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Annual Report of Cooperative Regional Research Projects 
Supported by Allotment of Regional Research Fund 

Hatch Act, as Amended August 11, 1955 
 
I. PROJECT: W-45: Environmental Transformation, Exposure, and Effects of Pesticide 

Residues. 
 

 Reporting for the Period May 1, 1998 - April 30, 1999 
 
II. COOPERATING AGENCIES AND PRINCIPAL LEADERS: 
 

 
California Agric. Expt. Station - Berkeley 
California Agric. Expt. Station - Davis 
University of California - Riverside, Cooperative Extension 
Cornell Agric. Expt. Station - New York 
 
Nevada Agric. Expt. Station 
 
New Mexico Agric.. Expt. Station 
Oregon Agric.. Expt. Station  
USDA-ARS, Beltsville 
USDA-ARS, Riverside 
Utah Agricultural Experiment Station 
University of Florida 
University of Hawaii 
 
Washington Agr. Expt. Station 
Administrative Advisor, Nevada 
 
 

 
J.G. McColl 
B.W. Wilson 
R.I. Krieger 
A.T. Lemley 
S.M. Snedeker 
G.C. Miller 
C.A. Pritsos 
T.M. Sterling 
J. Jenkins 
C.J. Hapeman 
S. Papiernik 
S.D. Aust 
L.-T. Ou 
Q.X. Li 
J. Seifert 
A.S. Felsot 
R.S. Pardini 
 

III. PROGRESS OF WORK AND PRINCIPAL ACCOMPLISHMENTS: 
 

This report summarizes progress and principal accomplishments under the three 
objectives of the project: 1) Develop and use advanced analytical methodology to identify 
movement of pesticide residues between environmental compartments in relation to 
bioavailability; 2) Elucidate chemical and biochemical mechanisms and pathways of pesticide 
residue degradation including characterization of degradation products; and 3) Characterize and 
quantify exposure and effects of pesticides and their degradation products on target and non-
target organisms. 
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1. Develop and use advanced analytical methodology to identify movement of 
pesticide residues between environmental compartments in relation to 
bioavailability: 

 
Hawaii Agric. Expt. Sta. -  Studies were conducted  to develop 'solvent-free' analytical methods 
which include immunosensors, capillary zone electrophoresis (CZE) and supercritical fluid extraction 
(SFE) and enzyme-linked immunosorbent assays (ELISAs).  We have developed a simple Na4EDTA-
assisted sub/supercritical fluid extraction procedure for quantitative recovery of polar analytes such as 
2,4-D and 2,4,5-T in soil.  Sensitive ELISAs have been developed for determination of polycyclic 
aromatic hydrocarbons (PAHs) using monoclonal antibodies. 
 
Washington Agric. Expt. Sta. - Drip irrigation affords the opportunity to apply agrichemicals without 
runoff, worker exposure, and creation of excessive wastewater. Studies focused on the application of 
the reduced risk systemic aphicide imidacloprid through drip irrigation systems in hop yards.  Studies 
were completed in four grower yards in the Yakima Valley, WA and at Washington State University 
agricultural research station in Prosser, WA.  Imidacloprid in the grower yards generally remained in the 
top 3-4 feet of the soil profile.  Dissipation of imidacloprid was quite rapid within the first month after 
application. Although under furrow irrigation imidacloprid did not appear to leach to depths of 5 feet, 
soil erosion and runoff was obvious from inspection of the furrows.  Under drip systems, especially 
those that optimize irrigation timing to only meet plant growth needs, imidacloprid does not seem to 
leach.   

Plant uptake of imidacloprid was studied at the WSU Prosser station.  Residues in leaves rose 
to several parts per million within one week after application, and they remained at these levels 
throughout the growing season.  Based on past efficacy tests, the residues were sufficient to control 
aphids.  Studies of imidacloprid distribution in soil in conjunction with plant uptake studies show that 
drip chemigation in certain perennial crops is an effective pesticide delivery technique that does not 
compromise environmental safety. 
 

2. Elucidate chemical and biochemical mechanisms and pathways of pesticide residue 
degradation including characterization of degradation products: 

 
Cornell Agric. Expt. Sta. - New York -  Degradation product profiles and mineralization studies with 
14C labeled compounds for atrazine under Anodic Fenton Treatment (AFT) and Classic Fenton 
Treatment (CFT) were developed.  Degradation pathways were then determined. 
 
Florida Agric. Expt. Sta. - Carbofuran is a widely used insecticide in the US. It has been known since 
1981 that repeated field applications of carbofuran will result in enhanced degradation of the chemical. 
As a consequence of enhanced degradation, insecticidal efficacy will be reduced, resulting in failure of 
controlling target pests and reduction of crop yield. We studied changes of carbofuran-degrading 
microbial populations at a site in Florida during three successive annual applications of carbofuran.  Soil 
from this site exhibited enhanced degradation toward carbofuran. We found that carbofuran-degrading 
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populations in the enhanced soil did not increase during three successive annual applications. Rather 
enhanced degradation was likely due to an increase in degradative enzyme activity per cell. 
 
Hawaii Agric. Expt. Sta. - Investigations were carried out to examine the environmental effect of 
phloxine B and uranine as fruit fly control agents in Hawaii.  The fate of phloxine B and uranine in coffee 
fields and a spill site in Hawaii has been studied.  Half-lives of phloxine B and uranine were 
approximately one week in soil and coffee cherries.  Phloxine B was rapidly photodegraded in water 
under sunlight and various light sources in the laboratory. 
 
Hawaii Agric. Expt. Sta. - Both phospholipase A2 and lysophophatidylcholine solubilized phenyl 
valerate carboxylesterases from chicken embryonic brain in good yield.  The changes in brain membrane 
phospholipids caused by phospholipase A2 and those due to lysophosphatidylcholine were not identical 
but shared some common features. These findings suggest that the major portion of phenyl valerate 
carboxylesterases is released from brain membranes upon lysis catalyzed by phospholipase A2. 
Lysophosphatidylcholines that are formed from brain membranes in this process may support the 
solubilization due to their superior detergent properties. 
 
Nevada Agric. Expt. Sta. - The inability to discriminate between gas-phase photochemical reactions 
versus artifact wall interactions has been identified by the USEPA as the major reason for rejecting 
industry studies submitted under current pesticide registration guidelines.   Assessments to characterize 
wall sorption of test, reference and tracer compounds used in previous photochemical and oxidative 
studies were performed at various temperatures to procedures outlined herein.  In these proportional 
dilution experiments, the percent of gas for each substance remaining after each dilution was compared 
to the ideal behaviour of a gas that does not interact on the chamber surface to determine percent gas-
wall concentrations using SPME followed by GC-MS. This iterative dilution approach was found to 
provide a reasonable estimate of the extent test, reference and tracer substances sorb out of the gas-
phase onto the chamber wall over the elevated temperature ranges that were used to conduct gas-phase 
reactivity assessments.  Wall sorption, although present, was minimal.  The obtained gas-phase sorption 
data further supports our previous findings in that atmospheric OH model rate prediction models may 
not be suitable for estimating lifetime of complex multifunctional compounds.  For high-use urban and 
agricultural organophosphorus insecticides, experimental gas-phase determinations are useful and may 
provide an important safety-net when assessing risks to non-target and ecologically sensitive areas. 
 
Oregon Agric. Expt. Sta. -  There is increasing concern that pesticide use practices will result in 
surface water contamination. The use of constructed wetlands for the treatment of agricultural runoff is 
gaining in popularity as a relatively inexpensive alternative. Constructed wetlands are commonly used in 
the treatment of agricultural, municipal, industrial, and storm water waste.  Although constructed 
wetlands have successfully treated many types of wastewater, there has been little evaluation of their 
treatment of pesticides. During the summer and fall of 1998 field studies were conducted at a container 
nursery near Gaston, Oregon to evaluate the capability of a constructed wetland to treat atrazine in 
irrigation runoff.  Atrazine was chosen as the test substance due to its wide distribution in Willamette 
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Valley surface water, and elsewhere.  Laboratory studies using wetland mesocosms were also 
conducted to better understand constructed wetland bioremediation capability and to elucidate 
important treatment processes for this pesticide. Although this project has the greatest potential to 
directly benefit the container nursery industry, the study findings should also be applicable to a variety of 
intensive farming operations across Oregon. In addition, this project may be useful as a demonstration 
site in pesticide bioremediation and pollution prevention. 
 
USDA/ARS - Riverside - Soil fumigants are important pesticides used for the control of fungi, 
nematodes, weeds, and insects in high-value crops.  Chemicals used as soil fumigants are dispersed 
through the soil in the gas phase, resulting in large emissions to the atmosphere if containment 
procedures are inadequate.  Because many of these chemicals present a variety of environmental 
contamination risks, it is imperative that their emissions be minimized.  We are working on a number of 
projects to characterize the mechanisms and rates of fumigant degradation in soil.  This information will 
be used in the development of management practices which incorporate containment (holding the 
fumigant in the soil) with degradation to result in effectively zero emissions.  We have obtained strong 
evidence that soil fumigants can chemically react with soil organic matter to produce alkylated groups on 
soil organic matter plus a halide (BrG or ClG) ion.  A similar mechanism of degradation occurs when 
soils are treated with organic amendments or a chemical fertilizer, which dramatically increase the 
degradation rate of soil fumigants.  For some chemicals/amendments, the increased degradation is 
largely a result of an  increase in the chemical degradation rate; for others, biological degradation 
induced by the addition of organic amendments is the primary mechanism. 
  
Utah Agric. Expt. Sta. -  When wood-rotting fungi, such as Phanerochaete chrysosporium are 
grown on a substrate containing cellulose, such as wood, they produce an enzyme that can generate 
very reactive radicals.  This may provide a mechanism to degrade a variety of chemicals, including 
pesticides.  This hypothesis was tested by studying the degradation of representative pesticides 
(Lindane, DDT and PCP) when the fungus was grown on cellulose.  All three pesticides were 
mineralized.  When oxalate, a secondary metabolite of P. chrysosporium, was used as an iron chelator 
for the enzyme purified from cultures of the fungus, it was oxidized to produce a radical which reduced 
bromotrichloromethane to the trichloromethyl radical.  We propose that the oxidative and reductive 
radicals produced by the enzyme or fungi may be useful for the biodegradation of some chemicals. 
 

3. Characterize and quantify exposure and effects of pesticides and their degradation 
products on target and nontarget 
organisms.  

 
California Agric. Expt. Sta. -  (1) Our non-invasive EIA assay for testosterone in feces of wild and 
laboratory mice (Billitti et al, 1998) was applied in a short term project to MTBE,  the controversial fuel 
additive and agricultural and environmental pollutant,  as part of a UC Toxic Substances state 
sponsored study. Little evidence for reproductive toxicity was found with oral dose levels up to 2 g/kg.  
(2) The guidelines proposed by California Department of Pesticide Registration for blood  
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acetylcholinesterase  (AChE) of farm workers, mixer-loaders and applicators based on research from 
our laboratory and reported in previous years to W-45 were approved as a state regulation (HS 1752) 
 (3)  Two recent models of the portable Test-Mate kit  were evaluated for their usefulness as field 

instruments. Neither kit performed satisfactorily below 25 (old model) or 20 (newer model) o C, limiting 
their utility in the field.  (4) A finger stick study of AChE levels of residents of migrant housing Centers is 
nearing completion. The results suggest such assays can be used to monitor exposure to 
organophosphates providing care is taken with sampling, storage and assaying.  (5) A study has begun 
in collabporation with Pritsos (Reno) on the actions of selenium to growth and oxidative metabolism of 
birds. 
 
Nevada Agric. Expt. Sta. - Cyanide and arsenic based pesticides interfere with normal mitochondrial 
function in the cell which can lead to the generation of potentially toxic reactive oxygen species and 
deplete cellular energy, ATP levels. While these effects can be acutely lethal when these compounds are 
ingested in large quantities, the biological impact of either acute or sub-chronic ingestion of these 
compounds in sub-lethal amounts is unclear. During this past year, using the homing pigeon model we 
developed for testing the biological impact of exposure to environmental contaminants we tested the 
effect of exposure to cyanide through drinking water. We found that exposure to cyanide in the drinking 
water resulted in a dose dependent increase in flight time for the birds, suggesting a dose-dependent 
biological impact. We also began studies on the impact of exposure of a non-target organism to arsenic. 
We found that exposure to arsenate in drinking water resulted in decreased mitochondrial function, 
increased oxidative stress and tissue damage.  
 
New Mexico Agric. Expt. Sta. -  Understanding herbicide carryover from one season to the next is 
very important for successful agriculture production because of the potential for injury and yield 
reduction of the next season’s crop.  The potential for carryover is dependent on many things including 
the relative persistence of the herbicide, soil characteristics and crop sensitivity.  The two classes of 
herbicides, imidazolinone and sulfonylureas, are particularly susceptible to carryover because of their 
ability to persist in soil.  The bioassay technique may be the best method for detecting biologically-
active, low levels of these herbicides in soils.  Therefore, to understand how pH and moisture influence 
persistence as well as to optimize a technique for predicting carryover, soil and hydroponic (solution 
culture of plants) bioassays were compared to evaluate the response of corn to these herbicides.  In the 
soil bioassay, there was greater injury to corn with higher pH soil and higher moisture for each 
herbicide.  In the hydroponic bioassay, herbicide activity was greater at higher moisture availability 
levels but was not greatly influenced by pH.  Therefore, factors in the soil other than pH such as organic 
matter were influencing corn sensitivity.  Also, as water availability increased in each bioassay, so did 
herbicide availability.  These bioassays should prove useful for further studies investigating the 
mechanisms of herbicide availability. 
 
USDA/ARS, Beltsville -  Agricultural practices must conserve natural resources and minimize 
potentially negative effects on non-target organisms and ecosystems to ensure long-term environmental 
quality.  Studies are in progress to evaluate the ecological risks associated with plastic versus vegetative 
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mulch use in vegetable production.  The runoff volume from plastic mulch plots was 2 to 10 times higher 
compared to vegetative mulch. Runoff from plastic mulch contained 1.5 to 8 times more sediment.   
Pesticides residue loads in runoff and bound to sediment were more than an order of magnitude greater 
from plastic mulch plots.  Toxicology studies using aquatic organisms showed that only runoff from 
plastic mulch plots exhibited lethal effects.  New studies are being developed to minimize runoff from 
plastic mulch and to its decrease toxicity. 
 
IV. USEFULNESS OF FINDINGS 
 

Research undertaken by members of W-45 addresses the issue of pesticide persistence in a 
coordinated effort.  By developing analytical measurements of residues and their dissipation in air, 
water, soil, and plants; by studying factors that influence persistence such as volatility, photolysis, 
adsorption, and metabolism; and by investigating chemical structure considerations including structure-
persistence relationships and the influence of formulation, application methods and climatic factors, the 
scientists associated with W-45 contribute to the solution of a wide range of problems caused by 
pesticide persistence.  The work of the W-45 project serves to provide information on these processes 
in order to reduce risk to the public and the environment.  This information is critically important for 
establishment of the safety of current pesticide uses. 
 
V. WORK PLANNED FOR NEXT YEAR 
 

Work planned for the next year will be a continuation of many of the projects described in 
section m and new collaborative thrusts described under the objectives of the W-45 project.  Additional 
collaborative efforts include cooperative grants being written, cooperative research projects being 
initiated, and sharing of research approaches and analytical techniques among institutions.  The proposal 
renewal will be rewritten and submitted by January 15, 2000. 
 
IV. PUBLICATIONS 
 
Cornell Agric. Expt. Sta. - New York 
S.A.Karunaratne DeFazio and A.T. Lemley. Electrochemical treatment of acid dye systems: sodium 
meta-busulfite addition to the Andco system. J.Environ. Sci. Health A 34(2):(1999). 
 
J.J. Schwartz, A. B. Waterman, A.T. Lemley, L.P. Wagenet, P. Landre, and D.J. Allee. Homeowner 
perceptions and management of private water supplies and wastewater treatment systems. J. Soil and 
Water Conserv. 53(4):315-319 (1998). 
 
S. Hong and A.T. Lemley. Gas-chromatographic-mass spectrometric determination of alachlor and its 
degradation products by direct aqueous injection. J. Chromatograph. A 822:253-261 (1998). 
 
K. Pratap and A.T. Lemley. Fenton electrochemical treatment of aqueous atrazine and metolachlor. J. 
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Ag. and Food Chem. 46 (8): 3285-3291 (1998). 
University of California - Davis  
SANTOLO GM, YAMAMOTO JT, PISENTI JM and WILSON BW (1999) Selenium accumulation 
and effects on reproduction in captive American kestrels fed selenomethionine. J wildlife Mgmt 63:502-
511. 
 
BILLITTI JE,  LASLEY BL and WILSON BW  (1998) Development and validation of a fecal 
testosterone biomarker. In Mus musculus and Peromyscus maniculatus, Biology of Reproduction 59: 
1023-1028. 
 
FRY, DM,  WILSON BW, OTTUM ND,YAMAMOTO JT, STEIN RW,. SEIBER JN 
MCCHESNEY, MM and RICHARDSON E.   (1998)  Radio-telemetry and GIS computer modeling 
as tools for analysis of exposure to organophosphate pesticides in Red-Tailed hawks. (1998) in  
"Radiotelemetry Applications for Wildlife Toxicology Field Studies" Brewer L and Fagerstone K, 
Editors. Setac Press. Chapter 7 pp 67-73.  
 
HAMM JT, WILSON BW and HINTON DE (1998) Organophosphate-induced acetylcholinesterase 
inhibition and embryonic retinal cell necrosis in vivo in the teleost (Oryzias latipes) Neurotoxicology 
19:853-870. 
 
SEIFERT J and WILSON BW (1998) Phenyl Valerate Carboxylesterases of Chick Embryo Brain as a 
Marker for a New Microassay of Phospholipase A2. Analytical Letters, 31(4):601-611. 
 
STEIN RW, YAMAMOTO JT, FRY DM  and WILSON BW (1998) Comparative hematology and 
plasma biochemistry of Red-tailed hawks and American kestrels wintering in California. J Raptor Res 
32:163-169. 
 
WILSON BW, MCCURDY SA, HENDERSON JD,  MCCARTHY  SA and BILLITTI  JE, (1998) 
Cholinesterases and Agriculture: Humans, Laboratory Animals, Wildlife in "Structure and Function of 
Cholinesterases and Related Proteins"  Doctor, BP, Taylor P, Quinn DM, Rotundo RL and Gentry MK 
Editors. Plenum Publishing. Pp 539-546. 
 
WILSON BW, HENDERSON JD and SPENCER PS (1998) Clinical effects of low-level exposures 
to chemical warfare agents in mice and chickens. Drug and Chemical Toxicology 21: (Suppl 1) 183-
190. 
 
WILSON  BW, (1998) Ecosystem Health: Some Perspectives, in "Multiple Stresses in Ecosystems", 
Cech JJ Jr, Wilson BW and Crosby DG Editors,  Lewis Publishers, Boca Raton,  pp 53-57 
 
WILSON BW. (1998) Cholinesterase Inhibition  in "Encyclopedia of Toxicology, Vol. 1"  Wexler P 
Editor in Chief, Academic Press, San Diego, pp 326-340. 
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YAMAMOTO JT, SANTOLO  GM and WILSON BW (1998) Selenium accumulation in captive 
American kestrels (Falco sparverius) fed selenomethionine and naturally incorporate selenium. Env. 
Toxicol and Chem. 17: 2494-2497. 
 
Florida  
Mulroy, P.T., and L.-T. Ou. 1998. Degradation of tetraethyllead during the degradation of leaded 
gasoline hydrocarbons in soil. Environ. Toxicol. Chem. 17:777-782. 
 
Ou, L.-T. 1998. Enhanced degradation of the volatile fumigant-nematicides 1,3-D and methyl bromide 
in soil. J. Nematol. 30:56-64. 
 
Ou, L.-T. 1999. Pesticide biodegradation. In Encyclopedia of Microbiology 2nd Edition. Academic 
Press, San Diego, CA (in press). 
 
Chung, K.-Y., and L.-T. Ou. 1999. Differential enhanced degradation of cis- and trans-1,3-D in soil 
with a history of repeated field applications of 1,3-D. J. Environ. Sci. Health Part B (in press). 
 
Hawaii 
B.W. Wilson and J. Seifert (1999). Mechanism of solubilization of phenyl valerate carboxylesterases 

from brain membranes by phospholipase A2. 217th ACS National Meeting , Division of 
Agrochemicals, Abstract/Poster #45.  
 
Li, Q.X.; Alcantara-Licudine, J.P.  1999.  Environmental analysis and fate of photoactive xanthene 
insecticides.  In the third issue of the series in agricultural & food chemistry entitled 'Recent Research 
Developments in Agricultural & Food Chemistry'.  Research Signpost.  India. in press. 
 
Liu, M.; Rechnitz, G.A.; Li, Q.X.  1999.  Flow injection immunosensing of polycyclic aromatic 
hydrocarbon with a quartz cristal microbalance.  Anal. Chim. Acta. in press. 
 
Guo, F.; Li, Q.X.; Alcantara-Licudine, J.P.  1999.  A simple Na4EDTA-assisted sub/supercritical fluid 
extraction procedure for quantitative recovery of polar analytes in soil.  Anal. Chem. 71: 1309-1315. 
 
Alcantara-Licudine, J.P.; Cunningham, R.; Liquido, N.; McQuate, G.; Li, Q.X.  1999. Dissipation of 
phloxine B and uranine in protein bait sprayed in a coffee field for the suppression of Mediterranean fruit 
fly. Bull. Environ. Contam. Toxicol. 62 (3):344-351. 
 
Li, K.; Chen, R.; Zhao, B.; Liu, M.; Karu A.E.; Roberts, V.A.; Li, Q.X.  1999.  Monoclonal antibody-
based ELISAs for part-per-billion determination of polycyclic aromatic hydrocarbons: effects of 
haptens and formats on sensitivity and specificity. Anal. Chem  71(2):302-9. 
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Wang, L.; Cai, W.-F.; Li, Q.X.  1998.  Photolysis of phloxine B in water and aqueous solutions.  Arch. 
Environ. Contam. Toxicol. 35:397-403. 
 
Li, Q.X.; Bender, C.J.V.; Alcantara-Licudine, J.P.  1998.  Dissipation of phloxine B and uranine in 
sediment and water at a Kauai spill site.  Bull. Environ. Contam. Toxicol. 61:433-439. 
 
Liu, M.; Rechnitz, G.A.; Li, K.; Li, Q.X.  1998.  Capacitive immunosensing of polycyclic aromatic 
hydrocarbon and protein conjugates.  Anal. Letters. 31(12): 2025-2038. 
 
David, M.D.; Li, Q.X.  Identification of unique transformation products of organophosphorus pesticides 
under conditions of long-term storage.  19th Annual meeting of the Society of Environmental Toxicology 
and Chemistry (SETAC).  November 15-19, 1998. Charlotte, North Carolina.  (Abstract No.: 
PTA200). 
 
Karu, A.E.; Roberts, V.A.; Li, Q.X.  Engineered antibodies for monitoring of polycyclic aromatic 
hydrocarbons.  Environmental Management Science and Program Workshop.  July 27-30, 1998.  
Chicago, Illinois.  CONF-980736, U.S. Department of Energy. (Abstract No.: 19).  
 
Nevada 
R. Cooper and C.A. Pritsos, “Bioenergetic Effects of Low-Dose Cyanide on Homing Pigeons 
(Columba livia): A model for Migratory Bird Studies.”  NorCal Setac Regional Meeting, Reno NV June 
22-23 1998. 
 
C.A. Pritsos, J. Ma and R. Cooper, “Impact of Exposure to Gold Mining Hazardous Waste on 
Wildlife.”  NIEHS Superfund Basic Research Program Regional Meeting, Berkeley, CA October 26-
27 1998. 
 
R. Cooper and C.A. Pritsos, “Bioenergetic Effects of Low-Dose Cyanide on Homing Pigeons 
(Columba livia): A model for Migratory Bird Studies.”  The Toxicologist 48:263 1999. 
 
Hebert, V.R., Hoonhout, C. and G.C. Miller, " Use of a Photoreactor to Determine Atmospheric 

Reaction Rates of Pesticides".  Paper presented at the 9th International Congress IUPAC Pesticide 
Chemistry Conference, London, England (1998). 
 
Hebert, V.R., Hoonhout, C. and G.C. Miller. Reactivity of certain organophosphorous insecticides 
toward hydroxyl radicals at elevated air temperatures.  To be submitted to Journal of Environ. Tox. and 
Chem.  
 
Hebert, V.R., Hoonhout, C. and G. C. Miller.  Use of sunlight and solar simulation to determine 
atmospheric pesticide photolysis rates.   To be submitted to J of Environ. Tox. and Chem. 
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Hebert, V.R.  and Glenn C. Miller. Understanding the Tropospheric Transport and Fate of Pesticides.  
Review article for submission into: Archives of Environmental Toxicol. and  Chemistry. 
New Mexico 
Sabba, R.P., T.M. Sterling and N.K. Lownds.  1998.  Effect of picloram on resistant and susceptible 
yellow starthistle: The role of ethylene.  Weed Sci. 46:297-300. 
 
Hatzios, K. K., B. Auxier, M. R. Blumhorst, J. M. Campbell, J. M. DiTomaso, W. E. Dyer, R. J. Ehr, 
S. Harper, M. V. Hickman, R. E. Hoagland, R. S. McAllister, C. A. Nord, R. L. Ratliff, W. F. 
Simmons, T. M. Sterling and J. B. Weber.  1998.  Herbicide Handbook.  Supplement to the Seventh 
Edition.  Weed Science Society of America, Lawrence, KS.  104 pp. 
 
Sterling, T. M., D.C. Thompson and K.C. McDaniel.  1999.  Perennial Snakeweeds.  In R. L. Sheley, 
Ed., The Biology and Management of Noxious Rangeland Weeds, pages 323-335. 
 
Sterling, T.M., W.E. Dyer, M.E.Chaverra, J.K. Pepelnjak, and R.P. Sabba.  1998.  Auxin-binding 
proteins from susceptible and dicamba-resistant kochia accessions.  Proc. West Soc. Weed Sci. 51:29-
30. 
 
Hernandez-Rios, I. and T. M. Sterling.  1999.  Role of oxidative stress response in cotton tolerance to 
prometryn.  Proc. West. Soc. Weed Sci. 52:(in press). 
 
Rios-Torres, A., T. M. Sterling, and J. Schroeder.  1998.  Efecto de imazethapyr, imazaquin y 
chlorimuron en maiz con diferente suel y niveles de humedad.  XVIII Congreso Nacional de la Ciencia 
de la Maleza, November 3 to 7, p. 41. 
 
Rios-Torres, A., T. M. Sterling, and J. Schroeder.  1998.  Efecto de imazethapyr, imazaquin y 
chlorimuron en hydroponia con diferente pH y potenciales osmoticos.  XVIII Congreso Nacional de la 
Ciencia de la Maleza, November 3 to 7, p. 42. 
 
Valenzuela-Valenzuela, J.  1998.  Mechanism of Cross-resistance to Clopyralid in Picloram-resistant 
Yellow Starthistle.  New Mexico State University.  192 pp. 
 
NM Experiment Station Research Reports: 
Sterling, T. M. and D. C. Thompson, editors.  1999.  Locoweed Research: Updates and Highlights.  
Sterling, T. M. and D. C. Thompson, eds.,  New Mexico State Univ., Res. Rep. 730.  88 pages. 
 
Sterling, T. M. and H. S. Jochem.  1999.  Understanding why white locoweed is more sensitive to 
herbicides than woolly locoweed.  In  Locoweed Research: Updates and Highlights.  Sterling, T. M. 
and D. C. Thompson, eds.,  New Mexico State Univ., Res. Rep. 730, p.57-59. 
 
Sterling, T. M. and H. S. Jochem.  1999.  Do differences in locoweed leaf surfaces affect herbicide 
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uptake?  In  Locoweed Research: Updates and Highlights.  Sterling, T. M. and D. C. Thompson, eds., 
 New Mexico State Univ., Res. Rep. 730 
 
Oregon 
Runes, H. B., J. J. Jenkins, J. A. Field. A Method for the Analysis of Triadimefon and Ethofumesate 
from Dislodgeable Foliar Residues on Turfgrass by Solid-Phase Extraction and In-Vial Elution. J. Ag 
Food Chem. In Press. 
 
Jenkins, J. J., and M. Conway. Predicting Pesticide Evaporative Loss from Turfgrass Using a Fugacity-

Based Model. 9th International Congress of Pesticide Chemistry. London, August 2-7, 1998. 
 
Jenkins, J. J., S. Huntley, and P. Drivas. 1998. Environmental monitoring study of off-site movement of 
airborne residues following pesticide application at the Tropical Fruit Farm, Guayanilla, Puerto Rico.  
Report submitted to the United States Department of Justice Environmental and Natural Resources 
Division.  
 
Extension Publications 
Jenkins,J. J. and P. A. Thomson. 1999. OSU Pesticide Properties Database. Oregon State 
University Extension & Station Communications.  EM 8709, 10 p. 
 
Huddleston, J. H., and J. J. Jenkins. 1998. Oregon Water Quality Decision Aid Computer Software.  
Oregon State University Extension & Station Communications. EM 8706. 
 
Rinehold, J. and J. J. Jenkins. 1998. Oregon Pesticide Use Estimates for Small Fruits and Tree Fruits. 
Oregon State University Extension & Station Communications. EM 8673, 82 p. 
 
Jenkins, J. J. 1998. Pesticides, How They Effect You and the Environment: Questions About Pesticide 
Exposure. Extension Toxicology Network (EXTOXNET) Frequently Asked Questions. 
http://ace.orst.edu/info/extoxnet/faqs/. 
 
Jenkins, J. J. 1998. Pesticides, How They Effect You and the Environment: Questions About Pesticides 
in Food.  Extension Toxicology Network (EXTOXNET) Frequently Asked Questions. 
http://ace.orst.edu/info/extoxnet/faqs/. 
 
Jenkins, J. J. 1998. Pesticides, How They Effect You and the Environment: Questions About Pesticide 
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