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DIVERSITY OF WACAP ECOSYSTEMS

Presenter
Presentation Notes
Before launching directly into biological and ecological effects lets take a moment to make an overview of the ecology and biology of ecosystems that are represented in WACAP samples.  Nearly all of us have been to at least one of the parks but none of us has been to all 18 parks and 1 wilderness.
This google map with biomes inset shows where are parks are located.  Biomes are a reasonable way of grouping the natural world because organisms within biomes possess common constellations of adaptations.  There are also major differences in productivity, likelihood of human disturbance/alteration, and natural biological diversity.
One thing that is obvious right away is that most of the western US is dry.  The WACAP parks, while distributed very well geographically, represent high elevation ecosystems, which tend to get more precipitation than lower elevations and therefore are more likely to be forested than the average site in the western US.
Note that WACAP parks occupy a climatic gradient across 5 of the 15 north american biomes: desert, forested mountain, marine west coast, taiga, and tundra.  Some parks are so large (i.e. WRST), are located on biome boundaries (e.g. GAAR) or have such a large elevation range (e.g. SEKI) that the park itself encompasses more than 1 biome.  Within park gradients in contaminant accumulation are detected by vegetation and snow sampling.  Across park gradients are detected from all matrices.





EXPOSURE AND EFFECTS
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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), and 
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

Polybrominated Diphenyl Ethers
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

Internal Standards: d14-Trifluralin

SEMI-VOLATILE ORGANIC COMPOUNDS (SOCs) 
MEASURED



BIOACCUMULATION IN THE ECOSYSTEM



PESTICIDES in LICHEN



PESTICIDES in CONIFER



POLYCYCLIC AROMATIC HYDROCARBONS 
(PAHs)

Air



ACCUMULATION OF PESTICIDES in 
FORESTS

Comparable to low to medium application rates on crops



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











Macroscopic Health

Fish were in good condition
Most were nearing sexual maturation



Internal & External Assessment of Fish 
Health



Pigmented Macrophages
- Reflection of tissue damage/dead cells & Contaminants 







Normal Brook Trout Gonads

Female Male



Pre-vitellogenic oocyte

Spermatocysts in early development

Lone Pine BKT





Historic Intersex Male
(Collection Sites)

• Rocky Mtns:
– Historic: 1 site of 14 with intersex

• 1889
– Current: 6 sites of 11 with intersex

• West Coast / Alaska
– Historic: 0 sites of 6 with intersex
– Current: 0 sites of 10 with intersex



Vitellogenine
Egg yolk precursor synthesized in liver

 Synthesized in response to estrogen

Good biomarker of estrogenic 
compounds in the environment

• Birth control pills
• Nonophenols from detergents
• Pesticides like DDT metabolites



Location of Sampling
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SOC concentrations in Western Lakes
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SOC concentrations in Western Lakes
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SOC concentrations in Western Lakes
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Current-use SOC concentrations in Western Lakes
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Ecological Effects?



Assessing toxicological relevance.

Methods/Assumptions

• Used EPA Fish Contaminant Advisory Guidance

• No single target population – not specific advise

• Cancer risk – additive, no level w/o risk, just ‘acceptable risk’

• Lifetime consumption, acceptable risk of 1:100,000

• calculated chemical specific screening concentration

• Recreational fishers – 2.3  8oz meals/mo…muscle

• Subsistence fishers – 19  8oz meals/mo…whole fish

Presenter
Presentation Notes
Do SOCs reach toxicologically relevant concentrations in Western US aquatic ecosystems?
methods



Toxicologically relevant SOCs…Recreational Fishers
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Toxicologically relevant SOCs…Subsistence Fishers
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CONCLUSIONS

• High pesticide deposition to PNW forest ecosystem –
effects?

• Hg concentrations in fish from OLYM and MORA exceed 
wildlife and human thresholds

• Dieldrin concentrations in some fish from MORA exceed 
threshold for subsistence fish eaters

• No evidence of intersex in OLYM or MORA

• Macrophages present and linked to Hg exposure in fish
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