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Overview
• Brief Review of the Mercury Problem in the Lower 

American River and Lake Natoma

• Sources of Inorganic Mercury

• Sources of Methylmercury

• Numeric Targets

• Linkage Analysis

• Next Steps
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TMDL Elements

Problem Statement

Source Analysis

Allocations

Numeric Target

Linkage Analysis
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Provides information that describes the extent 
of mercury impairment in the Lower American 

River and Lake Natoma

Describes the specific goal for the TMDL that 
will enable the protection of beneficial uses.  
This particular TMDL will propose a numeric 

fish tissue objective for methylmercury.

Describes the relationship between the proposed 
numeric fish target and aqueous methylmercury 

concentrations.  This relationship is used to determine 
an aqueous methylmercury goal, which will guide the 

allocation source reductions. 

Identifies sources and quantifies concentrations
and loads of methyl and total mercury.

Presents recommended methyl- and total 
mercury  load allocation for sources to the 
LAR and Lake Natoma.  A margin of safety

must be incorporated to account for the
limitations in the accuracy of the analyses.

Margin 
of Safety
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Scope of the Project

Sacramento River

Sacramento
Regional Board Office

Folsom Lake

Lower American River

Lake Natoma

Folsom Dam

Nimbus Dam
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Why is Mercury a Problem?
• Mercury is a toxicant that impairs the nervous, 

reproductive, and immune systems in humans 
and wildlife.

• Mercury can have lethal and sub-lethal effects.
• Offspring can be exposed to mercury during 

embryonic development.  
• Methylmercury (MeHg) is one of the most toxic 

forms because it is more readily absorbed and 
excreted more slowly.

• Exposure is mainly through the consumption of 
fish.
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MMHg Bioaccumulates…

Trophic Level 4
bass, catfish
pikeminnow

Trophic Level 3
bluegill, carp, 

silverside, sucker

Trophic Level 2
juvenile fish, 
zooplankton

Trophic Level 1
diatoms, algae

Top Predators
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Extent of Impairment

USEPA 
Criterion 
0.3 ppm

Estimated 
Safe Level 
for Large 
TL4 Fish

Estimated 
Safe Level 
for Large 
TL3 Fish

75th

25th

Median
Mean
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Summary of Non-Anadromous Fish Mercury Concentrations Collected 
from the Lower American River and Lake Natoma During 2000-2008

• Both TL3 and TL4 fish exhibit statistically significant relationships between length 
and mercury concentration.

• No significant increases or decreases were found over time, when adjusted for 
length.

• No significant differences were found between LAR and Lake Natoma fish mercury 
concentrations, when adjusted for length. 

• No significant differences were found within trophic level species mean mercury 
concentrations, when adjusted for length.

Trophic 
Level Species

Sample 
Number

Mean [Hg] 
(ppm) Median

Standard 
Deviation Minimum Maximum

Black Bullhead 1 0.145 0.145 -- 0.145 0.145
Bluegill 114 0.091 0.083 0.041 0.041 0.353
Green Sunfish 5 0.109 0.098 0.052 0.061 0.196
Hard Head 1 0.088 0.088 -- 0.088 0.088
Rainbow Trout 2 0.059 0.059 0.054 0.020 0.097
Redear Sunfish 32 0.095 0.074 0.073 0.028 0.388
Sacramento Sucker 56 0.210 0.124 0.301 0.029 1.951
Sculpin 8 0.174 0.153 0.049 0.141 0.281
Tule Perch 4 0.092 0.092 0.009 0.081 0.103
White Crappie 3 0.031 0.031 0.001 0.030 0.031
Channel Catfish 11 1.482 1.576 0.289 1.049 1.887
Largemouth Bass 139 0.381 0.262 0.333 0.058 1.976
Sacramento Pikeminnow 30 0.322 0.191 0.324 0.062 1.260
Smallmouth Bass 2 0.135 0.135 0.040 0.107 0.163
Spotted Bass 3 0.330 0.407 0.207 0.096 0.488
White Catfish 6 0.357 0.294 0.142 0.223 0.560
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Sources of Inorganic and 
Methyl- Mercury

•THg Concentration Data
•MeHg Concentration Data
•THg Loads
•MeHg Loads
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Total Mercury Concentrations

Sac Co MS4
23.3 ng/l

Sac Co MS4
90.6 ng/l

Sac Co MS4
20.9 ng/l
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Total Mercury Concentrations
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Lake Natoma MeHg Concentrations

Sac Co MS4
0.26 ng/l
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LAR MeHg Concentrations

4.69
Sac Co MS4

0.45 ng/l

Sac Co MS4
0.29 ng/l
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MeHg Increases By Month
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Total Mercury Mass Balance
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Methylmercury Mass Balance
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Numeric Targets
• Numeric targets are the specific goals for the TMDL that will enable 

the protection of the beneficial uses of the LAR and Lake Natoma. 
The development of numeric targets involves the following 
elements:

– Identification of the target media and the basis for using the selected 
target media to interpret or apply applicable water quality standards.

• Target media examples:  various biota, aqueous or sediment 
concentrations, etc.

– Identification of target levels for the selected target media and the 
technical basis for the target levels.

– Comparison of historical or existing conditions and desired future 
conditions for the target media selected for the TMDL.

• This TMDL will propose a numeric fish tissue objective for 
methylmercury.  
– Levels of methylmercury in fish tissue directly indicate whether

beneficial uses are being met. 
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Development of the Numeric Target
• Key variables that are incorporated into the calculation of fish tissue 

targets are:
– Acceptable daily dose level of methylmercury;
– Body weight (bwt) of the consumer;
– Trophic level or size of fish consumed; and
– Rate of fish consumption.

• These components can be related using a basic equation (OEHHA, 
2000; USEPA, 1995c):

• Safe daily intake or reference doses, body weights, and 
consumption rates used are from recommendations from the 
USEPA, USFWS, and/or available literature.



19

Wildlife Fish Tissue Targets

Examples:
Mink:  18 µg Hg/kg b wt/day * 0.6 kg b wt ÷ 140 g food/day = 0.077 µg Hg/g, or 

Total Diet Safe Level: 0.077 ppm fish tissue from 50-150 mm TL2/3 fish.



20

Example (continued)

River Otter: 18 µg Hg/kg b wt/day * 6.7 kg b wt ÷ 1124 g food/day = 0.107 µg Hg/g or 
0.107 ppm fish tissue.  
Since the otter eats from 2 different fish trophic levels  and sizes, the total allowable 
mercury in its diet must be distributed to the fish sizes and trophic levels that it 
typically eats.  The otter’s diet consists of 80% from 50-150 mm TL2/3 fish and 20% 
from >150 mm TL4 fish.  

TDSL = 80% * [TL2/3] + 20% * [TL4], 
Where:  [TL4] = [TL2/3] * FCM 4/3
0.107 ppm = (0.80 * [TL2/3]) + (0.20 * [TL2/3] * 4.5)
Solving for [TL2/3]:

[TL2/3] = 0.06 ppm MeHg in 50-150 mm TL2/3 fish
[TL4]    = 0.06 ppm * 4.5 = 0.28 ppm >150 mm TL4 fish
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Trophic Level Food Group Translators
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Wildlife Fish Tissue Target Summary

Recommended safe fish tissue levels in the Lower American River and Lake Natoma:

For small Trophic Level 3 fish (50- 150 mm) = 0.05 ppm

For large Trophic Level 3 fish (>150 mm) = 0.08 ppm

For large Trophic Level 4 fish (>150 mm) = 0.28 ppm
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Fish Tissue Safe Levels to 
Protect Human Health
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Allowable Human Consumption Rate Using 
Wildlife Safe Fish Levels
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Linkage Analysis

How Do We Reduce Fish Levels?



26

Linkage Analysis
• The linkage analysis will describe the  

relationship between fish methylmercury 
concentrations and aqueous methylmercury 
concentrations.

• This relationship is used to determine an 
aqueous methylmercury goal, which will guide 
the allocation source reductions. 

• The aqueous methylmercury goal will be derived 
from fish tissue concentrations using 
bioaccumulation factors (BAF) 
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Bioaccumulation Factor

Bioaccumulation Factor  =   [MeHg] Fish ÷ [MeHg] Water
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Safe Aqueous Concentrations and Necessary 
Reductions

Safe Aqueous [MeHg] =  [MeHg] Fish ÷ BAF
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Proposed Methylmercury Goals
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Next Steps

• Tentative Meeting September 16, 2010
• Will Start to Discuss Load Allocations
• Will Start to Discuss Possible 

Implementation Actions
Please direct any comments or questions to:

Stephen Louie 
sjlouie@waterboards.ca.gov
916-464-4627


