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Linkage analysis

‘Water Board staff conducted a statistical analysis to identify the most
important factors that control methylation and bicaccumulation. Overall,
the analysis assessed the influence of almost 40 factors on predatory fish
methylmercury concentrations “[MeHg]” in California reservoirs (Table 1).
More than 90 reservoirs had a variety of data that were used in different
components of the analysis. The environmental factors were initially
screened using correlation coefficients similar to Table 1, and important
factors were included in the multivariable model development. All data
were Box-Cox power transformed to aid in the parametric statistical
analyses.

Model equation:
LN [Fish methylmercury] = 0.56 x [aqueous total mercury]
+0.34 x ratio [aqueous methylmercury] / [chlorophyll-a]
+0.39 x (average water level fluctuation) - 0.91
R® = 0.83, Adjusted R” = 0.81, Predicted R*=0.72,
n = 26 reservoirs, P < 0.001

These three factors together explained the greatest amount of variability in
fish methylmercury levels in California reservoirs, This model equation is
supported by scientific literature and the Conceptual Model in the
following ways:
* [aqueous total mercury] in reservoir water likely reflects the overall
magnitude of mercury sources to the reservoir, and higher agueous
total mercury likely results in higher aqueous methylmercury

The ratio [aqueous methylmercury] / [chlorophyll-a] represents the
magnitude of methylmercury entering the food chain

The magnitude of water level fluctuation may act upon multiple
pathways of mercury cycling (methylation and bioaccumulation)

All individual coefficients were statistically significant at P<0.05, and the
variables showed minimal multicollinearity (VIF<2). The model was cross-
wvalidated using PRESS to prevent over-fitting the model. Predictor variables
were z-score standardized to give them equal weights.

Table 1: Correlation coefficients for 350 mm
standardized predatory fish [MeHg]

versus reservoir and factors
Lambda Pearson's | Spearman’s
Environmental Factors* Trans- r
formation |~ Correlation Coefficient
[aq Metg] Geomean / [Chi-a] Geomean o 067 o
Reservolr Sediment [THg) Geomean ) 050 o
Watershed Soll [THg] Geomean [ 040 0.8
Reservoir Longitude 5 0.39 0.40
‘Resarvolr [Chl-a) Geomean 0.2 034 027
Average Water Level Fluctuation ) 033 035
Watershed Percent Vegetation 3 032 [
laq MeHg) Geomean 05 -0.31 038
[aq THg] Geomean [ 030 0.5
Watershed Parcent Opan Water [ 0.2 030
Reservolr Dam Helght 05 025 03
Reservoir Elevation 021 oz -027
Watershed Percent Forests 2 02 0.2
CA Hg Atm Dep Rate to the Watershed o 019 0.17
Watershed Productive Mines per Mile i 017 005
Nurmber of Mines in Watarshed (PAMP] 05 0.15 017
Year Dam Built 5 015 0.19
Watershed Mines per Mile 2 0.4 0.00
Number of Dams Upstream of Reservoir 0.2 0.13 0.06
Re e rvoir Maximum Capacity [ 0.10 0.17
Watershed Area/Reservo face Area -0.11 0.09 -0.19
‘CA Hg Atm Dep Rate to the Reservoir Suface ) 008 01z
Reservoir Latitude 5 0.08 0.04
Watershed Surface Area 0 o0 0.3
All Hg Atm Dep Rate to the Watershed 1 00 002
All Hg Wet Atm Dep Rate 1o the Reservoir Surface| o 00 00
Number of Productive Mines in Watershed 013 o0 0.002
Watershed Percent Wetlands 5 002 0.002
All Hg Atm Dep Rate to the Reservoir Surface 1 0.0z 005
All Hg Wet Atm Dep Rate to the Watershed 0 0.01 -0.04
Watershed Percent Agriculture s 0,01 0.08
Reservoir Surface Area 0 0.01 0.05
Number of Mines in Watershed (MRDS) o 0,002 -003

* Highlighted enrenmental factors indicate statstically signficant sormelations with fish tssue

mercury cancentratians for the paramesric, n
oo ided ests of signficance, P <0.05)

metric, or both analyses {using their respective
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Website with fact sheets & updates
www.waterboards.ca.gov/water_issues/programs/mercury
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Limited benefits from source control

(a) Hg sources (c) Food web
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Limited benefits from source control
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anage redox conditions
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~ Oxygenation: Session F2

Mercury Management 1

Hypolimnetic Oxygenation to Reduce Bioavailable Mercury
In Santa Clara Valley Water Supply Reservoirs

The Effect of Oxygen, Nitrate and Aluminum Hydroxide on
Methylmercury Efflux from Contaminated Profundal Lake
Sediments

Efficacy of Hypolimnetic Oxygenation on Managing the
Accumulation of Mercury in Lakes

Monitoring Effects of Hypolimnetic Oxygenation on Methyl
Mercury in Fish in Water Supply Reservoirs



Oxygenation
Pilot Tests
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Santa Clara Valley
Water District
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oxygenation
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anage redox conditions
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Source Removal and Nitrate Addition




Manage redox
with NO;"
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Manage redox with NO;-
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Vertical Profiles of MeHg: 2007-2011
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Vertical Profiles of MeHg: 2007-2011
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| Manage fishery
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Food lower in MeHg

(a) Hg sources (c) Food web
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Food lower in MeHg
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2 | Stock prey with low MeHg
e.g., Rainbow trout
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Cull or “intensive fishing”
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Select s P ecies
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“California Statewide Mercu ry
Control Program for Reservoirs

Source control
/ manage expectations

Pilot tests
4//

(a) Hg sources (c) Food web
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(b) Water chemistry //gae Zooplankton  Prey Fish Predator Fish| Multiple
factors

Website with fact sheets & updates
www.waterboards.ca.gov/water_issues/programs/mercury
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~ { Hg = reservoir (source control)
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Reservoirs with no record of upstream
gold or mercury mines;
60 have fish MeHg > target | 3 |
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e Can have high fish MeHg but low atm dep and no mines

Multiple

B Can have low fish MeHg but very high atm Hg dep

e Very highest fish MeHg associated with extensive Hg mining
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B
Multiple factors: fish species
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~— SF Bay Region: hotspot for
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