in the center of the large, eastern basin (Core 1) reached all the way to
the original terrestrial bottom material, which was nearly five feet beneath the current
sediment/water interface. As the reservoir was built in 1963, this profile includes the entire
32 year history of sediment deposition from 1963 to 1995. The underlying terrestrial
material was distinctive in its orange/tan coloration, crumbly texture, and dryness, as
compared to the gray to black, fine sediments that constituted the subsequent aquatic
sediment deposition. 7

Core sub-samples for laboratory analysis were taken within homogeneous sections of
the core, rather than at specific intervals. Different periods of deposition were apparent in
the core record as distinct color and textural shifts, with uniform bands of gray, black, and
intermediate shades. The underlying terrestrial soil was quite different visually from any of
the overlying material. The profiles of laboratory analytical parameters show this as well
(Fig. 19). The values for mercury concentration, moisture content, and organic percentage
were notably lower in the terrestrial material, as compared to the overlying aquatic sections
of the core. Within the aquatic sediment layers, values of all three parameters varied within
relatively narrow ranges. In the top 4.5 feet of the Core 1 sediment, mercury ranged

between 0.5 and 1.5 ppm, moisture content was 40-55%, and organic percentage ranged
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between 3.5% and 6.5%. This record indicates that, over the 30+ year history of Marsh
Creek Reservoir, depositional sediments from the upper watershed remained fairly
consistent in their character. In fact, with the exception of the 1.5 ppm mercﬁry value at
approximately 3 foot depth in the core, the mercury levels in this sediment were remarkably
uniform, at 0.53-0.80 ppm. It is interesting to note that the underlying soil was
significantly lower in mercury, at 0.24 ppm.

Core 2, from the western basin of the reservoir, was taken to a similar depth of
approximately 5 feet (Fig. 20). However, in this core we were not able to reach an
underlying terrestrial layer. This was apparent both visually and in the laboratory
parameters. Color varied between light gray through black zones throughout the core,
including the bottom layers. Texture varied between clays, silts, and sands throughout, al
of which are depositional materials. Moisture and organic contents did not show a notable
change at the bottom. Moisture varied between 33% and 50% throughout the core, while
organic percentage ranged between 4.4% and 6.4%.

Similar to Core 1, mercury concentrations in Core 2 were very steady at 0.36-0.71
ppm, with a higher excursion to 1.03 ppm near the 5 foot depth. These levels are similar to
concentrations found in earlier sampling from this basin of the reservoir. Levine-Fricke
conducted limited sediment core work near the inflowing delta in October 1993, taking 10
replicate samples of surficial delta sediment and 10 replicate samples from approximately 3
foot depth in the sediment (Levine-Fricke 1993b). Mercury concentrations from that
sampling ranged between 0.12 and 0.40 ppm (mean = 0.23 ppm) in the surficial sediment
and between 0.24 and 0.48 ppm (mean = 0.35 ppm) in the samples from 3 foot depth. Our
Core 2, taken at the center of the western basin from a boat, was presumably composed of
smaller grain-sized deposition as compared to delta deposits. The somewhat lower
mercury results in the delta samples may be partly a function of grain size. We have found
that, similar to other metals, mercury concentrations in particulate depositional material
typically rises exponentially with decreasing grain size (Slotton and Reuter 1995).

The slight historic increase at 5 foot depth in Core 2 may correspond to the 1.5 ppm
mercury spike seen in Core 1 at 3 feet. As Core 2 was taken near the inflow from Marsh
Creek, it would be expected to receive greater vertical accumulations of depositional
material than the (offset) eastern basin. This is where the bulk of the heavier particles will
fall out of the current, upon reaching the still waters of the reservoir, in the natural process
of delta formation. Significant layers of fine to medium sand were indeed present in Core
2. This, in fact, is what limited the depth to which we could drive the core. Because the
depositional rate at this site was greater than in the east basin clays/silts, the mercury

increase at 5 feet could easily correspond to the peak seen at 3 foot depth in Core 1. In any
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case, mercury Jevels in both of the core profiles fell within a quite narrow range of
concentrations.

The similar mercury levels found across the 32 year reservoir depositional sediment
record are consistent with the upstream mine having remained in a similar state of mercury
loading to the watershed throughout this period. Another conclusion to be drawn from the
uniform depositional mercury levels is that the construction of the settling basin beneath the
mine tailings in ~1980 has apparently not resulted in a significant decrease in depositional
mercury in the downstream reservoir.

3.2.2 Reservoir General Limnology

In the course of sampling the reservoir with a variety of techniques, we were able to
characterize the fish populations present, as well as the general limnology of the system. In
the sediment core studies {section 3.2.1) we found that the reservoir has already filled in

- with depositional sediment to a depth of approximately 5 feet. At the time of our reservoir
work (September 1995), the resulting water colurnn was found to be quite shallow
throughout, with depths of 6 feet or less. Consequently, aquatic macrophytes (large
aquatic plants) have been able to establish dense weed beds over large areas of the
reservoir. The genus Potamogeton dominated at this time, with a dense fringe of cattail
(Typha) and bullrush (Scirpus) around the margins. The water was quite turbid, with a
Secchi visibility consistently under 0.5 m (< 20 inches). The turbidity was apparently
largely due to brown, organic staining of the water.

While the dense weed growth will produce oxygen during the day it, together with
general organic metabolism, will consume oxygen during dark hours when photosynthesis
ceases. We took early morning oxygen and temperature profiles through the water column
on a mid-September date to investigate the potential for significant oxygen depletion in the
reservoir water (Fig. 21). Temperature at this time was very uniform at 20.9-21.5 °C
(69.6-70.7 °F), indicating no appreciable thermal stratification. Indeed, during the
previous night, strong breezes had stirred the waters of the reservoir. Despite being well
mixed and uniform at the midlake, open water location, morning oxygen levels were quite
low from surface to bottom, at approximately 3.5 ppm. This was only 39% of the normal
solubility (saturation) level for oxygen at this elevation and water temperature (8.9 ppm).
Within a representative aquatic weed bed, oxygen was at a similar level near the surface
(3.2 ppm), while concentrations dropped steadily toward the bottom, to a level of 1.7 ppm,
or 19% of normal solubility. Most fish cannot live under extended periods with oxygen
below approximately 1-2 ppm (Moyle 1976). It is very likely that during mid-summer,
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with greater temperatures, increased biological respiration rates, and calmer weather,

extensive anoxia may be a routine condition, particularly in the bottom waters of the

reservoir.
Figure 21. Marsh Creek Reservoir Dissolved Oxygen Profiles
(September 17, 1995; early morning profiles)
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This finding of potentially prohibitively low oxygen occurrences is consistent with the
variety of fish species found to inhabit the reservoir at this time. No bottom dwelling fish -
were taken, despite repeated sampling efforts with a variety of gill nets and set lines that
have proven quite effective in other systems. Comumon bottom fish that would otherwise
be likely to occur include catfish and bullhead, native suckers, and carp. The absence of
these fish in our sampling indicates either that they were never introduced or that they may
be unable to maintain significant numbers within the bottom waters of the reservoir under
current conditions.

Of the four fish populations that were found, all were midwater and surface species
(Fig. 22). Fish of any significant size, in terms of angling, included hitch (Lavinia
exilicauda), a native planktivore that reaches approximately 1.5 pounds and 14 inches, and
largemouth black bass (Micropterus salmoides), a prized gamefish that can reach over 5
pounds. Hitch inhabited the open areas of the reservoir in fairly abundant. numbers, while
the bass mainly stayed in open channels among the weed beds. Juvenile bass were

prevalent, in addition to moderate numbers of adult bass in a range of sizes and ages. The
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Marsh Creek Reservoir Fish Species Sampled in 1995
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Figure 22.
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other two fish species included mosquito fish (Gambusia affinis) and bluegill sunfish
(Lepomis macrochirus). The surface-feeding mosquito fish were numerous at the shoreline
and within the weed beds. These are very small fish, generally under 2 inches in length.
The bluegill population was fairly dense and was characterized by stunted growth; i.e. a
large number of very small fish. This is a frequent competitive outcome for bluegill in
small, shallow water bodies (Moyle 1976). We only sampled a single bluegill of a size
likely to be kept by anglers (8 inches, 1/2 pound). The great majority of bluegill were
under 5 inches in length. We conclude that, under current reservoir conditions, adult
largemouth bass are likely to be the only fish potentially sought for and taken by anglers.

The results of this 1995 fish assessment, as compared to that by the California
Department of Fish and Game in 1980, differ in that redear sunfish and catfish were noted
in 1980 but not in 1995 (Contra Costa County 1994). Additionally, the bass in the
reservoir were reported to be smallmouth black bass in 1980, whereas they were clearly
largemouths in 1995. This may reflect either a change in populations due to stocking or,
more likely, an earlier misprint.

3.2.3 Reservoir Biota Mercury

A key component of this project was to assess the current levels of mercury
contamination in Marsh Creek Reservoir biota, with the primary focus being fish within the
range of sizes and types likely to be taken by anglers. For our assessment, we kept 10
"keeper" largemouth bass in a variety of sizes and ages for f;nalysis,. We also took 14 adult
hitch, 1 large bluegill, and a range of additional biota sampleé thaf_ .provide data comparable
to other mercury work conducted throughout the state by our research group atthe
University of California and by state agencies. P _

In Table 11, the muscle mercury concentrations from sampled adult reservoir fish are
presented, together with weight and length data. Liver mercury was also analyzed from a
subset of the fish. The muscle mercury results are plotted graphically against fish size in
Fig. 23. For both of the larger species, hitch and largemouth bass, muscle mercury levels
demonstrated typical patterns of increasing mercury concentrations with increasing size/age
of fish. Hitch, within the range of adult sizes common in the reservoir, varied in muscle
mercury concentration from approximately 0.3 ppm at 0.6 pounds to approximately 0.5
ppm at 1.0 pounds. Adult largemouth bass muscle mercury ranged from just over 0.6 ppm
at 1 pound to approximately 1.0 ppm at 3 pounds. These relationships were quite
consistent across the 14 adult hitch and 10 adult largemouth bass sampled in this work.

The single sampled bluegill individual that was potentially of angling size had muscle
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mercury at 0.63 ppm, intermediate between the adult hitch and adult largemouth bass

levels. As hitch consume low trophic level foods (primarily algae and zooplankton),'they
will generally accumulate less mercury than the piscivorous (fish eating) largemouth bass.
The bluegill diet consists mainly of small invertebrates, which are trophically intermediate
relative to the diets of the other two species.

Table 11. Marsh Creek Reservoir Adult Fish Tissue Mercury

Concentrations (fresh/wet weight ppm Hg)

Weight Length Muscle Hg Liver Hg
{8) (mm) (wet wt ppm)
Hitch
285 266 0.26 0.33
298 280 0.37
310 270 0.31
313 283 0.33
346 292 0.50
350 290 0.46
350 301 0.41
370 295 0.48
380 303 0.41
402 309 0.48
406 316 0.47
420 310 0.55
437 301 0.43 0.45
480 322 0.48
Bluegill :
215 196 0.63 Q.77
Largemouth Bass
412 283 0.64 0.55
430 295 0.66
560 302 0.5%
815 348 0.86
870 344 0.71 0.36
930 343 0.72
1,030 372 0.84
1,040 362 0.90 0.58
1,160 387 0.92 :
1,155 403 1.04 1.21

The U.S. FDA health standard for mercury in fish flesh is 1.0 ppm. However, the
criterion recommended by the U.S. Academy of Sciences, the California Department of
Health Services, and the great majority of other nations internationally is 0.5 ppm (TSMP

1990). In Fig. 20, the reservoir fish muscle mercury concentrations are compared to the
0.5 ppm criterion. The levels clearly straddle the line, with the "keeper" sized bluegill and
largemouth bass all being well above the 0.5 ppm level. The bass ranged up to and even

54



1995 MARSH CREEK WATERSHED MERCURY ASSESSMENT PROJECT D.G. Slotton et af,

Figure 23. Mercury Concentrations in Adult Fish From Marsh
. Creek Reservoir (fish collected September 1995)
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Figure 24. Mercury Concentrations in Juvenile Fish From Marsh
Creek Reservoir (fish collected September 1995)
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above the FDA 1.0 ppm standard in the larger individuals. These concentrations are clearly
high. However, while of concern, they are not exceptionally high for this region of
California, where mercury contamination is widespread. In our own research and that of
other institutions and government agencies, similar levels have been reported from other
water bodies directly impacted by mercury mines, including Lake Nacimiento and Lake
Herman (TSMP 1990). Depending on the characteristics of the lake, some mine impacted
sites have lower fish mercury levels, such as Clear Lake (Suchanek et al. 1993, Slotton et
al. 1996), while others have higher levels, such as Davis Creek Reservoir north of Lake
Berryessa (Reuter et al. 1989, Slotton et al. 1995b) and the small reservoirs near the New
Almaden mine (TSMP 1990). Fish mercury levels nearly as high as those in Marsh Creek
Reservoir can also be found in a number of the Sierra Nevada foothill reservoirs which
have trapped mercury dating from the gold mining era of the 19th century (TSMP 1990,
Slotton et al. unpublished data). '

The muscle mercury concentrations in Marsh Creek Reservoir fish in 1995 can thus be
considered to be too high for regular consumption, but not exceptionally high for northern
California. An important consideration is that the levels were close enough to the health
criteria that, if bioavailable mercury in the reservoir could be lowered by a significant
fraction, future reservoir fish might be brought well under the guideline levels.

In addition to the large fish, we collected extensive samples of juvenile bass, juvenile
bluegill, mosquito fish, and reservoir invertebrates. These types of samples will be
extremely useful as bioindicators of potential year-to-year changes in mercury
bioavailability in the reservoir, in conjunction with any mitigation trials upstream at the Mt.
Diablo mine and/or in the reservoir itself. While the "bottom line" test of effectiveness for

- mitigation work will uitimately be determined by significant declines in muscle (fillet)
mercury in the larger, edible fish of the reservoir, the larger fish accumulate their mercury
over several to many years time. Because of this, their mercury concentrations can change
only slightly within time scales of a year or two, even with major changes in environmental
mercury. They generally do not show significant corresponding changes in their tissue
mercury levels until they have lived the greater proportion of their lives under the new
conditions (Slotton et al. 1995b). A major research focus of the senior author over the past
decade has involved working with alternate bioindicator organisms, supplemental to adult
fish, to develop approaches that can determine changes in pollutant exposure at a much
finer scale, in terms of both time and location. We are using some of those tools in this
project, including the invertebrate work in the upper watershed and the juvenile fish and
invertebrate work in Marsh Creek Reservoir.
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The young-of-year bass and small bluegill will be particularly useful (Table 12, Fig.
24). Muscle mercury concentrations in these small fish were quite consistent across the
range of sizes present, falling between 0.30 ppm and 0.43 ppm in all 10 of the sampled
juvenile bass (mean = 0.36 ppm) and in 10 of the 11 sampled small bluegill (mean = 0.37
ppm). One bluegill was somewhat higher, at 0.51 ppm. Because the ydung-of-year fish
can have only accumulated mercury in the year they are sampled, these consistent 1995
levels can be compared in future years to corresponding levels in new young-of-year fish,
to determine relative changes in exposure.

Table 12. Marsh Creck Reservoir Juvenile Fish Muscle (Fillet)
Mercury Concentrations (fresh/wet weight ppm Hg)

Juvenile Bluegill Juvenile Largemouth Bass
Muscle Mercury Muscle Mercury
Weight Length Hg Weight Length Hg
(g) (mm)  (ppm) (¢  (mm) (ppm)
6.9 72 0.41 6.4 78 0.33
194 99 035 6.4 80 043
19.8 100 - 032 7.0 80 0.41
22.0 104 0.42 - 7.1 80 0.31
249 104 0.30 7.3 82 0.33
30.0 112 0.51 8.5 87 035
31.7 114 043 8.6 89 0.33
343 117 0.38 8.7 89 0.32
354 118 0.31 12.9 98 0.42
40.7 124 0.40 18.2 111 0.32
554 131 0.33

In addition to the small fish muscle mercury samples, we made composite, whole body
samples of young-of-year bass and mosquito fish (Table 13). These composites, grouped
by size class for each species, provide additional measures of short term reservoir mercury
bioavailability. They also can be compared to the composite small fish data generated in the
watershed work {section 3.1.3). As seen for muscle, whole body mercury concentrations

in the juvenile bass were very similar among the range of sizes present, at 0.23-0.29 ppm.
The levels in whole body composites were somewhat lower than those analyzed in muscle
tissue. This is frequently the case, as muscle is the major site of mercury accumulation in
fish (Reuter et al. 1989, Slotton 1991, Suchanek et al. 1993, Slotton et al. 1996). The tiny
mosquito fish were also consistent in their whole body composite mercury levels, at 0.15-
0.20 ppm among the dominant range of sizes. A single much larger individual, potentially

several years old, had anomalously higher mercury concentration, at 0.57 ppm.
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Table 13. Marsh Creek Reservoir Biota Composiie Samples (Whole) Mercury
(wet wt ppm Hg, fish; dry wt, invertebrates) September 1995

Identification Weight  Length  Individuals Hg
(g) (mm) In Comp. (ppm)

Juvenile Largemouth Bass (6.9) (78) n=5 0.29
Whole Fish Composite Samples  (8.6) (88) n=3 0.26
" " " 12.9 98 n=} 0.24
" " v 18.2 111 n=l 023
Gambusia Mosquito Fish) ©.1) {20) n=62 0.20
Whole Fish Composite Samples  (0.2) €)] n=32 0.15
“ ! - 0.5 38 n=1 0.15
X o i 2.1 57 n=1 0.57

Predatory Invertebrate Composite
Samples (dry weight ppm Hg)

Coenagrionid Damselflies ’ {winged adults) - n=25 0.09
Aeschnid Dragonflies (winged adults) n=4 0.27
Libellulid Dragonflies (winged adults) n=2 0.39

As final bioindicators of reservoir mercury, we took reservoir damselflies
(Coenagrionidae) and two types of dragonfly (Aeschnidae and Libellulidae) in composite
samples of winged adults (Table 13, Fig. 25). These were dried and powdered, similar to
the watershed invertebrate samples. Damselflies and dragonflies are go'od indicators of
reservoir conditions as they spend the majority of their lives in the aquatic stage,
consuming other aquatic invertebrates, and continue to consume primarily reservoir-derived
invertebrates even after becoming winged adults. The dragonfly composites contained
0.27 ppm mercury for one type and 0.39 ppm for the other. The smaller damselflies had a
lower level of 0.09 ppm.

All of these samples provide initial baseline data of current mercury bioavailability in
the reservoir. They can be compéred to similar collections in future years, to determine the
extent of potential changes in mercury availability.
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Figure 25.

Marsh Creek Reservoir Invertebrates

Sampled in This Project

(winged adults taken, adults and aquatic stages shown)

(illustrations taken from McCafferty 1981)
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4. DISCUSSION AND CONCLUSIONS

Prior to this study, the Mt. Diablo Mercury Mine was generally assumed to be the
dominant source of mercury to the Marsh Creek watershed. However, data was not
available to quantify this input, rank the mine against other potential mercury sources, or
rule out the possibility of a generalized source of mercury in this mercury-enriched
watershed. Now, with the 1995 watershed mercury information assembled here, we can
establish that the mine site does indeed represent the overwhelming source of mercury to
the watershed. By collecting consistent, above detection aqueous mercury concentration
data, together with accompanying flow information, from all major source areas, it has
been possible to rank the various inputs on a mass balance basis. While the various
loading values measured were specific to the particular flow regime during the sampling
period, the relative contributions are of greater importance.

Both the aqueous mercury data and those from the mvertebrate bioindicator organisms
strongly implicate the mine region as being the dominant source of mercury in the Marsh
Creek watershed. The aqueous mercury mass balance calculations indicate that
approximately 95% of the total input of mercury to the upper watershed derives from Dunn
Creek. The mine area itself was the clear source region for the mercury, with an estimated
889% of the total input of mercury to the upper watershed traceable specifically to the current
exposed tailings piles. Thisisa remarkably high percentage, particularly in light of the
geologically mercury-rich nature of the watershed in general, and indicates that the mercury
in exposed, processsed, cinnabar tailings material is exceptionally available for aqueous
transport downstream.

The data indicates that the great majority of the mercury load eminating from the tailings
is initially mobilized in the dissolved state. This dissolved mercury rapidly partitions onto
particles as it moves downstream. The bulk of downstrearn mercury transport is thus
particle-associated. |

In marked contrast to the massive mercury loads carried by lower Dunn Creek, this
smal] tributary delivered less than 7% of the watershed's total flow and less than 4% of the
suspended solids load. As downstream mercury accumulations are greatly dominated by
the sediment burden, a lowering of mercury concentrations in the downstream surficial
sediments would almost certainly help to drive down both the aqueous mercury
concentrations and the corresponding flux of mercury into biota. With 95% of the mercury
originating from the Mt. Diablo Mine area, but 95% of the watershed's suspended sediment
load deriving from non-mine, low mercury source regions, any significant decrease in the

export of mercury from the immediate mine site should result in a corresponding decline in
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surficial sediment mercury concentrations downstream and in Marsh Creek Reservoir.
With an estimated 88% of the currently exported mercury linked directly to the tailings piles
_themselves, mercury source mitigation work within the watershed would clearly be best
directed toward this localized source. _ '
Though mitigation recommendations were not a part of our scope of work, we have
several comments on the subject that may help to both clarify the task and direct the

planning process:

1. In order to reduce the downstream export of mercury from the Mt. Diablo Mercury

Mine, we believe that the major mitigation focus should be directed toward source

reduction from the tailings piles themselves, with subsequent containment of the

remaining mobile mercury fraction being a secondary consideration.

_2. The data we have assembled here indicate that source reduction of mobile mercury from

the tailings will best be accomplished by diminishing the flow of water through the

tailings. Rather than being a problem of direct erosion of tailings material, in solid
particle form, to downstream, it appears that the predominant mode of mercury
‘mobilization from the tailings involves the acidification of runoff/seepage water by the
processed, high sulfur ore material, and the subsequent dissolution of mercury from the
ore into the acidic water. Very similar trends are concurrently being found at the EPA
Superfund site at Clear Lake's Sulfur Bank Mercury Mine.

3. Lowering the flow of water through the tailings can be accomplished by (a) diverting
any runoff that originates from outside of the tailings zone and (b) diminishing the
movement of direct precipitation into and through the tailings. Diversion of upslope
surface and groundwater flows away from the tailings will likely be the simplest and
most cost-effective procedure to begin with. As part of this operation, upper Horse
‘Creek should be diverted directly to Dunn Creek, bypassing the tailings (Fig. 26).

4. Direct water inputs to the tailings from precipitation are more problematical, but can be
significantly lessened with a variety of revegetation schemes. Central to the most
effective of these techniques is the application of a soil cover over the tailings that is
sufficiently thick and porous to hold the average winter precipitation. Through the
careful revegetation of the slope with appropriate, hardy plant species, much of this soil
water can be annually soaked up and removed to the atmosphere through
evapotranspiration. While grasses may be most efficient at initially stabilizing the

slope, perennial shrubs and trees exhibit the greatest rates of evapotranspiration and
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Figure 26. Current Mine Site Creek and Settling Pond Configurations vs Modification Options
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have thus been found to be the most effective in removing accumulated soil water (Mary
Ann Showers, California Department of Conservation, personal communication).

5. Any containment/treatment scheme for the remaining mobile mercury eminating from
the tailings region will be enhanced by source reduction. Because the current principal
sediment settling basin does not appear to be providing the desired level of
effectiveness, we would suggest some modifications (also shown in Fig. 26):

(a) As lower Horse Creek contained the majority of the mercury Joads eminating from
the tailings, it should be diverted into the pond.

(b) Because much of the tailings inflow enters the pond near the southwest corner, the
outflow should be relocated to a part of the pond distant from the inflow, i.e. to the

east side of the pond. This will be even more essential if lower Horse Creek is
diverted into the pond.

(c) Consider deepening the pond, making more room for the deposition of
precipitating solids and rendering them less susceptible to sediment resuspension.

(d) Consider periodic liming of the pond to lower the acidity of the water and promote
the rapid precipitation and deposition of dissolved metals.

(e) Occasional dredging out of the accumulated depositional material may be
necessary. This could be accomplished with minimal consequences to
downstream by working in the dry season and temporarily sealing the outflow for
the operation.

Again, all aspects of secondary containment will be enhanced by source reduction of
water, sediment, and associated mercury from the tailings.

Mercury in Marsh Creek Reservoir edible fish flesh was above the health standard
concentration of 0.5 ppm in all samples of "keeper" sized bass and bluegill, with the larger
bass ranging up to and slightly over 1.0 ppm muscle mercury. Fish accumulate mercury in
their muscle (fillet) tissue almost entirely in the methyl form. Methyl ﬁierbury is naturally
produced from inorganic mercury mainly as a metabolic byproduct of certain bacteria (Gill
and Bruland 1990). As methyl mercury was measured to be quite low in storm runoff
inflows to the reservoir (0.20 ng/L., Table 4), it is likely that a significant proportion of the
methyl mercury accumulating in Marsh Creek Reservoir fish is prOduced within the
reservoir from inorganic mercury associated with depositional sediments. Any lowering of
the reservoir depositional sediment mercury concentration, through upstream mine site

mitigation work, should act to reduce the rate of mercury methylation in the reservoir.

63



1995 MARSH CREEK WATERSHED MERCURY ASSESSMENT PROJECT D.G. Slotton et al.

warranted, it may be possible to further reduce mercury methylation rates within the
reservoir through water column manipulation 10 minimize anoxia. This is an area that we
are currently investigating in our mercury biogeochemical research work.

With this 1995 watershed mercury assessment, a comprehensive, accurate data base
has been initiated for the County, describing mercury conditions throughout the major
components of the system. This includes mercury concentration, loading, and relative
mass balance data for water and suspended sediment from all major tributaries, biota
mercury levels from throughout the watershed, and depositional sediment and biota
mercury concentrations from Marsh Creek Reservoir. The utility of these data for use as a
general baseline could be substantially increased with the sampling of selected parameters
in the current water year (1996), prior to any mitigation work, to help account for natural
inter-annual variability. We note that 1995 was an extremely wet, high-runoff year, while

1996 is more of an average water year. It is our strong recommendation that the County

obtain as extensive and varied a baseline data record as possible prior to mitication. and
maintain selective monitoring of key sites and parameters throughout and following

mitigation work. Ongoing monitoring of carefully chosen indicator samples, both at the

mine and in downstream receiving waters, will plav an integral role in guiding and

assessing the effectiveness of any mitigation efforts.
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