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Introduction

Wild salmonid populations in the Hood River Basin have been declining.  Because of the population declines, steelhead (Oncorhynchus mykiss) in the Hood River Basin were listed in 1998 as threatened under the federal Endangered Species Act by the National Marine Fisheries Service.  The causes of steelhead population declines were unknown but pesticides were identified as one potential stressor.  The mid and lower Hood River Basin have extensive orchards of pear and apple, some peach and cherry orchards, and alfalfa hay.  Typically, orchards use organophosphate pesticides (OP-pesticides) in the spring and summer to control insects (Table 1).  
Table 1.  Hood River Basin: Some of the pesticides used and the time of year.  Compiled from unpublished data and discussions with orchardists.
[image: image3.wmf]Chlorpyrifos Concentrations in Water Samples Collected in Spring 2002

Station

Chlorpyrifos (ug/L)

0/7

0/7

0/7

0/7

0/8

2/8

3/9

MRL=0.025 ug/L

Acute WQS=0.083 ug/L

DOG R

EF HR

EVANS CR

HR

L NEAL CR

LENZ CR

U NEAL CR

0

0.02

0.04

0.06

0.08

0.1

0.12

Chronic WQS=0.041 ug/L


These insecticides are mildly to very toxic to fish and other aquatic life.  Use of OP-pesticides in the Hood River Basin overlaps with the occurrence of a variety of wild winter steelhead life stages including: reproductively mature wild winter steelhead migration upstream to spawn and spawning; early life stage development and juvenile rearing; and migrations of smolts downstream (Table 2).  Although there was a potential for exposure of steelhead to OP-pesticides and toxicity to occur there was very little water chemistry data available on the occurrence of these pesticides in waters of the Hood River Basin prior to the spring of 1999 and there was no data on the in-stream aquatic life effects.

Table 2.  Salmonid life stage and time of year found in the Hood River Basin.  Adapted from Western Hood Subbasin Total Maximum Daily Load (TMDL) DEQ (2001).
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Water samples were collected in March, April, and June of 1999, 2000, and 2001 from locations downstream of agriculture, forestry, urban areas, and mixed use areas within the Hood River Basin.  Sample collection was timed to the apple and pear orchard use of chlorpyrifos (Lorsban) in March/April as a post dormant spray and azinphos methyl (Guthion) in June for codling moth control.  These samples were analyzed for total and dissolved OP-pesticides.  Chlorpyrifos was above the method reporting limits (MRL) in the March and April samples at Neal Creek (agricultural area), Indian Creek (mixed use), East Fork Hood River (agricultural area), Trout Creek (agricultural area), Hood River (mixed use) but not the West Fork Hood River (forest area).  In June, azinphos methyl concentrations were above the MRL at Neal Creek, Indian Creek, Trout Creek, and Hood River but not the West Fork Hood River or East Fork Hood River.  These compounds were detected during rain and non rain events.  Chlorpyrifos and azinphos methyl concentrations in Neal and Indian Creeks were above the state water quality standard and some of the concentrations detected were above the levels causing toxicity to aquatic life in laboratory studies (USEPA Ecotox Database). 


The state water quality standard for chlorpyrifos is 0.041 ug/l for chronic and 0.083 ug/l for acute exposures and was adopted from the U.S. Environmental Protection Agency water quality criteria for chlorpyrifos that is contained in Quality Criteria for Water 1986 (EPA 440/5-86-001).  The state water quality standard for azinphos methyl is 0.010 ug/l for chronic exposure and was adopted from Quality Criteria for Water (EPA-440/9-76-023).  The chlorpyrifos chronic criteria was developed from data on eight species only one of which was a freshwater species, the fathead minnow (Pimephales promelas).  The acute criteria was developed from data on seven freshwater species and eleven invertebrates.  Rainbow trout (Oncorhynchus mykiss), cutthroat trout (Oncorhynchus clarkii), and lake trout (Salvelinus namaycush) were the salmonids with available data used for acute criteria development.  There was not information available on chlorpyrifos or azinphos methyl effects on salmonid reproduction, early life stage development, growth, or smoltification from long term or intermittent exposures.  In addition, the standards do not take into account multiple exposures to individual or complex mixtures of OP- or other pesticides.  Triazine herbicides, such as simazine, can induce enzyme systems in the body (Belden & Lydy 2000) that would increase the toxicity of OP-pesticides (Lichtenstein et al., 1973). 


Preliminary in-stream aquatic life effects assessments were conducted during the water chemistry sampling in 2000 and 2001.  Hatchery steelhead were placed in cages at selected water chemistry sampling locations and were held for two to three weeks in-stream during the time of orchard use of OP-pesticides and water chemistry sampling.  Brain acetylcholine esterase (AChE) activity was measured in these fish and AChE activity was lower in fish from areas with frequent detections of OP-pesticides in water samples (Grange, 2002).  OP-pesticides reduce AChE activity and this reduction in enzyme activity has been used as a measure of exposure and effects from these compounds.  Macroinvertebrates were collected at the caged fish locations before and after orchard use of OP-pesticides.  There were spatial and temporal macroinvertebrate assemblage differences observed (DEQ unpublished results).  
The in-stream aquatic life monitoring results are preliminary but indicate that OP-pesticides may be having an effect on aquatic life.  More work was needed to further document the occurrence of OP-pesticides in small streams, the co-occurrence of AChE activity depression and changes in macroinvertebrate assemblages in the Hood River Basin.


The goal of this project was to continue monitoring the occurrence of OP-pesticides and evaluate the potential for in-stream effects on threatened steelhead in the Hood River Basin in 2002.  Potential effects were evaluated by measuring op-pesticides in small streams supporting salmonids and the depression of AChE activity in caged steelhead.  This report describes the 2002 monitoring season.  

The information from this project could be used by fishery and water quality managers as well as the agricultural community to help restore threatened steelhead in the Hood River Basin.  The data from this project would be useful to the Confederated Tribes of the Warm Springs, National Marine Fisheries Service, and Oregon Department of Fish & Wildlife for managing listed steelhead; to the Oregon Department of Environmental Quality and the U.S. Environmental Protection Agency for determining compliance with the state water quality standards and federal water quality criteria; and, to the agricultural community for determining if changes are needed in management practices during pesticide application.

Methods

Station Locations

Sample station locations were selected to represent similar streams with and without upstream agricultural activity (Table 3).  Reference locations were selected to represent forested influences, without upstream agricultural activity.  Stations were sampled based on timing of OP-pesticide application which was influenced by degree days which is variable within the basin depending on elevation.  Therefore, lower elevation stations were sampled earlier in the season than the upper elevation sites.  Lower Neal Creek is influenced by extensive orchards along its banks throughout the valley floor.  A tributary to Lower Neal Creek, Lenz Creek is a small, groundwater-fed valley stream, surrounded by orchard activity. Upper Neal Creek, used as a comparison site for these locations, is influenced by forested areas and logging, without upstream agricultural activity.   The East Fork Hood River is a substantially larger tributary influenced by orchards and forested areas.  Located in the upper valley, glacially fed Evans Creek is influenced by both orchard and forested areas.  Dog River is primarily influenced by forest lands. 

Water Sample Collection

Surface water grab samples were collected at each site at regular intervals approximately twice per week throughout the spray periods in March-April and June-July 2002.  Samples for total OP-pesticide and triazine herbicide analysis were collected in factory-cleaned, 2.5 liter amber jars with Teflon-coated lids.  Field pH, conductivity and temperature were measured.  The outside of each jar was rinsed in-stream, then filled 10 to 15 cm under the water surface.  Samples were stored on ice in coolers to maintain sample temperatures at or below 4oC, and transported to the ODEQ laboratory for analysis.  Rainfall data for the Hood River basin was collected from the USGS website at http://waterdata.usgs.gov/or/nwis/discharge.  

Table 3.  Hood River watershed characteristics. (*discharge data not available).

	Site
	Elevation (m)
	Influential Land Use Upstream of Station
	 Drainage Area (square kilometers)
	Mean Annual Discharge    
  (cubic meters/sec)

	Upper Neal Creek
	367
	Forest
	78
	1.1

	Lower Neal Creek
	120
	Orchard
	78
	1.1

	Lenz Creek
	190
	Orchard
	28
	*

	Dog River
	668
	Forest
	65
	*

	Evans Creek
	538
	Orchard
	47
	*

	East Fork Hood River
	366
	Orchard
	407
	15.8


Water Sampling Quality Assurance

Quality assurance procedures included trip blanks for each field collection date, duplicate assay samples and matrix spike duplicate samples on 10% of all water samples collected.   Precision of the analyses was determined by comparison of replicate samples.  Accuracy was determined using percent recovery of spiked laboratory samples.  Field meters were calibrated at regular intervals throughout the field sampling periods.

Organophosphate and Triazine Pesticide Analysis

There were nine pesticides analyzed in this study (Table 4).  Analysis of total OP-pesticides and triazine herbicides were conducted by ODEQ using liquid-liquid extraction in accordance with USEPA method 8141B (USEPA, 1998a).   The method detection limits for the pesticides were 0.025  ug/L. 

Table 4.  Pesticides analyzed for in water samples collected from the Hood River Basin.
Insecticides



Herbicides



Azinphos-methyl


Atrazine

Chlorpyrifos



Simazine

Diazinon

Dimethoate

Imidan

Malathion

Methyl parathion

Biological Monitoring
Fish were placed in in-stream cages during orchard post dormant spray application of chlorpyrifos in March and April 2002.  Other fish were held in cages during orchard codling moth spray application of azinphos methyl in June and July 2002.  One year old steelhead smolts from Oak Springs fish hatchery were held in cages for approximately a two week period during the spring spray event in the year 2002 at Lower Neal Creek and the Upper Neal Creek, Lenz Creek, Evans Creek, and Dog River.  Juvenile steelhead (<4 months old) were placed in cages and sampled weekly for three to four weeks during the summer spray event at  Lower Neal Creek, Lenz Creek, Evans Creek, Upper Neal Creek, East Fork Hood River, and Dog River.  Cages were rectangular and constructed from PVC piping and HDPE plastic mesh and lined with river stones.  Fish were transported from Oak Springs hatchery in aerated tanks to the stream cages within one week of initiation of OP-pesticide spray application as reported by the OSU Extension Agent based in Hood River. 

Cages were visited 2 to 3 times per week to feed fish and to visually assess fish health. Fish were fed commercial trout chow, ad libitum.  Mortalities and moribund fish were removed (without replacement) upon discovery.  Cages were cleaned weekly to remove waste, otherwise cages were left undisturbed.  Following in-stream exposures fish were frozen on dry ice and transported back to the laboratory and stored in a -80C freezer until processing and analysis.   

Macroinvertebrates were collected pre- spray and post- spray at all stations.  Macroinvertebrates were collected with a Hess sampler.  Samples were composited and preserved with ethanol.  Identifications were made to determine community assemblage.

AChE Analysis

The fish brains were excised and homogenized in 0.1M phosphate buffer with 0.1% Triton-X 100 at pH 8.0 (25mg/ml) and centrifuged at 3,500 rpm for 5 min. The supernatant was either diluted 1:22 with phosphate buffer or was undiluted and stored at –80oC until analysis.  Acetylcholine esterase activity was measured according to Ellman et al. (1961) with some modification (Sandahl & Jenkins, 2002).  Briefly, 50 ul of 6mM 5,5'-Dithio-bis(2-nitrobenzoic acid) (DTNB) was added to 950 ul of tissue homogenate and incubated for 10 min, and then 200 ul was transferred into microtiter plate wells. The reaction was initiated with the addition of 50ul of 15mM acetylthiocholine iodide. Absorbance was measured at 412 nm in 19 sec intervals for 10 min at 28oC using a BioTek Ultra Microplate Reader (Model ULX808IU).  Protein content was measured and compared to standards according to Bradford et al. (1976). Assays were run in triplicate with substrate blanks for each plate and tissue blanks for each sample. AChE activity was expressed as nmol/min/mg protein. Samples with a coefficient of variation between replicates >5% were immediately re-analyzed.  
Data Analysis

Location differences for brain AChE were detected using one-way ANOVA and Fisher’s least significant difference (LSD).  
Macroinvertebrate 2001 data were log transformed (log x+1) to reduce influence from abundant taxa.  Multivariate techniques used to determine changes in macroinvertebrate assemblages include multi-dimensional scaling (MDS) ordination maps based on Bray-Curtis similarity matrices and analysis of similarities (ANOSIM) based on permutation tests (Primer 5 software).  Stress is the distortion produced by measured distance between sites and actual distance (Stress  < 0.5 = excellent, < 0.1 = good, < 0.1 = useful ).  The R statistic (-1.0 to 1.0) is based on differences between the rank similarities between groups and within groups.  R is then subjected to permutation tests to provide a test statistic. 

Results

Collection & Exposure Dates for Water, Fish, & Macroinvertebrates


Water samples were collected in spring and summer 2002 from lower Neal Creek, upper Neal Creek, and Lenz Creek in the Lower Basin and from East Fork Hood River, Evans Creek, and Dog River in the Upper Basin (Table 5).
Table 5.  Water sample collection beginning and ending dates.

	Location
	Season
	Begin Date
	End Date

	Lower Basin
	Spring
	3/20
	4/3

	Upper Basin
	Spring
	4/4
	4/22

	Lower Basin
	Summer
	6/13
	7/3

	Upper Basin
	Summer
	6/27
	7/18



Spring caged fish exposures using steelhead smolts from the Oak Springs Fish Hatchery were placed in-stream at the Lower Basin stations (lower Neal Creek, upper Neal Creek, and Lenz Creek) on May 18th and at the Upper Basin stations (East Fork Hood River, Evans Creek, and Dog River) on April 4th.  Summer caged fish exposures using juvenile steelhead from Oak Springs Fish Hatchery began in the Lower Basin on June 13th and were sampled on June 20th, June 26th, and July 3rd.  The Upper Basin exposures began on June 25th and were sampled on July 3rd, July 11th, and July 18th (Table 6).
Macroinvertebrates were collected from the Lower Basin (lower Neal Creek, upper Neal Creek, and Lenz Creek) and the Upper Basin (Evans Creek and Dog River) in Spring and Summer of 2001 (Table 7).

Table 6.  Caged fish deployment and sampling dates.

	Location
	Season
	Date Deployed
	Date Sampled

	Lower Basin
	Spring
	3/18
	4/10

	Upper Basin
	Spring
	4/4
	4/24

	Lower Basin
	Summer
	6/13
	6/20

	Lower Basin
	Summer
	6/13
	6/26

	Lower Basin
	Summer
	6/13
	7/3

	Upper Basin
	Summer
	6/25
	7/3

	Upper Basin
	Summer
	6/25
	7/11

	Upper Basin
	Summer
	6/25
	7/18


Table 7.  Macroinvertebrate pre- and post- spray sampling.
	Location
	Season
	Pre- Spray
	Post- Spray

	Lower Basin
	Spring
	3/12
	4/10

	Upper Basin
	Spring
	3/12
	4/10

	Lower Basin
	Summer
	5/23
	7/10

	Upper Basin
	Summer
	6/6
	7/10


Spring Water Sample Pesticide Analytical Results

The pesticides detected in water samples collected in the spring were chlorpyrifos and simazine.  Chlorpyrifos was detected in three of nine and two of eight samples collected at Lower Neal Creek and Lenz Creek, respectively (Figure 1).  One sample at Lower Neal Creek was above the chronic water quality standard for chlorpyrifos and one sample at Lenz Creek was above the acute water quality standard  (Figure 2).  Simazine was detected in six of eight samples collected at Lenz Creek but was not detected at any other locations (Figure 3).  Concentrations of Simazine ranged between 0.025 to 0.05 ug/L (Figure 4)
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Figure 1. 
DOG R = Dog River; EFHR = East Fork Hood River; EVANS CR = Evans Creek; HR = Hood River; L NEAL CR = Lower Neal Creek; U NEAL CR = Upper Neal Creek.  WQS = Water Quality Standard.  MRL = Method Reporting Limit. #/# = number of detections / number of samples collected.

Figure 2.  Chlorpyrifos concentrations in water samples collected in Spring 2002 from Lenz Creek and Lower Neal Creek.  WQS = Water Quality Standard.
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Figure 3.  
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See Figure 1 for description of abbreviations.
Figure 4.  Simazine concentrations in water samples collected in Spring 2002 from Lenz Creek.  MRL = Method Reporting Limit.
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Summer Water Sample Pesticide Analytical Results


Azinphos methyl and simazine were the most commonly detected pesticides in the water samples collected in the summer.  There were less frequent detections of imidan, malathion, and atrazine.  Azinphos methyl was detected in four of eight and three of eight samples from lower Neal Creek and Lenz Creek, respectively (Figure 5).  Simazine was detected in all samples collected from lower Neal Creek and Lenz Creek (Figure 6).  Water samples with detectable azinphos methyl were above the chronic water quality standard (Figure 7).  Simazine concentrations were higher at Lenz Creek than lower Neal Creek (Figure 8).  Imidan was detected twice, once at Evans Creek and once at Lenz Creek (Figure 9).  
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Pesticides Detected in Water Samples from 2002

See Figure 1 for descriptions of abbreviations.
Figure 6.  
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See Figure 1 for descriptions of abbreviations.
Figure 7.  Azinphos methyl in water samples collected in summer from Lenz 

Creek and Lower Neal Creek. 
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Figure 8.  Simazine in water samples collected in summer from Lenz Creek and Lower 

Neal Creek.
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Figure 9.  
[image: image13.emf]Continuing Calibration Verification

(spike concentration 1.0 ug/L)

0

20

40

60

80

100

120

140

12-Mar 1-Apr 21-Apr 11-May 31-May 20-Jun 10-Jul

Date

% Recovery

Simazine Chlorpyrifos Azinphos Methyl Imidan Malathion


See Figure 1 for descriptions of abbreviations.
Results of Biological Monitoring

During the spring exposure, average brain AChE activity was lower at Lenz Creek and lower Neal Creek than at upper Neal Creek, but not significantly (Figure 10).  The spring exposure average brain AChE activity at Dog River was lower than Evans Creek, but not significantly (Figure 11).  
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During the summer exposure, juvenile steelhead brain AChE activities were significantly lower at Lenz Creek and lower Neal Creek than upper Neal Creek for all time points (Figure 12).  Brain AChE activities at Evans Creek and East Fork Hood River one and three weeks after exposure were slightly higher than upper Neal Creek 
(Figure 13).  
Figure 12.  Brain AChE activity in juvenile steelhead held at the lower basin stations during the summer.  * indicates significant difference ANOVA p-value<0.05, LSD multiple range test p-value <0.05. [image: image1.emf]*
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Figure 13.  Brain AChE activity in caged juvenile steelhead held at the Upper Basin stations during the summer.
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Data from the 2002 macroinvertebrate sample collections are not yet available.  However, the results of the macroinvertebrate sample collections from 2001 have been recently released.  There were species assemblage differences between the pre and post spray collections at Lenz Creek in the spring of 2001 (Figure 14).  The 2002 macroinvertebrate samples were collected by the same methods as 2001.
Figure 14.
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Quality Assurance for Water Sample Pesticide Analysis

Water samples analyzed for OP-pesticides achieved the quality assurance project data quality objectives.  Laboratory Control Standards were within the recovery objectives of 60% - 140% with the exception of two samples and pesticides were not detected on those sampling dates (Figure 15).  The Continuing Calibration Verification were within the 80% - 120% objective with the exception of one sample and pesticides were not detected on that sampling date (Figure 16).  Surrogate Spike Recovery objectives of 60% - 140% were met with the exception of two samples and pesticides were not detected on those sampling dates (Figure 17).  The Matrix Spike results were within the objectives of +/- 10% (Figure 18) and the agreement between replicates met the objectives of <5x’s the MRL (Figure 19).
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Figure 15. 
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Figure 16.  

[image: image19.wmf]Simazine Concentrations in Water Samples - Spring 2002

Location

Simazine (ug/L)

Simazine (ug/L)

0/7

0/7

0/7

0/7

0/9

6/8

DOG R

EF HR

EVANS CR

HR

L NEAL CR

LENZ CR

U NEAL CR

25

29

33

37

41

45

49

(X 0.001)

0/8

Figure 17.  
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Figure 19.  
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Discussion


The OP-pesticides chlorpyrifos and azinphos methyl were detected in water samples from small creeks in the Hood River Basin during the use of these chemicals by fruit tree orchards.  In addition, there was decreased activity of the brain enzyme acetylcholine esterase in juvenile steelhead held in cages at these locations during the summer season but not spring.  The water sampling results were consistent with the pesticide monitoring in 2000 and 2001 but were different from the brain enzyme activities which were depressed in both spring and summer in 2000 and 2001. 

The anadromous salmonid runs that occur in Hood River tributaries may be susceptible to agricultural contamination from orchard pesticide application.  Pesticide applications overlap all life stages, including adult upstream migration, spawning, egg, larval and parr development, smoltification and downstream migration.  Wild juvenile steelhead remain in the small tributaries for 2-4 years before migrating to the ocean, and thus may face multi-year exposures throughout development.  Smolting hatchery steelhead from wild brood stock are released into Hood River tributaries over a several week period in late April and early May.  These fish may be exposed to pesticide contamination during the period they remain in local tributaries prior to migrating to the ocean.  
 
Pesticide applications occur from March through November, and include herbicides, OP-pesticides, pyrethroids, insect growth regulators, miticides, fungicides, and biological mating disruptors. The 2001 Pest Management Guide for Tree Fruits in the Mid-Columbia area lists 22 insecticides, 30 fungicides and 6 miticides, which may be used to provide pest control.  In addition, herbicides, chemical thinning sprays, plant growth regulators and hormone ripening controls are applied to optimize crop production.  Orchards are also using Integrated Pest Management (IPM) principles, designed for pest protection while minimizing environmental effects.  Three percent of Hood River basin orchards are operated organically.


While some commonly used pesticides are used seasonally to combat predictable pest emergences, most are targeted to specific infestations.   There is considerable year to year variability in pesticide application timing based on weather patterns, pest density, appearance of resistant pest strains, and commercial introduction of more efficacious treatments.   Pesticide application timing within the Basin is affected by degree-days, rain forecast and degree of infestation and may vary by as much as three weeks between orchards.  Application methods include tractor-mounted blowers for insecticides and fungicides and ground application for herbicides. 

Because of the neurotoxicity, prevalence of use, and potential for contamination of surface waters, OP-pesticides are of particular concern.  In 1999, the most widely used OP-pesticides in Hood River County, in order of application rate, were chlorpyrifos, azinphos methyl, imidan, carbaryl and diazinon. Chlorpyrifos was applied to 82% of apple and 41% of pear orchards over a three to four week period in late winter as a dormant spray for scale.  Azinphos methyl was used in 79% of apple and 82% of pear orchards to control coddling moth.  Application begins during petal fall in late spring, with re-application every three weeks into July for pears, and into early September for apples.  Imidan was an alternative treatment for coddling moth in 11% of apple and 27% of pear orchards.   Carbaryl was used as a blossom thinning treatment in 52% of apple orchards. 

Organophosphate compounds are a broad class of chemicals that are relatively non-persistent in the environment, but highly toxic to aquatic life.  The primary mode of action is interference with cholinergic nerve transmission through inhibition of AChE activity, and is highly consistent between active forms of different OP compounds.

Chlorpyrifos was introduced in 1962 as a broad spectrum pesticide, effective against insects and arthropod pests.  It is most commonly marketed under the trade names Lorsban and Dursban.   20 million pounds of chlorpyrifos are applied annually nationwide, equally dispersed in agricultural and non-agricultural applications.  Predominant agricultural crops are corn, cotton and apples.  Non-agricultural uses include termite and indoor pest control, turf and ornamental applications.

Chlorpyrifos is likely to contaminate surface waters through volatilization from plant foliage, aerial drift and offsite movement of sorbed sediments. Field crops present the greatest risk of offsite transport due to extensive sediment mobility. It is relatively persistent in sediments as it readily adsorbs to suspended particulate in water (Barron & Woodburn, 1995). Though not expected to be the main route of toxicity, chlorpyrifos bioaccumulates in aquatic organisms, but quickly depurates in the absence of continuous exposure. Data collected for the 1998 EPA Risk Assessment for Chlorpyrifos showed chlorpyrifos in 23% of fish samples collected from 314 sites.   Bioconcentration factors of 58-5100 in embryonic through fry stages have been shown. Chlorpyrifos presents risk of contaminating the food chain during extended environmental exposures (Racke, 1992). 

Azinphos methyl, commonly known by the trade name Guthion, is a broad-spectrum phosphorodithiolate organophosphate insecticide applied as a foliar spray.  It is registered for use in fruit, nut, vegetable and field crops, and also in container nursery, forest and shade tree applications.  Outside of US, azinphos methyl is used extensively in rice paddies.  Due to high toxicity, it is regulated as a Restricted Use Pesticide. 

Azinphos methyl could reach surface waters through run-off and aerial drift. It is moderately persistent in soil (half life of 27 days in aerobic soils), and degrades in water primarily by photolysis (half-life of 77 hours).  The major route of dissipation is foliar wash-off and degradation. Azinphos methyl does not bioaccumulate due to its low Kow.  Environmental degradation products of azinphos methyl are less toxic than the parent compounds.  The most toxic form of azinphos methyl is the oxon formed through biotransformation of the parent compound. 


The 2001 US EPA Risk Assessment for azinphos methyl notes that "all uses of azinphos methyl pose a high acute and chronic risk to aquatic animals", and that there is considerable evidence that labeled uses of azinphos methyl kill aquatic organisms.  Nationwide, azinphos methyl is associated with 50% of all fish kills reported in the Environmental Fate and Effects Division (EFED) Incident Data Base System.  Hundreds of thousands of fish were lost in 131 reported incidents, mostly associated with cotton and sugarcane uses (USEPA, 1998b).  Small mammal and bird mortality has been reported in apple orchards using azinphos methyl at maximum allowable label rates. In 2000, registration was cancelled for 28 crops and is currently being phased out for seven additional crops.  The remaining nine crops including apples have been granted an interim re-registration through 2005. The registration for these uses could be extended if acceptable mitigation practices are agreed upon and implemented.

Acetylcholine is an important neurotransmitter involved in transmission of nerve impulses in muscle tissue, the brain and the autonomic nervous system.  Secreted by neurons into the synapse in response to a nerve impulse, acetylcholine binds to post-synaptic receptors, causing activation of the receptor and transmission of the nerve impulse. There are two general types of cholinergic receptors:  muscarinic receptors found in the central and peripheral nervous systems and nicotinic receptors, found in neuromuscular junctions as well as the central and peripheral nervous system. Cholinergic transmission is terminated when acetylcholine is removed from the post-synaptic receptor (Donald, 1998).

Acetylcholinesterase (AChE) cleaves acetylcholine through hydrolysis of the neurotransmitter into acetic acid and choline.  If AChE is inhibited, acetylcholine builds up and the post-synaptic receptor continues to fire, resulting in overstimuation of the central and peripheral nervous system. Signs of acute AChE inhibition by anti-cholinesterase agents include tremors, spasms, loss of respiratory function, paralysis and death (Donald, 1998).

Organophosphate and carbamate pesticides are a potent class of neurotoxins whose mode of action has been identified as inhibition of AChE activity. Recent studies with AChE knockout mice showed symptoms of nervous system overstimulation indicative of organophosphate toxicity, despite the absence of AChE, which suggests additional mechanisms of action (Duysen, 2001).  Inhibition occurs when organophosphate metabolites phosphorylate the enzyme active site, blocking binding to acetylcholine and inhibiting further AChE production.  While carbamylated AChE can be spontaneously hydrolyzed and reactivated, OP-mediated phosphorylation is more persistent.  In some fish species, including O. mykiss, restoration of AChE activity can take 30 days or more, indicating that dephosphorylation does not occur, and new synthesis of AChE is required (Giesy et al., 1999). Recovery of AChE activity is a function of the extent of inhibition, the chemical structure of the organophosphate, the species, and the conditions of exposure.  Repeated exposures have an increasingly toxic effect.
Symptoms of OP-mediated AChE inhibition include behavioral symptom logy associated with continuous activation of muscarinic receptors at neuromuscular junctions, and may include tremors, muscle spasms, loss of coordination, lateral flexures (in fish), and paralysis (Karen et al., 1998). Acute toxicity can result in respiratory failure and death.  Chronic effects include reduced reproductive success in bluegill (Giddings et al., 1994). Delayed neuropathy after OP-pesticide exposure has been observed in humans, but has not been studied in fish. OP-pesticide induced AChE inhibition has been studied in brain, gill, liver, muscle, plasma and red blood cells of a wide variety of species.  In teleosts, brain AChE activity appears to be the most robust endpoint of OP-pesticide exposure (Straus & Chambers, 1995).  Plasma and red blood cell AChE inhibition is commonly used as a non-lethal method of diagnosing OP-pesticide exposure in humans, birds and mammals (USEPA, 2001).

AChE activity acts as a sensitive and specific biomarker of organophosphate and carbamate exposure when compared with control organisms.  While there is considerable variability in compound toxicity and species sensitivity to individual OP-pesticides, the degree of observed inhibition is associated with exposure concentrations in a dose-response relationship, and toxic effects can be correlated to percent inhibition.   Exposure duration, frequency of exposure, and life stage will affect the degree of inhibition and subsequent recovery (Walker, 1996).   
This study provides evidence that OP-pesticide use in tree fruit orchards could be affecting threatened steelhead in the Hood River Basin.  Small streams have had OP-pesticide concentrations above water quality standards after application during the spring and early summer.  Brain AChE activity was depressed in caged juvenile steelhead held at these same locations.  In addition, there were shifts in macroinvertebrate assemblages.  
Additional information is needed for pesticide stream concentrations for other times of the year when pesticides are being used and stream concentrations for other pesticides being used in the basin in addition to OP-pesticides.  Although brain AChE is depressed, the chronic toxicity and sublethal effects on aquatic life from the pesticide exposures need to be determined.
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