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SEMI-VOLATILE ORGANIC COMPOUNDSASMOLECULAR MARKERS
FOR ATMOSPHERIC AND ECOSYSTEM TRANSPORT

CHAPTER 1. INTRODUCTION

Goals

The goals of this research were to (1) measure selatHgamrganic compounds
(SOCs) in Pacific Northwestern U.S. air masses andhese to distinguish between
regional and trans-Pacific atmospheric transport; (Zsonme the enantiomer fractions
(EFs) of chiral organochlorine pesticides (OCPs) in Adiams-Pacific and regional
North American air masses and use them to determihesé air masses are influenced
by current or historic use of these compounds; and (3) metdguEd-s of OCPs in
seasonal snowpack, sediment, and fish collected fromdi@yation and high latitude
ecosystems in Western U.S. national parks and usettheseerstand the sources and
fate of these compounds in the ecosystems.
Long-Range Atmospheric Transport

The long-range atmospheric transport of SOCs, includiggrmchlorine
pesticides (OCPs) and other persistent organic polludaiBs), to remote locations
such as the Arctic has been identified (1-5). The physioatal properties of SOCs
enable them to be transported distances far fromgbaiices and deposit in locations
where they have never been used (6) . The sourcesG@d 8Qemote ecosystems are of
concern, because some of them have toxic and bioacativeuproperties.

There is evidence of trans-Pacific atmospheric pamnf volatile organic
compounds (VOCs) and SOCs from Asia to the West @dake United States, and it

has been shown to occur in as little as 5 days (3,7-185PHIT back trajectories,



satellite images, and models have all been used to idém#yperiods when trans-
Pacific transport is occurring to the Pacific Northivd-14).
Semi-Volatile Organic Compounds (SOCs)

SOCs have a wide range of physiochemical properties, agd ma vapor
pressures from 1o 10 atm, half-lives in the environment from hours to years
come from a variety of sources including industry (polgohhted biphenyls (PCBs)),
combustion (polycyclic aromatic hydrocarbons (PAHahd agriculture (pesticides, both
current-use (CUPs) and historic-use (HUPS)) (13,15,16)auecof their wide range of
physical chemical properties (17) and emission sourcess 8@ been shown to be
good molecular markers for distinguishing between regiandllong-range atmospheric
transport (13,16).

POPs include OCPs, polychlorinated biphenyls (PCBs), andipgotytated
dibenzo-p-dioxins and furans (6,18). POPs are of globakcoriecause they have been
shown to bioaccumulate through the food chain, aretaxid have endocrine-disrupting
properties (6,18). The United Nations Environmental ProgadiEf) met in 1998 to
seek worldwide elimination of these compounds. In o@etiminate these compounds
from the world’s atmosphere, their sources, fatd,teainsport in the environment must
first be identified (18).

It is unclear as to whether the sources of OCPseteivironment are from the
continued use of these compounds in developing countriesvaatilization from
environmental compartments that have been previoushacomated. Chiral pesticides
have been used to distinguish between current and histanices to air, water, soil, and

biota (18-27).



Chiral pesticides have two enantiomers and racemiangigthave equal amounts
of each enantiomer. The ratio of the enantiomepsaterably written as a fraction (EF),
where the EF is equal to: area (+) enantiomer/(argan@ntiomer + area (-) enantiomer)
(28). Racemic signatures have EFs equal to 0.5, whileagamic signatures are greater
than or less than 0.5, depending on the enantiomeistbalectively degraded (28). EFs
typically increase in their deviations from racemic¢rascomplexity of the enzymatic
system increases, with the degree of deviation froemacbeing air < soil < biota (29).

The enantiomers have the same physical chemical pexgpsa abiotic processes
(volatilization, deposition, photolysis) do not affeat tratio of the enantiomers (18).
However, microorganisms and enzymatic processes canigelledegrade one
enantiomer over the other, resulting in a non-racemicature (18). The EF of an OCP
in soil is reflected in air above the soil due to ratibtzation (18).

SOCsasmolecular markersfor atmospheric transport

Biomass burning has been shown to produce a variety okptraric pollutants
such as particulate matter, carbon monoxide, and pdig@romatic hydrocarbons
(PAHS) (10,30-34). Enhancements of ozone and carbon nuEnbave been observed
on the West coast of the U.S. due to the influenceabafran biomass burning emissions.
(7,10) During these enhancements, ozone air quality stangdardexceeded in the
Pacific Northwestern U.S (7,10).

It has recently been suggested that biomass burning-catatédize pesticides
from previously contaminated soil (12,35). For example, erdments in PCB
concentrations in the Arctic atmosphere have beebwttd to biomass burning

emissions from agricultural fires in Eastern Europe (F9pha and gamma-



hexachlorocyclohexane (HCH), hexachlorobenzene (HCB)trdralin concentrations
were all significantly positively correlated (p-valu®95) with markers of regional fires
(including gas-phase PAHs and retene) in air massedeshaipMt. Bachelor
Observatory (MBO), Oregon (12). Trans-Pacific air massenpled at MBO were
associated with enhanced particulate phase PAH congensiatvhile air masses
influenced by regional transport had enhanced concensatiogpmma-HCH, dacthal,
endosulfan, metribuzin, triallate, trifluralin, and clpgrifos (12).

SOCsas molecular markers for source age

Chiral SOCs have been previously measured in the @veadgricultural soils,
oceans, lakes, and urban areas (19-26,36-40). A passive pingastudy across North
America observed the spatial variation in alpha-H®*$ Based on their proximity to
different bodies of water and agricultural fields (28his study observed that the Pacific
and Atlantic oceans have different enantioselectwitif alpha-HCH (26). Alpha-HCH
has been measured in the air at increasing heighte agpicultural soils (21). The
signatures were more non-racemic near the soil suafagéended toward racemic as the
height above the soil increased (21). Other studieseabtiee same trend with the air-
water exchange of alpha-HCH in the Bering Sea, Chuketj &d the Arctic Ocean
(22,38,41,42).

Non-racemic chlordane signatures have been measureddalagal soils in
Sweden, England, Alabama, Connecticut, Hawaii, Ontand,British Columbia, Canada
(19). In agricultural soils, trans-chlordane is typigakpleted in the (+) enantiomer,
while cis-chlordane is typically depleted in the (-) mm@mer (19). Urban air in South

Carolina and Alabama and house foundation soils in Corngttad racemic chlordanes,



which are attributed to the previous use of chlordane asraticide around the
foundations of homes (19).
Fate of chiral SOCsin ecosystems

Chiral SOCs have been previously measured in Arctic feelos consisting of
seawater, zooplankton, fish, and marine mammals (29,43T4#) EFs of chiral OCPs
were near racemic in seawater, zooplankton, and fighwére non-racemic in marine
mammals due to enantioselective biotransformation efesrantiomer over the other
(45). The enantioselectivity of biota is dependent orctimplexity of the enzymatic
system and the EFs deviate from racemic to a greateredaghggher trophic levels (29).
EFs of chiral OCPs have also been used to evaluasdfdoes of habitat, diet, and
geographic location on enantioselective biotransformg48in
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ABSTRACT

The trans-Pacific and regional U.S. atmospheric tramsihgolycyclic aromatic
hydrocarbons (PAHs) and pesticides in biomass burning emssgias measured in air
masses from April to September 2003 at two remote sittte iRacific Northwestern
United States. Mary's Peak Observatory (MPO) is locai€fegon’s Coast Range and
Cheeka Peak Observatory (CPO) is located on the tip @lgmepic Peninsula in
Washington State. During this time period, both remoés siere influenced by PAH
and pesticide emissions from forest fires in Siber@ragional fires in Oregon and
Washington State. Concurrent samples were taken asibesion June 2 and August 4,
2003. On these dates, CPO had elevated gas phase PAHhaXalchlorocyclohexane
and retene concentrations (p<0.05) and MPO had elevatee reteticulate phase PAH
and levoglucosan concentrations due to trans-Pacifisgmat of emissions from fires in
Siberia. In addition, during the April to September 2003 samperiod, CPO and MPO
were influenced by emissions from regional fires thatilted in elevated levoglucosan,
dacthal, endosulfan and gas phase PAH concentratiamae®and unburned forest soil
samples collected from the regional forest fire aheaved that 34 to 100% of the
pesticide mass was lost from soil due to burning. Thesestggest that the trans-
Pacific and regional atmospheric transport of bionbasaing emissions results in
elevated PAH and pesticide concentrations in the wetteited States. The elevated
pesticide concentrations are likely due to re-emissiomgltine fire event of historically

deposited pesticides from the soil and vegetation.
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INTRODUCTION

Biomass burning, including forest fires, produces atmosphpetigtants such as
particulate matter, carbon monoxide, mercury, volatitganic compounds (VOCs), and
semi-volatile organic compounds (SOCs) [1-5]. Because sstmarning emissions are
expected to increase significantly with global warming, eéffect that biomass burning
emissions have on the global radiation budget, the ptioduaf greenhouse gas
emissions, and air quality is a growing concern [6].

The air quality of the Pacific Northwestern U.S.nfluenced by biomass burning
emissions from both regional and trans-Pacific atmasph@nsport [4, 5, 7]. In
addition, during some periods of trans-Pacific atmosplerisport, the concentrations
of carbon monoxide and ozone in the Pacific Northwestase and sometimes exceed
air quality standards [7].

During the summer of 2003, large-scale biomass burning occtwaadyhout
Siberia, with the most intense fires occurring fromyNia early June and during the
month of August [8]. Approximately 18.9 million hectaresawmid were burned during
the entire 2003 fire season in Russia, and, on averagexapptely 8 to 10 million
hectares burn there each year [7]. In the summer of 208&ted concentrations of
carbon monoxide and PiMhad a significant impact on air quality in the Pacific
Northwestern U.S. and were linked to two separate trangi®events of Siberian fire
emissions [7, 8]. On June 6, 2003, the U.S. EPA’s 8-haundatd for ozone was
exceeded in Enumclaw, WA (55 km southeast of Seattle)damohg the first week of
August in 2003, the 24-hour average PM2.5 standard was excecsieattie, WA [7, 8].

During these time periods, we measured polycyclic arorhgtlococarbons (PAHs) and
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pesticides concurrently in air masses at both Cheeblila ®bservatory (CPO), a remote
site located on the Olympic Peninsula of Washington, aMbay's Peak Observatory
(MPO), a remote site located in Oregon’s Coast Rafdpe. two sites are located
approximately 500 km from each other and have an elewdifienence of 769 m.
Concurrently sampling at these two remote sites providesgae opportunity to
investigate the spatial and altitudinal variation of Pédl pesticide concentrations in
trans-Pacific and regional air masses. In additothése trans-Pacific event time
periods, PAHs and pesticides were also measured at Wes#ds from April to
September 2003 in air masses influenced by several regioBafires. The objectives
of this research were to measure PAH and pesticideentmations in trans-Pacific and
regional air masses influenced by biomass burning evadtiaassess the influence that
these fire events have on their concentrations ifPHeific Northwestern United States.
EXPERIMENTAL SECTION
Chemicals

Eighty-four targeted SOCs, including polycyclic aroméatidrocarbons (PAHS)
and historic and current-use pesticides, were measured/aiumie air samples [9].
These SOCs span several orders of magnitude in vapor @ressist in both the gas and
particle phases of the atmosphere, and their atmositadfiives range from hours to
months. Isotopically labeled surrogates and internatistals were used to recovery
correct and quantify the SOC concentrations over ihieeeanalytical method [9]. A
complete list of the SOC standards, their manufactiaed storage conditions have been
previously reported [10].

Sampling Sites
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Air samples were collected from two reensites located in the Pacific
Northwestern United States. Mary's Peak ObservatdB{) (44.5N, 123.6W, 1249
m) is the highest peak in Oregon’s coast range, whilekzhBeak Observatory (CPO)
(48.3N, 124.6W, 480 m) is a coastal site located on the tip of thenpic Peninsula in
Washington State (Figure 2.1). The annual precipitationtatMPO and CPO is ~250
cm [11] and the predominant wind direction at both sgesasterly (from the Pacific
Ocean).

CPO is a well-established site for the study of trargfiPatmospheric transport
to the United States and is located ~240 km West of Saatdl8 km from the Pacific
Ocean [7, 8, 12-14]. Previous studies have identified thahglwesterly flow, this site
is primarily influenced by clean marine air masses andnAgir masses containing
anthropogenic emissions [7, 12, 14]. MPO is located ~26 kmtherfacific Ocean and
~30 km west of the agriculturally intensive Willamettdl®haand Interstate 5 (Figure
2.1). Concurrently sampling at CPO and MPO provided a uniquetapgito
investigate the spatial and altitudinal variation of Pédl pesticide concentrations in
trans-Pacific and regional air masses.

Sample Collection

From April to September 2003, twenty-two high vaduair samples were collected
at MPO and CPO (Table 2.1). During this time period, elghhour air samples and 2
field blanks were collected at CPO using a modified hisnad air sampler (Tisch
Environmental, Cleves, OH). At CPO, an 11cm diametepsiag head with two glass
fiber filters (GFFs) was used to collect the partieilaltase SOCs and two 5.5 cm

diameter polyurethane foam (PUF) plugs were used tectdhe gas phase SOCs. This
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sampler had an average flow rate of approximately *daur and, during a 48-hour
period, an average of 650 wf air was sampled.

At MPO, eleven 48-hour and three 24-hour air sesnjals well as 2 field blanks,
were collected using a modified hi-volume air samplésqff Environmental, Cleves,
OH) (Table 2.1). At MPO, a 20.3 cm by 25.4 cm rectangulapsag head with a GFF
(Whatman, Maidstone England) was used to collect thepkate-phase SOCs and two
6.5 cm diameter PUF plugs, with ~50 grams of Amberlite XAi2sin (Supelco,
Bellefonte, PA) placed between the two PUF plugs was taseallect the gas-phase
SOCs. In a 48 hour sampling period, ~ 2506frair was sampled and, in a 24 hour
sampling period, ~900hof air was sampled. The sampling flow rate decreasmhw
the sampling period changed from 48 to 24 hours because tlenbotsr (higher flow
rate) was replaced with a brushless motor (lower fla@)r The air sampling media was
pre-cleaned before deployment in the field. Detaithefcleaning procedure and
solvents used have been previously reported [9, 15].

A composite soil sample was collected from an un-tsi@60 i) and burned
(100 nf) area in the Deschutes National Forest, locatede&miest of Sisters, Oregon at
the edge of the area burned by the B&B complex fonest fihe burned and unburned
areas were adjacent to each other but separated by ansvmbd which stopped the
forest fire. Each composite soil sample consisted raindom surface (20 cm deep)
samples for each 100°rarea.

M easurement of SOCs
The extraction of SOCs from the air samphmggdia was conducted using an

Accelerated Solvent Extractor (ASE) 300 (Dionex, Sunnyw@#e, The ASE conditions
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and solvent compatibility with the sampling media haanbgescribed elsewhere [9]. The
average percent SOC recoveries (%RSD) from the eamaytical method were
76.7(6.2), 79.3(8.1), and 93.4(2.9) for the QFF, PUF, and XAf@spectively and are
reported elsewhere [9]. The extracts were concenttat8d0 uL with a stream of
nitrogen using a Turbo Vap Il (Caliper Life Sciences, HofgkinMA) and were

analyzed using gas chromatography/mass spectrometry (G@iM&gcted ion
monitoring (SIM) mode [9, 10]. Levoglucosan was measuretd air samples using the
method described in Mederios et al [16].

SOCs were extracted from the forest soil samplegube same method for PUF
as described elsewhere [9]. The solil extracts weredupurified using silica gel
adsorption chromatography (Varian, Palo Alto, CA) an®&5 hexane:acetone solvent
mixture as the elution solvent. The extracts wereeninated with nitrogen and
analyzed by GC-MS.

The GC-MS consisted of an Agilent 6890 GC iatsedl with an Agilent 5973N
mass selective detector. A DB-5ms column (30m, 0.25tnn®i25um film thickness,
J&W Scientific, USA) was used with an oven temperafuogram that varied based on
the ionization mode of the mass selective detector [D@}ails on the GC temperature
programs for both electron capture negative ionizati€@@iNE: and electron impact
ionization (EIl), as well as the ions monitored were nesly reported [10]. The mode
of ionization chosen for each SOC was based on whighation technique gave the
lowest detection limit [10]. EPA method 8280A was used loutaste the estimated
detection limits (EDLS) for each SOC in the air stesl17]. For a typical air sample,

EDLs ranged from 0.0078 pgirto 0.19 pg/min ECNI mode and 0.059 pgirto
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0.73pg/m in EI mode. All reported concentrations were surrogatevery corrected
and field blank subtracted.
Quality Assurance/Quality Control

Each air sample consisted of both a top andtaguartz fiber filter (QFF) and the
bottom QFF was analyzed separately to check for sorpfigas phase SOCs to the QFF.
All SOCs were below the limits of quantification o thottom QFF and no correction
for SOC sorption was done. The CPO air samplesstedsof a two PUF system and the
bottom PUF was analyzed separately to check for bremkgh of gas phase SOCs in
~50% of the air samples. Only hexachlorobenzene (HC8jHepotential for gas phase
breakthrough and 39 to 44% of the total HCB concentratesmeasured on the bottom
PUF. No correction for the potential breakthrough 6B-Hvas done. However, this
suggests that the HCB concentration at CPO may Udalglignderestimated. At MPO, a
PUF/XAD/PUF gas phase sampling system was used and H@Bthmaugh was not
observed in the bottom PUF.

Field blanks were collected at both MPO and CROCPO, phenanthrene,
fluorene, pyrene, and retene were measured slightlyeathevquantification limit, while
at MPO, dacthal, chlorpyrifos, HCB, endosulfan I, endfas 11, endosulfan sulfate,
phenanthrene, fluorene, pyrene, and retene were mdasigfetly above the
guantification limit. All reported concentrations wdiedd blank subtracted.

Air MassBack Trajectory Calculation and Satedlite Image Analysis

10-day air mass back trajectories were calallaseng NOAA'’s Hybrid Single-

Particle Lagrangian Integrated Trajectory model (HYBPLo assess potential source

regions [18]. For each sampling period, a 10-day baclctomjewas calculated every 4
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hours at the site elevation and location and at &pdocated in a’lby 1° grid
surrounding the site. This resulted in approximately 162dtajies calculated for each
sampling period. At CPO and MPO, trajectories wereutatled at the site elevations of
500 m and 1249 m, respectively. HYSPLIT data was importedAird@IS and was
used to calculate the percent of time the trajectorgtdpehe boundary layer (below
1000 m) and above the boundary layer (above 1000 m) for aaghies
The Moderate Resolution Imaging Spectroradiometer (MQDIES onboard

NASA satellites and collects global fire activityari® by 1° grid [19]. The Navy
Aerosol and Analysis Prediction System (NAAPs) madimates smoke emissions
based on satellite and MODIS fire product data [20]. NIRDIS fire detects, the
NAAPs model, and the 10-day air mass back trajectories wsed to help determine the
location of both the regional and Siberian fires duriregglmpling periods.
RESULTS
Identification of Air Mass Source Regions and Biomass Burning events

HYSPLIT back trajectories were used to calculate souggi®n impact factors
(SRIFs) for each air mass sampled at MPO and CP®@.SRiF was calculated by
determining the percentage of time the back trajectspiest in a given source region
compared to the total trajectory time, and details cdelealculations are reported
elsewhere [4, 5, 15]. The defined source regions includecudigrally intensive areas
in the Western U.S., including Eastern Washington, tHakwette Valley in Oregon,
and the Central Valley in California (Figure S1.1) [4]wo other potential source
regions in Asia and Siberia were identified and useds$ess the influence of these

source regions on the SOC concentrations in the saha masses [4]. The SRIFs for
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each sampling date are listed in Table 2.1. The SRIFstiadd up to 100% because
they do not account for the significant time the tri@ges spent over the Pacific Ocean.
However, during trans-Pacific transport, Asian dust anokenplumes may be present
over the Pacific Ocean. In order to account for, this percentage of time the air mass
trajectories spent over the Pacific Ocean as opposeahtinental land was calculated
(Table 2.1).

Levoglucosan, a combustion byproduct of cellulosegkists in the particulate
phase in the atmosphere, is often used as a molenatker for biomass burning
emissions [21-24] The levoglucosan concentrationsuned at both sites are listed in
Table 2.2. For sampling dates that had elevated levoglucoseentrations (greater
than 10,000 pg/f or NAAPs model images that indicated smoke emiss@insnass
back trajectories and satellite images were used to detsthe fire locations. The
NAAPs model images for the concurrent CPO and MPO kagngtart dates of June 2
(Figure 2.2) and August 4 (Figure 2.3) show smoke emissionslémge scale fires
burning in Siberia being transported across the Pacifi@a®tethe Pacific Northwestern
United States. The NAAPs model images also indicai®d@RO was influenced by
Siberian biomass burning emissions during the June 16 sampliog feigure 2.4) and
MPO was influenced by regional fire emissions in Eas@regon during the September
4 sampling period (Figure 2.5).

To determine if biomass burning emissions influenced indiviamaamples,
the following were considered; (1) the levoglucosarceotration in the air sample was

elevated (greater than 10,000pd)/1f2) the smoke emissions estimated by the NAAPS
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model passed over the sampling site, and (3) the 10-daeyaas back trajectories for the
sample passed near MODIS fire detects.

Polycyclic Aromatic Hydrocarbons

Siberian Fires

During the June 2-4 concurrent sampling at CPO and MPQatetéparticulate
phase PAH concentrations were measured at MPO, whilated gas phase PAH
concentrations were measured at CPO (Figure 2.2 and TableP22e2)ious studies have
shown that elevated particulate phase PAH concentsatianassociated with trans-
Pacific air masses at Mt. Bachelor Observatory (NIB&hich is located at 2800m in
Oregon’s Cascade Range [5], while elevated gas phase Rfddntoations were
measured in trans-Pacific air masses at CPO [7]

To determine if the sampled air mass represented the bguagler or
tropospheric air, the HYSPLIT back trajectories wesed to calculate the amount of
time the air mass time spent above (>1000 m) or betd@d0 m) the boundary layer in
the 10 days prior to sampling (Table Sl.1). In the June @adses, 96% of the
trajectory time was spent above the boundary layer friceaching MPO, while only
68% of the trajectory time was spent above the boundgey prior to reaching CPO
(Table 2.1). At CPO, the concentrations of retermomarker for the incomplete
combustion of soft wood [2], fluoranthene, and pyreree elevated (p-value < 0.05) in
the June 2 air mass, while, at MPO, the levoglucosaoectration was elevated
(>10,000 pg/M). However, the levoglucosan concentration at CR® below the
detection limit. Levoglucosan is particle bound and watduble and the relatively wet

boundary layer air mass at CPO may partly explaina$® of levoglucosan at CPO. In
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addition, the average relative humidity CPO and MPOnduthie June 2 sampling was
79% and 60%, respectively. Due to CPO's higher relativaditynand closer proximity
to the Pacific Ocean, fog formation is greater at @D at MPO. Fog is an efficient
scavenger of SOCs and may explain the removal of lagogan and particle bound
PAHs from the sampled air mass at CPO.

The NAAPs model images indicate that, during the Junen@uccent sampling,
smoke plumes from Siberian fires crossed the Pa@iiean and passed over CPO and
MPO (Figure 2.6). In addition, Figures 2.2 and 2.3 show theass back trajectories
for the June 2 concurrent sampling at CPO and MPO odatdo MODIS 10-day fire
start images. The MODIS images are generated byisatiEta over 10-day periods and
the image shown in Figure 2.2 represents the June 1-10 tiod.pén Figures 2.2 and
2.3, each red dot represents a fire that burned during the Jfdag, while the yellow
dots indicate areas of more intense burning [19]. By compane MPO and CPO
trajectories in Figure 2.2, it is clear that the MPOnaass spent more time over the
Siberian and Asian source regions (13.2%) than the @R@aas (1.4%) (Table 2.1).
This indicates that, during the June 2 concurrent sagyaWiPO was influenced to a
greater extent by Siberian biomass burning emissions@R&h This, along with
different site characteristics, such as relative llityneand elevation, may explain the
different observations at CPO and MPO.

The ratios of individual PAH isomers have been useddorce apportionment by
comparing the PAH ratio of the combustion source td?hE ratio measured in air [7,
25, 26]. During the June 2 concurrent sampling, the ratiodeho-[1,2,3-cd]-

pyrene/(indeno-[1,2,3-cd]-pyrene +benzo-[ghi]-perylenes &&5 at MPO. This PAH
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ratio for wood combustion is 0.64 £ 0.07 [26], suggestingtti@MPO air mass
contained biomass burning emissions from the Siberias fiflhe same PAH ratio could
not be calculated in the concurrent June 2 CPO air arate CPO and MPO concurrent
August 4 air masses because the concentrations oirfatgtho-[1,2,3-cd]-pyrene and
benzo-[ghi]-perylene were below the detection limitsh{€.2).

Similar to the June 2 concurrent sampling, during the Augushducrent
sampling, MPO had elevated particulate phase PAH comatems and CPO had
elevated gas phase PAH concentrations (Figure 2.3). Aopiestudy reported low total
aerosol scattering/carbon monoxide concentratioogatirring the August 4 time period
at CPO and the affect of precipitation in transit BGCwas explored to explain this low
ratio [8]. The HYSPLIT model indicated that relativédw precipitation, 1.4 mm at
CPO and 15.1mm at MPO, fell along the 10-day air masstbaektory of the June 2
sampled air mass. However, for the August 4 sampledass the precipitation that fell
in transit was 9.5 mm at CPO and 38.6 mm at MPO. Beweeiséeposition is a primary
removal mechanism of submicron aerosols from the spphmere, precipitation in transit
across the Pacific Ocean may explain why the parteylhase PAH concentrations in
the August 4 air mass were lower than the June 2 air &80 and MPO (Figure 2.1).
The NAAPs model image for the August 4 concurrent sampbmndrens the influence of
Siberian biomass burning emissions at CPO and MPO (Figure 2.7)

Principal component analysis (PCA) was used to furth@uate the differences
in PAH profiles in the CPO and MPO air masses. ladial PAH concentrations were
normalized to total PAH concentrations in each ainda to allow direct comparison of

the PAH profile between samples. The PCA biplotigufe 2.8 confirms that the June 2
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and August 4 air masses sampled concurrently at MPO ancc@R@ned different PAH
profiles even though both air masses were influenced bythe Siberian biomass
burning emissions. The PCA biplot indicates that th® CES and 17S) and MPO (8S
and 16S) air masses influenced by the Siberian biomasmbguemissions had elevated
pyrene and retene concentrations.

Regional Fires

Fluorene concentrations were elevated at CPO in thit Bpair mass compared
to the rest of 2003 and it was the only sampled air masP@tthat was from an easterly
rather than westerly direction (Tables 2.1 and 2.2). alim@spheric lifetime of fluorene
is relatively short (22 hours) [27], suggesting that tHOGir mass may have been
influenced by local sources.

From August 19 to September 26, approximately 90,789 acres oN&tiSnal
Forest burned in the Oregon Cascade Range located 15@astest MPO (referred to
as the B&B complex fire). An air mass was sampledlRO on September 4-6, during
one of the most intense periods of burning. The predommadtdirection at MPO
during this time period was from the southwest (Table Zbwever, the NAAPs model
image shows that smoke emissions from this foresirfiheenced a large portion of
Oregon (Figure 2.5). This air mass had elevated coatients of all gas phase PAHSs,
including anthracene and retene, and levoglucosan (Tablera)elatively high
anthracene concentrations in this air mass, aloryitgitrelatively short atmospheric
half-life of 1.5 hours [27], is consistent with an iiass influenced by a regional
combustion source and the elevated retene and levoglucoseentrations indicate it

was the B&B complex fire.
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Pesticides
Siberian Fires

The fate of pesticides in fires depends on their physioaia@ properties and the
temperature of the fire [28]. At temperatures greater BMC, most pesticides
thermally degrade [28]. However, under smoldering comit{@06C to 506C),
pesticides volatilize to the atmosphere [28]. Expenim@n the combustion of
insecticide treated wood showed that stable pesticideshgitier vapor pressures, such
as gamma-HCH (lindane), volatilized under smolderinglt@mms and 43% of the
gamma-HCH was recovered in the smoke stream [28]. Facides with lower vapor
pressures, such as chlorpyrifos, 28% was recovered snibke stream under
smoldering conditions [28]. When gamma-HCH and chlorpymfese burned at
temperatures greater than 500 both pesticides thermally degraded [28]. Because the
physiochemical properties of gamma-HCH are similar tesdmer alpha-HCH, it is
possible that alpha-HCH and other SOCs volatilize fsorthand vegetation during
biomass burning.

The highest dieldrin concentrations at CPO were measutéd June 2, June 16,
and August 4 air masses (Table 2.3). The PCA biplot of alied pesticide
concentrations confirmed these elevated concentratiathe iJune 2 and June 16 air
masses (Figure 2.9). At CPO, the dieldrin concentratas significantly correlated with
alpha- and gamma- HCH, fluoranthene, pyrene, and retewnemiations (Table 2.4).
The NAAPs model indicated these three CPO air masses nfluenced by the trans-
Pacific transport of Siberian biomass burning emissiorgi(Es 2.4, 2.6, 2.7). The

highest dieldrin concentrations at MPO were measurdteisept. 21 air mass. On this
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day, air mass back trajectories and elevated particpttatee PAH concentrations
indicated influence from trans-Pacific transport at MP@is suggests that dieldrin,
banned in the U.S in 1987, was transported during theseReanific events to CPO and
MPO.

Dieldrin use in China has not been reported howevedrdighas been measured
in sediments from Lake Taihu and in air in Beijing andd@dao [25, 29-31]. Dieldrin
was also measured in air on Okinawa, Japan, a siteetbdawnwind of Asian source
regions, but no single Asian source region could be igh{iLl5]. The CPO and MPO
data suggest that dieldrin undergoes trans-Pacific trartspthre U.S. West Coast.

The alpha-HCH concentration was also elevated at @RI June 2, June 16,
and August 4 air masses that were influenced by the Sibd®oarass burning emissions
(Figure 2.1 and Table 2.3). Technical HCH (containing alph&tld@d gamma-HCH)
was banned in the U.S in 1974, in China in 1983, and in the fd@maet Union in 1990
[32]. Emission inventories for alpha-HCH were develofsedoth China and the former
Soviet Union based on production and usage in these coyB8i8%]. From these
inventories, it is evident that most of the land burneSiloeria during the summer of
2003 had minimal direct use of alpha-HCH [34, 35]. HoweVer burned area in
Siberia was near the areas of intense alpha-HCHhuSkina and the Soviet Union and
was likely a receptor region for these alpha-HCH eiomssfor many years [36].

At CPO, alpha-HCH concentrations were significaplyx 0.05) positively
correlated with dieldrin concentrations and negativelyetated with dacthal
concentrations. Dacthal (or DCPA) is a current uséqi@s in the U.S. These

correlations suggest that the elevated alpha-HCH aifdfidieoncentrations at CPO are
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due to trans-Pacific transport, while the elevated dacthalentrations are due to
regional transport. The alpha to gamma-HCH ratio dicappear to be indicative of
trans-Pacific or regional atmospheric transport (Ta2t8¢. In addition, this ratio was not
correlated with SOC concentrations at MPO or CPDIEr'a.5).

Regional Fires

The highest CPO concentrations of dacthal and endoduliath current use
pesticides, were in the April 11 easterly air mass @at8). Pesticide-use maps indicate
dacthal and endosulfan use in Eastern Washington on y@@atBecause the air mass
back trajectories passed over Eastern Washington and tieshmpncentration of
levoglucosan at CPO was measured in this air masdjkely that the April 11 air mass
was influenced by agricultural field burning in Eastern Washimgfthe most prevalent
agricultural burning of wheat fields (89% of the total adreshed in Washington) occurs
in April and May and also in September and October [280, the dacthal
concentration at CPO was significantly negativelyelated with the alpha-HCH
concentration, providing further evidence that the daeh@PO was from regional, and
not trans-Pacific, sources.

The highest dacthal and endosulfan sulfate concenissibMPO were measured
in the Sept. 4 air mass that was influenced by the B&Bptex fire (Table 2.3). The
concentration of dacthal and endosulfan sulfate at Mf@ significantly positively
correlated with each other and gas-phase PAH concemisatin addition, the PCA
biplot of normalized pesticide concentrations confirheselevated dacthal

concentrations in the Sept. 4 air mass at MPO (Figi®e This suggests that these
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current use pesticides were volatilized and transport®&tPO during regional fire
events, including the B&B complex fire.
Pesticide L oss from Soil Dueto Forest Fires

Composite forest soil samples from a burned and unbureacéthe B&B
complex forest fire discussed above were collectedaamalyzed to investigate the
potential loss of SOCs from soil due to re-volatii@atand/or degradation from a forest
fire. The pesticides with elevated concentrationgrimasses influenced by the Siberian
and regional biomass burning emissions, dieldrin, alpha-Hi@ethal, and endosulfan
sulfate, had concentrations in burned forest soilweae decreased by 100%, 97%, 90%,
and 97%, respectively, compared to unburned forest soil (FQyLée Table 2.6). These
four pesticides also had some of the highest concemtsaith unburned soil among the
pesticides measured (Figure 2.10, Table 2.6). Other pestn@ksured in the unburned
forest soils included trifluralin, HCB, gamma-HCH, heiac, chlorpyrifos oxon,
heptachlor epoxide, trans-chlordane, trans-nonachlor, andudfaadol. Their losses
from forest soil ranged from 34 to 100% (Figure 2.10, Table Z'B¢ losses of PCBs
from forest soil ranged from 80 to 85% (Figure 2.10, Table Z)wever, the PCB
concentrations in unburned forest soil were significaotiyer than the dieldrin, alpha-
HCH, and endosulfan sulfate concentrations. Thesdtseconfirm that pesticides and
other SOCs may re-volatilize and/or degrade during biomassigur
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Figure2.1. Map of air sampling locations (Cheeka Peak Observat@fy@ and Mary’s
Peak Observatory —MPO) in relation to source regioose®) in (A) Asia, Siberia, and
the U.S. and (B) urban and agricultural source regiotiseitunited States
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Figure 2.2: MODIS 10-day fire detects overlaid with 10-day air mas&bac
trajectories and corresponding PAH and pesticide caratems measured at
MPO (purple) and CPO (orange) for the concurrent sampliniyoe 2, 2003
and. Smoke plumes extended across the Pacific Océlam Wdestern U.S.
(Figures 2.6 and 2.7).
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Figure 2.3: MODIS 10-day fire detects overlaid with 10-day air mas&bac
trajectories and corresponding PAH and pesticide caratems measured at
MPO (purple) and CPO (orange) for the concurrent samplinfgugust 4, 2003.
Smoke plumes extended across the Pacific Ocean to tbkeiVé).S. (Figures
2.6 and 2.7).
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Figure 2.4 NAAPs model images depicting the smoke optical depth dunmgdune 16
sampling at CPO. The legend represents the smoke masg matio (ug / m"3) at the
surface. The contouring begins at 0.1 ug / m"3 and doubleagnitude for each
successive contour [20].
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Figure 2.5 NAAPs model images depicting the smoke optical depth duhnimg t
September 4 sampling at MPO. The legend represents the snass mixing ratio (ug /
m~3) at the surface. The contouring begins at 0.1 ug / mé3laubles in magnitude for
each successive contour [20].
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Figure 2.6 NAAPs model images depicting the smoke optical depth dunmgune 2
concurrent sampling at CPO and MPO. The legend reprébendgsnoke mass mixing
ratio (ug / m"3) at the surface. The contouring bedifislaug / m"3 and doubles in
magnitude for each successive contour [20].
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Figure 2.7 NAAPs model images depicting the smoke optical depth dunmdg\tgust 4
concurrent sampling at CPO and MPO. The legend reprébendsnoke mass mixing
ratio (ug / m"3) at the surface. The contouring bedifislaug / m"3 and doubles in
magnitude for each successive contour [20].
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Figure2.8. PCA biplot of normalized PAH and concentrations measat MPO and
CPO during 2003. The numbers correspond to sample numbables 2.1. The letters
next to the sample number indicate samples influenc&ildgrian biomass burning
emissions (S) and regional fires (R).
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Figure 2.9. PCA biplot of normalized Pesticide concentrationssuead at MPO and
CPO during 2003. The numbers correspond to sample numbeablen2.1. The letters
next to the sample number indicate samples influenc&lldgrian biomass burning
emissions (S) and regional fires (R).

-04 -0.2 0.0 02 04 08B 08

105

04

95

04

Dieldrin 4

Comp.2

Endosulfan

04

Comp.1

36



Figure 2.10. Concentrations of pesticides and polychlorinated bipheR@8§6) (pg/g
dry weight) in burned and un-burned forest soil collectethfthe B&B complex forest
fire in the Deschutes National Forest, Oregon.
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Table2.1. Sample, meteorological, and SRIF information foisaimples collected at MPO and CPO during 2003. The %PO
indicates the percent of time the air mass spenttbedPacific Ocean relative to land masses along thag®ack trajectory.

Avg Average Primary % % Eastern %

Sample fgztna‘:ili)nng Start Stop S';r?lL;J)IiZd o;n:ir Temp Wind Speed _Win(_j Pacific %<BL %>BL %Siberia A:{?a Oregqn and Western Zna(l:ifeonrtr:iaal
# (oC) (m/s) Direction Ocean Washington Oregon
1R CPO 11-Apr 13-Apr 48 675 9.1* 5* NE* 87.7 81.4 18.6 17.8 17.9 1.5 0.7 0.0
2 CPO 21-Apr 23-Apr 48 664 8.3* 8* W* 85.0 58.4 41.6 22.1 5.4 0.0 1.1 0.0
3 CPO 2-May 4-May 48 661 9.1* 3.0 w 56.8 71.2 28.8 0.0 0.0 0.0 0.0 0.2
4 MPO 11-May 13-May 48 3041 5.0 53 W 29.2 18.9 81.1 0.0 0.0 4.0 7.1 0.0
5 MPO 21-May 23-May 48 3207 12.1 2.5 Sw 96.0 16.5 83.5 1.9 5.1 0.0 0.5 0.0
6 MPO 26-May 28-May 48 3207 NA 3.9 NE 94.7 26.5 73.5 0.1 8.9 0.0 0.5 0.0
7 MPO 30-May 1-Jun 48 3207 7.7 5.2 NE 89.2 40.5 59.5 4.8 2.8 0.0 1.8 0.0
8s MPO 2-Jun 4-Jun 48 3207 9.4 9.1 NE 78.1 3.8 96.2 8.5 4.7 0.0 2.2 0.0
9s CPO 2-Jun 4-Jun 48 643 12.9* 2.7 w 88.7 32.0 68.0 12 0.2 0.0 0.0 0.0
10S CPO 16-Jun 18-Jun 48 636 14.5* 2.0 w 93.3 45.8 54.2 8.8 4.4 0.0 0.0 0.0
11 MPO 22-Jun 24-Jun 48 2867 4.0 6.8 NE 89.2 25.3 74.7 3.8 2.4 0.0 0.7 0.0
12 MPO 4-Jul 6-Jul 48 2867 13.4 4.9 NE 88.7 33.1 66.9 0.1 1.7 0.0 0.9 0.0
13 CPO 7-Jul 9-Jul 48 636 13.8* 3.2 Sw 92.2 83.5 16.5 3.9 6.9 0.0 0.0 0.0
14 MPO 22-Jul 24-Jul 48 1794 18.4 4.4 N 90.4 16.5 83.5 29 21.4 0.0 1.8 0.0
15 MPO 2-Aug 4-Aug 48 1794 15.0 2.6 S 95.0 39.9 60.1 0.8 0.6 0.0 0.8 0.0
16s MPO 4-Aug 5-Aug 24 897 17.0 3.8 SW 87.1 52.9 47.1 4.2 0.0 0.0 0.6 0.0
17s CPO 4-Aug 6-Aug 48 647 13.9* 25 SwW 83.5 80.6 19.4 1.7 0.0 0.0 0.0 0.0
18 MPO 8-Aug 10-Aug 48 1794 11.9 4.9 Sw 86.2 25.8 74.2 2.6 0.2 0.0 0.8 0.0
19 MPO 12-Aug 14-Aug 48 1794 12.0 4.6 Sw 82.2 26.6 73.4 0.0 0.0 0.0 29 0.0
20R MPO 4-Sep 5-Sep 24 897 23.4 2.8 Sw 77.5 56.2 43.8 3.3 0.3 2.5 25 0.0
21T MPO 21-Sep 22-Sep 24 897 11.6 135 NE 78.2 6.0 94.0 12.6 20.9 0.0 1.9 0.0

* CPO data from met station in Quillayute, WA
S =influenced by Siberian biomass burning
R =influenced by regional biomass burning

T = influenced by trans-Pacific transport
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Table2.2. PAH concentrations (pgfnin MPO and CPO air samples collected during 2003

Sample ~ Sampling Sampling

# Location start date ACE FLO PHE ANT FLA PYR RET BaA CHR BbF BkF BeP BaP lcdP  BghiP LEV
1R CPO 11-Apr <DL 256 170 <DL 410 171 <DL 148 698 <DL <DL <DL <DL <DL <DL 16000
2 CPO 21-Apr <DL 543 759 <DL 188 122 <DL <DL <DL 496 <DL 173 <DL <DL <DL 654
3 CPO 2-May <DL 4981 125 <DL 232 163 <DL <DL <DL 994 <DL <DL <DL <DL <DL 381
4 MPO 11-May <DL 155 199 <DL 381 69.2 388 447 400 <DL <DL <DL <DL <DL 3.98 <DL

5 MPO 21-May <DL 258 558 <DL 819 936 664 543 383 <DL <DL <DL <DL <DL 4.75 22600
6 MPO 26-May <DL 435 552 <DL 871 190 113 <DL <DL <DL <DL <DL <DL <DL 1.03 <DL
7 MPO 30-May <DL 215 274 <DL 074 257 <DL <DL <DL <DL <DL 163 <DL 242 1.01 <DL
8S MPO 2-Jun 72.4 165 274 <DL 295 288 21.0 <DL 120 847 326 138 <DL 137 7.47 32300
9s CPO 2-Jun <DL 557 184 <DL 915 922 412 <DL <DL <DL 112 <DL <DL <DL <DL <DL
10S CPO 16-Jun <DL 515 306 <DL 200 236 845 <DL <DL <DL <DL <DL <DL <DL <DL <DL
11 MPO 22-Jun <DL 384 121 <DL 134 236 233 <DL <DL <DL <DL <DL <DL <DL 0.89 3440
12 MPO 4-Jul <DL 97.7 127 <DL 284 418 272 543 <DL <DL <DL <DL <DL 231 3.05 <DL
13 CPO 7-Jul <DL <DL 68.5 <DL 20.2 21.2 <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
14 MPO 22-Jul 149 522 1120 <DL 246 376 156 <DL <DL <DL <DL <DL <DL <DL <DL 3980
15 MPO 2-Aug 369 565 916 <DL 296 570 <DL <DL <DL <DL <DL 297 <DL 3.0 2.00 <DL
16S MPO 4-Aug 72.0 205 235 <DL 623 115 703 <DL <DL <DL <DL 490 <DL <DL 4.23 33800
17S CPO 4-Aug <DL 146 169 <DL 107 143 421 <DL <DL <DL <DL <DL <DL <DL <DL 1980
18 MPO 8-Aug 137 153 656 255 102 263 747 <DL <DL <DL <DL 522 <DL <DL 2.38 2750
19 MPO 12-Aug 88.0 240 824 <DL 103 261 801 <DL <DL <DL <DL <DL <DL 4.30 4.07 0
20R MPO 4-Sep 431 483 2230 125 330 1070 303 <DL <DL <DL <DL 321 201 <DL 5.96 17100
21T MPO 21-Sep <DL 215 682 <DL 528 692 480 199 511 <DL <DL 107 350 891 9.43 472

indicates concurrent samples

Abbreviations: ACE=acenapthene, FLO = fluorene, PHE = phenanthrene, ANT = anthracene, FLA = fluoranthene, PYR = pyrene, RET = retene,
BaA = Benzo(a)anthracene = chrysene and triphenylene, BbF = Benzo(b)fluoranthene, BkF = Benzo(k)fluoranthene, BeP = Benzo(e)pyrene,
BaP = Benzo(a)pyrene, IcdP = Indeno(1,2,3-cd)pyrene, BghiP = Benzo(ghi)perylene, LEV = levoglucosan, 1,3,5 TPB =1,3,5 triphenylbenzene
S=influenced by Siberian biomass burning emissions

R=influenced by regional biomass burning emissions

T=inlfuenced by trans-Pacific transport



Table2.3. Pesticide concentrations (pg)nin MPO and CPO air samples collected during 2003

alpha/

Sample Schmaﬁ:i(?r? Zzw%"antg HCB ;[():f:'a‘ 925:‘& g(;u;:ir;]a Triallate Dacthal Chlorpyrifos Chlt?ra?;ne, Endosiulfan No?raa(iglor, Dieldrin EndoTIquan Eng:l?:ll(fean
#
1R CPO 11-Apr 38.6 13.6 4.57 2.96 6.31 9.44 <DL 0.28 12.1 <DL 3.00 <DL <DL
2 CPO 21-Apr 43.3 15.6 5.06 3.08 <DL <DL <DL <DL 2.53 <DL 6.46 <DL <DL
3 CPO 2-May 36.2 14.4 6.70 2.15 2.40 8.79 <DL 0.22 6.49 <DL 11.7 <DL <DL
4 MPO 11-May 30.1 12.6 5.27 2.39 5.85 32.6 1.88 0.64 62.4 0.56 13.9 6.66 0.62
5 MPO 21-May 29.0 13.3 3.30 4.04 <DL 2.07 4.49 0.96 64.9 0.67 6.38 26.6 1.12
6 MPO 26-May 9.82 3.84 0.96 4.01 <DL <DL 0.37 0.23 3.86 0.16 <DL <DL <DL
7 MPO 30-May 11.3 5.76 1.09 5.27 <DL 0.05 2.49 <DL 5.30 <DL <DL 0.84 <DL
8S MPO 2-Jun 35.2 16.2 4.32 3.74 <DL 0.16 391 0.61 92.1 0.41 3.03 41.0 0.96
9s CPO 2-Jun 171 215 6.35 3.38 <DL <DL <DL <DL 3.24 <DL 13.7 <DL <DL
10S CPO 16-Jun 26.2 29.9 14.9 2.00 <DL 2.04 <DL <DL 3.50 <DL 40.1 <DL <DL
11 MPO 22-Jun 37.5 25.3 2.51 10.1 <DL 0.51 0.63 0.52 2.81 0.36 1.05 0.35 0.16
12 MPO 4-Jul 13.2 6.41 1.00 6.41 0.31 0.42 12.7 0.37 18.9 0.25 <DL 4.16 0.30
13 CPO 7-Jul 13.7 <DL 4.64 NA <DL 0.29 <DL <DL 0.83 <DL 7.13 <DL <DL
14 MPO 22-Jul 81.1 37.0 7.20 5.13 <DL 3.67 4.16 1.79 24.8 1.42 11.0 14.2 3.23
15 MPO 2-Aug 22.8 9.30 <DL NA <DL 0.03 <DL <DL 61.8 <DL <DL 4.53 0.30
16S MPO 4-Aug 25.1 17.1 <DL NA <DL 1.48 4.54 <DL 45.4 <DL <DL 5.23 <DL
17s CPO 4-Aug 61.7 49.3 10.1 4.91 <DL <DL 0.70 <DL 7.09 <DL 21.6 0.73 <DL
18 MPO 8-Aug 84.3 53.1 3.91 13.6 <DL 5.65 2.42 0.75 26.2 0.67 4.75 3.26 0.30
19 MPO 12-Aug 28.6 22.9 4.66 4.91 <DL <DL 0.32 <DL 3.29 <DL 10.0 0.34 2.31
20R MPO 4-Sep 82.6 29.9 4.99 5.99 <DL 101 3.46 1.37 117 1.41 9.57 9.95 8.16
21T MPO 21-Sep 80.1 50.4 8.33 6.05 <DL <DL 2.60 2.45 91.0 1.66 26.7 8.65 1.87

indicates concurrent samples
<DL = below detection limit
NA = not applicable
S=influenced by Siberian biomass burning emissions
R=influenced by regional biomass burning emissions

T = influenced by trans-Pacific transport



Table 2.4. Significant Pearson correlation coefficients (R) (jh+ea<0.05) between PAH and pesticide concentrations
measured at CPO: Hexachlorobenzene(HCB), alpha and @&terachlorocyclohexane (a-HCH, g-HCH), Dacthal (Dac),
Endosulfan 1(Endo 1), Dieldrin (Dield), Endosulfan ll(Endd2)dosulfan Sulfate (EndoS), Sum Chlordangshjor), Sum
Endosulfans¥Endos), Fluorene (FLO), Phenanthrene (PHE), Anthea¢ANT), Fluoranthene (FLA), Pyrene (PYR),
Retene (RET), and Levoglucosan (Lev).

HCB aHCH gHCH r:{i% Dact Endol Dield Endo2 EndoS Chfor Erfjo FLO PHE ANT FLA PYR RET Lev
HCB NA 0.95
aHCH NA 0.83 -0.99 0.89 0.92 0.98 0.93
gHCH 0.83 NA 0.98 0.82 0.83 0.79
alg ratio NA
Dact 0.95 -0.99 NA
Endol NA 0.89
Dield 2.00 0.89 0.98 NA 0.83 0.87 0.99
Endo2
EndoS
Z Chlor
2 Endo
FLO NA 0.96
PHE 0.82 NA
ANT
FLA 0.92 0.83 0.83 NA 0.95 0.99
PYR 0.98 0.79 0.87 0.95 NA 0.95
RET 0.93 0.99 0.99 0.95 NA
Lev 0.89 0.96 NA
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Table 2.5 Significant Pearson correlation coefficients (Rvfe <0.05) between PAH and pesticide concentrations
measured at MPO: Hexachlorobenzene (HCB), alpha and g&terachlorocyclohexane (a-HCH, g-HCH), Dacthal (Dac),
Endosulfan 1(Endo 1), Dieldrin (Dield), Endosulfan ll(Endd2)dosulfan Sulfate (EndoS), Sum Chlordangshjor), Sum
Endosulfans¥Endos), Fluorene (FLO), Phenanthrene (PHE), Anthea¢ANT), Fluoranthene (FLA), Pyrene (PYR),
Retene (RET), and Levoglucosan (Lev), NA = not applea

HCB aHCH gHCH r:{i% Dac ENDO1 DIELD ENDO2 ENDOS Chfor Erfio FLO PHE ANT FLA PYR RET Lev
HCB NA 0.94 0.78 0.78 0.72 0.79 0.70 0.65 0.66
aHCH 0.94 NA 0.71 0.65
gHCH 0.78 0.71 NA 0.87 0.89 0.58 0.70 0.58
alg ratio NA
Dac NA 0.66 0.86 0.63 0.82 0.93 0.79 0.86 0.83
ENDO1 0.60 NA 0.97 0.59
DIELD 0.87 NA 0.77
ENDO2 NA 0.66 0.57
ENDOS 0.86 NA 0.87 0.96 0.87 0.94 0.95 0.96
Z Chlor 0.78 0.65 0.89 0.77 NA
2 Endo 0.58 0.97 0.66 NA 0.56 0.58 0.54
FLO 0.72 0.70 0.87 0.75 0.56 NA 0.91 0.58 0.91 0.84 0.90
PHE 0.79 0.58 0.82 0.59 0.96 0.69 0.58 0.91 NA 0.83 0.97 0.96 0.97
ANT 0.93 0.87 0.58 0.83 NA 0.84 0.91 0.86
FLA 0.70 0.79 0.94 0.91 0.97 0.84 NA 0.98 0.99
PYR 0.65 0.86 0.95 0.84 0.96 0.91 0.98 NA 0.98
RET 0.66 0.83 0.96 0.90 0.97 0.86 0.99 0.98 NA
Lev 0.57 0.54

42



Table 2.6. Concentrations of pesticides and polychlorinated biph€R@8s) (pg/g dry weight)
and their percent difference in burned and un-burned sail the B&B complex fire in the Deschutes
National Forest.

Un-burned Burned soil %

soil pg/g dw pg/g dw difference
Trifluralin 2.62 1.73 34
Hexachlorobenzene 140.45 22.51 84
HCH, alpha 1231.28 35.78 97
HCH, gamma (Lindane) 98.96 0.00 100
Heptachlor 2.25 0.00 100
Dacthal 61.98 5.92 90
Chlorpyrifos oxon 10.62 0.00 100
Heptachlor epoxide 23.24 0.00 100
Chlordane, trans 24.62 5.63 77
Nonachlor, trans 27.49 5.05 82
Dieldrin 519.42 0.00 100
Endosulfan 11 13.87 6.20 55
Endosulfan sulfate 184.18 6.35 97
PCB 153 (hexa) 62.73 9.52 85
PCB 138 (hexa) 89.22 17.46 80
PCB 187 (hepta) 31.74 4.76 85

PCB 183 (hepta) 10.62 2.16 80
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ABSTRACT

Chiral signatures of organochlorine pesticides were medsarair masses on
Okinawa Japan and three remote locations in theiP&tirthwestern U.S.: Cheeka Peak
Observatory (CPO), a coastal site on the Olympic Pelaimgi/Vashington at 500 m;
Mary’s Peak Observatory (MPO), a site at 1250 m in Qrsg8oast range; and Mt.
Bachelor Observatory (MBO), a site at 2300 m in OregGascade range. The chiral
signature of composite soil samples collected from aljwi@al areas in China and South
Korea were also measured. Racemic alpha-HCH wasunegbm Asian air masses and
soil from China and South Korea. Non-racemic (enamtiofraction (EF) = 0.528 +
0.0048) alpha-HCH was measured in regional air massd3@t &marine boundary
layer site, and may reflect volatilization from tRacific Ocean and regional soils.
However, during trans-Pacific transport events at GROEFs were significantly (p-
value <0.001) more racemic (EF = 0.513 + 0.0003). Racemia-&l@H was
consistently measured in trans-Pacific air massbd?& and MBO. The alpha-HCH
EFs in CPO, MPO, and MBO air masses were positivalsetated (p-value = 0.0017)
with the amount of time the air mass spent abovédlmdary layer along the 10-day
back air mass trajectory prior to being sampled. Tlggssts that the alpha-HCH in the
free troposphere is racemic. The racemic signatdreis and trans chlordane in air
masses at all four air sampling sites suggest that AsidiJ.S. urban areas continue to
be sources of chlordanes that have not yet undergonensitmtnaation.
INTRODUCTION

Organochlorine pesticides (OCPs) are semi-volatile, undergprange

atmospheric transport and are persistent in the envirordjemalthough most OCPs
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have been banned in the U.S. for many years, thejncento be measured in ambient air
[2]. Re-volatilization of OCPs from contaminated sasl considered to be a significant
source of OCPs to the atmosphere [1, 2]. In addiseveral OCPs are classified as
Persistent Organic Pollutants (POPs), and are beinggpbasdy the United Nations
Environmental Program (UNEP) [1]. In order to eliminate ®@Rd other POPs from
the atmosphere, their source regions need to be iddrtifie

Chiral pesticides are composed of two enantiomerdthad the same physical
and chemical properties. Therefore, abiotic (hydrolygistolysis, etc.) and transport
processes (volatilization, deposition, etc.) proceaffest the enantiomers equally [3].
OCPs are manufactured and used in racemic form. Howai@oorganisms in soil and
water selectively degrade one enantiomer over the o#halting in a non-racemic
signature that can volatilize to the overlying air [The enantiomer fractions of chiral
OCPs in air masses can provide information about whatpesticide has been
transported from an area where it is currently beiregl us has not yet been
biotransformed (a racemic signature) or has been treespioom an area after historic
use and biotransformation (a non-racemic signature).

The trans-Pacific and regional atmospheric transgddCGPs has been reported at
sites in Asia and in the Pacific Northwestern U4S9]. The objectives of this research
were to use the chiral signatures of OCPs to distinguistelea air masses influenced by
trans-Pacific and regional atmospheric transport anétermine if the sources of OCPs
to the Pacific Northwestern U.S. were from currenhistoric use.

EXPERIMENTAL

Air Sampling
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The air sampling sites included Hedo Station Observatd®D(Hbn Okinawa,
Japan (26.8, 128.2E, 60 m) [6], Cheeka Peak Observatory (CPO) in Washir@tate
(48.3N, 124.6W, 500 m) [7], Mary’s Peak Observatory (MPO) in Oregd@dsst
Range (44.%\, 123.6W, 1249 m) [7], and Mt. Bachelor Observatory (MBO) in
Oregon’s Cascade Range (4819121.7W, 2763 m) [4, 5] (Figure 3.1). The distance
from HSO to the East China Sea is 0.2 km, while thewdigt of CPO, MPO, and MBO
to the Pacific Ocean is approximately 3 km, 26 km, and 120dgpectively. HSO,
CPO and MBO are all well-established sites [4-7, 9].

Hi-volume air samples were collected at HSO duringsfiveng of 2004 (18
samples) [6], at CPO during 2003 (12 samples) [7], at MPOg@@003 (14 samples)
[7], and at MBO during 2004, 2005, and the spring of 2006 (69 samp]es)) [Detailed
information on the sample collection, OCP extratpoocedures and analysis, including
solvents and standards used, were previously reported [4-7, 10]

Soil Sampling

Soil samples were collected from four rice paddy fi@idShina (Nanjing,
Tianjin, Guangzhou, and Tangdian) in the summer of 2006 (Fjlije The sampling
sites were chosen based on their proximity to intensetdigmal regions, including the
Yangtze and Pearl River Deltas. Rice paddies were shuszause of the large amount
of technical hexachlorocyclohexane (HCH) historicallgdig these areas. In 1980,
53.2% of the HCH applied to agricultural fields in China wadiegpo rice paddies [11].
Technical HCH was banned in China in 1983 and in South Kor#885. A previous
study estimated the historical contamination level dineal HCH in China to be

extremely high (usage density > 40 t / kha) and in Soutled&t be very high (usage
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density is 10-40 t / kha) [12]. Soil samples were colttétem 7 agricultural fields
containing beans and hot peppers in provinces in South Kdyeangbuk, Gangwon,
Chungnam, Jeonbuk, Jeonnam, Kyeongnam, Ulsan Citygispihng of 2007. The
latitude, longitude, and elevation of each of the somgling locations can be found in
Table 3.1.

Twenty composite soil samples were collected in Chirale twenty-one
samples were collected from South Korea. Each coitepssl sample was collected
from 100n% x 100nf agricultural plots and consisted of 5 random surface (0 mR0c
samples combined and mixed thoroughly. The samples calleetes representative of
200,000 rA (China) and 210,000 1fSouth Korea) of land. Additional information on
the soil extraction and OCP analysis is given inSbpporting Information.

Chiral Analysis

Chiral analysis was performed using an Agilent 6890 GC and 5973 M
(GC/MS) in electron capture negative ionization modeNE. A DB-5MS (28m,
0.25mm id., 0.25um film thickness, J&W Scientific, USA) coluconnected to a BGB
172 chiral column (10m, 0.25mm id, 0.25um film thickness, BGRIgtik, Germany)
was used for the enantiomer separation of alpha-H€ptabhlor epoxide, oxychlordane,
cis-chlordane, trans-chlordane, and o,p-DDT. The DB-&neolminimized interferences
during the chiral separation on the BGB 172 column. Etdnaere injected (2ulL) using
splitless injection with an initial oven temperature@6iC. Following a 1 minute hold,
the following temperature program was usedCIfin to 140, 55 min hold,°2/min to

180, 40 min hold, 1%/min to 246C, 10 min hold resulting in a total run time of 133
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minutes. The temperatures of the ion source and quadrupaeatt 150C and the
methane gas was 60%.

The following ions were monitored in selective ion momnitg (SIM) mode:
alpha-HCH (m/z 253, 255, 257), heptachlor epoxide (m/z 316, 318)hloxglane (m/z
350, 352) cis and trans chlordane (m/z 408, 410, 412), and o,p {21246, 248).
The enantiomer elution order was determined#6tCH and cis and trans chlordane
using enantiomer (+) pure standards (Dr. Ehrenstorfer, D-88a§8burg, Germany).
Enantiomer pure standards were not available for heptagbéxide or oxychlordane.
The concentration of OCPs in field and lab blanks veetew the detection limit for
chiral analysis (S/N < 3:1).

Enantiomer fractions (EFs) are calculated using theviirig: Area (+)/(Area (+)
+ Area (-)), where Area (+) and Area (-) correspond$é peak areas of the (+) and (-)
enantiomers respectively. For heptachlor epoxide andntxyglane, EFs were calculated
using: Area (1)/(Area (1) + Area (2)), where Area (1) Anek (2) correspond to the peak
areas of thesland 29 eluting enantiomers, respectively. A macro was usethtmh
the chromatograms in MSD ChemStation (G1701DA) befoneuadantegration was
performed. Seven replicate injections of racemicdgads (25pg/uL) were used to
determine the racemic ranges (95% confidence interfals)pha-HCH (0.499 *
0.0095), trans chlordane (0.499 + 0.0052), and cis chlordane (0.497 + 0.@&&2)use
the EF precision of the standards was four decimal platldsFs are reported to 3
decimal places. To ensure there were no interfesgmen ratios were monitored and
required to fall within 20% of the standards. The detectmit for chiral analysis was

defined as a S:N ratio > 3:1.
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Air mass back trajectories and sourceregion impact factors (SRIFs)

4-day (HSO) and 10-day (CPO, MPO, MBO) air mass back toajes were
calculated for each of the sampling dates using NOAABridySingle-Particle
Lagrangian Integrated Trajectory model (HYSPLIT). Seuegion impact factors
(SRIFs) were calculated to assess the impact of Sdweria, and agriculturally intense
areas in Eastern Washington, the Willamette ValleyregOn, and the Central Valley in
California on sampled air masses. The SRIFs faialhasses have been previously
reported and are given in Table 3.2 [4-7]. The air masstbajektories were also used
to assess the influence of boundary layer (<1000m) andréneespheric (>1000m) air
on air masses sampled at MBO and have been previouslye@for the air masses
sampled at MPO and CPO (Table 3.2) [7].
RESULTS
Chiral Signatures of Alpha- HCH
Asa

Six of the eighteen HSO air masses sampled during threyspr2004 had EFs
above the detection limit (S/N > 3:1) and racemic digres (Table 3.2). Source region
impact factors (SRIFs) were previously calculated to ifletite source regions that
influenced each air mass and these included China, Ktapan, Russia, and ocean/local
[6]. The concentrations of alpha-HCH ranged from 5.986:@ pg/mi, and elevated
concentrations were measured in air masses associgite@hina [6]. Of the 6 air
masses with alpha-HCH EFs above the detection [Bntere primarily from China,

(Apr 1-2, Apr 2-3, Apr 3-4, 2004) and the other 3 were primardynfOcean/local
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influence (Mar 30-31, Apr 26-27, Apr 27-28). This suggests thalgia-HCH outflow
from China and Japan is racemic.

Racemic alpha-HCH signatures were also measured afwadetection limit in
10 of 20 composite soil samples taken from rice paddi€hima and in 4 of 21 samples
from agricultural fields in South Korea (Table 3.1).eTipha-HCH concentrations
ranged from <DL to 474 pg/g dry weight (dw), with a medialue of 156 pg/g dw in the
Chinese soils, and 30 pg/g dw to 934 pg/g dw with a median valLE0gig/g dw in the
Korean soils. A previous study measured the alpha-HCEerrations and EFs in soils
in southern China that ranged from <DL to 3480 pg/g dw witha@aneof 800 pg/g (in
crops), <DL to 2760 pg/g dw with a median of 780 pg/g dw (inpaddies), <DL to
1460 pg/g dw with a median of 170 pg/g dw (in uncultivated soils) [T8E rice paddy
soils had racemic alpha-HCH signatures, while the ar@puncultivated soils had non-
racemic alpha-HCH signatures indicating preferenggrddation of the (-) enantiomer
(EFs > 0.5) [13].

Technical HCH is composed of many isomers, including alpy@ét, and was
banned in China in 1983, in Korea in 1979, and in Japan in 1971 THd Fomposition
of technical HCH includes 60-70% alpha-HCH and 10-12% gamma-H@H [
Although technical HCH has been banned in most Asian cosingg@@nma-HCH
(lindane) is still registered for use [15]. Technic&iihas an alpha/gamma ratio from 4
to 10 and this ratio can be used to identify HCH sources [I6¢ HSO air masses had
an average alpha/gamma ratio of 2.3 + 0.3 when the spagios was identified as
China [6]. When the air mass was from the Japan/Ketesia source region, the

alpha/gamma HCH ratio was as high as 5.9 [6]. Previmges in urban and rural areas
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of China measured alpha/gamma HCH ratios between 1.6 amddi9indicating
current-use of lindane [15]. Ratios measured in urban dapan and Korea ranged
from 3.5 to 6, indicating past use of technical HCH [15]cd®aic alpha-HCH was
measured in all HSO air masses and in all Chinese arnti Botean soil samples above
the EF detection limit. This suggests that the prinsaryce of alpha-HCH in Asian air
masses is due to relatively fresh sources of alpha-H@Fbalimited biotransformation
of alpha-HCH since it was discontinued for use in Asia.
Pacific Northwestern United States

Because of their respective elevations, but relatiglelge proximity to each
other, the three air sampling locations in the U.£OGt 500m, MPO at 1249m, and
MBO at 2300m, are influenced by boundary layer and free thepimsair masses to
varying degrees. Figure 3.2 shows a significant negativelation (p-value = 0.0017)
between the percentage of time the 10-day air mass tage&tories spent above the
boundary layer (>1000m) and the alpha-HCH EFs measuréd mirt masses at CPO,
MPO, and MBO. This suggests that, in the Pacific Norghera U.S., non-racemic
alpha-HCH is present in the boundary layer, while racaipha-HCH is present in the
troposphere. A previous study suggested that the racerha-BIGH in rain collected
over Lake Ontario was due to racemic alpha-HCH scaveingedair masses above the
boundary layer prior to equilibration with the non-raceaipha-HCH measured in air
masses below the boundary over the lake [17].

Each of the air masses sampled at CPO, MPO, and W6 previously
characterized for the relative influence of regiomal rans-Pacific source regions for the

transport of ~83 semi-volatile organic compounds (SOCslyding polycyclic aromatic
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hydrocarbons (PAHS), current and historical use pessicated polychlorinated
biphenyls (PCBs) [4-7]. The concentration of alpha-H@hkhyed from <DL to 29.8
pg/nt at CPO, 3.84 pg/frto 53.1 pg/mat MPO, and 2.03 pgfto 42.7 pg/mat MBO.
Representative alpha-HCH EFs and 10-day air mass bae&ttnags for regional and
trans-Pacific air masses are given in Figure 3.3 fa® Q®PO, and MBO. Trans-Pacific
air masses typically spent higher percentages of thoeeathe boundary layer than
regional air masses (Table 3.2) [7]. Racemic alpha-M@klmeasured in trans-Pacific
air masses at MPO and MBO (Table 3.2). At CPO (thedbwlevation site), the trans-
Pacific air masses contained non-racemic alpha-HCHL8 + 0.0027) (Table 3.2).
However, this EF was significantly lower (p-value < 0.0®d)n the alpha-HCH EF in
regional air masses at CPO (0.528 + 0.0048). BecausdP@er@ns-Pacific air masses
spent larger percentages of time above the boundanydagehad a lower EF than
regional CPO air masses, this is consistent withcoaclusion that the free troposphere
may be a significant source of racemic alpha- HCH.

A principal component analysis (PCA) biplot was creatgidg the SRIFs for the
Pacific Northwestern U.S. air masses (CPO, MPO MB®) and the alpha-HCH
measured in each air mass was labeled as racemia-gacemic (Figure 3.4). These
first two components retained 97.5% of the original vanatiBased on all of the CPO,
MPO, and MBO data, when the air mass SRIFs indicagttbag source contribution
from Siberia and Asia, often during trans-Pacific transpbe alpha-HCH was racemic.
This provides additional support for our conclusion thatalpha-HCH in Asian air
masses is due to relatively fresh sources of alpha-H@fbalimited biotransformation

of alpha-HCH since it was discontinued for use in Asia.
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All CPO air masses contained non-racemic alpha-M@H selective degradation
of the (-) enantiomer at this low elevation, mamsite. A previous study measured non-
racemic signatures of alpha-HCH, with selective dedi@daf the (-) enantiomer, in air
at low elevation, marine sites on the West coastasfa@da in British Columbia [18]. The
Canadian sites were far from agricultural source resgand the authors suggested that
the sources of non-racemic alpha-HCH to these wies volatilization of non-racemic
alpha-HCH from the Pacific Ocean and/or trans-Patiéinsport [18]. However, our
data suggests that trans-Pacific air masses cont@mi@alpha-HCH.

At CPO, the Clausius Clapeyron equation indicated mifsignt correlation @=
0.81, p-value = 0.0004) between the concentration of IngefdH) and inverse site
temperature, indicating that volatilization from adbsource influenced alpha-HCH
concentrations in air. The CPO air sampler wastémta3 m above ground level in an
open clearing and a composite soil sample was taken neadby a nearby forest. The
CPO soil alpha-HCH EF in the clearing was non-racgfi544), and the alpha-HCH
concentration in the forest soil was below the dliedection limit (Table 3.1). A
previous study measured the alpha-HCH EF in soils and & four different heights (5,
35, 75, and 140 cm) above the soil in the Fraser VallagisB Columbia [19]. Both the
air (EF at 5 cm height above soil = 0.574) and soil (BF5¥9) samples were
preferentially depleted in the (-) enantiomer [19]. léwer, at greater heights above the
soil (75 and 140 cm) the air EFs decreased (EF = 0.552 and 0.§geGtreely) [19].

The alpha-HCH EF of the Pacific Ocean is not wiedlracterized. Previous
studies have measured the alpha-HCH EFs in the Berindgc@ih and Greenland Seas

[20]. Because the Pacific Ocean flows into the Beaing) Chukchi Seas, the Pacific
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Ocean and the Bering and Chukchi Seas likely have siafgha-HCH EFs [18]. The
average alpha-HCH EF of the Bering and Chukchi Seas evasacemic (0.521 *
0.0058) and similar to the average alpha-HCH EF measurednd masses (0.525 *
0.007) [20]. This suggests that the Pacific Ocean likely mmhaacemic alpha-HCH
signature and that sources of alpha-HCH to CPO likelydacvolatilization of non-
racemic alpha-HCH from the Pacific Ocean.

In two CPO air masses (June 2, 2003 and August 4, 2003), tleeH(@RH EF
was significantly lower than the CPO average (p-val0e081). These two air masses
have been previously identified as being influenced by tracgi®transport from
Siberian biomass burning emissions [7]. Trans-Pacifitspart usually involves mid-
latitude cyclones exporting Asian boundary layer air theofree troposphere [21].
During these two trans-Pacific events at CPO, therwbd decrease in the alpha-HCH
EF may be due to greater influence of racemic alpha-HGH the free troposphere and
the Asian boundary layer

4 of 10 MPO air masses had racemic alpha-HCH signatuhds, 6 of 10 MPO
air masses had non-racemic alpha-HCH signatures thatdepleted in the (-)
enantiomer (Table 3.2). During the concurrent samplirigPg and MPO of trans-
Pacific air masses (June 2 and August 4, 2003), alpha-HGHagamic at both sites. In
addition, the Clausius Clapeyron equation indicatedgrofieant correlation between
alpha-HCH concentration and inverse temperature at MR suggests that the alpha-
HCH measured at MPO was likely due to long-range transpdmaeatniocal
volatilization. The alpha-HCH EF could not be meadunethe MPO composite soil

sample because the concentration was below the deir@ttion limit (Table 3.1).
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16 of 20MBO air masses had racemic alpha-HCH signatures (Git#¢
However, 4 of 20 MBO air masses had non-racemic algb-signatures that were
depleted in the (-) enantiomer (Table 3.2). The ClauSlageyron equation revealed a
correlation between alpha-HCH concentration and ieveEsperature {= 0.42, p-value
= 0.003). MBO air mass back trajectories with a high peagge of air from the free
troposphere (>80%) had racemic alpha-HCH signatures, sugptsat the free
troposphere was a source of racemic alpha-HCH (Fig@je Blon-racemic alpha-HCH
signatures in MBO air masses were only measured duringitiher months (Table 3.2).
Volatilization of non-racemic alpha-HCH from surroumgisite soil during the winter is
unlikely because of snow cover.

The ratio of alpha HCH/gamma HCH in MBO air massas lbeen previously
used to distinguish between trans-Pacific and regionahasses (2.9 £ 0.3) and Pacific
Ocean and Siberian air masses (5.2 + 0.8). Out of threMBO air masses with non-
racemic signatures, three had alpha HCH/gamma HCékrati5.3, 5.4, and 4.5,
providing additional evidence that the Pacific Oceamlikely source of these non-
racemic signatures. Regional air masses at MBOdijpibad racemic signatures, and
our data suggest that Asia and the free troposphere wmeesof racemic alpha-HCH,
while the Pacific Ocean is a source of non-racenmbaHCH to the Pacific
Northwestern U.S.

Chiral Signatures of Chlordanes
Asa
Technical chlordane is composed of two major isomersa(adrans), as well as

other chlorine containing compounds [22]. Chlordane hasfresously used in China
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and Japan as an agricultural pesticide. This usage ibaomed in Japan and China, but
both countries currently hold exemptions for the uséhtoirdane as a termiticide [23].
Chlordane is also banned in all other countries in akatrd north east Asia, including
South Korea [23].

Racemic cis and trans chlordane were measured in &k @it masses above the
chiral detection limit at HSO (Table 3.2). The chlordeoecentrations ranged from
<DL to 5.40 pg/mfor cis chlordane and 0.448 pg/nto 8.16 pg/mfor trans chlordane
at HSO. The ratio of trans chlordane to cis chlorda@@C) in HSO air masses (1.2 =
0.3) did not vary based on source region influences andtesflée ratio (1 — 1.26) of
the technical mixture [6]. The racemic chlordane sigeastand TC/CC ratio suggest that
Asian air masses are influenced by relatively freshicas of chlordane and/or limited
biotransformation of chlordane has occurred since ititwaas discontinued for use in
Asia.

The sum of chlordane concentrations ranged from 16.9 pgtg d@%7 pg/g dw in
the South Korean soil and < DL to 2.00 pg/g dw in the Chiised. Previous studies
measured chlordane concentrations ranging from <DL to 13¢0dmpgrop, paddy, and
uncultivated soils from the Pearl River Delta regioi©bina [13]. Non-racemic
signatures of cis and trans-chlordane were measuredahthé South Korean
agricultural soils (Table 3.1); however, the chlordaneceatrations in the Chinese
agricultural soils were below the detection limit &iral analysis. Trans-chlordane was
typically depleted in the (+) enantiomer, while cidecdane was depleted in the (-)

enantiomer in the Korean soil samples. The saraat@selectivity has been measured
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in agricultural soils from Alabama, the Midwestern L) Sonnecticut, Hawaii, and the
U.K. [2].
Pacific Northwestern United States

Chlordane was used as an agricultural pesticide and tedaitiatil 1983 in the
U.S., and until 1988 for the control of subterranean tes124]. The concentration of
trans-chlordane ranged from <DL to 0.38 pganCPO, <DL to 2.45 pgfhat MPO, and
<DL to 4.94 pg/mat MBO, while the concentrations of cis-chlordaneenselow the
detection limit at CPO and MPO, and ranged from <DL.81 pg/ni at MBO. The
trans-chlordane EFs were above the chiral detectiahir36% of the CPO, 69% of the
MPO, and 57% of the MBO air masses sampled and for asedne 27% of the CPO,
31% of the MPO, and 33% of the MBO air masses sampleel alxrve the chiral
detection limit. Of the air masses with EFs abdwedetection limit, 50% at CPO, 89%
at MPO, and 92% at MBO had racemic signatures for cigrand-chlordane (Table 3.2).
Unlike alpha-HCH, a significant correlation was not oled between the trans-
chlordane or cis chlordane EF and the percentage of hiengit mass spent above the
boundary layer at CPO, MPO, and MBO (Figure 3.2). Altholigéd alpha-HCH, when
the air mass spent > 80% of time above the boundary paige to being sampled, trans-
chlordane was racemic, indicating the free tropospimergalso be a source of trans-
chlordane (Figure 3.2).

During trans-Pacific transport events to CPO, MPO, aB®DMhe concentration
of alpha-HCH was enhanced in these air masses, wéils &nd cis-chlordane were not
enhanced at CPO and MPO, so the EFs of trans and cisl@hdpat these sites may not

indicate the source of chlordane in these air magsddBO, during a strong trans-
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Pacific event on April 25-26, 2004 enhanced racemic chlordanebgasved, which
indicates that trans-Pacific transport may also seuace of racemic chlordane to MBO.

The Clausius Clapeyron equation indicated that the chierdancentrations at
MBO were significantly correlated with inverse sitenferature @r= 0.14, p-value =
0.005) and only slightly correlated at MP®£r0.26, p-value = 0.076). There were too
few samples above the chiral detection limit at C0dge the Clausius Clapeyron
equation. Racemic cis and trans-chlordane have been neastine Bering and
Chukchi Seas [25]. This suggests that volatilization cémac chlordane from the
Pacific Ocean may be a source to these sites. Campgod samples taken from
agricultural soils in the Willamette Valley of Oregamdaat MPO indicated non-racemic
cis and trans-chlordane signatures (Table 3.2). Howevem arban South Carolina and
Alabama and house foundation soils in Connecticut @nm@rchted by racemic chlordanes
[2].

At MBO, elevated cis and trans-chlordane concentratis measured in air
masses associated with urban California source redibang 7-8, 12-13, 27-29, 2005 and
Apr 4-6, 13-14, 2006). A PCA biplot of source region impactdis (SRIFs) indicated
that air masses with high Asian influence also hadmacehlordane signatures (Figure
3.4). This suggests that U.S. urban areas and Asia aresaimacemic chlordanes to
MBO.

Our findings suggest that Asian and U.S. air masses thebpasurban areas in
the Western U.S. contain racemic chlordane due to kp¢aion from urban soils and/or
limited biotransformation. Agricultural soils in Solbrea, as well as the Western U.S.,

contain non-racemic chlordane signatures, with trétsrdane depleted in the (+)
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enantiomer and cis-chlordane depleted in the (-) emaatio Finally, the Pacific Ocean
appears to have a racemic chlordane signature.
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Figure 3.1. Map of air and soil sampling locations in Asia andRlaeific Northwestern

United States
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Figure3.2. A) Alpha-HCH B) trans-chlordane and C) cis chlordaB&s versus percentage of time air mass back tragcspent
above the boundary layer. The shaded regions reptésergcemic range for alpha-HCH, trans-chlordane, aadidordane.
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Figure 3.3. Representative alpha-HCH EFs and 10 day air makstagectories for regional and trans-Pacific air mass&€3PO,
MPO, and MBO
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Figure 3.4. Principal Component Analysis (PCA) biplot of SRfésair masses

sampled at CPO, MPO, and MBO. Numbers correspond to sampibers in Table
SI.2. The “NR” indicates non-racemic and “R” indiGatacemic signatures for A. alpha-
HCH and B. trans chlordane were measured in this air.mass
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Table3.1. Alpha-HCH and cis and trans-chlordane enantiometidre (EFs) in soil from sampling sites in China, $out

Korea, CPO, MPO, and the Willamette Valley, Oreg@omposite samples for each site were collected datihede,

longitude, and elevation given. The mean EF and 95%d=nde interval of the racemic standards are given bidlewiame

of the OCP.

10
11
12
13
14
15
16
17

Sampling Site

Tangdian, China
Tangdian, China
Tangdian, China
Tangdian, China
Tangdian, China
Nanjing, China
Nanjing, China
Nanjing, China
Nanjing, China
Nanjing, China
Guangzhou, China
Guangzhou, China
Guangzhou, China
Guangzhou, China
Guangzhou, China
Tianjin, China

Tianjin, China

Latitude

23.33°N

31.83°N

23.28 °N

39.08 °N

Longitude

103.09 °E

118.8°E

113.34 °E

117.12 °E

Elevation

(m)

1136

13

24

NA

a-HCH 0.499
+0.0095

0.500
0.499
0.5
<DL
<DL
0.498
0.502
<DL
<DL
0.497
0.506
0.497
<DL
<DL
<DL
0.497

0.507

trans chlordane
0.499 +0.0052

<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL

<DL

cis chlordane
0.497 +0.0059

<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL

<DL
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18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
a1
42
43
a4
45

46

Tianjin, China

Tianjin, China

Tianjin, China
Kyeongbuk Yeongdeok Ganggu-myeon Sowol-ri
Kyeongbuk Yeongdeok Ganggu-myeon Samsa-ri
Kyeongbuk Yeongdeok Ganggu-myeon Namho-ri
Gangwon Samchok Geundeok-myeon Chogok-ri
Gangwon Samchok Jeongla-dong
Gangwon Samchok Gyo-dong
Chungnam Taean Sonwon-myeon Manljpobeach
Chungnam Taean So-myeon Uihang-ri
Chungnam Taean Cheonlipobeach
Jeonbuk Buan Haseo-myeon Nakwonsusan
Jeonbuk Buan Haseo-myeon
Jeonbuk Buan Jinseo-myeon
Jeonnam Wando Wando-eup Jukcheong-ri
Jeonnam Wando Wando-eup Gunoe-myeon
Jeonnam Wando Gunoe-myeon Namseon-ri
Kyeongnam Jinhae Pungho-dong
Kyeongnam Jinhae Ungcheon-dong
Kyeongnam Jinhae Ungcheon-dong Jinhae
Ulsan City Donggu Bangeo-dong
Ulsan City Donggu Hajeong-dong
Ulsan City Bukgu Youngpo-dong
Cheeka Peak tower soil
Cheeka Peak forest background soil
Mary's Peak tower soil
HYSLOP Wheat soil

HYSLOP Wheat soil

36.21°N

37.18°N

36.47°N

35.42 °N

34.22°N

35.05 °N

35.28 °N

48.3°N
48.3°N
44.5°N
44.38 °N

44.38 °N

129.22 °E

129.17 °E

126.08 °E

126.35 °E

126.43 °E

128.43 °E

129.25 °E

124.6 W
124.6 "W
123.6 W
123.12 ‘W

123.12 ‘W

18

500
500
1249
76

76

<DL

<DL

<DL

<DL

<DL

<DL

<DL

<DL

<DL

<DL

0.505

<DL

<DL

<DL

<DL

<DL

<DL

<DL

0.508

<DL

<DL

0.503

0.504

<DL

0.544

<DL

<DL

<DL

<DL

<DL
<DL
<DL
<DL
0.480
0.382
0.490
0.499
<DL
<DL
0.356
0.489
<DL
0.465
<DL
0.551
<DL
<DL
0.404
0.498
0.474
0.434
0.358
0.472
<DL
<DL
0.597
0.398

0.377

<DL
<DL
<DL
<DL
<DL
0.588
<DL
<DL
<DL
<DL
0.567
<DL
<DL
<DL
<DL
0.532
<DL
<DL
0.547
<DL
0.507
0.540
<DL
<DL
<DL
<DL
0.434
0.579

0.574

68



Table3.2. Alpha-HCH and cis and trans-chlordane enantiometidras (EFs) in air masses sampled from Okinawa,nJapa
(HSO), Cheeka Peak Observatory (CPO), Mary's Peak CdiseyM MPO), and Mt. Bachelor Observatory (MBO).ue
region impact factors (SRIFs) and %<BL and %>BL hawnh@eviously reported [2, 3]. <DL refers to concentrativith

a signal/noise ratio less than 3:1. The mean EF andc@B%aence interval of the racemic standards are diedow the
name of the OCP.

1 HSO Mar 25-26, 2004 <DL 0.497 <DL
2 HSO Mar 29-30, 2004 <DL 0.499 0.503
3 HSO Mar 30-31, 2004 0.503 0.501 0.495
4 HSO Apr 2-3, 2004 0.499 0.499 0.498
5 HSO Apr 3-4, 2004 0.502 <DL 0.501
6 HSO Apr 4-5, 2004 0.495 0.496 <DL
7 HSO Apr 12-13, 2004 <DL 0.496 0.507
8 HSO Apr 20-21, 2004 <DL 0.497 0.504
9 HSO Apr 24-25, 2004 <DL 0.502 0.501
10 HSO Apr 25-26, 2004 <DL 0.502 0.497
11 HSO Apr 27-28, 2004 0.504 0.502 0.510
12 HSO Apr 28-29, 2004 0.508 0.500 <DL
13 HSO Apr 29-30, 2004 <DL 0.502 <DL
14 HSO May 1-2, 2004 <DL 0.501 0.505
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15
16
17
18
19
20
21
22
23
24
25

26
27
28
29
30
31
32
33
34
35
36
37

38

Sampling
Site

CPO
CPO
CPO
CPO
CPO
CPO
CPO
CPO
CPO
CPO
CPO

MPO
MPO
MPO
MPO
MPO
MPO
MPO
MPO
MPO
MPO
MPO
MPO

MPO

Sampling dates

Jan 28-30, 2003
Mar 1-3, 2003
Mar 13-15, 2003
Mar 24-26, 2003
Apr 11-13, 2003
Apr 21-23, 2003
May 2-4, 2003
Jun 2-4, 2003
Jun 16-18, 2003
July 7-9, 2003
Aug 4-6, 2003

May 11-13, 2003
May 26-28, 2003
May 30 - June 1,
2003
Jun 2-4, 2003
Jun 22-24, 2003
Jul 4-6, 2003
Jul 22-24, 2003
Aug 2-4, 2003
Aug 4-5, 2003
Aug 8-10, 2003
Aug 12-14, 2003
Sep 4-5, 2003

Sep 21-22, 2003

a-HCH 0.499
+0.0095

0.534
0.529
0.534
0.522
0.527
0.527
0.533
0.513
0.527
0.521

0.512

0.516
0.516
0.528
0.509
<DL
0.509
<DL
0.510
0.502
0.551
0.524
<DL

0.504

trans chlordane
0.499 +0.0052

0.501
<DL
<DL
<DL

0.497
<DL
<DL

0.478

0.490
<DL

<DL

0.504
0.496
0.502
0.502
0.501
0.495
0.498
0.484
0.497
<DL
<DL
<DL

<DL

cis chlordane
0.497 +0.0059

0.508

<DL

<DL

<DL

0.509

<DL

<DL

0.517

<DL

<DL

<DL

<DL

<DL

0.497

<DL

0.500

0.502

<DL

0.524

<DL

<DL

<DL

<DL

<DL

% < BL

58.8
59.5
77.4
46.8
814
58.4
712
32.0
45.8
83.5

80.6

18.9
26.5
40.5
3.78
253
33.1
16.5
66.0
52.9
25.8
26.6
56.2

6.04

%>BL

41.2
40.5
22.6
53.2
18.6
41.6
28.8
68.0
54.2
16.5
19.4

81.1
735
59.5
96.2
74.7
66.9
83.5
34.0
47.1
74.2
73.4
43.8

94.0

Willamette
Valley

0.79
0.00
0.22
0.35
0.74
112
0.00
0.00
0.00
0.02
0.00

7.14
0.49
1.78
221
0.73
0.92
1.77
0.79
0.62
0.76
2.92
2.49

1.86

California

0.00
0.00
0.14
0.00
0.00
0.00
0.17
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

Eastern
OR/WA

0.00
0.00
0.00
0.00
151
0.00
0.00
0.00
0.00
0.00
0.00

3.97
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.48

0.00

Siberia

0.57
1.03
1.46
9.59
17.8
221
0.00
1.20
8.85
3.93
1.71

0.00
0.14
4.81
8.55
3.75
0.06
2.87
0.75
4.17
2.60
0.00
3.25

12.6

Asia

7.23

6.66

7.68

8.51

17.9

5.41

0.00

0.16

4.38

6.93
0.00

0.00
8.92
2.83
4.66
2.39
1.73
214
0.56
0.00
0.21
0.00
0.31

20.9

70



39
40
a1
42
43
a4
45
46
a7
48
49
50
51
52
53
54
55
56
57
58

59

MBO
MBO
MBO
MBO
MBO
MBO
MBO
MBO
MBO
MBO
MBO
MBO
MBO
MBO
MBO
MBO
MBO
MBO
MBO
MBO

MBO

Apr 21-22, 2004
Apr 25-26, 2004
May 17-18, 2004
May 21-22, 2004
May 30-31, 2004
Jun 19-20, 2004
Jul 11-12, 2004
Dec 7-8, 2004
Dec 22-23, 2004
Jan 9-10, 2005
Feb 6-7, 2005
Feb 20-21, 2005
May 7-8, 2005
May 12-13, 2005
May 27-28, 2005
Aug 9-10, 2005
Apr 4-5, 2006
Apr 13-14, 2006
May 8-9, 2006
May 11-12, 2006

May 12-13, 2006

0.511
0.504
0.502
<DL
0.503
0.497
0.505
0.522
0.504
0.511
0.516
0.505
0.500
0.495
0.504
0.500
0.502
0.507
0.499
0.507

0.507

<DL

0.498

0.502

0.501

<DL

0.490

0.504

<DL

<DL

0.494

<DL

<DL

0.502

0.500

0.500

0.501

0.501

0.502

<DL

<DL

<DL

<DL

0.501

0.495

<DL

<DL

0.515

<DL

<DL

<DL

<DL

<DL

<DL

0.501

0.500

<DL

0.501

0.501

<DL

<DL

<DL

<DL

45.8
8.35
3.75
1.78
18.1
0.0
9.58
32.3
13.1
325
225
68.2
55.3
38.1
32.0
1.58
58.4
36.5
0.22
4.50

0.47

54.2
91.7
96.2
98.2
81.9
100
90.4
67.7
86.9
67.5
775
31.8
447
61.9
68.0
98.4
416
63.5
99.8
955

99.5

1.03
1.42
0.86
4.24
0.37
2.98
0.06
0.00
0.85
0.00
1.05
0.00
0.00
2.45
0.82
2.78
0.37
1.56
2.93
1.00

0.02

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.17
0.00
0.00
0.00
6.81
1.23
4.60
2.02
0.00
7.65
0.15
0.00
0.00

0.00

0.00
0.00
0.08
0.86
0.00
5.19
0.00
0.00
0.00
0.00
0.00
0.00
0.00
5.48
4.01
0.00
0.00
1.76
0.00
0.00

0.00

14.2
1.77
0.00
1.25
8.98
32.6
4.88
17.4
6.28
29.7
2.79
0.00
0.00
1.85
1.85
0.00
12.2
13.6
35.3
14.1

47.3

15.7
54.1
0.00
0.00
29.5
0.03
0.00
19.4
215
29.7
0.00
0.34
0.76
0.42
0.85
8.72
5.20
25.6
0.14
32.2

10.3
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SUPPORTING INFORMATION

An aliquot of approximately 25 grams of soil was taken feawh homogenized
composite soil sample. The soil was ground with 150 gadresdium sulfate and spiked
with 15 uL of a 10 ng/uL solution containing 23 isotopically laBe3©Cs [1]. SOCs
were extracted using the Accelerated Solvent Extrac860 (ASE®) (Dionex,
Sunnyvale, CA, USA) with 2 cycles of 75:25 hexane:acetdine ASE parameters
during extraction were 1500psi, ) and a 50% flush of the cell volume. Samples
were purified using 20 grams of silica (Varian, Palo Alto,) @Ath 75:25 hexane:acetone
as the elution solvent, concentrated to 300 uL using anstoé N gas (Turbovap Il,
Caliper Life Sciences, Massachusetts), and spiked with.1d a 10ng/uL solution
containing 4 isotopically labeled SOCs [1]. Samples \wesdyzed using an Agilent
6890 GC interfaced with an Agilent 5973N mass selective uet@@6C/MS). A DB-5ms
column (30m, 0.25mm id., 0.25um film thickness, J&W Scient#SA) was used with
an oven temperature program that varied based onrilzaimn mode of the mass
selective detector [1]. Details on the GC tempergbuwgrams for both electron capture
negative ionization (ECNI) and electron impact ionizafi&l), as well as the ions
monitored, have been previously reported [1]. The modenafation chosen for each
SOC was based on which ionization technique gave the la@gsttion limit [1]. SOC
recoveries for this method ranged from 21% to 115%, andatheentrations of the chiral
compounds were below the detection limit in the metiladk. All concentrations are
reported in pg/g dry weight of soil. Aliquots of each sainple were weighed in

aluminum boats and then dried in an oven for 24 hoursemhperature of 26&. After
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24 hours, the samples were re-weighed and a ratio teddnym wet weight to dry

weight was calculated.
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ABSTRACT

The enantiomer fractions (EFs) of chiral organochlopesticides (OCPs) were
measured in snow, sediment, and trout samples calléacten high elevation and high
latitude lake catchments in seven western U.S. natman&k in order to investigate the
sources and fate of these compounds in the ecosystidmson-racemic alpha-HCH
signatures measured in seasonal snow pack from comtine®t national parks
(Sequoia, Rocky Mountain, Mount Rainier, Glacier) wegai§icantly different from the
racemic alpha-HCH signatures measured in seasonal gukyMrom the Arctic parks
(Noatak and Gates of the Arctic), confirming the influeatesgional agricultural
sources (non-racemic) and long-range transport (racemictes to these sites. The
alpha-HCH EFs measured in trout collected from Peke lia Sequoia, Matcharak Lake
in Gates of the Arctic (Matcharak lake), and Burial Lak&loatak were similar to the
alpha-HCH EFs measured in seasonal snow pack collectedlie same lake
catchments. This indicates that these fish did natdmeform alpha-HCH
enantioselectively. Racemic cis-chlordane was medsargeasonal snow pack in
Sequoia because of its past use as a termiticide sutheunding urban areas, while non-
racemic cis-chlordane was measured in seasonal snowrpRokky Mountain because
of its past use on regional agricultural soils. Racemsichlordane was measured in the
sediment of Sequoia and Mount Rainier, the two lake catufsmath the highest
population density within 300 km of the park, and was non-racatfRocky Mountain
reflecting the signature measured in snow. The fisimfall lake catchments showed
preferential degradation of the (+) enantiomer of bistdane and preferential

biotransformation of the (-) enantiomer of trans-otiéme.
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INTRODUCTION

Organochlorine pesticides (OCPs) are persistent in theommvént and have
been shown to undergo long range atmospheric transpoaicanchulation in remote
high elevation and high latitude ecosystems [1-4]. Id@ngfthe sources of OCPs to
these sensitive ecosystems is of interest becausg @@Ps are toxic and have the
potential to bioaccumulate in food webs.

A major objective of the Western Airborne Contamisafsssessment Project
(WACAP) was to determine the sources of semi-volatiggnic contaminants to high
elevation and high latitude ecosystems in Western atinal parks [3]. OCPs have
been measured in seasonal snow pack, lake water, s¢dumgetation and fish from
these ecosystems [1-4]. Snow is a major route of @&p@sition to these ecosystems
because it is an effective scavenger of both gas atidysate phase OCPs from the
atmosphere [2]. The melting of the seasonal snowpacks@sthe release of OCPs to
the aquatic ecosystem and is a major source of OCRs take sediment and fish.

The enantiomer fractions (EFs) of chiral OCPs haes lised to identify the
sources and biotransformation of these contaminantoohwebs [5-7]. Chiral
pesticides are composed of two enantiomers and arefactumed in racemic form. The
enantiomers have the same physiochemical propertieararadfected by abiotic
processes in the same way [8]. However, biotic presessvolving enzymatic activity,
may result in the preferential degradation of one emianatr over the other [8]. As a
result, recent use or non-enantioselective biodegradatibiotransformation will result
in a racemic signature, while enantioselective biodegicadar biotransformation will

result in a non-racemic signature.
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The objectives of this research were to identify souaoelsassess the pathway of
chiral OCPs in high elevation and high latitude ecosyste¢estern U.S. national
parks with respect to the EFs of source regions andiesalefctive biotransformation in
fish.

EXPERIMENTAL
Sampling sites

Seasonal snowpack, sediment cores, and fish: brook(@alvelinus fontinalis)
and lake troutSalvelinus namaycush), and on occasion cutthroat tro@ngcorhynchus
clarki) and rainbow trout@ncorhynchus mykiss) were collected from Emerald and Pear
Lake catchments in Sequoia National Park (SEKI), Lone Bnd Mills Lake catchments
in Rocky Mountain National Park (ROMO), LP19 and Goldekd_eatchments in Mount
Rainier National Park (MORA), Oldman and Snyder Lakeloaents in Glacier
National Park (GLAC), Wonder Lake catchment in Denaiibhal Park (DENA), Burial
Lake catchment in Noatak National Preserve (NOAT),Mattharak Lake catchment in
Gates of the Arctic National Park and Preserve (GAB&)veen 2003 and 2005 as part
of the US National Park Service’'s Western Airbornet@minants Assessment Project
(WACAP) (Figure 4.1) [1-4]. Seasonal snow pack samples wealected from 1-3 sites
at each park at the end of the snow accumulation sea&8903, 2004, and 2005 [2].
Sediment cores were collected from the deepest po##dh lake, sectioned, and dated
using®%Pb and**'Cs [4] and ten fish per lake were collected and analykedJite and
sampling procedure details have been previously reported [1-4].

Analysis of Chiral OCPs
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The analytical methods for the extraction, cleanup,irstdumental analysis of
semi-volatile organic compounds (SOCs) in snow, sedinagak fish were previously
reported along with the chemicals, standards, and solusats[1-4, 9]. The
concentrations of SOCs in each of these matricesdet@smined using isotope dilution
gas chromatography-mass spectrometry (GC-MS) and ardedmbsewhere [1-4].

Chiral analysis the OCPs was performed using GC-MS weattiren capture
negative ionization and a 30m DB-5 column in tangent avithm BGB Analytik chiral
column. Details on the GC temperature program, instnteh@arameters, and ions
monitored have been reported elsewhere [10]. This cotamrseparate the enantiomers
of alpha, HCH, oxychlordane, trans chlordane, cis chledaeptachlor epoxide and o,p,
DDT. All of these chiral OCPs could be measured abb&ehiral detection limit except
o,p, DDT. Pure enantiomer standards were used to deteimiméution order of alpha-
HCH and cis and trans-chlordane (Dr. Ehrenstorfer, D-881@8burg, Germany).
However, pure enantiomer standards were not availableefitachlor epoxide and
oxychlordane.

The enantiomer fractions (EFs) of the chiral OCPsweatculated using the
following formula: Area (+)/(Area (+) + Area (-));ivere Area (+) and Area (-)
correspond to the peak areas of the (+) and (-) enagtsymespectively. For heptachlor
epoxide and oxychlordane, the elution order of the enantsoceerd not be determined
and EFs were calculated using the following formula: A@g4Area (1) + Area (2));
where Area (1) and Area (2) correspond to the peak afé¢hs first and second eluting

enantiomers, respectively. An EF of 0.5 indicatescamic mixture.
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Manual peak integration was performed using macro smoothethatwgrams in
MSD ChemStation (G1701DA). The racemic ranges of thalcBiCPs were calculated
from seven replicate injections of the racemic stand2Bg@/uL). The 95% confidence
intervals for the racemic ranges were 0.499 £ 0.0095 ftwiaahCH, 0.499 + 0.0052 for
trans-chlordane, and 0.497 = 0.0059 for cis-chlordane. Thevefesreported to 3
decimal places because the racemic standards had agr@fifour decimal places.
lon ratios were monitored in each sample to ensure thiere no matrix interferences
and the ratios were required to be within 20% of thesatfdhe standards. lon ratios in
the sediment extracts and some of the fish extnadisated a matrix interference with
the (+) enantiomer of trans-chlordane. This limitesh$rchlordane interpretation to
seasonal snow pack.

Because of the relatively low OCP concentrations aguifgtant matrix
interferences in these samples, the samples withiginest chiral OCP concentrations
within a park were analyzed first. If the concentradian these samples were above the
chiral detection limit then additional samples of thatn® from the park were analyzed.
The detection limit for chiral analysis was a sigiahoise ratio of 3:1 [11] and was
approximately 0.05 ng/L for alpha-HCH in snow and, 0.01 ngdniow, 0.07 ng/g in
sediment, and 0.09 ng/g in fish for trans-chlordane and 0.08ng#h for cis-chlordane.
The EFs of cis-chlordane were also measured in snoweainent; however, a chiral
detection limit could not be determined because theerdrations were below the
detection limit for SOC analysis. All lab and fieldhbks had concentrations below the
detection limit for chiral analysis.

RESULTS AND DISCUSSION
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Sources of Chiral Pesticides

The EFs of alpha-HCH, cis and trans chlordane measusghsonal snow pack
did not vary from year to year when the snow watectdd from the same location in the
same park each year (Table 4.1). The EFs were moebleawhen the sampling sites
were different year to year in each park, such as MRatier where the EFs of alpha-
HCH varied from 0.520 to 0.562. Although the EFs were varigfsenon-racemic
signatures observed within a park were still depleted isdah®e enantiomer.

The deposition of historic use pesticides (HUPS) in sedsmowpack to
WACAP sites was determined to be influenced by volatiirmafiom regional
agricultural soils and atmospheric transport to parks gh regional cropland intensity
(Sequoia, Glacier, and Rocky) and long-range atmosphmansgort to parks with low
regional cropland intensity (Rainier, Denali, GatethefArctic, Noatak) [2]. A t-test
revealed a significant difference (p-value < 0.001) betwikemacemic alpha-HCH
signatures (0.505 = 0.0057) measured at Noatak and GatesAstticeand the non-
racemic alpha-HCH signatures (0.529 + 0.0131) measured ati&eGlacier, Mount
Rainer, and Rocky Mountain (Figure 4.2, Table 4.1).

The alpha-HCH EF in seasonal snow pack was negateetglated with site
latitude (r= 0.396, p-value = 0.007), but positively correlated with daéeagion (r=
0.282, p-value = 0.028) and mean site winter temperatw® (677, p-value = 0.002)
(Figure 4.3). The alpha-HCH EF in seasonal snow packnbeenore racemic at higher
latitude, lower elevation, and lower temperature sitHse positive correlation of alpha-
HCH EF with site elevation may be an artifact of iigghest elevation sites being located

at the lowest latitude sites [2]. The concentratoislpha-HCH in agricultural and
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background soils are relatively low because of itsiket low octanol-air partition
coefficient and it has been suggested that the Paadfa®may be a major reservoir of
non-racemic alpha-HCH [10, 12]. Passive air sampleratdalcat two Arctic sites where
it was thought that ice cover prevented re-volatil@afrom the Arctic Ocean, had
racemic alpha-HCH signatures that were attributedrig-range atmospheric transport
[12]. Asian and Western U.S. air masses influenced bg-fPacific transport have been
previously shown to contain racemic alpha-HCH signatii@s These studies indicate
that the racemic alpha-HCH measured in seasonal snkapéee Alaskan sites (Noatak
and Gates of the Arctic) is due to long-range atmosphamsport.

Non-racemic alpha-HCH enhanced in the (+) enantiomermeasured in
seasonal snow pack at Sequoia, Glacier, Mount RainéeRacky Mountain are likely
due to re-volatilization of alpha-HCH from regional agtiural soils, background soils,
or the Pacific Ocean. Non-racemic alpha-HCH (enédme the (+) enantiomer) was
also measured at a remote, marine site on the codgstiington, and the non-racemic
signature of alpha-HCH was attributed to background sthieasite and/or re-
volatilization from the Pacific Ocean [10].

Technical chlordane has been banned from use in the USagsieutural
pesticide since 1983 and as a termiticide since 1988 [13]. &Joe sources of
chlordane to the atmosphere are thought to be from #gralsoils in rural areas (a
non-racemic signature) and soils surrounding the foungatbhomes in urban areas (a
racemic signature) [14]. Racemic cis- and trans-chigedgere measured in seasonal
snowpack from Sequoia, while non-racemic cis- and tralftg-dane were measured in

Glacier, Noatak, and Gates of the Arctic (Table 4.1)e Ghlordane concentrations in
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seasonal snowpack from Rocky and Mount Rainier weremdigle chiral detection limit.
The non-racemic cis and trans chlordane signaturesunagbis seasonal snowpack from
Glacier, Noatak, and Gates of the Arctic followed shene enantioselective degradation
that has been previously observed in agricultural E8s This suggests that the
racemic chlordane signature in seasonal snowpack at &egasidue to its past regional
use as a termiticide around homes, while the non-raceimordane signature in snow
pack at Glacier was due to volatilization from regicagticultural soils. Of all the
WACAP parks, Sequoia has the highest population densitywm800 km of the park (13
million people) [3]. As part of a global passive aimgding study, some of the highest
chlordane concentrations in the world were measureduosaAngeles, CA at a site
~250 km south of Sequoia National Park [16]. Previous studig®iWestern U.S. have
also measured racemic cis- and trans-chlordane signatuagsnasses influenced by
California [10].

Because the cropland intensity and population was lowwualiog the Alaskan
parks [2], the non-racemic chlordane signature measufddatak and Gates of the
Arctic seasonal snowpack was likely due to long-rangepgoahfdom agricultural soils in
Asia and North America.

No significant correlations were observed betweenrdestchlordane EF and site
latitude, elevation, or temperature (Figure 4.3). Theselabions were not calculated
for cis-chlordane because of the limited number of tiete These data suggest that
the chiral signature of chlordanes in seasonal snow paMA&AP sites is influenced by

the site’s proximity to urban centers (racemic in Seguoegional transport from
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agricultural soils (non-racemic in Glacier), and longg@atransport from agricultural
soils (non-racemic in Noatak and Gates of the Arctic)

Occurence of Chiral Pesticidesin Ecosystems

Sediment

The chiral pesticide EF in seasonal snow pack shouldfleetesl in the surficial
sediment of the associated lake catchment if the snokipa major contributor to the
pesticide deposition in the lake catchment and therenavamantioselective
biotransformation of the chiral pesticide in the wai@umn or sediment. Cis-chlordane
was the only chiral pesticide that was measured abowehttag detection limit in both
seasonal snow pack and sediment and only at Pear L8leg|iria.

Previous studies have measured racemic cis-chlordandiciadwwediment and
archived sediment cores from Long Island Sound, New York [TThis study
determined that either the biodegradation of chlordanedment is non-
enantioselective or that biodegradation in sedimentibited due to anaerobic
conditions. These findings were confirmed in a déferstudy that observed a lack of
chlordane biodegradation in flooded soils under anaerobiatamsl[17, 18]. These
studies suggest that the chiral signature of chlordan&enskediment should reflect the
chiral signature entering the lake catchment and notiesafective biodegradation after
deposition.

Racemic cis-chlordane was measured in seasonal snowghskdiment from
both Emerald and Pear lake catchments in Sequoia NP (Bigueand Figure 4.4). There
was insufficient data to make this comparison at ther dhional Parks because cis-

chlordane was below the chiral detection limit in sradvall of the other parks. Racemic
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cis-chlordane was also measured in sediment from Galaes in Mount Rainier (Figure
4.4). Of the national parks studied, Mount Rainier has¢lkend highest population
density within 300 km of the park at 9 million people. Aligb the cis-chlordane EF in
the seasonal snow pack at Mount Rainier was belowhihal detection limit, the
sediment from Mount Rainier suggests that the park receagemic chlordane based on
it's proximity to urban areas like Sequoia.

A one-way analysis of variance (ANOVA) indicated ttieg mean cis-chlordane
EFs in sediment collected from the different parksewet equal. In addition, Scheffe
confidence intervals revealed that the non-racemicldsdane EFs in Mills Lake and
Lone Pine Lake sediment in Rocky Mountain were rgniicantly different from each
other. However, the non-racemic cis-chlordane EF ifsNMake was significantly
different from the EFs of cis-chlordane in sedimentfiemerald Lake and Pear Lake in
Sequoia and Golden Lake in Mount Rainier (Figure 4.5). Noeam& cis-chlordane,
depleted in the (-) enantiomer, was measured in setineen both Mills and Lone Pine
lakes in Rocky Mountain. This same cis-chlordane deplgtagtern was measured in
agricultural soils from Alabama, the Midwestern U&onnecticut, Hawaii, and the U.K.
[15]. This suggests that the source of non-racemichtisdane to Rocky Mountain is
revolatilization of chlordane from regional agricultisails, while the source of racemic
cis-chlordane to Sequoia and Mount Rainier is volatitmafrom urban areas where
chlordane was used as a termiticide.
Fish

Aquatic organisms are exposed to chiral pesticides throughetsz column,

diet, and sediment [5]. For hydrophobic pesticides wigholctanol-water partition
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coefficients greater than 5, such as chlordane, pestipidée by fish from the water
column is insignificant compared to uptake via the food [BgbAlpha-HCH has a log
Kow Of 3.8 [19] and is the most abundant OCP in air and vimtesrthern latitudes [20].
In general, the EFs of chiral pesticides increase in deiation from racemic in the
following order: air < water < soil < biota becausenafeasing enantioselective
biotransformation [6].

Wong et al. measured racemic alpha-HCH signaturesnbaai trout fed a diet
of racemic alpha-HCH and chlordane throughout the codrael@-day study, followed
by a depuration period of 238 days [21]. This study suggesteddabattr not
enantioselectively biotransform alpha-HCH and thatramemic residues of alpha-HCH
in rainbow trout are due to uptake of non-racemic alp@#ttthrough the food [21]. In
this same study, cis and trans-chlordane EFs in the isim&ere significantly non-
racemic after only 13 days. In our study, alpha-HCH waseabhe chiral detection limit
in 9 out of the 33 trout from all of the parks (Table #igyure 4.6). The alpha-HCH EFs
in fish in our study ranged from 0.309 to 0.507, while thestidriordane and cis-
chlordane EFs ranged from 0.582 to 0.900 and 0.021 to 0.466, respeciilieke results
confirm that trans- and cis-chlordane are enantioseddgtbiotransformed in these trout
species to a greater extent than alpha-HCH. Theftfi¢foader Lake in Denali had
alpha-HCH EFs ranging from 0.309 to 0.348, indicating enhangrddigtion compared
to the other parks. The age, species, and gender oftibeg f3enali compared to other
parks offered no explanation.

Non-racemic cis and trans-chlordane were measurechifrdis all parks, with

depletions in the (+) enantiomer and (-) enantiomespectively (Figure 4.7). This
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suggests that the non-racemic chlordane signatures fistheere due, at least in part, to
biotransformation in the rainbow trout. The alpha-HEF&In fish reflected the alpha-
HCH EFs in seasonal snow pack collected from the $akeecatchment. However, the
cis and trans-chlordane EFs in fish did not necesgafigct the chlordane EFs in snow
because of enantioselective biotransformation irfisheand/or enantioselective uptake
through the food web.

Oxychlordane was measured in 29 out of 33 fish samples aritRlaveraged
0.499 + 0.027 (Figure 4.7). Previous studies with fish fed fotiu nacemic chlordane
measured oxychlordane a few days after trans-chlordansigraBcantly non-racemic,
and the concentrations of oxychlordane remained constantlee course of the study
[21]. Heptachlor epoxide was measured in 12 out of 33 &islpkes and the EF averaged
0.619 + 0.137 (Figure 4.7). Previous studies have measured E&lseirOntario air
(0.65), and Lake Superior (0.67), and surface water of thenRale (0.62) [6].
Although the EF of heptachlor epoxide was below the ctetdction limit in snow, the
EF of heptachlor epoxide in the fish indicates that éhmtion of this metabolite is not
enantioselective in these species.

Finally, no significant correlations were observed betwthe alpha-HCH,
oxychlordane, cis-chlordane, and trans-chlordane EFs measuish and fish age,
weight, or trout species. In addition, a t-test ade@ that there was no significant
difference between the alpha-HCH, oxychlordane, cisrdhhe, and trans-chlordane
EFs measured in male and female fish. This suggesthéhahantioselective
biotransformation of cis and trans-chlordane in fisimfithese high elevation and high

latitude ecosystems is independent of fish age, weightiegeor trout species.
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Figure4.1 Map of National park sampling locations
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Figure4.2. A. Alpha-HCH and B. trans and C. cis chlordane enargiofractions (EFs)
in seasonal snowpack collected from SEKI (Sequoia), R@Rt&zky Mountain), MORA
(Mount Rainier), GLAC (Glacier), DENA (Denali), and M@ and GAAR (Noatak and
Gates of the Arctic). The dots in each box repregentnedian, and the limits of the box
are the 25 and 78" quartiles. The black lines represent the 95% confidenervaitof

the racemic standard.
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Figure4.3. Correlations between the alpha-HCH and trans chler&#s in seasonal snow pack with latitude and elevation.
The shaded box represents the 95% confidence interviddef@acemic range of the standard.
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Figure 4.4. Cis-chlordane enantiomer fractions (EFs) in surficnal eore
sediment collected from SEKI (Sequoia), ROMO (Rockyultain), MORA
(Mount Rainier), GLAC (Glacier), DENA (Denali), and M@ and GAAR
(Noatak and Gates of the Arctic) The black lines ingi¢ae racemic range for
the cis-chlordane standard. Cis chlordane was belowhiled detection limit
(BDL) in Glacier (Oldman lake), Denali (Wonder lak&pates of the Arctic
(Matcharak lake), and Noatak (Burial lake). The dotsathebox represent the
median, while the upper and lower limits of the box repné the 78 and 2%'
quartiles, respectively.
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Figure4.5. Scheffe confidence intervals of cis-chlordane enargiofractions
(EFs) of cis chlordane measured in sediment at Sequiaréid and Pear lakes),
Rocky Mountain (Mills and Lone Pine lakes), and Gla¢@olden lake) lake
catchments. If the confidence interval crosses 2bem there is no significant
difference between those two lake catchments, howgvheg confidence interval
does not cross zero then the means of those two cattsharersignificantly
different from each other.
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Figure4.6. Alpha-HCH and trans-chlordane EFs in seasonal snoly pa
sediment, and fish from lake catchments in SequoiaS¥K(), Rocky Mountain
NP (ROMO), Mount Rainier NP (MORA), Glacier NP (GLA@enali NP

(DENA), Gates of the Arctic (GAAR), and Noatak (NOAT)
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Figure4.7. Oxy, trans, cis chlordane, alpha-HCH, and heptachlor epoxide
enantiomer fractions (EFs) in fish collected fromkK$ESequoia), ROMO (Rocky
Mountain), MORA (Mount Rainier), GLAC (Glacier), DEN@®enali), NOAT
(Noatak) and GAAR (Gates of the Arctic). The black liapresents a racemic

EF of 0.5. Racemic ranges vary for each analyte andardisplayed in this
figure.
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Table4.1 Enantiomer Fractions (EFs) of alpha-HCH (aHCKEJn$ chlordane (TC), and cis chlordane (CC) in snow,
sediment, and fish at WACAP sites. < DL indicatesl $hmple was below the chiral detection limit andndicates
there was an interference and the ion ratios foctimepound were greater than 20%.

snow sediment fish snow sediment fish snow sediment fish

Park Catchment aHCH aHCH aHCH TC TC TC CcC CcC CcC

SEKI Pear 0.521 <DL 0.503 0.495 int 0.900 0.499 0.505 int
SEKI Pear <DL <DL <DL <DL int <DL <DL 0.504 <DL
SEKI * Pear 0.514 <DL <DL 0.505 int <DL 0.495 0.502 <DL

SEKI Emerald 0.528 <DL <DL 0.501 int 0.853 <DL 0.505 int
SEKI Emerald <DL <DL <DL <DL int <DL <DL 0.497 <DL
SEKI Emerald <DL <DL <DL <DL int <DL <DL 0.500 <DL
ROMO Irene 0.475 <DL <DL <DL int <DL <DL <DL <DL
ROMO Mills 0.539 <DL <DL <DL int 0.655 <DL 0.533 0.466
ROMO Mills <DL <DL <DL <DL int 0.864 <DL 0.553 0.461
ROMO Mills 0.525 <DL <DL <DL int 0.756 <DL 0.538 <DL
ROMO Lone Pine <DL <DL <DL <DL int int <DL 0.516 0.302

ROMO Lone Pine <DL <DL <DL <DL int <DL <DL 0.538 int
ROMO Lone Pine <DL <DL <DL <DL int <DL <DL 0.520 <DL
MORA LP19 <DL <DL <DL <DL int 0.840 <DL <DL 0.209
MORA LP19 <DL <DL <DL <DL int int <DL <DL 0.152
MORA Golden <DL <DL <DL <DL int 0.889 <DL 0.503 0.149
MORA Golden <DL <DL <DL <DL int int <DL 0.500 0.074

MORA Golden <DL <DL <DL <DL int <DL <DL 0.506 int
MORA Fell fields <DL <DL <DL <DL int <DL <DL <DL <DL
MORA Sugarloaf <DL <DL <DL <DL int <DL <DL <DL <DL
MORA Edith <DL <DL <DL <DL int <DL <DL <DL <DL
MORA Paradise 0.562 <DL <DL <DL int <DL <DL <DL <DL
MORA Mowic 0.520 <DL <DL <DL int <DL <DL <DL <DL

MORA Paradise <DL <DL <DL <DL int <DL <DL <DL <DL



GLAC
GLAC
GLAC
GLAC
GLAC
GLAC
GLAC
GLAC
GLAC
DENA
DENA
DENA
DENA
DENA
GAAR
GAAR
NOAT
NOAT
NOAT
NOAT

Oldman
Oldman
Granite Park
Aster
Preston
Preston
Aster
Snyder
Preston
Wonder
Wonder
Wonder
McLeod
Wonder
Match
Match
Burial
Burial
Burial
Kanglipack

<DL
<DL
<DL
<DL
<DL
0.517
0.535
0.535
<DL
<DL
<DL
<DL
<DL
<DL
0.506
<DL
<DL
0.502
0.506
0.500

<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL

<DL
0.489
<DL
<DL
<DL
<DL
<DL
<DL
<DL
0.348
0.309
0.343
<DL
<DL
0.507
<DL
0.487
0.484
<DL
<DL

<DL
<DL
0.456
0.464
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
0.482
<DL
<DL
0.489
0.494
0.481

<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL

<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
0.889
0.615
int
<DL
<DL
0.230
<DL
0.582
int
<DL
<DL

<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
0.491
<DL
0.510
0.513
<DL

<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL
<DL

0.432
0.465
<DL
<DL
<DL
<DL
<DL
<DL
<DL
0.452
0.115
int
<DL
<DL
0.068
0.032
0.298
0.217
0.043
<DL
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CHAPTER 5. CONCLUSION

Semi-volatile organic compounds (SOCs) were measurdd nmeases in
the Pacific Northwestern U.S. in 2003 and were used taglissh between
regional and trans-Pacific atmospheric transport. Quhis time period, Cheeka
Peak Observatory (CPO) in Washington State and Mapg& Pbservatory
(MPO) in Oregon were both influenced by Siberian and redibiomass burning
emissions. The historic-use pesticide, dieldrin andaaldCH, concentrations
were enhanced during the Siberian fire events, whileuhent-use pesticide,
dacthal and endoulfan, concentrations were enhanced degianal fire events.
The concentrations of particulate phase polycyclic atanmydrocarbons (PAHS)
were enhanced at MPO and gas phase PAHs were enhanced et &iPmasses
influenced by trans-Pacific atmospheric transport. arradysis of forest soils
collected from a burned and unburned area of a regionatl fime separated by a
two lane road, indicated that 34 to 100% of the pesticide wmasdost from the
soil due to volatilization and/or degradation during thenlmg process. This
suggested that the elevated pesticide concentrations neasaie masses
influenced by regional and Siberian fires was due to liaktion of historically
deposited pesticides from soils and vegetation during rinevent.

Chiral organochlorine pesticides (OCPs) were measuredianAir
masses on Okinawa, Japan and in trans-Pacific amaheggiir masses at Cheeka
Peak Observatory (CPO), WA, Mary’s Peak Observatdiy@), OR, and Mt.

Bachelor Observatory (MBO), OR. Chiral OCPs were ateasured in
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agricultural soils collected from China, South Koreal tre Willamette Valley
of Oregon.

Asian air masses and Asian soil contained racemimaiCH. At CPO,
non-racemic alpha-HCH was measured in regional ais@sasnd was
significantly different (p-value <0.001) from the raceralpha-HCH measured in
trans-Pacific air masses. CPO is located at 500 mat@evand 3 km from the
Pacific Ocean in the marine boundary layer of the affhere. During trans-
Pacific transport events to MPO and MBO (located at 124862300 m
elevation, respectively), racemic signatures of alp@ddhivere measured. The
alpha-HCH enantiomer fractions (EFs) in CPO, MPfl KIBO air masses were
positively correlated with the amount of time thera@ss spent above the
boundary layer, along the 10-day air mass back trajeqidoy,to being sampled.
This indicates that the marine boundary layer is infleenby non-racemic alpha-
HCH due to re-volatilization of non-racemic alpha-HGbInh soil and water
bodies, such as the Pacific Ocean, while the freg@#here is a source of
racemic alpha-HCH. Racemic cis and trans-chlordame measured in
Okinawa, MPO, and MBO air masses, indicating thatrudraas in Asia and the
U.S. continue to be sources of chlordane that has noingetrgone
enantioselective biotransformation.

Non-racemic alpha-HCH was measured in seasonal snovrpack
Western U.S. national parks (Sequoia, Glacier, and Rigckntain) due to

revolatilization from regional agricultural soils.a&mic alpha-HCH was
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measured in seasonal snowpack in Noatak and GatesAfdtiedue to long-
range atmospheric transport.

At Sequoia, racemic cis and trans-chlordane were meahsuseasonal
snowpack, while non-racemic cis and trans-chlordane meesured in Glacier,
Noatak National Preserve, and Gates of the Arcticth®hational parks studied,
Sequoia has the highest population density within 300 km qfdhHe (12,841,589
people) and the racemic chlordane measured in this pakklig diue to the parks
close proximity to urban areas. Racemic cis-chlordareemeasured in seasonal
snowpack and sediment cores from Pear and Emerald Lakesjuoia. Scheffe
confidence intervals indicated that the sources ofltigrdane to Mills Lake in
Rocky Mountain were different from the sources ofahitardane to Emerald and
Pear Lakes in Sequoia.

The alpha-HCH EFs in fish from Sequoia, Gates of tretié&y and Noatak
reflected the alpha-HCH EFs in seasonal snowpaclcatidg that the fish in
these parks do not enantioselectively biotransform aifd- No significant
correlations were observed between the alpha-HCHs-thlordane, cis-
chlordane, and oxychlordane EFs in fish and fish age, tyeigk, or species
suggesting that cis and trans-chlordane were enantiagelgdiiotransformed by
fishin vivo.

Future work should include the characterization of Adiorth
American, and Pacific Ocean air masses over a lomgergeriod to assess the
sources associated with seasonal variability. Episadiats such as trans-Pacific

transport and forest fires were suggested to be signifscamtes of OCPs to the
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Pacific Northwest, and chiral analysis has shown tarbeffective technique that
can be used to help characterize their sources. Morgunegaents of SOCs are
needed during these episodic events to confirm thengrafithe enhanced SOCs
observed in these air masses.

The Pacific Ocean was suggested to be a major resefuman-racemic
alpha-HCH, although the enantiomer fraction (EF)lpha-HCH in the Pacific
Ocean has never been measured. Also, agricultural akdrband soils in the
Pacific Northwest are not well characterized for Q©Rcentrations and chiral
signatures. The emission of chiral OCPs to the ath@spirom background
versus agricultural soils is also not well understolmdorder to gain a better
assessment of the sources of OCPs to the Pacifit\West, more measurements
in background soil, agricultural soil, and the Pacific @ceeed to be made.
Also, in order to better assess the distribution oPS@ different layers of the
atmosphere, further studies should be done at one cditii@ing locations along
an elevational gradient with a sites in both the bouyndger and the free

troposphere.
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Appendix A: SOC Concentrations (pgjnfor all 2003 CPO samples

b- d-
Trif HCB Hept Dact a-HCH HCH g-HCH HCH
Jan 28-30 0.12 5.55 <DL 0.04 13.52 <DL <DL <DL
Mar 1-3 <DL 19.32 0.91 0.03 13.38 <DL <DL <DL
Apr 11-13 0.41 38.65 <DL 9.44 13.55 <DL 4.57 <DL
Apr 21-23 <DL 43.31 <DL 0.11 15.57 <DL 5.06 <DL
May 2-4 <DL 36.21 <DL 8.79 14.40 <DL 6.70 <DL
Jun 2-4 <DL 17.06 <DL 0.58 21.49 <DL 6.35 <DL
Jun 16-18 <DL 26.21 <DL 2.04 29.85 <DL 14.92 <DL
Jul 7-9 <DL 13.66 <DL 0.29 <DL <DL 4.64 <DL
Jul 30 - Aug
1 <DL <DL <DL <DL <DL <DL <DL <DL
Aug 4-6 <DL 28.63 <DL 0.07 22.86 <DL 4.66 <DL
Hept OXYy-
Trial Metr | Ald | Chlorp | Chlorp ox epox chlor t-chlor Endo 1
Jan 28-30 <DL <DL | <DL | <DL 0.41 <DL <DL 0.09 1.51
Mar 1-3 <DL <DL | <DL | <DL <DL <DL <DL <DL 1.83
Apr 11-13 6.31 <DL | <DL | <DL <DL <DL <DL 0.28 12.11
Apr 21-23 <DL <DL | <DL | <DL <DL <DL <DL 0.23 2.53
May 2-4 2.40 <DL | <DL | <DL <DL <DL <DL 0.22 6.49
Jun 2-4 <DL <DL | <DL | <DL <DL <DL <DL 0.27 3.24
Jun 16-18 <DL <DL | <DL | <DL <DL <DL <DL 0.38 3.50
Jul 7-9 <DL <DL | <DL | <DL <DL <DL <DL 0.06 0.83
Jul 30 - Aug 1 <DL <DL | <DL | <DL <DL <DL <DL <DL <DL
Aug 4-6 <DL <DL | <DL | <DL 0.32 <DL <DL 0.18 3.29
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cis- PCB PCB
chlor NT Dield 74 101 PCB 118 Endrin Endo 2 CN
Jan 28-30 <DL 0.24 2.63 <DL <DL 0.08 <DL <DL <DL
Mar 1-3 <DL <DL <DL <DL <DL 0.23 <DL <DL <DL
Apr 11-13 <DL 0.28 3.00 <DL <DL 0.06 <DL <DL <DL
Apr 21-23 <DL 0.21 6.46 <DL <DL <DL <DL <DL <DL
May 2-4 <DL 0.25 11.73 <DL <DL 0.04 <DL <DL <DL
Jun 2-4 <DL 0.29 13.74 <DL <DL 0.24 <DL <DL <DL
Jun 16-18 <DL 0.00 40.08 <DL <DL <DL <DL <DL <DL
Jul 7-9 <DL 0.08 7.13 <DL <DL <DL <DL <DL <DL
Jul 30 - Aug 1 <DL <DL <DL <DL <DL <DL <DL <DL <DL
Aug 4-6 <DL 0.17 10.01 <DL <DL 0.12 <DL 0.34 <DL
End ald Endo sulf PCB 153 PCB 138 PCB 187 PCB 183 | ACE FLO
Jan 28-30 2.08 0.04 0.10 0.07 0.04 0.03 <DL <DL
Mar 1-3 <DL <DL <DL <DL <DL <DL <DL <DL
Apr 11-13 <DL <DL <DL <DL <DL <DL <DL 52.22
Apr 21-23 <DL <DL <DL <DL <DL <DL <DL 32.35
May 2-4 <DL <DL <DL <DL <DL <DL <DL 22.20
Jun 2-4 <DL <DL 0.13 <DL <DL <DL <DL 11.70
Jun 16-18 <DL <DL <DL <DL <DL <DL <DL 5.87
Jul 7-9 <DL <DL <DL <DL <DL <DL <DL <DL
Jul 30 - Aug 1 <DL <DL <DL <DL <DL <DL <DL <DL
Aug 4-6 <DL <DL 0.33 <DL <DL <DL <DL 3.07
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PHE ANT FLA PYR RET BaA CT
Jan 28-30 <DL <DL <DL <DL <DL <DL <DL
Mar 1-3 <DL <DL <DL <DL <DL <DL <DL
Apr 11-13 34.65 <DL 8.34 0.35 <DL 3.01 1.42
Apr 21-23 45.21 <DL 11.22 7.24 <DL <DL <DL
May 2-4 55.75 <DL 10.36 7.26 <DL <DL <DL
Jun 2-4 38.72 <DL 19.21 19.38 8.65 <DL <DL
Jun 16-18 34.85 <DL 22.79 26.85 9.64 <DL <DL
Jul 7-9 62.33 <DL 18.41 19.26 <DL <DL <DL
Jul 30 - Aug
1 64.52 <DL 35.48 <DL <DL <DL <DL
Aug 4-6 35.46 <DL 22.50 30.13 8.85 <DL <DL
BbF BkF BeP BaP | lcdP | BghiP
Jan 28-30 <DL <DL <DL <DL | <DL | <DL
Mar 1-3 <DL <DL <DL <DL | <DL | <DL
Apr 11-13 <DL <DL <DL <DL | <DL | <DL
Apr 21-23 2.95 <DL 1.03 <DL | <DL | <DL
May 2-4 4.43 <DL <DL <DL | <DL | <DL
Jun 2-4 <DL 2.34 <DL <DL | <DL | <DL
Jun 16-18 <DL <DL <DL <DL | <DL | <DL
Jul 7-9 <DL <DL <DL <DL | <DL | <DL
Jul 30 - Aug
1 <DL <DL <DL <DL | <DL | <DL
Aug 4-6 <DL <DL <DL <DL | <DL | <DL
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Appendix B: SOC Concentrations (pgjrfor all 2003 MPO samples

Chlor
HCB a-HCH | g-HCH | Trial Dact Ox P Chlorp | t-chlor Endo TN Dield
May 11-13 <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
May 21-23 3531.71 | 3532.65 | 3533.12 | <DL | 3533.77 <DL 3536.76 | 3538.45 | 3539.48 | 3539.57 | 3540.04
May 26-28 284.47 | 300.00 | 300.00 | <DL <DL <DL 268.19 | 167.82 | 167.82 83.91 <DL
Jun 1-3 <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
June 4-6 <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
June 22-24 <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
July 4-6 31.90 32.45 10.98 | 12.60 | 39.42 37.53 13.25 50.73 14.26 7.84 <DL
July 24-26 21.31 23.86 6.87 <DL 28.91 <DL 10.25 36.97 9.30 8.55 53.09
Aug 2-4 8.93 5.90 <DL <DL 7.73 <DL <DL <DL <DL <DL <DL
Aug 4-5 19.82 <DL <DL <DL <DL <DL 0.99 <DL <DL <DL <DL
Aug 10-12 55.23 3.70 <DL <DL 0.29 <DL 0.67 3.67 0.03 0.74 5.65
Aug 12-14 <DL <DL <DL <DL 0.00 <DL 67.87 <DL <DL <DL <DL
Sept 4-5 6.38 16.07 1.33 <DL 13.99 <DL 40.61 8.31 <DL 4.54 4.84
Sept. 9-22 2.16 3.44 0.82 <DL <DL <DL 1.19 3.57 <DL 0.00 1.51
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PCB Endo PCB PCB PCB PCB
118 Endrin | Endoll | CN Sulf 153 138 187 183 EPTC | Etridiazole | Pebulate
May 11-13 <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
May 21-23 3540.41 | <DL | 3544.06 | <DL <DL <DL <DL <DL <DL <DL <DL <DL
May 26-28 167.82 <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
Jun 1-3 <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
June 4-6 <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
June 22-24 <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
July 4-6 46.69 <DL 25.07 | <DL <DL <DL <DL <DL <DL <DL <DL <DL
July 24-26 44.85 <DL 25.18 | <DL <DL <DL <DL <DL <DL <DL <DL <DL
Aug 2-4 <DL <DL 4.16 <DL <DL <DL <DL <DL <DL <DL <DL <DL
Aug 4-5 <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
Aug 10-12 5.31 <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
Aug 12-14 <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
Sept 4-5 7.84 <DL 2.60 <DL <DL <DL <DL <DL <DL <DL <DL <DL
Sept. 9-22 1.90 <DL 2.45 <DL <DL <DL <DL <DL <DL <DL <DL <DL
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Atrazine Atrazine
Acenaphthylene | ACE | FLO | Phorate | Demeton | Propachlor | desisoproply | desethyl | Carbofuran | Simazine
May 11-13 <DL <DL | 1720 <DL <DL <DL <DL <DL <DL <DL
May 21-23 <DL <DL | 2903.8 <DL <DL <DL <DL <DL <DL <DL
May 26-28 <DL <DL | 610.28 <DL <DL <DL <DL <DL <DL <DL
Jun 1-3 <DL <DL | 325.87 <DL <DL <DL <DL <DL <DL <DL
June 4-6 <DL 774 | 1906.1 <DL <DL <DL <DL <DL <DL <DL
June 22-24 <DL <DL | 511.48 <DL <DL <DL <DL <DL <DL <DL
July 4-6 <DL <DL | 1078.8 <DL <DL <DL <DL <DL <DL <DL
July 24-26 <DL 888 | 3264.8 <DL <DL <DL <DL <DL <DL <DL
Aug 2-4 <DL 22 | 482.45 <DL <DL <DL <DL <DL <DL <DL
Aug 4-5 <DL 215 | 759.07 <DL <DL <DL <DL <DL <DL <DL
Aug 10-12 <DL 822 | 1057.6 <DL <DL <DL <DL <DL <DL <DL
Aug 12-14 <DL 526 1580 <DL <DL <DL <DL <DL <DL <DL
Sept 4-5 <DL 1288 | 1588.2 <DL <DL <DL <DL <DL <DL <DL
Sept. 9-22 <DL <DL | 823.04 <DL <DL <DL <DL <DL <DL <DL
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Prometon- | Atrazine | Cyanazine | PHE | ANT | Diazinon | Disulfoton | Acetochlor | Alachlor | Metolachlor | Triallate
May 11-13 <DL <DL <DL 2926 | <DL <DL <DL <DL <DL <DL <DL
May 21-23 <DL <DL <DL 6989 | <DL <DL <DL <DL <DL <DL <DL
May 26-28 <DL <DL <DL 940 | <DL <DL <DL <DL <DL <DL <DL
Jun 1-3 <DL <DL <DL 863 | <DL <DL <DL <DL <DL <DL <DL
June 4-6 <DL <DL <DL 4055 | <DL <DL <DL <DL <DL <DL <DL
June 22-24 <DL <DL <DL 1841 | <DL <DL <DL <DL <DL <DL <DL
July 4-6 <DL 150.1 <DL 1720 | <DL <DL <DL <DL <DL <DL <DL
July 24-26 <DL <DL <DL 7814 | <DL <DL <DL <DL <DL <DL <DL
Aug 2-4 <DL <DL <DL 1121 | <DL <DL <DL <DL <DL <DL <DL
Aug 4-5 <DL <DL <DL 1200 | <DL <DL <DL <DL <DL <DL <DL
Aug 10-12 <DL <DL <DL 5054 | 153 <DL <DL <DL <DL <DL <DL
Aug 12-14 <DL <DL <DL 6058 | O <DL <DL <DL <DL <DL <DL
Sept 4-5 <DL <DL <DL 7799 | 375 <DL <DL <DL <DL <DL <DL
Sept. 9-22 <DL <DL <DL 2887 | O <DL <DL <DL <DL <DL <DL
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Methyl o,p™- p,p'- o,p*-

Carbaryl | Malathion | parathion | Parathion | Ethion | FLA | PYR | RET | DDE | DDE | DDD

May 11-13 <DL <DL <DL <DL <DL | 3985 | 744 | 446 | <DL | <DL | <DL
May 21-23 <DL <DL <DL <DL <DL | 888.3 | 1036 | 762 | <DL | <DL | <DL
May 26-28 <DL <DL <DL <DL <DL 1055 | 226 | 170 | <DL | <DL | <DL
Jun 1-3 <DL <DL <DL <DL <DL | 20.27 | 300 14 <DL | <DL | <DL
June 4-6 <DL <DL <DL <DL <DL | 327.6 | 352 | 278 | <DL | 21.05 | <DL
June 22-24 <DL <DL <DL <DL <DL 140 248 | 276 | <DL | <DL | <DL
July 4-6 <DL <DL <DL <DL <DL | 2835 | 437 | 301 | <DL | <DL | <DL
July 24-26 <DL <DL <DL <DL <DL 1481 | 2295 | 986 | <DL | <DL | <DL
Aug 2-4 <DL <DL <DL <DL <DL 189.2 | 375 | <DL | <DL | <DL | <DL
Aug 4-5 <DL <DL <DL <DL <DL 198.7 | 368 | 263 | <DL | <DL | <DL
Aug 10-12 <DL <DL <DL <DL <DL 621 | 1616 | 500 | <DL | <DL | <DL
Aug 12-14 <DL <DL <DL <DL <DL 628 | 1594 | 532 | <DL | <DL | <DL
Sept 4-5 <DL <DL <DL <DL <DL | 998.6 | 3238 | 959 | <DL | <DL | <DL
Sept. 9-22 <DL <DL <DL <DL <DL 170.2 | 243 | 197 | <DL | 12.35 | <DL
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P o,p- P

BSD DST BST Methoxychlor | TPB | BaA | CT | BbF | BkKF | BeP | BaP | IcdP | DahA | BghiP

May 11-13 <DL <DL <DL <DL 230 | 45 41 | <DL | <DL | <DL | <DL | <DL | <DL | 40.36
May 21-23 <DL <DL <DL <DL 154 | 58 41 | <DL | <DL | <DL | <DL | <DL | <DL | 50.83
May 26-28 <DL <DL <DL <DL 63 | <DL | <DL | <DL | <DL | <DL | <DL | <DL | <DL | 11.04
Jun 1-3 <DL <DL <DL <DL 6.3 | <DL | <DL | <DL | <DL | 17 | <DL | 25.9 | <DL | 10.78
June 4-6 <DL <DL <DL <DL 405 | <DL | 129 | 91 | 349 | 147 | <DL | 146 | <DL | 79.87
June 22-24 <DL <DL <DL <DL 102 | <DL | <DL | <DL | <DL | <DL | <DL | <DL | <DL | 8.55
July 4-6 <DL <DL <DL <DL 71 52 | <DL | <DL | <DL | <DL | <DL | 22 <DL | 29.11
July 24-26 <DL <DL <DL <DL 175 | <DL | <DL | <DL | <DL | <DL | <DL | <DL | <DL | <DL
Aug 2-4 <DL <DL <DL <DL 84 | <DL | <DL | <DL | <DL | 18 | <DL | 185 | <DL | 11.94
Aug 4-5 <DL <DL <DL <DL 127 | <DL | <DL | <DL | <DL | 15 | <DL | <DL | <DL | 12.66
Aug 10-12 <DL <DL <DL <DL 131 | <DL | 13 | <DL | <DL | 312 | <DL | <DL | <DL | 14.25
Aug 12-14 <DL <DL <DL <DL 121 | <DL | <DL | <DL | <DL | <DL | <DL | 25.7 | <DL | 24.31
Sept 4-5 <DL <DL <DL <DL 233 | <DL | <DL | <DL | <DL | 959 | 60 | <DL | <DL | 17.83
Sept. 9-22 <DL <DL <DL <DL 112 | 60 15 | <DL | <DL | 32 | 105 | 26.6 | <DL | 28.2
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