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Introduction to the California mercury problem
Overview of mercury cycling in reservoirs
Statistical model development

Factors influencing reservoir fish mercury

Summary



Mercury
Problem

e About %2 of the 350
reservoirs with fish data
have elevated
methylmercury (MeHQ)

e Widespread problem
-> Statewide mercury
control program
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Methylmercury Biomagnification

Repeated MeHg consumption & accumulation 2 I MeHg in each food chain level

Example Magnification Per Step

Dietary inputs = primary MeHg source
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Water Algae Zooplankton Prey Fish Predator Fish
Low levels of Highest MeHg
aqueous MeHg canresult is in top trophic level
in high fish MeHg fish species
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~“Statistical Model Development

Goal: Identify driving factors for Hg bioaccumulation in CA reservoirs

Evaluated >70 Factors & >90 Reservolirs

Reservoir Mercury Source
Chemical Characteristics Types/Rates Land Use
Aqueous [MeHg] WY water level fluctuation Atm Dep to resenvoir Latitude
Sediment [THg] Resenvoir surface area Wet Atm Dep to reservoir Longitude
Aqueous [THg] W atershed surface area Atm Dep to watershed % Wetland
[Chlorophyll-a] Ratio of reservoir surface area to | Atm Dep to reservoir from CA e Eameats
watershed surface area sources
Upland soil [THg] Year dam built (age) Wet Atm Dep to watershed % Vegetation
[Ag MeHg]:[Chl-a] Reservoir Elevation S DeR o Walctsed 1o % Open Water
CA sources
Mean storage # of Mines % Agriculture
Maximum resernvoir capacity Mine Density % Urban
# U/S Dams
— - NPDES WWTP
Limited Data Available

Food Chain Degree of
DOC Length Anoxia

pH




Statistical Model Development

1.Data compilation —

See Fact Sheet:

. .
readlly available data Statewide Mercury Control Program for Reservoirs
= - Linkage analysis .
2 F I S h H C O n C e n tratl O n S Water Board staff conducted a statistical analysis to identify the most Table 1: ZO:H:BH ‘:::ﬁg';"t:f:ﬁo mm
. important factors that control methylation and bicaccumulation. Overall, standardize  predatory fls [Mekig]
- the analysis assessed the influence of almost 40 factors on predatory fish versus reservoir and watershed factors . _
| e n t h Sta n d a r d methylmercury concentrations “[MeHg]” in California reservoirs (Table 1). lambda | Pearson’s | Spearman's
ize mm s I e N ) o -
g More than 90 reservoirs had a variety of data that were used in different formation | Correlation Coeffident
components of the analysis. The environmental factors were initially laq MeHg) Geomean / [Chl-a] Geomean o 0.67 0.
screened using correlation coefficients similar to Table 1, and important Reservoir Sediment [THg) Geomean 0 0.50 047
- factors were included in the multivariable model development. All data ;"""’“ . ':3‘ e ‘; z:‘; g-:
N X e servolr Longitude
3 B O X_ O X Owe r t ra n Sfo r at I O n S were Box-Cox power transformed to aid in the parametric statistical srvole | Chila) Gaatan on o o
. C I I I analyses. Average Water kevel Fluctuation 0 032 0.35
dal . ‘Watershed Percent Vegetation 3 0.32 0.29
Model equation: 13 Metg] Geomean 05 031 0.38
_ v LN [Fish methylmercury] = 0.56 x [aqueous total mercury] 13q THg) Geomean o 030 0.5
+0.34 x ratio [aqueous methylmercury] / [chlorophyll-a] Watershed Percent Open Water [ 077 030
Parametric and non-parametric +0.39x (average water level fuctuation) - 091 et cemige | am | aw
s R R Reservoir Elevation [ 02 027
. - R*=0.83, Adjusted R" =0.81, Predicted R" = 0.72, Watershed Percent Forests 2 022 o
n = 26 reservoirs, P < 0.001 CA Hg Atm Dep Rate to the Watershed [ 019 017
3
correlations and regressions
These three factors together explained the greatest amount of variability in Number of Mines in Watershed (PAMP) a5 0.15 0.47
fish methylmercury levels in California reservoirs. This model equation is Yeor Do Buik - 15 o8
l 7 d 1 1 b I f I 1 rted by scientific literature and the Conceptual Model in the Rhenhed e ae: Mie 2 oo e
[ t I ' l t suppot Number of Dams Upstream of Reservoir 0.3 0.13 0.06
p re I C O r Varl a es O r u I e following ways: Re e rvoir Maximum Capacity 0 0.10 017
. d I * [aqueous total mercury] in reservoir water likely reflects the overall Watershed Area/Reservoir Surface Area 0.11 0.m 019
CA Hg Atm Dep Rate the Re: ir Surface 0 Q.08 0.12
re g reSS I O n eve O p l I I e nt magnitude of mercury sources to the reservoir, and higher aqueous R“ﬁ‘;ruﬁ;d:“ e s T 008
total mercury likely results in higher aqueous methylmercury ‘Watershed Surface Area 0 005 0.3
= Q) = The ratio [aqueous methylmercury] / [chlerophyll-a] represents the All Hg Atm Oep Rate to the Watershed = 00 am
] P d t b I = N N . All Hg Wet Atm Dep Rate 1o the Reservoir Surface| 0 0.03 0.0
redictor variables were z-score T
. ® The magnitude of water level fluctuation may act upon multiple ‘Watershed Percent Wetlands 5 0.02 0.002
Stan d ard Ized pathways of mercury cycling (methylation and bioaccumulation) All Hg Atm Degp Rate to the Reservoir Surface 1 002 005
All Hg Wet Atm Dep Rate to the Watershed 0 0.01 -0.04
All individual coefficients were statistically significant at P<0.05, and the Watershed Percent Agriculture -5 0.01 0.08
variables showed minimal multicollinearity (VIF<2). The model was cross- ese voirSurface Ares o a0t e
- validated using PRESS to prevent over-fitting the model. Predictor variables Number of Mines in Watershed {MADS) 9 0008 00
5 B e St S u b S EtS R e g r e S S I O n were z-score standardizzd to give them equal weights, gt i, oo Sl R 3 T
mes cur wation pa 3 ric, or both analyses (using their respective
A two-sided tests of signficance, P < 0.05)
- b I b - . September 2013 4
= >100,000 variable combinations

= Overall measures of quality
= Adj-R?, Mallows C,, PRESS



LN [fISh methylmercury]
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n = 26 reservoirs, P < 0.001
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Methylmercury Food Web
Production Transfer
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Fish MeHg concentration =

mg methylmercury ﬁQ

kg tissue weight
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Production
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~—— Food Web Transfer=

Aqueous MeHg Amount of MeHg
— entering

Proxy for how much Chlorophyll-a food web base
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P Food Web Transfer/

Somatic Growth Dilution
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" Food Web Transfer==="

Somatic Growth Dilution

Increased primary productivity can
support:
e Higher growth rates for individuals

e Larger abundance of organisms

Somatic growth dilution can occur
at all food web levels |
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Food Web Transfer
— Reservoir Water Level Fluctuations*

Folsom Lake, CA

» Large fluctuations
erode fine sediment
and nutrients

» Reduces benthic
primary productivity

» Decreases fish and
Invertebrate growth
rates

» Opposite of somatic
growth dilution

* Reservoir Water Level Fluctuations =
WY Max Elevation — WY Min Elevation




/[ Mercury ] Summ aly:

Sources
Three equally
N\ Important factors
(a) Hg sources (c) Food web

— A
100,000x %@2-51 & 2-5x P_ ;;.,,}-51 }A
(b) Water chemistry " Algae Zooplankton Prey Fish Predator Fish 1
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