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All states now have fish consumption advisories 
for mercuryfor mercury



• Mercury is the most prevalentMercury is the most prevalent 
contaminant
• # of fish advisories increasing 
yearlyy y



Colorado:

Mercury Advisories in Colorado & New Mexico
Colorado:  
http://www.cdphe.state.co.u
s/wq/fishcon/index.html 

hMcPhee, Narraguinepp, Totten, 
Vallecito, & Navajo Reservoirs in 
SW Colorado.

New Mexico:  
http://www.nmenv.state.nm.
us/swqb/advisories/ 

Abiquiu, Blue Water, Cochiti, & El 
Vado Reservoirs; Eagles Nest 
Lake, Heron Lake, Lake 
Farmington/Beeline Lake andFarmington/Beeline Lake, and 
Navajo, San Juan River (below 
Hammond) in NW New Mexico.





Do we have elevated levels of atmospheric mercury 
deposition? 

h d i f ? i h dWhere does it come from? Has mercury input changed over 
time?

Do we have landscapes that are sensitive to transportDo we have landscapes that are sensitive to transport 
and methylation of mercury?
Where is mercury bio‐accumulating in ecosystems and y g y
species?



MSI pilot study of bulk deposition and Hg in snow leads to 
a MDN site being established at Molas Pass ‐ 2009











“…worldwide atmospheric mercury concentrations have decreased by about 20 to 38% since p y y
1996 as indicated by long‐term monitoring at stations in the Southern and Northern 
Hemispheres combined with intermittent measurements of latitudinal distribution over the 
Atlantic Ocean.” 







Are high‐elevation lakes sensitive to accumulating methyl mercury?

>>Percentage of forest cover in the watershed may enhance 
Hg transport to water bodies?

>> Percentage of rock and ice in watershed may reduce total 
Hg and CH3Hg+?

Mercury 
Deposition

Hg  and CH3Hg ? 

>> DOC, total phosphorus, and <<DO may increase CH3Hg+?

F t d l k ith tl d (hi h i tt l hi )Forested lakes with wetlands (high organic matter leaching) 
and “moderate” productivity especially sensitive?





Mercury in Lake Zooplankton
How do Hg concentrations compare to other studies? How do Hg concentrations compare to other studies? 

What are the sensitivity indices for this set of lakes?

Measurements:

• Water chemistry

• Lake productivity indices

Why Zooplankton?

• Key link in aquatic food web

  

• Lake productivity indices

• Watershed Land Cover

• Zooplankton:

y q

• Hg in zoopl. often correlated 
to Hg in fish

• Easy to sample
2 size fractions of zooplankton: 

80-300 µm (small) – 17 lakes

 300  (b ) 22 l k

• Easy to sample

• Exist in (almost) all lakes

• Use as an index
> 300 µm (big) – 22 lakes

Total & methyl mercury in 
zooplankton

Bosmina cladoceran -
Daphinia



M Mi M

An Overview of the Lakes

Mean Min Max
Elevation 
(ft)

11,117 6,683 13,100

ANC 80 2 2 8ANC 
(ueq/L)

80 12 258

pH 7.2 5.6 8.4
Total P 6 1 15Total P 
(ug/L)

6 1 15

Chl a (Epi) 2 0.3 6
DOC 
( / )

2.7 1.5 6.8
(mg/L)

NO3‐N 
(ug/L)

73 0 306

% Rock  &  40% 0% 89%
ice

40% 0% 89%

% Forest 47% 0% 91%

• Includes 2 reservoirs with Hg advisories, for comparison. 
• 1 of these has geologic/mining source of Hg, in addition to atmospheric deposition. 
• No known geologic/mining sources for other lakes.
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* Reservoirs that have a fish consumption advisory for mercury* Reservoirs that have a fish consumption advisory for mercury

* Known source of geologic & mining Hg



How has input of mercury changed over time?
Mercury in Lake Sediment CoresMercury in Lake Sediment Cores



How has input of mercury changed over time?
Mercury in Lake Sediment Cores

Big Eldorado 

1960

1980

2000White Dome

1960

1980

2000

Clear 
1960

1980

2000Crater 
Lake 

1960

1980

2000

Mercury in Lake Sediment Cores

1900

1920

1940

1960

1900

1920

1940

1960Lake 

1900

1920

1940

1960

1900

1920

1940

1960

1840

1860

1880

1840

1860

1880

1820

1840

1860

1880

1820

1840

1860

1880

1780

1800

1820

0 1 2 3 4
1780

1800

1820

5 6 7 8 9
1780

1800

1820

0 1 2 3 4
1780

1800

1820

0 1 2 3 4

Hg Flux (ng/cm2/yrHg flux (ng/cm2/yr)Hg Flux (ng/cm2/yr)Hg Flux (ng/cm2/yr)

Similar results for 4 cores in Narraguinepp Reservoir (Gray et al. 2005) and small ponds in Pine 
River Watershed (Win Wright).

A signature of power plants built in the 1960s and 1970s and subsequent emission reductions?
Nydick, 2010



Under what conditions does Hg get transported 
to alpine lakes?p



Sources of Atmospheric Mercury Concentrations and Wet Deposition at Molas Pass, 
Southwestern Colorado (Wright, 2011)

HYSPLIT Model (HYbrid Single‐Particle Lagrangian Integrated Trajectory)
http://www.arl.noaa.gov/HYSPLIT_info.php



(Wright,  2011)



Mercury deposition events coincide with 
specific storm tracks,

Deposition events associated with 
deposition of NO3 and SO4



How will changing climatic conditions affect 
the fate and transport of mercury?the fate and transport of mercury?

Effects of Fire and Subsequent Sediment Burial on Sulfur and
Mercury Binding in Organic Matter of Forest Soils
Joseph N Ryan (CU Bolder) George R Aiken (USGS) Kathryn L NagyJoseph N. Ryan (CU Bolder), George R. Aiken (USGS), Kathryn L. Nagy 
(University of Illinois), Christopher Peltz (MSI)
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Undergraduate Students:
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Chelsea Ottenfeld (Virginia Tech)



Lake sediment from 
Vallecito Reservoir  
June, 2011

Burned organic 
layer from recent 
Rx fires



What we know and are beginning to understand:What we know and are beginning to understand:

Elevated levels of Hg in aquatic biota

K i iKnown emission sources 

Dynamics of forest soils, fire regimes, and mercury 
concentrations in lake sediments and aquatic 
biota.




