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Bad actors in high places:
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1.3 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 (AAAYS)

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 semi-volatile
organic contaminants in remote
locations?

e Bioaccumulation and
biomagnification in food chain.

 Health hazard to humans and
wildlife

» Long residence times in
atmosphere.

» Anthropogenic sources-
Global and local.

Figure 7-5. Grasshapper effect moving POPs poleward. » Semi-volatile.
Source: Adapted from Wania and Mackay, 1996, > G | 0 b al d |S t| | | at| on

2USGS



Burial Lake, NOATAK National Preserve

WACRPGGAL

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




National Parks in WACAP study:

Secondary Parks
. Bandelier National Monument
. Big Bend National Park
. Crater Lake National Park
. Glacier Bay National Park and Preserve
. Grand Teton Mational Park
Great Sand Dunes National Monument
. Katmai National Park and Preserve
. Lassen Volcanic National Park
North Cascades National Park
Petersburg District Tongass National Forest
. Wrangell-St. Elias National Park and Preserve
l. Yosemite National Park
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Primary Parks
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. Denali National Park and Preserve

. Gates of the Arctic National Park and Preserve
. Glacier National Park

. Mount Rainier Mational Park

. Noatak National Preserve

Olympic National Park

. Rocky Mountain National Park
. Sequoia National Park




Linkages and interrelationships among WACAP ecosystem components
indicators in shaded boxes represent WACAP components measured for
contaminants

Other sources of
contaminants;
rain, gaseos
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What are the contaminant categories of
potential risk to the Western National Parks
due to the deposition of airborne
contaminants?

e Current Use Pesticides

* Historic (banned) chemicals (i.e. POPSs)
e Mercury (and other metals)

 Emerging Chemicals (PBDE)



SOCs MEASURED IN WACAP

Electron Impact Ionization Electron Capture Negative lonization

Industry

Surroqgates: « ,,-Fluorene, d,-Phenanthrene, d, -

Agriculture

Pyrene, d,,-Triphenylene, d,,-Benzo[a]pyrene, d, - Surrogates: C,,PCB 101 (2,2°,4,5,5’-
Benzo[ghi]perylene, d, -EPTC, d, ,-Phorate, d- Pentachlorobiphenyl), 13C12 PCB 180 (2,2°, 3,4,4°,5,5’-
Atrazine, d,-Diazinon, d -Malathion, d, ,-Parathion, dg- Heptachlorobiphenyl), d,, - Chlorpyrifos, B3C ~HCB, d-v-
p.p’-DDE, d¢-p,p’-DDT, d -Methyl Parathion, d, ;- HCH, d -Endosulfan I, d -Endosulfan II, d, -Trifluralin
ANDSIILET, Ol SIS Internal Standard: 5c ,pcB 138

I nte rnal Standards: dw—Acenaphthene, d10_ (2,2”3,4,4’,4’,5’_Hexachlorobipheny])

o Eluomnthencsdjp-Benzo k| uoranthene @ o, - ok
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SOC FREQUENCY OF DETECTION

AIEE;:E ] PASD | Lichen Conifer Water Snow Fish Sediment
S5 B Endosulfans = B T .
wEER P :
Curl‘ent Use ﬁ? Chlorpyrifos = = = ) ] =
Pesticides i s b , - L
A
SIMZ
ocPa E Dacthal —— == ] )
<)== Hexachlorocyclohexanes 1 |
: Hexachlorobenzene __ \ ] .
. . Dieldrin _ N |
Historic Use A~y Chlord . 3
. NCLR 1 oraancs ] ]
Pesticides &= B ‘ =
L ] [
] _ —
viv DDTs
E | [
j:l I j:l
] ]
= el
| ———
|
Polycychc Aromatic Hydrocarbons &
— —_—
: [——
| E— E | —
Polychlorinated Biphenyls .

o o o o o o
w o ™ = ©

T T T T T T T T T T T T
o o o o
™N =T ©

o o o o
o T O o

Percent Detection %

20
40
60
80
20 4
40
60
80

o o o o
N =T © @

Also
flame
retardants
(PBDEsy)
in Fish
and
Sediment



Current Use pesticides
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Wide range of concentrations, yet patterns similar across matrices.
Highest concentrations for most are at Sequoia, Glacier, and Rocky.
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Fluxes, concentrations more similar across parks. SOC
patterns similar across matrices.



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 (« is banned; atm. t,,=18 days)
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Atmospheric Deposition of SOCs in 2003 Snow:
DACTHAL (current-use; atm. t,,~24 days)
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Contribution from regional sources to snowpack deposition

Current-Use Historic-Use

I Olympic
1 Rainier
1 Sequoia
T Glacier
B Rocky
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Agricultural sources near Sequoia, Glacier, and Rocky make a
large contribution (Hageman et al., 2006)




Agriculture in the Western US and Canada

% Agriculture within
150 km Radius

iy
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Average annual use of

active ingredient ENDOSULFAN - insecticide
(pounds per square mile of agricultural

land in county) 2002 estimated annual agricultural use

[ ] no estimated use
[ ] 0.001 to 0.005
] 0.006 to 0.018
(] 0.019 to 0.064
] 0.065 to 0.259
M >-026

Total Percent
Crops pounds applied national use

cotton 160060 20.32
tomatoes 88807 11.25
potatoes 87452
apples 62973
tobacco 58016
pears 43730
cucumbers and pickles 34370
lettuce 33267
green beans 28923
squash 28632

Endosulfans (ng/g lipid)

GAAR NOAT DENA KATM WRST GLBA STLE NOCA OLYM MORA CRLA LAVO YOSE SEKI GLAC GRTE ROMOGRSA BAND BIBE







Historical Deposition of SOCs

Pear Lake Sediment, Sequoia National Park

[2003

| Below Quantitation Limit | Below Quantitation Limit 1932

B Endosulfan Il
’| Below Quantitation Limit 1879 | Below Quantitation Limit 1879 [ Endosulfan Sulfate

T T T T T T T T T T
0 2e+4 Ae+4 6e+4 8e+4 0.0 2.0e+4 4.0e+4 6.0e+4 8.0e+4 1.0e+5 1.2e+5 1.4e+5

ng/cm2*yr*g(lipid) ng/cm2*yr*g(lipid)
Dieldrin Endosulfan
First Used 1948, Banned 1974 First Used 1956, Still in Use




Summary of deposition and source attribution

. 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.

. _ are also partly associated with
these same agricultural regions, but also are associated
with global and trans-Pacific sources.

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

. _ represents an important resource
for understanding present and future changes in

contaminant loading in the parks.
* =2 SGS



FISH STUDIES

Do Airborne Contaminants Affect Fish In

the Lakes of Western US National Parks?
LA VSt sl e WL

< -
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Mean Whole Body Fish Dieldrin

Historic-Use

1000 =]
400 - — Kingfisher 360 ng/g
100 A
40 1 — River Otter 30 ng/g

~|Mink 20 ng/g

-— Human Recreational 3.7 ng/g

— Human Subsistence 0.31 ng/g

Dieldrin ng/g wet weight

i ;Iake J"d;_”i”a' If no label is present in the bar, the component
pecies ean 'S was detected in at least 70% of the samples.
Lake Trout [ © "1" indicates the analyte was detected in
Burbot and Whitefish ] O 50 - 70% of the samples,
Cutthroat Trout Z&% (6] "2" indicates the analyte was detected in
Brook Trout ([N @ less than 50% of the samples.
Rainbow Trout




Sum PCBs ng/g wet weight

Mean Whole Body Fish Sum of PCBs

Historic-Use

1000
Kingfisher 440 ng/g
400 H
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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.

Mercury ng/g wet weight

Mean Whole Body Fish Total Hg

Lake
Species Mean

Individual
Fish

Lake Trout |
Burbot and Whitefish [_]
Cutthroat Trout PZ
Brook Trout [
Rainbow Trout & N

Human 185 ng/g

River Otter 100 ng/g
Mink 70 ng/g

Kingfisher 30 ng/g




Total Whole body Hg (ng g-1 ww)

500

Bioaccumulation - Hg

400 A

300 -
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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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% Spleen MAs (sin'1 sgrt) in Brook Trout
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Historical Perspective of Intersex
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Intersex Male

 Biomarker for reproductive
disruption

 Ranges in severity

1. vitellogenic eggs (A) &
abnormal testis

2. primary oocytes & normal
testis (B)

« 6 0f 17 lakes intersex presently

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

« 0Odds are 9x higher of catching
intersex fish now compared to
historically




Selected 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.

e |oadings of current use chemicals in conifer needles at
some sites, If transferred directly to the forest floor,
equate to normal pesticide application rates on

Iiincﬁl croi| I I
=2USGS



Selected Key Findings (cont.)

e 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.

e 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)

e Sediment records suggest some lakes are
experiencing decreasing loading of some historic
(banned) compounds but this is not a universal finding.
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http://www?2.nature.nps.gov/air/studies/air_toxics/wacap.cfm
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