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Abstract

The trans-Pacific and regional North American atmospheric transport of polycyclic aromatic

hydrocarbons (PAHs) and pesticides in biomass burning emissions was measured in air masses

from April to September 2003 at two remote sites in western North America. Mary’s Peak

Observatory (MPO) is located in Oregon’s Coast Range and Cheeka Peak Observatory (CPO) is

located on the tip of the Olympic Peninsula in Washington State. During this time period, both

remote sites were influenced by PAH and pesticide emissions from forest fires in Siberia and

regional fires in Oregon and Washington State. Concurrent samples were taken at both sites on

June 2 and August 4, 2003. On these dates, CPO had elevated gas phase PAH, alpha-

hexachlorocyclohexane and retene concentrations (p<0.05) and MPO had elevated retene,

particulate phase PAH and levoglucosan concentrations due to trans-Pacific transport of emissions

from fires in Siberia. In addition, during the April to September 2003 sampling period, CPO and

MPO were influenced by emissions from regional fires that resulted in elevated levoglucosan,

dacthal, endosulfan and gas phase PAH concentrations. Burned and unburned forest soil samples

collected from the regional forest fire area showed that 34 to 100% of the pesticide mass was lost

from soil due to burning. These data suggest that the transPacific and regional atmospheric

transport of biomass burning emissions results in elevated PAH and pesticide concentrations in

western North America. The elevated pesticide concentrations are likely due to re-emission of

historically deposited pesticides from the soil and vegetation during the fire event.
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Introduction

Biomass burning, including forest fires, produces atmospheric pollutants such as particulate

matter, carbon monoxide, mercury, volatile organic compounds (VOCs), and semi-volatile

organic compounds (SOCs) (1–5). Because biomass burning emissions are expected to

increase significantly with global warming, the effect that biomass burning emissions have

on the global radiation budget, the production of greenhouse gas emissions, and air quality

has become a growing concern (6).

The air quality of western North America is influenced by biomass burning emissions from

both regional and trans-Pacific atmospheric transport (4, 5, 7). In addition, during some

periods of trans-Pacific atmospheric transport, the concentrations of carbon monoxide and

ozone in western North America increase and sometimes exceed air quality standards (7).

During the summer of 2003, large-scale biomass burning occurred throughout Siberia, with

the most intense fires occurring from May to early June and during the month of August (8).

Approximately 18.9 million hectares of land were burned during the entire 2003 fire season

in Russia, and, on average, approximately 8 to 10 million hectares burn there each year (7).

In the summer of 2003, elevated concentrations of carbon monoxide and PM2.5 had a

significant impact on air quality in western North America and were linked to two separate

trans-Pacific events of Siberian fire emissions (7, 8). On June 6, 2003, the U.S. EPA’s 8-

hour standard for ozone was exceeded in Enumclaw, WA (55 km southeast of Seattle) and,

during the first week of August in 2003, the 24-hour average PM2.5 standard was exceeded

in Seattle, WA (7, 8). During these time periods, we measured polycyclic aromatic

hydrocarbons (PAHs) and pesticides concurrently in air masses at both Cheeka Peak

Observatory (CPO), a remote site located on the Olympic Peninsula of Washington, and at

Mary’s Peak Observatory (MPO), a remote site located in Oregon’s Coast Range. The two

sites are located approximately 500 km from each other and have an elevation difference of

769 m. Concurrently sampling at these two remote sites provide a unique opportunity to

investigate the spatial and altitudinal variation of PAH and pesticide concentrations in trans-

Pacific and regional air masses. In addition to these trans-Pacific event time periods, PAHs

and pesticides were also measured at these two sites from April to September 2003 in air

masses influenced by several regional fires. The objectives of this research were to measure

PAH and pesticide concentrations in trans-Pacific and regional air masses influenced by

biomass burning events and to assess the influence that these fire events have on their

concentrations in western North America.

Experimental Section

SOCs

Eighty-four targeted SOCs, including polycyclic aromatic hydrocarbons (PAHs) and historic

and current-use pesticides, were measured in hi-volume air samples (9). These SOCs span

several orders of magnitude in vapor pressure; exist in both the gas and particle phases of

the atmosphere, and their atmospheric half-lives range from hours to months. Twenty-seven

isotopically labeled surrogates and four internal standards, which spanned the full mass

range of the target analytes, were used to recovery correct and quantify the SOC
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concentrations over the entire analytical method (9). A complete list of the SOC standards,

their manufacturers and storage conditions have been previously reported (10).

Sampling Sites

Air samples were collected from two remote sites located in western North America. Mary’s

Peak Observatory (MPO) (44.5°N, 123.6°W, 1249 m) is the highest peak in Oregon’s coast

range, while Cheeka Peak Observatory (CPO) (48.3°N, 124.6°W, 480 m) is a coastal site

located on the tip of the Olympic Peninsula in Washington State (Figure S.1). The annual

precipitation at both MPO and CPO is ~250 cm (11) and the predominant wind direction at

both sites is westerly (from the Pacific Ocean).

CPO is a well-established site for the study of trans-Pacific atmospheric transport to the

United States and is located ~240 km West of Seattle and 3 km from the Pacific Ocean (7, 8,

12–15). Previous studies have identified that, during westerly flow, this site is primarily

influenced by clean marine air masses and Asian air masses containing anthropogenic

emissions (12, 14, 15). MPO is located ~26 km from the Pacific Ocean and ~30 km west of

the agriculturally intensive Willamette Valley and Interstate 5 (Figure S.1). Concurrently

sampling at CPO and MPO provide a unique opportunity to investigate the spatial and

altitudinal variation of PAH and pesticide concentrations in trans-Pacific and regional air

masses.

Sample Collection

From April to September 2003, twenty-one high volume air samples were collected at MPO

and CPO (Table S.1). During this time period, seven 48-hour air samples and 2 field blanks

were collected at CPO using a modified hi-volume air sampler (Tisch Environmental,

Cleves, OH). At CPO, an 11cm diameter sampling head with two quartz fiber filters (QFFs)

(Whatman, Maidstone England) was used to collect the particulate phase SOCs and two 5.5

cm diameter polyurethane foam (PUF) plugs w ere used to collect the gas phase SOCs. This

sampler had an average flow rate of approximately 14 m3/hour and, during a 48-hour period,

an average of 650 m3 of air was sampled.

At MPO, eleven 48-hour and three 24-hour air samples, as well as 2 field blanks, were

collected using a modified hi-volume air sampler (Tisch Environmental, Cleves, OH) (Table

S.1). At MPO, a 20.3cm by 25.4 cm rectangular sampling head with a QFF was used to

collect the particulate phase SOCs and two 6.5 cm diameter PUF plugs, with ~50 grams of

Amberlite XAD-2 resin (Supelco, Bellefonte, PA) placed between the two PUF plugs was

used to collect the gas phase SOCs. In a 48 hour sampling period, ~ 2500m3 of air was

sampled and, in a 24 hour sampling period, ~900m3 of air was sampled. The sampling flow

rate decreased when the sampling period changed from 48 to 24 hours because the brush

motor (higher flow rate) was replaced with a brushless motor (lower flow rate). The air

sampling media was pre-cleaned before deployment in the field. Details of the cleaning

procedure and solvents used have been previously reported (9, 16).

A composite soil sample was collected from an un-burned (100 m2) and burned (100 m2)

area in the Deschutes National Forest, located 6 miles west of Sisters, Oregon at the edge of

the area burned by the B&B complex forest fire. The burned and unburned areas were
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adjacent to each other but separated by a two lane road which stopped the forest fire. Each

composite soil sample consisted of 7 random surface (20 cm deep) samples for each 100 m2

area.

Information on the methods used for measuring SOCs and the quality assurance/quality

control procedures used are given in the supporting information.

Air Mass Back Trajectory Calculation and Satellite Image Analysis

10-day air mass back trajectories were calculated using NOAA’s Hybrid Single-Particle

Lagrangian Integrated Trajectory model (HYSPLIT) to assess potential source regions (17).

For each sampling period, a 10-day back trajectory was calculated every 4 hours at the site

elevation and location and at 8 points located in a 1° by 1° grid surrounding the site. This

resulted in approximately 162 trajectories calculated for each sampling period. At CPO and

MPO, trajectories were calculated at the site elevations of 500 m and 1249 m, respectively.

HYSPLIT data was imported into ArcGIS and was used to calculate the percent of time the

trajectory spent in the boundary layer (below 1000 m) and above the boundary layer (above

1000 m) for each sample.

The Moderate Resolution Imaging Spectroradiometer (MODIS) flies onboard NASA

satellites and collects global fire activity in a 1° by 1° grid (18). The Navy Aerosol and

Analysis Prediction System (NAAPs) model estimates smoke emissions based on satellite

and MODIS fire product data (19). The MODIS fire detects, the NAAPs model, and the 10-

day air mass back trajectories were used to help determine the location of both the regional

and Siberian fires during the sampling periods.

Results

Identification of Air Mass Source Regions and Biomass Burning events

HYSPLIT back trajectories were used to calculate source region impact factors (SRIFs) for

each air mass sampled at MPO and CPO. The SRIF was calculated by determining the

percentage of time the back trajectories spent in a given source region compared to the total

trajectory time, and details of these calculations are reported elsewhere (4, 5, 16). The

defined source regions included agriculturally intensive areas in the Western U.S., including

Eastern Washington, the Willamette Valley in Oregon, and the Central Valley in California

(Figure S.1) (4). Two other potential source regions in Asia and Siberia were identified and

used to assess the influence of these source regions on the SOC concentrations in the

sampled air masses (4). The SRIFs for each sampling date are listed in Table S.1. The SRIFs

do not add up to 100% because they do not account for the significant time the trajectories

spent over the Pacific Ocean. However, during trans-Pacific transport, Asian dust and smoke

plumes may be present over the Pacific Ocean. In order to account for this, the percentage of

time the air mass trajectories spent over the Pacific Ocean as opposed to continental land

was calculated (Table S.1).

Levoglucosan, a combustion byproduct of cellulose that exists in the particulate phase in the

atmosphere, is often used as a molecular marker for biomass burning emissions (20–23) The

levoglucosan concentrations measured at both sites are listed in Table S.2A. For sampling
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dates that had elevated levoglucosan concentrations (greater than 10,000 pg/m3) or NAAPs

model images that indicated smoke emissions, air mass back trajectories and satellite images

were used to determine the fire locations. The NAAPs model images for the concurrent CPO

and MPO sampling start dates of June 2 (Figure S.2A) and August 4 (Figure S.2B) show

smoke emissions from large scale fires burning in Siberia being transported across the

Pacific Ocean to the west coast of North America. The NAAPs model images also indicated

that CPO was influenced by Siberian biomass burning emissions during the June 16

sampling period (Figure S.2C) and MPO was influenced by regional fire emissions in

Eastern Oregon during the September 4 sampling period (Figure S.2D).

To determine if biomass burning emissions influenced individual air samples, the following

were considered; (1) the levoglucosan concentration in the air sample was elevated (greater

than 10,000pg/m3) (2) the smoke emissions estimated by the NAAPS model passed over the

sampling site, and (3) the 10-day air mass 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 MPO, elevated

particulate phase PAH concentrations were measured at MPO, while elevated gas phase

PAH concentrations were measured at CPO (Figure 1A and Table S.2AB). Previous studies

have shown that elevated particulate phase PAH concentrations are associated with

transPacific air masses at Mt. Bachelor Observatory (MBO), which is located at 2800m in

Oregon’s Cascade Range (5), while elevated gas phase PAH concentrations were measured

in trans-Pacific air masses at CPO (15). A recent study has measured the emissions and

outflow of PAHs from forest fires in China and Russia (24).

To determine if the sampled air mass represented the boundary layer or tropospheric air, the

HYSPLIT back trajectories were used to calculate the amount of time the air mass time

spent above (>1000 m) or below (<1000 m) the boundary layer in the 10 days prior to

sampling (Table S.1). In the June 2 air masses, 96% of the trajectory time was spent above

the boundary layer prior to reaching MPO, while only 68% of the trajectory time was spent

above the boundary layer prior to reaching CPO (Table S.1). At CPO, the concentrations of

retene, a biomarker for the incomplete combustion of soft wood (2), fluoranthene, and

pyrene were elevated (p-value < 0.05) in the June 2 air mass, while, at MPO, the

levoglucosan concentration was elevated (>10,000 pg/m3). However, the levoglucosan

concentration at CPO was below the detection limit. Levoglucosan is particle bound and

water-soluble and the relatively wet boundary layer air mass at CPO may partly explain the

loss of levoglucosan at CPO. In addition, the average relative humidity CPO and MPO

during the June 2 sampling was 79% and 60%, respectively. Due to CPO’s higher relative

humidity and closer proximity to the Pacific Ocean, fog formation is greater at CPO than at

MPO. Fog is an efficient scavenger of SOCs and may explain the removal of levoglucosan

and particle bound PAHs from the sampled air mass at CPO.

The NAAPs model images indicate that, during the June 2 concurrent sampling, smoke

plume from Siberian fires crossed the Pacific Ocean and passed over CPO and MPO (Figure

S.2A). In addition, Figure 1A shows the air mass back trajectories for the June 2 concurrent
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sampling at CPO and MPO overlaid onto MODIS 10-day fire start images. The MODIS

images are generated by satellite data over 10-day periods and the image shown in Figure

1A represents the June 1–10 time period. In Figure 1, each red dot represents a fire that

burned during the 10-day period, while the yellow dots indicate areas of more intense

burning (18). By comparing the MPO and CPO trajectories in Figure 1A and the SRIFs

given in Table S.1, it is clear that the MPO air mass spent more time over the Siberian and

Asian source regions (13.2%) than the CPO air mass (1.4%). This indicates that, during the

June 2 concurrent sampling, MPO was influenced to a greater extent by Siberian biomass

burning emissions than CPO. This, along with different site characteristics, such as relative

humidity and elevation, may explain the different observations at CPO and MPO.

The ratios of individual PAH isomers have been used for source apportionment by

comparing the PAH ratio of the combustion source to the PAH ratio measured in air (15, 25,

26). It has been previously reported that the use of PAH ratios can be misleading for source

identification when the PAHs have significant differences in physical chemical properties

(25). However, Zhang et al reported that the Indeno[1,2,3-cd]pyrene (IcdP) (26) and

Benzo[ghi]perylene (BghiP) (27) ratio can be accurately used for source identification

because of their similar properties. During the June 2 concurrent sampling, the ratio of

indeno[1,2,3-cd]pyrene/(indeno[1,2,3-cd]pyrene +benzo[ghi]perylene) was 0.65 at MPO.

This PAH ratio for wood combustion is 0.64 ± 0.07 (26), suggesting that the MPO air mass

contained biomass burning emissions from the Siberian fires. The same PAH ratio could not

be calculated in the concurrent June 2 CPO air mass or the CPO and MPO concurrent

August 4 air masses because the concentrations of both indeno[1,2,3-cd]pyrene and

benzo[ghi]perylene were below the detection limits (Table S.2A).

Similar to the June 2 concurrent sampling, during the August 4 concurrent sampling, MPO

had elevated particulate phase PAH concentrations and CPO had elevated gas phase PAH

concentrations compared to the rest of the 2003 samples (Figure 1B). A previous study

reported low total aerosol scattering/carbon monoxide concentration ratios during the

August 4 time period at CPO and the affect of precipitation in transit to CPO was explored

to explain this low ratio (8). The HYSPLIT model indicated that relatively low precipitation,

1.4 mm at CPO and 15.1 mm at MPO, fell along the 10-day air mass back trajectory of the

June 2 sampled air mass. However, for the August 4 sampled air mass the precipitation that

fell in transit was 9.5 mm at CPO and 38.6 mm at MPO. Because wet deposition is a

primary removal mechanism of submicron aerosols from the atmosphere, precipitation in

transit across the Pacific Ocean may explain why the particulate phase PAH concentrations

in the August 4 air mass were lower than the June 2 air mass at CPO and MPO (Figure 1).

The NAAPs model image for the August 4 concurrent sampling confirms the influence of

Siberian biomass burning emissions at CPO and MPO (Figure S.2B).

Principal component analysis (PCA) was used to further evaluate the differences in PAH

profiles in the CPO and MPO air masses. Individual PAH concentrations were normalized to

total PAH concentrations in each air sample to allow direct comparison of the PAH profile

between samples. Centered log ratio transformation was then performed on normalized

concentrations to avoid negative bias and closure (28). The PCA biplot in Figure S.3

confirms that the June 2 and August 4 air masses sampled concurrently at MPO and CPO
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contained different PAH profiles even though both air masses were influenced by the same

Siberian biomass burning emissions. The PCA biplot indicates that the CPO (10S and 17S)

and MPO (8S) air masses influenced by the Siberian biomass burning emissions had

elevated pyrene and retene concentrations.

Regional Fires—Fluorene concentrations were elevated at CPO in the April 11 air mass

compared to the rest of 2003 and it was the only sampled air mass at CPO that was from an

easterly rather than westerly direction (Table S.1 and S.2 and Figure S.3). The atmospheric

lifetime of fluorene is relatively short (22 hours) (29), suggesting that this CPO air mass

may have been influenced by local sources.

From August 19 to September 26, approximately 90,789 acres of U.S. National Forest

burned in the Oregon Cascade Range located 150 miles east of MPO (referred to as the

B&B complex fire). An air mass was sampled at MPO on September 4–6, during one of the

most intense periods of burning. The predominant wind direction at MPO during this time

period was from the southwest (Table S.1). However, the NAAPs model image shows that

smoke emissions from this forest fire influenced a large portion of Oregon (Figure S.2D).

This air mass had elevated concentrations of all gas phase PAHs, including anthracene and

retene, and levoglucosan (Table S.2). The relatively high anthracene concentrations in this

air mass, along with its relatively short atmospheric half-life of 1.5 hours (29), confirms that

this air mass was influenced by a regional combustion source and the elevated retene and

levoglucosan concentrations suggest it was the B&B complex fire.

Pesticides

Siberian Fires—The fate of pesticides in fires depends on their physical chemical

properties and the temperature of the fire (30). At temperatures greater than 500°C, most

pesticides thermally degrade (30). However, under smoldering conditions (300°C to 600°C),

pesticides volatilize to the atmosphere (30). Experiments on the combustion of insecticide

treated wood showed that stable pesticides with higher vapor pressures, such as gamma-

HCH (lindane), volatilized under smoldering conditions and 43% of the gamma-HCH was

recovered in the smoke stream (30). For pesticides with lower vapor pressures, such as

chlorpyrifos, 28% was recovered in the smoke stream under smoldering conditions (30).

When gamma-HCH and chlorpyrifos were burned at temperatures greater than 500 °C, both

pesticides thermally degraded (30). Because the physical chemical properties of gamma

HCH are similar to its isomer alpha-HCH, it is possible that alpha-HCH, and other SOCs,

volatilizes from soil and vegetation during biomass burning.

The highest dieldrin concentrations at CPO were measured in the June 2, June 16, and

August 4 air masses (Table S.3). At CPO, the dieldrin concentration was significantly

correlated with alpha and gamma HCH, fluoranthene, pyrene, and retene concentrations

(Table S.5). The NAAPs model indicated these three CPO air masses were influenced by the

trans-Pacific transport of Siberian biomass burning emissions (Figure S.2). The highest

dieldrin concentrations at MPO were measured in the Sept. 21 air mass. On this day, air

mass back trajectories and elevated particulate phase PAH concentrations indicated

Genualdi et al. Page 7

Environ Sci Technol. Author manuscript; available in PMC 2014 September 09.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



influence from trans-Pacific transport at MPO. This suggests that dieldrin, banned in the U.S

in 1987, was transported during these trans-Pacific events to CPO and MPO.

Dieldrin use in China has not been reported however, dieldrin has been measured in

sediments from Lake Taihu and in air in Beijing and Qingdao (27, 31–33). Dieldrin was also

measured in air on Okinawa, Japan, a site located downwind of Asian source regions, but no

single Asian source region could be identified (16). The CPO and MPO data suggest that

dieldrin undergoes trans-Pacific transport to the west coast of North America.

The alpha-HCH concentration was also elevated at CPO in the June 2, June 16, and August

4 air masses that were influenced by the Siberian biomass burning emissions (Figure 1 and

Table S 3). Technical HCH (containing alpha-HCH and gamma-HCH) was banned in the

U.S in 1974, in China in 1983, and in the former Soviet Union in 1990 (34). Emission

inventories for alpha-HCH have been developed for both China and the former Soviet Union

based on production and usage in these countries (35–37). From these inventories, it is

evident that most of the land burned in Siberia during the summer of 2003 had minimal

direct use of alpha-HCH (36, 37). However, the burned area in Siberia was near the areas of

intense alpha-HCH use in China and the Soviet Union and was likely a receptor region for

these alpha-HCH emissions for many years (38).

At CPO, alpha-HCH concentrations were significantly (p < 0.05) positively correlated with

dieldrin concentrations and negatively correlated with dacthal concentrations. Dacthal (or

DCPA) is a current use pesticide in the U.S. These correlations suggest that the elevated

alpha-HCH and dieldrin concentrations at CPO are due to trans-Pacific transport, while the

elevated dacthal concentrations are due to regional transport. The alpha to gamma-HCH

ratio did not appear to be indicative of trans-Pacific or regional atmospheric transport (Table

S.3). In addition, this ratio was not correlated with SOC concentrations at MPO or CPO

(Table S.4 and S.5).

Regional Fires—The highest CPO concentrations of dacthal and endosulfan I, both

current use pesticides, were in the April 11 easterly air mass (Table S.3). Pesticide use maps

show dacthal and endosulfan use in Eastern Washington on wheat (39). Because the air mass

back trajectories passed over Eastern Washington and the highest concentration of

levoglucosan at CPO was measured in this air mass, it is likely that the April 11 air mass

was influenced by agricultural field burning in Eastern Washington. The most prevalent

agricultural burning of wheat fields (89% of the total acres burned in Washington) occurs in

April and May and also in September and October (40). Also, the dacthal concentration at

CPO was significantly negatively correlated with the alpha-HCH concentration, providing

further evidence that the dacthal at CPO was from regional, and not trans-Pacific, sources.

The highest dacthal and endosulfan sulfate concentrations at MPO were measured in the

Sept. 4 air mass that was influenced by the B&B complex fire (Table S.3). The

concentration of dacthal and endosulfan sulfate at MPO were significantly positively

correlated with each other and gas-phase PAH concentrations. In addition, the PCA biplot of

normalized, centered log ratio transformed pesticide concentrations confirms the elevated

dacthal concentrations in the Sept. 4 air mass at MPO (Figure S.3B). This suggests that these
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current use pesticides were volatilized and transported to MPO during regional fire events,

including the B&B complex fire.

Pesticide Loss from Soil Due to Forest Fires

Composite forest soil samples from a burned and unburned area of the B&B complex forest

fire discussed above were collected and analyzed to investigate the potential loss of SOCs

from soil due to re-emission and/or degradation from a forest fire. The pesticides with

elevated concentrations in air masses influenced by the Siberian and regional biomass

burning emissions, dieldrin, alpha-HCH, dacthal, and endosulfan sulfate, had concentrations

in burned forest soil that were decreased by 100%, 97%, 90%, and 97%, respectively,

compared to unburned forest soil (Figure 2, Table S.6). These four pesticides also had some

of the highest concentrations in unburned soil among the pesticides measured (Figure 2,

Table S.6). Other pesticides measured in the unburned forest soils included trifluralin, HCB,

gamma-HCH, heptachlor, chlorpyrifos oxon, heptachlor epoxide, trans-chlordane, trans-

nonachlor, and endosulfan II. Their losses from forest soil ranged from 34 to 100% (Figure

2, Table S.6). The losses of PCBs from forest soil ranged from 80 to 85% (Figure 2, Table S.

6). However, the PCB concentrations in unburned forest soil were significantly lower than

the dieldrin, alpha-HCH, and endosulfan sulfate concentrations. These results confirm that

pesticides and other SOCs may re-volatilize and/or degrade during biomass burning.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
MODIS 10-day fire detects overlaid with 10-day air mass back trajectories and

corresponding PAH and pesticide concentrations measured at MPO (purple) and CPO

(orange) for the concurrent sampling on A) June 2, 2003 and B) August 4, 2003. Smoke

plumes extended across the Pacific Ocean to Western North America. (Figure SI.2 A and B).
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Figure 2.
Concentrations of pesticides and polychlorinated biphenyls (PCBs) (pg/g dry weight) in

burned and un-burned forest soil collected from the B&B complex forest fire in the

Deschutes National Forest, Oregon.
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