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USGS Colorado Water Science Center 
(CWSC) Studies Program

– Water quality
• Characterization
• Trend analysis
• Emerging contaminants

– Stream biology
• Habitat
• Macroinvertebrates
• Fish

– Surface water
• Statistical Analysis
• Hydraulic Analysis
• Modeling
• Geomorphology

– Ground water
• Aquifer Characterization
• Hydraulic Analysis
• Modeling

– Geographic Info. 
Systems

• Watershed 
characterization

• Spatial analysis
• Modeling
• Web-based data serving

– Hydrologic data bases
• Development
• Maintenance
• Web-based data serving
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WHY WACAPWHY WACAP1.3 million metric tons of pesticides 
used in China (WHO)

2600 metric tons of Hg emitted 
into the air from anthropogenic 

sources (UNEP)

Between ‘92-’94 the US 
exported at least 30,000 
metric tons of banned 

pesticides to the 
developing world (AAAS)

Flame retardants 10-1000 fold 
higher in American’s breast 

milk compared to Europeans 
(EHP)

300,000 American newborns 
at risk from Hg toxicity 
(CDC)



Why study mercury and semiWhy study mercury and semi--volatile volatile 
organic contaminants in remote organic contaminants in remote 

locations?locations?
• Bioaccumulation and 

biomagnification in food chain.
• Health hazard to humans and 

wildlife

Long residence times in 
atmosphere.
Anthropogenic sources-
Global and local. 
Semi-volatile. 
Global distillation.



WACAP GOAL:

TO ASSESS THE DEPOSITION OF AIRBORNE 
CONTAMINANTS IN WESTERN NATIONAL PARKS, 
PROVIDING REGIONAL AND LOCAL INFORMATION ON 
EXPOSURE, ACCUMULATION, IMPACTS AND 
PROBABLE SOURCES

Burial Lake, NOATAK  National  Preserve



National Parks in WACAP study:





What are the contaminant categories of What are the contaminant categories of 
potential risk to the Western National Parks potential risk to the Western National Parks 

due to the deposition of airborne due to the deposition of airborne 
contaminants?contaminants?

• Current Use Pesticides
• Historic (banned) chemicals (i.e. POPs)
• Mercury (and other metals)

• Emerging Chemicals (PBDE) 



Electron Impact Ionization Electron Capture Negative Ionization

PAHs: Acenaphthylene, Acenaphthene, Fluorene, 
Phenanthrene, Anthracene, Fluoranthene, Pyrene, 
Retene, Benz[a]anthracene, Chrysene, Triphenylene, 
Benzo[b]fluoranthene, Benzo[k]fluoranthene, 
Benzo[e]pyrene, Benzo[a]pyrene, Indeno[1,2,3-
cd]pyrene, Dibenz[a,h]anthracene, Benzo[ghi]perylene

Pesticides and degradation products:
o,p’-DDT*, p,p’-DDT, o,p’-DDD*, p,p’-DDD, o,p’-
DDE, p,p’-DDE, Diazinon, Demeton S, Ethion, 
Etradiazole, Malathion*, Parathion and Methyl -
Parathion, Phorate, Metolachlor*, Methoxychlor, 
Acetochlor*, Alachlor, Prometon, Pebulate, EPTC, 
Carbofuran, Carbaryl, Propachlor, Atrazine and 
degradation products, Simazine, Cyanazine

Surrogates: d10-Fluorene, d10-Phenanthrene, d10-
Pyrene, d12-Triphenylene, d12-Benzo[a]pyrene, d12-
Benzo[ghi]perylene, d14-EPTC, d10-Phorate, d5-
Atrazine, d10-Diazinon, d7-Malathion, d10-Parathion, d8-
p,p’-DDE, d8-p,p’-DDT, d6-Methyl Parathion, d13-
Alachlor, d11-Acetochlor

Internal Standards: d10-Acenaphthene, d10-
Fluoranthene, d12-Benzo[k]fluoranthene

PCBs:
PCB 74 (2,4,4’,5-Tetrachlorobiphenyl), 
PCB 101 (2,2’,4,5,5’-Pentachlorobiphenyl), 
PCB 118 (2,3’,4,4’,5-Pentachlorobiphenyl), 
PCB 138 (2,2’,3,4,4’,5’-Hexachlorobiphenyl), 
PCB 153 (2,2’,4,4’,5,5’-Hexachlorobiphenyl), 
PCB 183* (2,2’,3,4,4’,5’,6-Heptachlorobiphenyl),
PCB 187 (2,2’,3,4’,5,5’,6-Heptachlorobiphenyl)

Pesticides and degradation products:
Hexachlorocyclohexanes (HCH)  - α*, β, γ-(lindane), and 
δ, Chlordanes – cis*, trans*, oxy*, Nonachlor – cis, trans, 
Heptachlor*, Heptachlor Epoxide*, Endosulfans - I, II, 
and sulfate, Dieldrin, Aldrin, Endrin, Endrin Aldehyde, 
Hexachlorobenzene, Dacthal, Chlorothalonil, Chlorpyrifos 
and oxon, Trifluralin, Metribuzin, Triallate, Mirex

Surrogates: 13C12 PCB 101 (2,2’,4,5,5’-
Pentachlorobiphenyl), 13C12 PCB 180 (2,2’, 3,4,4’,5,5’-
Heptachlorobiphenyl), d10 - Chlorpyrifos, 13C6-HCB, d6-γ-
HCH, d4-Endosulfan I, d4-Endosulfan II, d14-Trifluralin

Internal Standard: 13C12 PCB 138 
(2,2’,3,4,4’,4’,5’-Hexachlorobiphenyl)

Combustion
Industry

Agriculture
Agriculture

SOCs MEASURED IN WACAP



SOC FREQUENCY OF DETECTION

Current Use
Pesticides

Historic Use
Pesticides

PAHs

PCBs

Endosulfans

Chlorpyrifos

Dacthal
Hexachlorocyclohexanes
Hexachlorobenzene
Dieldrin
Chlordanes

DDTs

Polycyclic Aromatic Hydrocarbons

Polychlorinated Biphenyls

Also 
flame 
retardants 
(PBDEs) 
in Fish 
and 
Sediment



Current Use pesticidesCurrent Use pesticides

Wide range of concentrations, yet patterns similar across matrices. 
Highest concentrations for most are at Sequoia, Glacier, and Rocky.

Log 
scale!



Historic Use pesticidesHistoric Use pesticides

Fluxes, concentrations more similar across parks.  SOC 
patterns similar across matrices.  

Log 
scale!



Snowpack sampling 

•> Half of annual precip accumulates in 
seasonal snowpack.

•Sample once in spring, before melt.

•Pulse of pollutants released during snowmelt.



Atmospheric Deposition of SOCs in Snow:

HCH (α is banned; atm. t1/2 ≈18 days)
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Hageman et al., Env. Sci. Tech. 2006



Atmospheric Deposition of SOCs in 2003 Snow:

DACTHAL (current-use; atm. t1/2 ≈24 days)
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Contribution from regional sources to snowpack depositionContribution from regional sources to snowpack deposition

Agricultural sources near Sequoia, Glacier, and Rocky  make a 
large contribution (Hageman et al., 2006)
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Agriculture in the Western US and CanadaAgriculture in the Western US and Canada
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Historical Deposition of SOCs

Pear Lake Sediment, Sequoia National Park
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Summary of deposition and source attributionSummary of deposition and source attribution
• Current use pesticides are generally associated with 

regional agricultural sources. Examples include sources 
in US and Canada for Glacier, California sources at 
Sequoia and regional sources at Rocky Mountain. 

• Historic use pesticides are also partly associated with 
these same agricultural regions, but also are associated 
with global and trans-Pacific sources.

• High PAHs at Glacier are most likely due to a significant 
local source.

• Mercury is present throughout the ecosystem in all 
parks. Global sources are important; the role of local or 
regional sources is variable. Mercury chemistry is 
complex, and links between emissions, deposition, and 
ecological effects are indirect.

• The WACAP database represents an important resource 
for understanding present and future changes in 
contaminant loading in the parks. 



Do Airborne Contaminants Affect Fish in Do Airborne Contaminants Affect Fish in 
the Lakes of Western US National Parks?the Lakes of Western US National Parks?

FISH STUDIES



Mean Whole Body Fish Sum DDTs
Historic-Use



Mean Whole Body Fish Dieldrin
Historic-Use



Mean Whole Body Fish Sum of PCBs
Historic-Use



Mean Whole Body Fish Total Hg

While Hg 
deposition is 
lowest in Alaska, 
fish from the 
Arctic had the 
highest Hg 
concentration. In 
order to assess 
ecological risk 
related to 
mercury, 
biological 
sampling is 
important.



Bioaccumulation - Hg

• Concern because:

1. bioaccumulation

2. biomagnification

• Higher foodweb efx

• Lake trout > 15y

1. declining Hg with 
increase age

2. unclear why
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Historical Perspective of Intersex
• Fish from Museums

1. histology

2. ID intersex

• 17 sites:

1. pre-1871 to pre-
1935

• Sites include:

1. mountain lakes 
or streams

2. National Parks

3. Snyder Lake

• 1934

• 2005 



Intersex Male
• Biomarker for reproductive 

disruption

• Ranges in severity

1. vitellogenic eggs (A) & 
abnormal testis

2. primary oocytes & normal 
testis (B)

• 6 of 17 lakes intersex presently

• 1 of 18 lakes intersex historically 
(Twin Lakes, CO, 1889)

• Odds are 9× higher of catching 
intersex fish now compared to 
historically



Selected Key FindingsSelected Key Findings
• We found 70 of the 100 airborne  contaminants we 

sought, mostly current-use and historic-use compounds. 
Contaminants were found in all parks

• Contaminants were found in various compartments of the 
ecological systems, representing different periods of 
temporal integration. 

• Most of the contaminants appear to be derived from 
regional sources such as agriculture and known point 
sources rather than long range transport.

• Loadings of current use chemicals in conifer needles at 
some sites, if transferred directly to the forest floor, 
equate to normal pesticide application rates on 
agricultural crops.



Selected Key Findings (cont.)Selected Key Findings (cont.)
• Over half (77 of 136) of the individual fish from 11 of 

the 14 WACAP lakes, carried body burdens exceeding 
subsistence fishing limits for Dieldrin and/or p,p’-DDE; 
limits were calculated using US EPA guidelines.  
Exceeding a limit implies an increased risk (by at least 
1 in 100,000) of developing cancer during a lifetime of 
frequent fish consumption.

• Fish from several lakes in the western National Parks 
are the first known examples of fish from such remote 
areas showing potential reproductive dysfunction 
(intersex fish and males with egg precursor proteins)

• Sediment records suggest some lakes are 
experiencing decreasing loading of some historic 
(banned) compounds but this is not a universal finding.  



http://www2.nature.nps.gov/air/studies/air_toxics/wacap.cfm
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