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PREfACE 

An investigation into assessaent of pesticide contaaination of 

groundwater necessitated utilization of existing techniques along 

vith developent of nev aethods. 'Ibis vork resulted in a spatial 

i:r.dexing method for identification of areas susceptible to contaJ\in-

ation, and as a parallel effort, an analysis of variability in para

aeters affecting transport of pesticides through the unsaturated 

zone. Identification of pesticide and site co:abinations which aight 

lead to contaainated groundwater vas the goal of this research. It 

is expected that other research projects vill be built upon the 

infor.ation established in this work. 
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and Dr. John H. Veenstra for their advisement. 'lbe support of Dr. 

Robert I. Huqhes. Head of the School of Civil Engineering, vas also 

greatly appreciated. 

The assistance of Albert Aguilar and Charles Vincent vho ap

plied their coaputer expertise to special probleas in the research 
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Instructor Jaaes 11. Payne of 'lhe University of Tulsa, substantially 

aided in the coapletion of this work. 
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Center for the Advanceaent of Science am Technology, aoo the hoco 

foundation without which this work would not have been possible. I 

would also like to thank the Environaental Protection Agency's La
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CHAPTlR I 

INTRODUCTION 

Extent of the Problea 

The use of pesticides on agricultural crops in the United 

States is a widespread practice. An esti.ated total of 260,000 tons 

of pesticides were used agriculturally in 1984 (1). Pesticides. 

which are designed to alter the life processes of nuisance insects. 

plants. and disease producing organisas can subsequently pose a 

threat to huaan health (2). Although the potential exists for expo

sure to pesticides fro• contaainated air and food. consuaption of 

conta.inated groundwater may present a highly significant risk due 

to the loDJ tera nature of the exposure. 

Groumwater. which is conslDled by one half of the people in the 

United States. is one of the aost valuable natural resources (3). 

Hany of the coDS\Dlers of grOUDivater are located in rural areas that 

may have no readily available alternate water supplies. 'lbese rural 

areas are usually subject to the greatest quantities of applied 

pesticides .eking thea particularly susceptible to groundwater con

taaination. 

Pesticides that leached fro• agricultural fields to the ground

water had been discovered in 23 states by 1985 (4). The lack of 

monitoring for specific pesticide co~ounds in wells in aost areas 

1 



of the country my :aask an even •ore widespread problea. The con

taai:nation of gro'UI'Mivater by pesticides :.ay be attributable to a 

coabination of specific site conditions and certain characteristics 

of the pesticide. Contributing factors :aay inclooe the pestieide's 

solubility. sorptive properties. and soil persistence. and the site 

specific conditions including soil properties. cli:aatic conditions. 

crop type. and depth to groundwater (5). 

Heed for Assessaent Tools 

Tbe •non-point• nature of pesticide contaaination of groundwa

ter .ekes reaediation extreaely difficult. Application of pesti

cides on a vast scale and the low concentrations that are found in 

contaainated aquifers necessitate a strategy unlike traditional 

groundwater cleanup aethods. In addition. contamination aay occur 

even though no pesticides have been detected in the groundwater 

since transport to the water table aay require several years. 

Therefore. the prevention of contaaination by proper pesticide se

lection and usage are the best solutions. failure to reduce the 

contaaination of groundwater by pesticides .ay lead to restrictions 

or even total bans on particular coapounds. This could result in 

reduced yields for certain agricultural products. Efficient man

agement of natural resources :aay provide adequate protection for 

crops without degradation of groundwater reserves. 

Regulatory agencies. that are responsible for environaental 

contaaination. face the difficult task of protecting the quality of 

groundwater without placing overly restrictive regulations on fara

ers. The least disruptive policy would not apply restrictions to 
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all localities equally, but would consider the site specific charac

teristics which partially deteraine the extent of contaaination. A 

standardized aethod for the deteraination of pollution susceptible 

areas and the consequence of applying specific pesticide coapounds 

to these areas could be a basis for regulatory decisions concerning 

the trade-oft between the public's desire to preserve valuable 

aquifers for future generations. and the faraer's desire to ade

quately protect his crops with pesticides. 

Research Objectives and Structure 

Several aethods for assessing groundwater contaaination suscep

tibility have been applied on a national scale or vith liaited data 

sets (6 ,7). Application of these aethods to the state or regional 

scale. and with coaplete data sets, would refine and focus their as

sessaent capabilities. The objectives of this research were to 

evaluate the efficacy of using the existing assessaent aetbods in 

the state of Oklaho.a, and to adapt or develop entirely new aetbods 

vhere appropriate. 

The research approach began with a review of the past and pre

sent grournwater contaaination assessaent teclmiques. Two alterna

tive techniques that vere utilized in this effort, specifically 

imexing am probablistic aethods, were exuined in further detail. 

Inforaation required as input to these techniques was collected froa 

a vide variety of sources. The techniques were then broadened by 

the inclusion of other relevant data sets am by a aore accurate 

representation of data variability. Finally, the efficacy of the 

aethods and their applicability to the regional scale was evaluated. 
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The goal of these efforts vas to develop easily applied •eth

ods, utiliziiWJ readily available infonaation, that would identify 

groundwater pesticide contaaination susceptibility. Tbe techniques 

could be useful in a variety of situations. People involved in lOIWJ 

range planning for allocation of land resources could utilize the 

teclmiques for identification of areas not suitable for faraing 

activities. Restrictions on pesticides could be based upon the 

highly susceptible areas delineated by these :m.ethods. Lastly. the 

techniques aight be used by developers of groundwater resources to 

deteraine aquifer conta.ination susceptibility. 



------------

CHAPTER II 

REVIEY Of THE LI'I!:RATURI 

Grournwater Conta:ainant J'lodeliDJ 

Due to the unique nature of qrO\UJiwater beiDJ a largely unseen 

phenoaenon, theoretical interpretations are often as iaportant as 

physical investigations. This bas lead to the application of maer

ous aodeling techniques to the problea of groundwater contamination 

in the search for a better understanding of the hydrologic processes 

tbat are involved. Successful aodeling can not only describe past 

events but can also be used to predict future behavior. 'lberefore, 

aodeling is not restricted to research, but .ay be utilized in the 

developaent of solutions to engineering probleas. 

Types of lfodels 

Deter:ainistic lfodels 

General. Deterainistic aode1s atteapt to iaitate the behavior 

of physical systeas vith .athe.atical expressions that develop cause 

and effect relationships. The tvo :aajor categories of deterainistic 

aodels are analytical aodels and nUJD.erical aodels. 

Analytical lfodels. A strict interpretation of the definition 

of deter:ainistic aodels is followed by analytical aodeling tech-

5 
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niques vbich siaulate hydrologic processes with for.aal algoritbas 

coaposed of differential equations. Analytical aethods, althotv;Jh 

theoretically rigorous, do not allow input of variable paraaeters 

that are often present at field sites. This liaits their usefulness 

to hoaogeneous systeas or to one diaensional aodelin]. 

Huaerical Hodels. Utilizing algorithas that are siaplified 

with e~irical relatiansbips, nuaerical aodels greatly speed solu

tions and allow for spatial variability in hydrogeologic paraaeters. 

Variability is defined by discreetizatian at specific nodes 

establishing a finite nuaber of algebraic equations that are solved 

with matrix techniques. finite difference and finite eleaents, 

which are the two aost co .. on nuaerical aodels, differ .ainly in 

their placement of the nodes. Hullerical aethods have been widely 

used for aodeling specific groumvater contaaination incidences due 

to their flexibility and ease of application. 

Stoch8stic Uodels 

In order to derive a aore coaplete description of poorly under

stood systeas, and to quantify the uncertainty inherent in input 

data, stochastic analysis vas developed. Stochastic analysis as

sumes that the statistical behavior of the syste• does not change 

with tiae, therefore, the historic records .ay be used in the con

struction of synthetic sequences. Thus, the chance properties asso

ciated with the sequence of events is preserved. The derived 

synthetic sequence, which is partially randoa, is analyzed to deter

mine the probability of specific events occurring during any future 



period of tiae. Stochastic techniques .ay be coabined with deter

ainistic aodels thereby increasing the predictive powers of either 

single technique. Stochastic :aethods have been aost successfully 

applied to coaplex. interactive systeas that resist aodeling by 

other techniques. 

Relative Ranking Hethods 

The necessity for selection of a suitable site for waste dis

posal facilities that have the potential to degrade groundwater has 

lead to the developaent of relative ranking aethods. These tech

niques deteraine risk ratings for different sites on the basis of 

7 

co .. on criteria. Risks are compared on a relative rather than a 

quantitative scale. The :methodologies are often designed to iaiaic 

the logic of experienced scientists and engineers who identify and 

assign values to those factors considered relevant. Paraaeters that 

are nor.ally considered by these techniques include site sensitivity 

factors and contaaination severity factors. Each factor is further 

subdivided into identifiable units which are assigned values fro• a 

scale that is indicative of their overall iaportance. The values 

for all factors are su.aed giving a contaaination potential score 

which :may be used for site ranki~WJ. The value of these techniques 

arises froa their siaplicity of utilization and the ease with which 

input data :aay be obtained. The relative ranking aethods provide 

useful tools for preliainary selection of sites based upon their 

potential for groundwater contamination, however they have not been 

previously applied to a spatial assessaent of the potential for 

pesticide contaaination of groundwater. 
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Specific Ixaaples 

Analytical Uodels 

The Pesticide Analytical Uodel (PISTAH) is an interactive. one

diaensional analytical aodel that has been validated by laboratory 

coluan experiaents (8). PESTAH siaulates the transport of pesti

cides in the vertical diaension only. and at a point that is assuaed 

to be representative of an entire field. Drawbacks of PESTAH that 

are couon with aost analytical aethods include allowance for only 

one degradation constant and one retardance coefficient for all soil 

layers (9). Also. rainfall is calculated as an annual average 

aaount so the flushing action of large storas cannot be siaulated. 

Huaerical Hodels 

Pesticide Root Zone ftodel CPRZH). PRZn is a one-diaensional. 

finite difference aodel developed by the Environaental Protection 

Agency. that predicts the leaching of pesticides froa agricultural 

fields (10). PRZn has flexibility in the consideration of surface 

land use practices and specific pesticide properties. however. it 

requires the input of data which •Y not be readily available (11). 

Validation of PRZn at depths of less than three aeters bas been de

terained froa field data in two states {?). 

The developers of PRZn desired only to obtain reasonably accu

rate solutions for leaching of pesticides (10). This allowed the 

use of certain eapirical approaches to siaulate natural processes. 

Infiltration is siaulated by the Soil Conservation Service Curve 

· Huaber approach which allows greater runoff for fine grained soils. 
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Erosion of soil and adsorbed pesticides is predicted by using the 

Universal Soil Loss Equation (12). Percolation is siaply defined by 

the two bulk soil aoisture holding characteristics known as field 

capacity and wilting point. Field capacity is the aoisture content 

that soils attain after excess water .has coapletely drained by grav

ity. Wilting point is the soil and crop dependent paraaeter defined 

as the aoisture content below which plants are unable to extract wa

ter. PRZn takes soil water in excess of the field capacity in a 

soil caapartaent and adds it to the next lover compartment. All of 

the soil coluan is assuaed to drain in one day. The lover liait of 

the aoisture content allowed is the wilting point. Inside a user 

designated planting depth, the difference between field capacity and 

wilting point is .ade available for evapotranspiration. Tbis 

drainage scheae aay be appropriate for per.aeable soils but it could 

be very inaccurate for expansive soils. Leaching of pesticides. 

however, occurs aost often in sandy soils and should therefore be 

adequately aodeled (5). 

The Pesticide Root Zone nodal was pri.arily designed to predict 

the leaching froa field size areas (10). Siaulation of s.aller ar

eas increases the error due to the difficulty in defining the spa

tial variability in soil paraaeters. However. PRZH has been suc

cessfully tested with field data for aldicarb treated sites in Rev 

York, Florida, and Wisconsin (5). These tests have deaonstrated 

that a one-diaensional aodel using data averaged at the field scale 

will approxiaately siaulate the actual process. 

In contradiction to the iaplied purposes of the writers of 

PRZH. the aodel has been used to evaluate the fate and transport of 
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six pesticides in large soil coluans over a 30 day period (8). PRZn 

closely predicted the •easured values of leaching for •ost pesti

cides. The use of laboratory deterained rate constants substan

tially reduced the error fro• those obtained fro• the literature. 

It was also concluded that calibration of input para.eters would al

low a •ore accurate prediction by PRZH in •ost site specific cases. 

Leachina Evaluation of Agricultural Che•icals Handbook (LEACH). 

LEACH is a series of addressable matrices for direction to specific 

frequency distributions that imicate the percentage of ti•e that an 

applied pesticide will leach beyom the root zone per year (13). 

LEACH is based upon 49,000 :nms fro. the previously •entioned Pesti

cide Root Zone Hodel, however, LEACH s~plifies the aodeling process 

accoaplished by PRZH. The LEACH •ethodology is based upon 19 repre

sentative sites that typify the major crop growing areas in the 

United States. Tbe LEACH aethodology recognizes specific pesticides 

through the input of retardance and decay coefficients. These co

efficients .ay lead to significant error, however, due to their non

linear behavior and dependance upon site specific conditions (7). 

Another weakness of LEACH is that pesticides are tracked only to the 

base of the root zone. The aethod i•plies that pesticide loadings 

at this point will reach the water table, however, this ignores the 

attenuation that will take place throughout the reminder of the un

saturated zone. This si•plification is only valid for very shallow, 

unconfined aquifers. 
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Groundwater Loadim Effects of Aaricultural Chel.icals HaDibook 

<GLEAUS>. GLlA11S is a new aodel that was devised by incorporatiD'J a 

co~onent for vertical flux of pesticides into the existing aodel 

known as Cheaicals. Runoff. am Erosion froa Agricultural lfana.ge:aent 

Systeas (CREAnS) (14. 15). CREAHS analyzes pesticide runoff fraa 

agricultural fields through several ~irical foraulas which are 

also utilized to soae degree in PRZlf. GLEAllS is aore sensitive to 

erosion losses of pesticide than PRZH but otherwise the two aodels 

are quite siailar. 

Stochastic Hodels 

One of the aajor drawbacks of analytical am nuaerical llodels 

vas that variations in input paraaeters would substantially alter 

the results. Calibration and validation aethods were often used to 

i~rove the reliability of the output but a great deal of uncer

tainty re.ained. Stochastic aodeli:DJ extends a deterainistic aodel 

by covering the entire range of variations for input paraaeters. 

Tbe evolution of groundwater contaaination aodeling has gener

ally progressed froa one-diaensional aodels to two-dimensional aod

els. In recent years even three-diaensional transport aodels have 

been atteapted. This added coaplexity :aay not be appropriate to 

pesticide contaainant aodeling. Pesticides are nor.ally uniforaly 

applied to a large area of soil that has been partially hoaogenized 

by years of plowing and cultivation. Therefore. the lateral move

aent of pesticide is not the real concern but rather if it will 

leach deep enough to contaainate the water table. A one-diaensional 

aodel applied to field averaged data .ay be adequate to address this 
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problea at the field scale. If. on the other hand. the concern is 

with pesticide contaaination fro• larger areas. such as a county, 

then neither one. two. nor three-diaensional models are appropriate 

by theaselves. It becoaes necessary to address the variability in 

soils. cli.ate. and agricultural practices. Combining a one

dimensional aodel with Honte Carlo aethods defines the inherent 

variability in large areas without baviD;J to resort to Jaassive data 

bases. 

The Honte Carlo technique is a stochastic process that repeat

edly aodels variables that are randoaly selected fro• statistically 

defined distributions (16). Carsel et al. (7), and Lia and Vevers 

(17) utilized distributions troa actual data sets to apply to the 

Honte Carlo technique. This developaent allowed the resultant sta

tistical inferences to apply to a specific situation rather than a 

general set of conditions. Analysis of the .any siaulations neces

sary with the Honte Carlo approach yields probabilistic deteraina

tions. This process expands a site specific aodel into a general 

purpose planning or screening tool. PRZH bas been incorporated into 

a Honte Carlo siaulation to evaluate aldicarb application to corn in 

Ohio (7). Siaulation of only one pesticide, however, liaits the 

usefulness of this effort to deaonstration and research. 

Relative Ranking Hethods 

LeGram' s Hethod. LeGrand (18) established a technique to 

evaluate the groundwater pollution potential from. waste disposal 

sites· throug)l the use of nuaerical rankin;r. This systea considered 

hydrogeology, aquifer sensitivity, contaaination severity, natural 
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pollution, and engineering aodifications. The utility of this 

aethod was the ability to select the •best• site aaong several 

available sites for a waste disposal facility. LeGrand's aethod 

applied readily available data to a si~le, weighted ranking scheae 

in order to evaluate the trade-offs in site selection. 

Olivieri's nethod. Recently, LeGrand's aethod was further 

refined into a technique that considers toxicology and groundwater 

use, thereby giving a relative aeasure of risk. Oliveri (19) expan

ded LeGrand's site selection aethod into a risk assessaent aethod 

for existing hazardous •terial sites. The nev aethod was appro

priate for priority ranking of sites requiring reaediation. This 

aethod was also notable for its identification of the iaportance of 

exposure aechanisas to relative ranking analysis. 

DR,\STIC. In 1985. a relative ranking •ethod was published by 

the National tater fell Association in conjunction vith the Environ

aental Protection Agency, vbich considered point sources and the 

non-point source of pollution consisting of leachates froa agricul

turally applied pesticides (6). DRASTIC was a general screening 

tool utilizing existing information to systematically evaluate the 

pollution potenti~l of hydrogeologic settings. The title of DRASTIC 

was an acronya relating to the factors that the technique aeasures 

which included: 



Jlepth to Yater 

Net Recharge 

Aquifer tledia 

Soil tledia 

Topography 

lJpact of the Vadose Zone 

HYdraulic ~onductivity. 
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The practical utility of DRASTIC resulted fro• aodeling it 

after the LeGram systea. 'I1le DRASTIC aethodoloqy consists of aap

pable hydrogeological factors that are assigned weights according to 

their relative i~ortance. The sua of these weighted factors yields 

a value which may be used in the coaparison of different areas for 

their potential for groumw.ter contaaination. A panel of experts 

perforaing consensus impact estimation selected the various factors 

and their relative weights. 

DRASTIC is noraally used for the assessaent of the potential 

for pollution froa sources such as landfills or lagoons. but with 

the utilization of a special set of weights for the hydrogeological 

factors. the aethod is applicable to pollution fro• agricultural 

pesticides. The agricultural settings give additional weight to the 

factors of topography and soil aedia. and less e~hasis is given to 

the vadose zone and hydraulic comuctivity of the aquifer. It was 

apparently assu.ed that pesticide contaaination is dependent upon 

surface conditions such as runoff and retardance in the upper soil 

layers. whereas landfills and lagoons nor.ally place contaminants at 

a deeper position. 'Ihe weakness of the DRASTIC aethodology was that 
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specific land use practices and differently behaving pesticides can

not be evaluated (11). 



Objective of 11ethod 

CHAPTER III 

HA'IDIALS AND :tfE'IB)DS 

Spatial Ime:xiDJ 11ethods 

Several of the weaknesses of DRASTIC am LEACH. when used as 

singular assessaent aethodoloqies, can be eliainated by coabining 

thea into a joint technique. The strengths of each :aethod will aake 

up for the shortcoair:qs of the other if DRASTIC is used to aeasure 

the physical properties of a site, and LEACH is used to predict the 

aobility of specific pesticides. Consideration of water use pat

terns and the toxicology of pesticides could coaplete the analysis 

of the relative risk for assessaents requiring these aspects. 

Layout of Imex 

Due to the different and overlapping spatial distributions of 

the various necessary data sets, such as soil types. aquifer loca

tions, cropping practices, and groumwater usage, an arbitrarily 

designated grid vas favored. The risk froa pesticides at each node 

of the grid was deterained. A grid of lines spaced at twenty ailes 

both horizontally and vertically was used to test the developed 

methods. This arrangeaent adequately represented spatial variations 

with ainimal requireaents for site specific data. 

16 



17 

1be grid vas overlaid on a :aap of Oklahom. Hodal points were 

used for the aggregation of the different data sets. 'Ibis nodal 

systea resulted in soae loss of precision since all hydrogeological 

conditions existing between the nodes were neglected. however. it 

was assuaed that as an initial effort a twenty aile grid would be 

adequate for the delineation of trems on a state-wide scale.· 'lbe 

grid resulted in a total of 182 nodal points for the state of 

Oklahoaa. In order to coalesce the divergent data needs at each 

nodal point. a coaputer spread Sheet was eaployed (20). 

Developaent of Index 

The proper selectionof the factors to be considered by an as

sessaent index was of vital iaportance. Exclusion or duplication of 

an iaportant paraaeter could unfairly bias the results. Factors 

that could be addressed by an imex includes hydrogeology, pesticide 

transport, pesticide usage, toxicology of the pesticides, and 

groundwater usage patterns. The inclusion of any·of all of these 

factors depends upon wbat the index was designed to aeasure. 

The two basic assessaents which were chosen for index develop

aent were groundwater pesticide contaaination susceptibility. and 

the risk associated with consuaption of pesticide contaainated 

groundwater. The assessaent of groundwater contaaination suscepti

bility vas accoaplished by consideration of hydrogeology, pesticide 

usage. and pesticide transport. By coabini~ these vith pesticide 

toxicology and groundwater usage patterns, the assessaent of risk 

vas coapleted. Since the first basic assessaent was a subset of the 

secom, their developaents will be described concurrently. 
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The existence of the DRASTIC and LEACH indices provided a aeans 

for the assessaent of hydrogeology and pesticide transport respec

tively. Utilizing DRASTIC and LEACH, whiCh are generally accepted 

techniques, established a base for the developaent of this aore 

inclusive assessaent. The relationship between DRASTIC, LEACH, and 

another yet to be defined index, was not determined in this re

searCh. It vas assuaed that they were irxlependent am of equal ia

portance. Efforts were Mde to reaove duplication of paraaeters 

inherent in the DRASTIC and LEACH techniques, however, it aust be 

recognized that these aetbods are not entirely precise, and that 

judgeaent should be used in the interpretation of the results. 

In assessaent of risks, the comaon convention is that risk is a 

result of exposure to hazards. Without both hazards and exposure, 

there is no risk. Hazards in a grournwater contaaination scenario 

is the coabination of the availability of contaainants at the ground 

surface and their transport to the water table. The eleaents that 

coabine to create a risk are graphically presented in Figure 1, and 

these eleaents were used to develop a noaenclature for the indices. 

The risk associated with exposure to pesticide contaainated 

groundwater was derived in the fora of a Pesticide Risk Index, which 

vas coaposed of three equally weighted i:OOices naaed Physical I:OOex, 

Pesticide Transport Hazard Index, a:OO Exposure I:OOex. The Physical 

Index partially deterained how readily pesticides leached through 

the unsaturated zone to the groundwater. The Pesticide Transport 

Hazard I:OOex was a aeasure of the actual aaount of pesticide leached 

which was dependent upon pesticide application rates and cheaical 

properties. The potential hazard of the pesticides were also con-
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sidered by the Pesticide Transport Hazard In:lex. The degree to 

which huaans are exposed to a pesticide hazard was deterained by the 

Exposure In:lex. By connecti.D} the potential hazard to exposure. the 

assessaent of risk is derived. Therefore, a coabination of the 

above three indices yielded the Pesticide Risk In:lex. 
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figure 1. Pesticide Risk 

Physical In:lex 

The Physical In:lex was used to deteraine the potential for 

leaching of surface applied cheaicals vhich is dependent on certain 

hydrogeological factors. The Physical Index was calculated by use 

of the DRASTIC Agricultural Index. Data for the seven factors were 
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obtained f roa the f olloving sources : depth to va ter, am aquifer 

aedia vas esti.ated froa the Hydroltqic Atlas of Oklaho:u., which is 

a series of 27 :u.ps published in 1980 by the U. S. Geological Survey 

(21); net recharge, and topography were taken froa the later Atlas 

of Oklahoma (22); vadose zone, and soil aedia were deter•ined froa 

Benc~rk and Xey Soils of Oklaho:u. (23); and representative hy

draulic comuctivities for the :u.jor aquifers in the state were pro

vided by a United States Geological Survey hydrogeologist ( 24). The 

major aquifers of the state were the only geologic formations where 

a hydraulic conductivity was known so all nodes occurring outside of 

these areas were given the lowest DRASTIC rating for this particular 

factor since less productive aquifers affect fever people and a low 

DRASTIC rank imicates a low pollution hazard potential. Utilizing 

the DRASTIC aethodology, the data obtained at each node was given a 

rating froa one to ten according to its influence upon contaaination 

severity. 'lbe rating values were then each aultiplied by their re

spective weights and then sumaed to estimate the relative pollution 

potential according to the foraula in the DRASTIC users aanual: 

where 

P is the pollution potential 

Dr is the rating value for depth to water 

D., is the veiqht for depth to water 

Rr is the rating value for net recharge, etcetera 

The weights for the various factors are presented in Table I. 



TABLE I 

ASSIGNED WEIGlfrS fOR AGRICUL TllRAL 
DRASTIC INDEX 

Feature 

Depth to water Table 

Recharge Het 

Aquifer lledia 

Soil lledia 

Topography 

Impact of Vadose Zone 

Conductivity (Hydraulic) Aquifer 

Source: DRASTIC Hanual ( 1985) 

Ieight 

5 

4 

3 

5 

3 

4 

2 
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The pollution potential rating derived by the DRASTIC Index was 

predeterained to be equiv,alent to the Physical Index, therefore the 

relative value obtained for the pollution potential at each nodal 

point was used as the Physical Index v,alue for that node. To illus

trate the calculation of tbe Physical Index, the node in the south

western corner of Payne County yielded the results shown in Table 

II. Values obtained for the Physical Index of the state of Oklaholli8. 

are presented in figure 2. 
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TABLE II 

PHYSICAL IHDlX AT '1m: SOUTHVESTERH 
CORNER Of PAYNE COUNTY 

Value Rating Yeiqht 

25 ft 7 5 

8 iD 1 4 

shale 5 3 

silt lou 4 6 

~ 10 3 

shale 
l 

2 4 

<100 GPD/ft 1 2 

Physical Index 

Product 

35 

4 

15 
20 

30 

8 

2 

.. 114 

fiqure 2. Physical Imex Values for Oklahoaa 
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Pesticide TTansport Hazard Index 

Purpose of Imex. The Pesticide Transport Hazard ID:lex was de

signed to give a relative indication of the aaount am toxicity of 

the pesticides that reach the grourxlvater. Infor~~ation that was to 

be aeasured by this index included specific pesticide application 

rates. the ability of the pesticide to leach through the upper soil 

layers. am the toxicity of the coapound. 

Pesticide. Due to the lack of specific information on the 

variability of pesticide usage across the state of Oklaho.a. pesti

cide use for each county was calculated by prorati;DJ the total state 

use accordiD;;J to the aaount of each :aajor crop grown in the county. 

Pesticide use for each of the nine :aajor crops in Oklaho.a was 

recorded in a 1981 survey by the aaount of acres treated along with 

the application rates (25). This survey gave state-vide totals for 

the .ajor pesticides used on each crop. The exception to this vas 

pesticide totals used on wheat which was further subdivided into the 

western, central, am eastern thirds of the state. Representative 

data froa this survey are presented in Appendix A. 

County croppiD;J infor.ation was obtained froa Oklahoaa Agricul

tural Statistics for 1981 and representative data shoving the total 

whea. t acreage for each county can be seen in Appendix B ( 26}. Pes

ticides used on wheat were allocated according to the county's crop 

percentage in the appropriate third of the state. County acres of 

pesticide treated wheat crops can also be seen in Appendix B. To 

deteraine county pesticide usage for all crops other than wheat. the 

aaount of a particular pesticide used on the crop in the entire 
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state was divided aaong the counties according to the percentage of 

that crop grown in the county. 

In order to determine the aaount of pesticide available for 

leaching at the ground surface, the calculated number of acres 

treated with a particular pesticide were multiplied by the reported 

application rate to deteraine the mass of pesticide used in the 

county. Pesticides for which no application rates were recorded 

were given a rounded average rate of 0.5 lbs/acre which was typical 

for the application of pesticides in the state (25). Calculated 

pesticide amounts used on all crops are presented in Appendix C. 

The aethod used for determining county totals for all non-wheat 

crops assumes that pesticides were used uniformly on the crop from 

one part of the state to another. Climatic differences, tiae of 

pesticide applications, regional preferences, and spatially defined 

infestations may account for variable agricultural practices, how

ever, since the effects of these factors could not be quantitatively 

determined, and the pesticide use in each county was not directly 

known, simple proration must suffice. 

Pesticide Leaching. Quantifying the amount of applied pesti

cide that leached through the soil was done with the LEACH method

ology. Normally, site specific factors such as soil bulk density 

and moisture content at field capacity are used in the calculation . 

of the retardance coefficient in the LEACH methodology. Using LEACH 

in the conventional method, a pesticide applied to one site aight be 

indicated to leach more than the saae pesticide applied at another · 

location. This site specific response is typical and it may be at-
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tributed to soil properties including texture. organic matter con

tent. aineral fraction, aoisture content, and mineral bulk density 

(27). However. it was desired to .anipulate LEACH so that all sites 

were treated equally since site specific factors had already been 

taken into account by the Physical Index. In order to prevent du

plication of the site specific factors. a constant bulk density was 

used for all nodes. In this way, LEACH was able to measure the rel-

ative mobility of specific pesticides in any soil. A bulk density 

of 1.2 qa/ca3 was chosen and this is typical for the range of 1.0 to 

1. 3 g:a./c:m.3 for bulk densities of fine grained soils which are pre

dominant in Oklahoma (28). Setting a constant bulk density was not 

expected to significantly distort the results of the LEACH methodol

ogy since a sensitivity analysis perforaed by the developers indi

cated that LEACH was :most sensitive to Ks. R, am Curve N'lliWers. 

with very little sensitivity to bulk density (13). 

Deteraination of the retardance coefficient on a site-indepen-

dent basis was accomplished by the following set of equations. 

Retardance was calculated by the foraula from the LEACH Handbook: 

where R is the unitless retardance coefficient 

{2) 

Kd is the chemical partition coefficient (cm3/q of soil) 

Ps is the soil bulk density (glc•3) 

rc is the water content at field capacity (ca3/ca3) 

field capacity can be related to bulk density by the regression 

equation which also is taken fro• the LEACH Ha.mbook: 
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rc = 1.20- (o.65 (Ps>] (3) 

fro• equations 2 and 3. with the assuaed value for bulk density of 

1.20 ga/ca3, retardance can be directly correlated to Kd by 

R = 1 + (2.8571 (Kd)] (4) 

Values for K4 and K3 • the decay rate. were obtained fro• pub-

lished sources (13. 15. 27). When •ore than one value was reported 

for a specific pesticide the value resulting in the worst case of 

leaching was selected for use in this index (9). 

Oklaho.a's Pesticides. To adequately address pesticide use in 

Oklahoma. the twenty aost frequently used pesticides were consid

ered. This group of pesticides accounted for 63.2~ of the state . 
total in 1981. Of these twenty pesticides. chemical partition coef-

ficients or decay rates could not be found for nine. The reaaining 

eleven pesticides accounted for 55.4~ of the total state use. and 

five of them were the mast heavily used pesticides in Oklahoma dur

ing 1981 (25). The pesticides significant to Oklahoma are presented 

in Table III. 

LEACH nethodoloqy. LEACH utilizes representative sites clas-

sified by major crop types, and climatic and soil characteristics. 

The site which includes the largest portion of Oklahoma was one of 

the wheat sites, which covers aost of the western half ot the state. 

Since wheat is the major crop in Oklahoaa. this site was asstuned to 

adequately represent most agricultural conditions in the state. 
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Utilizing the LEACH aethodology, the address matrix corresponding to 

the chosen site vas entered with the I 8 am R values for each of the 

eleven pesticides. The address .atrix identified a cuaulative 

frequency diaqraa for each pair of Is and R values. 

TABLE III 

HAJOR PESTICIDES USED IN OKLAHOHA IN 1981 

Trade Nam.e Couon Naae Pounds Applied 

1. (lfany) parathion 1, 550,440 
2. (11any) methyl parathion 413,193 
3. (11any) 2,4-d 409,763 
4. Treflan trif lura lin 290,160 
5. Cythion malathion 198,307 
6. Prowl pendim.ethalin * 153,190 
7. Lasso alachlor * o-'Q~q~ 93,441 
8. A A trex atrazine 83,708 
9. furadan carbofuran 79,029 

10. Di-Syston disulfoton 64,291 
11. Banvel dicam.ba 60,155 
12. Hiloqard propazine 59,351 
13. Kar:m.ex diuron 55,440 
14. Eradicane R-25788 * 48,158 
15. Sene or :m.etribuzin * o ovtt 47,600 
16. Hod own bifenox * 0 \\.11-- 43.767 
17. (lfany) toxaphene * o oo4b "'~ 42,988 
18. Roumup qlyphoZRtte * 11,001 
19. Terrachlor quintozene, PCNB * 37,565 
20. Cygon diaethoate * 0 oq90 36,869 

* Unavailable partition coefficient or decay rate 
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Blank spaces in the address .atrix or Ks and R values larger 

than the given range signified that no predicted potential for 

leaching below the root zone existed. for pesticides that did have 

a correspoming cuaulative frequency diagru, the aedian value, 

vhich vas the percentage of applied pesticide leached that was 

exceeded 5~ of the tiae# was recorded. for Ks am R values not oc-

curring directly on the values given in the .atrix. double interpo

lation vas perforaed. Table IV shows the :aatrix with the aedian 

leaching values that are representative of Oklahmta. The eleven 

.ajor pesticides with their respective properties and the percent 

that they were predicted to leach at the 5oth percentile are shown 

in Table V. 

TABLE IV 

HEDIAH PERCEHTILE LEACHING IH OKLAHO:riA 

Decay Coefficients (Ks) 
Retardance 

Constant (R) . 001 . 005 . 01 .05 .1 

1 85 69 51 13 1 
3 73.5 34 16 2 .5 

5 72.5 28 9 1 0 
20 60 4 1 

50 29 0 

Source: LEACH HaD:lbook (1984) 



TABLE V 

PESTICIDE PROPERTIES .AND LEACHING PO'IDTIALS 

Pesticide Ks Kd R " Leached 

Parathion 0.06 21.9 63.57 0 
:nethyl Para. 0.2207 12. 7 37.29 0 
2,4-D 0.07 0. 78 3.23 1. 31 
Treflan 0.004 72.1 207.00 0 
Atrazine 0.0063 3.2 10.14 16.26 
Banvel 0.0197 0.11 1. 31 39.12 

· :tarmex 0.0064 8 .. ~ 26.43 0 
Ililogard 0.0056 3.1 9.86 '18.57 
Di-Syston 0.1604 32.3 93.29 0 

l'uradan 0.0079 1. 05 4.00 20.27 
l'falathion 0.4152 34.1 98.43 0 

Source: Partition and decay rates froa CREAHS Hanual 
(1980) 
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The cumulative frequency diagraas in LEACH normally have three 

lines representing three different Soil Conservation Service (SCS) 

Curve Numbers. This allows the user to tailor the output to his 

specific site conditions. The cuaulative frequency diagraas for the 

representative site applicable to Oklahoma predicted no differentia

tion for SCS Curve Numbers as indicated by the overlapping nature of 

the lines. This allowed continuation of the site-independent appli

cation of LEACH. Had the lines not overlapped, it would have been 

necessary to select one SCS Curve Humber to use for all pesticides. 
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Hazard. The toxicity of pesticides depends on the particular 

cheaical structure, and any assessaent of risk related to pesticide 

exposure should factor in toxic effects (19). The aost co~rehen

'ive •easure of chronic toxicity currently av-ailable is the Environ

aental Protection Agency's Reference Dose (RfD) systea. Although 

they are extrapolated froa ani-.1 feediDJ stu:lies am give no indi

cation of oncogenic effects, Reference Doses provide a relative 

aeasure of the u.ount of a cheaical that :aay be assuaed to be safely 

consuaed by hu.ans over the long tera. Reference Doses were ob

tained for the significant pesticides ( 29). ractoriDJ the Reference 

Doses into the index required that they be transforaed to a distri

bution compatible with the previously described input data. This 

was necessary because aultiplication of the index by the widely 

distributed Reference Dose values would have overemphasized some of 

the data. It was desired to aaintain the distribution of the Pesti

cide Transport Hazard Imex with that obtained with the DRASTIC 

Index in order to ainiaize subsequent interpolation or weighting. 

'lberefore. the Reference Doses were converted to a Transforaed Ref

erence Dose (TRfD) by 

TRfD = (RfD)-0' 6 (5) 

Other transfora functions were investigated, however, they were 

not deemed appropriate (7). The selected transfora function took 

the reciprocal of the square root of the Reference Dose. The recip

rocal vas included because low values of RfD im.plied a greater 

degree of toxicity. The square root perforaed the task of keeping 

the distribution in the relative range obtained by DRASTIC. The EPA 
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provided Reference Dose of each pesticide that was predicted to 

leach along with the Transforaed Reference Dose values are presented 

in Table VI. 

Pesticide 

Banvel 

!'uradan 

11iloqard 

Atrazine 

2.4-D 

TABLE VI 

PESTICIDE TOXICITY 

Reference Dose 
(:.g/Kg/day) 

0.00013 

0.005 

0.005 

0.00035 

0.01 

Source: Reference Doses froa Enqler (29) 

Transfoaed 
Reference Dose 

87.70 

14.14 

14.14 

53.45 

10.00 

calculation of I:rxlex. The Pesticide Transport Hazard Iooex was 

designed to give a relative indication as to the risk involved in 

possible exposure to toxic pesticides in the groundwater. Since 

pesticide usage was not calculated at each node on the state grid, 

but by counties, the Pesticide Transport Hazard Index must also be 

determined on a county basis. In order to assign the index value 

for a county to each node occurriD;J in the county, the lam area 
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aust be factored into the equation. This provides equal iaportance 

to the differently sized counties. The Pesticide Transport Hazard 

Itne:r (PTHI) for each county was calculated by 

r [Pest • Tran • TRfD] 
P'mi = A • (582. 247) (6) 

where 

Pest is the annual aaount of a particular pesticide used 
in a county in pounds of active ingredient 

Tran is the fraction of that pesticide tbat is transpor
ted belov the root zone as defined by LEACH 

TRfD is the hazard of the pesticide as defined by the 
Transforaed Reference Dose toxicity fro• equation 5 

A is the total land area of the county in acres 

582.247 is a scalar 

All pesticides that were identified by LEACH to be transported 

past the root zone were used in equation 6. The suuation of these 

pesticide/leaching/toxicity potentials assigned the county•s PTHI 

value. It was predeterained that the Pesticide Transport Hazard 

I!Xlex had an iaportance equal to that of the Physical Ind.e:r in the 

total assessaent of risk, so the maxiaua county value of PTHI was 

mde equal to the .S.xiaUJL nodal value for the Physical Index by use 

of the scalar in equation 6. The value of this scalar is dependent 

upon the data and would therefore be different for other circua

stances. In order to deteraine the value of the scalar, the PTHI 

without the scalar vas calculated for each county. The :aaxillUI\ 

value obtained was divided into the •:rimua value determined for the 

Physical Index. 'Ihis scalar vas then m.ul tiplied by each PTHI to 
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calculate the final adjusted cotmty values. Appendix D presents the 

data used to calculate the Pesticide Transport Hazard Index by 

counties. 'Itle P'mi for each county vas assigned to all nodes that 

vere inside county lines. Hodes within five ailes of county lines 

were given an average for the adjoining counties. The Pesticide 

Transport Hazard Index deterained froa 1981 data for the state of 

Oklaho.a is presented in Figure 3. 

127 J 27 1 J 71 171 1 J 0 50 50 

127 127 1 171 171 110 50 50 

Figure 3. Pesticide Transport Hazard I:rxiex Values for OklahoE 

E:mosure I:rxiex 

The third part of the Pesticide Risk Index is the Exposure 

Index which is a relative aeasure of the potential for nu.an expo-
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sure to pesticide contaainated groundwater. Intor.ation that was to 

be considered by this index included groundwater consuaption rates 

ahd population totals. The foraula used to estiaate the Exposure 

Index was 

EI = ((Pop • 10-6) + 1] • GW • 116. 6422 

where 

EI is the unitless Exposure Index. 

Pop is the county's population. 

Gl is the fraction of aunicipal water that coaes fro• 
groundwater sources. 

116.6422 is a scalar. 

(7) 

The scalar serves the function of equalizing the Exposure 

Imex' s mxiaua value to that of the Physical Index and Pesticide 

Transport Hazard Index, allowing equal weight to all three indices. 

This scalar was calculated si•ilarly to that for the Pesticide 

Transport Hazard Index. The population total in equation 7 was 

transtoraed by aultiplication with 1o-6 and the addition to one. 

This transfor.aed the county population totals, which ranged froa 

3,650 to 570,000, to a distribution of 1.0 to 1.6. Therefore. the 

Exposure Index in the aost populated county was 1.6 tiaes higher 

than that for a sparsely populated county having the sa:rae water use 

patterns. Thus, the population which was at risk becaae a consider

ation in the index without doainating the results since it was de

sired to give aore weight to physical factors than to sociological 

factors. The fraction of aunicipal water that coaes troa ground

water was calculated froa available sources {22). Data used to cal-
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culate the Exposure Index for Oklahoma are shown in Appendix E. Due 

to the nature of the relevant data, the Exposure Index, like the 

Pesticide Transport Hazard Index, was also calculated on a county 

basis and assigned to each node. The Exposure Index for Oklahoaa. 

using 1979 water consumption information and 1980 Bureau of Census 

estimates is presented in Figure 4. 

117 117 118 119 119 1 8 117 117 117 11 

117 117 1 8 119 119 1 8 117 117 

17 117 117 

Figure 4. Exposure Index Values for Oklahoma 

Summation of Seoorat.e Indices 

.... ,. 

The Pesticide Risk Index which is a relative •easure of the 

risk fro• hu.an exposure to pesticide contaainated groundwater was 

calculated by the equation 
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PRI = PI + PTHI + EI {8) 

where 

PRI is the Pesticide Risk Index. 

PI is the Physical Index. 

Other teras are as previously defined. 

The Pesticide Risk Index for the state of Oklaho.a is presented in 

figure 5. 

377 327 3 2 384 379 3 3 272 287 279 27 350 389 

376 366 3 2 424 404 3 3 252 297 

...... 

figure 5. Pesticide Risk Imex Values for Oklaho.a 
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Additional ID:lices 

Two other useful observations were obtained by .anipulation of 

the indices. Eliaination of sociological and pathological effects. 

in the fora of population density, water use. and toxicology, froa 

the Pesticide Risk Index gave a relative indication of the aaount of 

pesticide that contaainates the groundwater. This partial index, 

that was entitled Physical Transport Index, consisted of the previ

ous Physical Imex. am the Pesticide Transport Hazard Imex as 

calculated by equation 6, but vith the toxicity tera. TRfD reaoved. 

Reaov.al ot TRfD froa equation 6 necessitated determination of a nev 

scalar so that the index would again be equalized to the Physical 

Im.ex. The Physical Transport Imex (PTl) was deterained by 

PTI = {t ( PestA. Tran ) • (26449. 81)} + PI (9) 

Data used in the calculations of the PTI for Oklaho• are shown in 

Appendix f. and the Physical Transport Imex is displayed in fiqure 

6. 

A final i:rxle:r, the Physical Transport Hazard Imex, provided a 

aeasure of the toxicity of pesticides that have leached into the 

groundwater. It vas siailar to the Pesticide Risk Index except that 

no consideration was given to the exposure of contaminated ground

water to humans. The utility of this index would be in the assess

aent of the present or future value of an aquifer in teras of water 

quality. The Physical Transport Hazard Index vas calculated by a 



siBple addition of the Physical Index and the Pesticide Transport 

Hazard Index, am the results are displayed in figure 7. 

282 232 2 1 277 272 2 2 155 170 

281 271 2 I 317 297 2 2 135 180 

figure 6. Physical Transport Imex Values for Oklah0118 

260 210 2 4 265 260 I 5 !55 170 

figure 7. Physical Transport Hazard Index Values for Oklaha.a 
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5ullary of Ipdices 

In order to suaaarize the previously described indices and to 

give a clear indication of their differences. Table VII presents 

each index along with its coaponents and assessaent capabilities. 

I:rxlex Halle 

Phy~ical Index 

Pesticide 
Transport 
Hazard Index 

Exposure Imex 

Pesticide Risk 
Iooex 

Physical 
Transport Iooex 

Physical Trans-
port Hazard 
Index 

TABLE VII 

SUH11ARY Of INDICES 

Coaponents 

DRASTIC Agricultural Index 

Pesticide applications. 
leachability. and toxicity 

Groumwater usage patterns 
and population density 

Physical Im.ex. Pesticide 
Tran~ort Hazard Imex. am 
Exposure Imex 

Physical Index. pesticide 
applications and leach-
ability 

Physical Imex and Pesti-
cide Transport Hazard Imex 

Aquifer contaaina-
tion susceptibility 
fro». pesticides 

Toxicity of pesti-
cides leached to 
water table 

Htulan exposure to 
potential ground-
water contaainants 

Huaan risk frolll 
pe~ticide con-
taainated ground-
water 

Potential for pest-
icide contaaination 
of oroumwater 

Toxicity of pesti-
cide contaainated 
aquifers 



40 

Honte Carlo Analysis 

Objective of nethod 

1he secorxl technique used to assess grourxtvater conta.i:nation 

susceptibility in the state of Oklaho.a was the nonte Carlo approach 

in conjunction with the Pesticide Root Zone nodel. This aethod re

quired specialized information arxl extensive coaputer tiae ini

tially, however, once co~leted it can be easily applied to a vide 

variety of situations. Probabilistic analysis of the results per

aitted prediction of the aaount of pesticide that would leach a 

certain percentage of the tiae, past a particular depth, for aost 

pesticide and site coabinations. This deteraination could be per

foraed not only on individual field applications of pesticides, but 

could be extended to predict the results of applying a particular 

pesticide in any type of soil. 

Developaent of Siaulation 

Spatial Concerns. Application of the nonte Carlo technique to 

Oklaho.a required that a land area be selected on the basis of 

availability of data and co .. on agricultural practices. These re

quireaents suggested selection of a relatively s.all area, however, 

it was desired to include as auch of the state as possible in order 

to .ake the results significant. The Oklaho:aa panhamle and the 

western edge of the state were eliainated froa consideration due to 

the large aaount of irrigation that is applied to crops in that 

region (22}. The southern edge of Oklahoaa is an area of little 

agricultural activity and it had no appropriate climatological re-



porting stations, so it was also rejected. The reaainder of the 

state, tbat was used for the Honte Carlo siaulation, is shown in 
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Figure 8. PRZH requires the use of daily rainfall, pan evaporation, 

and average teaperature records. Locations of the selected tlilato

logical reporting stations are shown in Figure 8. These reporting 

stations had all of the data required by PRZlt and a period of 

record of sufficient length. 

1. canton :oa.. 
2. Great Salt Plains Du 
3. Chickasha Experi.Jlent Station 
4. Lake Overholser 
5. Guthrie 
6. Stillwater 

7. Keystone Daa 
8 .. Hulah Du 
9. Fort Gibson Daa 

10. Gram River Daa 
11. Tenkiller Ferry Daa 
12. Wister Dam 

Figure 8. Cli.atolog1cal Reporting Stations 
in the Siaulated Region 
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FiXed Pa~eters. Although the Honte carlo approach is de

signed to siaulate all possible coabinations of input paraaeters. it 

.as possible to fix certain variables in the PRZn input files. with

out lowering the utility of the approach. This provided a decrease 

in the nuaber of required siaulations. By fixing certain variables, 

the Honte Carlo technique becaae a cause and effect siaulation which 

was a novel application for the technique. 

Wheat. which is the .ajor crop in Oklaho.a. was selected for 

the siaulation. Wheat co~rised 6~ of all crops in the si.ulated 

counties for 1981 (26). The vheat percentage for each county is 

presented in figure 9. These values indicated that the predoainate 

agricultural conditions throughout the study area were being 

adequately addressed. 

figure 9. Wheat's Percentage of County's Total Crop Acreage 



Wheat is nor:aally planted in the fall am harvested the 

following suaaer, and pesticides are applied in either the fall or 

the spring (30). A caaparison of siaulations for fall and spring 

planting showed no signit icant differences in the results ( 31). 

Therefore, for si.plification of the siaulated period, a spring 

planting and pesticide application was selected. The planting and 

pesticide application date that was selected, February 1st, corre

sponded to the tiae that wheat revives after winter dor.aancy (30). 

The wheat :aaturation date of April 2oth am harvest date of June 

15th were taken froa published sources (11, 32). 

43 

The aodeling of erosion losses of adsorbed pesticide by PRZH 

was not utilized in this siaulation. This siaplification results in 

a •worst case• grourxl:water contaaina.tion scenario. The 11odified 

Universal Soil Loss Equation used in PRZ11 requires deteraination of 

several site specific eapirical constants that are not consistent 

with the large scale, non-specific application of the prograa. To 

be consistent with the eliaination of erosion losses, the pesticide 

was soil incorporated to a depth of 10 centimeters. This approach 

was siailar to other investigations (7). Other fixed variables, 

were selected under guidance of the PRZ11 users .anual. 

Hanaqeaent Practices. Efficient utilization of the predictive 

aspects of the Honte carlo siaulation necessitated a si~le range of 

input values that represent possible agricultural practices. It was 

possible to fairly accurately define an agricultural setting for 

siaulation purposes with three paraaeters that are aaong the .any 

required as input to PRZH. The most iaportant site characteristic 
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was infiltration of rainfall whiCh largely deteraines the aaount of 

pesticide that will leach into lover soil layers. The Soil Conser

vation Service classifies soils on the basis of infiltration charac

teristics with Curve Huahers (CH). and this infor.ation is readily 

available for aost soil types. The properties of a pesticide which 

deteraines the fate and transport of the coapound in the soil are 

decay and retardance. The rate of decay of the pesticide by cheai

cal and biological processes is described by the decay coefficient 

(Is). for siaplification, the decay coefficient was assuaed to be 

first ordered and independent of soil type for this siaulation. 

Reta·rdance of a pesticide by organic and aineral components of 

the soil could be described by several possible coefficients. The 

coefficient required by PRZn was ~. the distribution coefficient. 

however. this was a soil dependent paraaeter. It was desired to 

separate site and pesticide characteristics, so further investiga

tion vas necessary. 

The organic carbon distribution coefficient (Ioc> describes the 

retardance of a coapound in relation to the aaount of organic carbon 

present in the soil. The relationship between Id and Koc was 

defined as 

Id = (K0c)·(OC) (10) 

where OC is the percent of organic carbon. 

The octanol/water distribution coefficient (I09), which uses a 

pesticides absorptive behavior between octanol and water to predict 
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the adsorption to soil. was available for aost pesticides. K09 was 

related to Koc by an equation froa the literature (10): 

Log (K0 c) =[Log (K09)]- 0.21 (11) 

'Iherefore. K09, which was a soil iooepement parueter, was combined 

with the percent of soil organic carbon to deteraine a value for ~-

For siaplification, three values each for Koc· Ks, and CH were 

selected to bracket the range of· possible values. Table VIII shows 

the range of I 0w and Is values that were obtained for the pesticides 

coaprising the twenty aost co .. only used pesticides in Oklahoaa in 

1981 for which values were readily obtainable. 

As shown in Table VIII the paraaeter Ioc ranged from 34. 6 74 to 

1.86. and Is varied froa 0.4152 to 0.0026. Utilizing Table IX, the 

highest and lowest possible Curve Huabers. 88 and 59 were calculated 

for the study site. Table X presents the selected values for the 

three paraaeters. By coaparing Tables VIII and X it can be seen 

that the selected values for Ks and K0 c did not cover the entire 

range of possible values, however the low end of the range was ade

quately represented. Values of Is higher than 0.1, and values of 

Ioc higher than 1200 did not result in significant leaching so these 

ranges were neglected. The central nuaber of the three values for 

each of the three paraaeters represented an approxiaated aediEUl for 

the high and low nuabers. It was assuaed that the three parueters 

had a linear relationship with leaching so that interaediate values 

of Is, I 0 c and CH could be interpolated. 



Pesticide 

Parathion 

11etbyl Parathion 

2.4-D 

Treflan 

Atrazine 

Banvel 

:Karaex 

11ilogard 

Di-Syston 

fur ad an 

l'lalatbion 

TABLE VIII 

PESTICIDE COEffiCIENTS 

Log 'ov 'oc 

3.81 3. 981. 07 

3.32 1,288.25 

2.81 398.11 

4. 75 34.673.69 

2.45 173.78 

0.48 1. 86 

2.81 398.11 

2.94 573.03 

3.41 1.603.00 

2.44 169.82 

2.89 478.63 

Source: CREAnS 11anual (1980) 
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Ks 

0.0046 

0.0165 

0.1036 

0.0026 

0.0063 

0.0151 

0.0064 

0.0056 

0.1604 

0.0040 

0.4152 



TABLE IX 

RUHOFF CURVE NmiBERS FOR HYDROLOGIC 
SOIL-COVER COnPLlXES 

Cover 
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Hvdrolggic Soil Grouo 
Treataent Hydrologic 

Lam Use or Practice Comition A B c D 

Fallow Straight Row 77 86 91 94 

Row Crops Straight Rov Poor 72 78 85 91 
Straight Row Good 67 78 85 89 
Contoured Poor 70 79 84 88 
Contoured Good 65 75 82 86 
Contoured and Terraced Poor 66 74 80 82 
Contoured and Terraced Good 62 71 78 81 

Small Straight Row Poor 65 76 84 88 
grain Straight Rov Good 63 75 83 87 

Contoured Poor 63 74 82 85 
Contoured Good 61 73 81 84 
Contoured am Terraced Poor 61 72 79 82 
Contoured and Terraced Good 59 70 78 81 

Close- Straight Rov Poor 66 77 85 89 
seeded Straight Row Good 58 72 81 85 

legUJles Contoured Poor 64 75 83 . 85 

or rota- Contoured Good 55 69 78 83 
tion Contoured and Terraced Poor 63 73 80 83 
aeadow Contoured and Terraced Good 51 67 76 80 

Source: Soil Conservation Service. USDA. SCS Ha tional !:Djineerm;r 
Handbook, Section 4, Hydrology (1971). 



I tea 

Koc 

CH 

TABLE X 

RANGE OF SELECTED VALUES FOR 
HAHAGEliENT PRACTICES 

High 

1200 

0.1 

88 

lied. ian 

600 

0.05 

73 

Low 

2 

0.001 

59 
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The nine values in Table X formed 27 possible combinations of 

pesticide and site specific paraaeters. The range of these coabina

tions was inclusive of all probable conditions to be found in the 

study site. In an earlier study Carsel deterained that 500 years of 

siaulation would achieve a steady state outcoae, therefore, it was 

decided to aodel 20 years for each couina.tion of fixed paraaeters 

resulting in 540 co.puter runs (7). 

Randoaized Input Param.eters. The basis of aost 11onte Carlo 

approaches is to take statistically defined distributions of input 

paraaeters and then randoaly select values from. the distribution for 

each variable (33). This random selection of variables is perforaed 

for every one of a multitude of siaulations. Rather than using pre

defined statistical distribution~, an alternative was utilized which 

allowed observed data to define the distribution (17). 
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Cli.atological data fro• 12 reporting stations scattered 

throughout the area to be si.Jlulated were obtained fro• the Oklaho• 

CliMtological Survey. Guabel (34) shoved that a 25 year data set 

was sufficient to describe the inherent variability in clilatologi

cal coDiitions. Therefore, a 25 year period of record between 1954 

and 1978, which was available for aost of the selected reporting 

stations, vas obtained. 'Ibe Keystone Da.a reportiDJ station, how

ever, only had a 21 year record. To .ate Keystone Daa consistent 

with the other stations, four years of the data were duplicated and 

added to the file. for these initial efforts the daily data for all 

12 stations were averaged to create a single 25 year record that was 

assumed to be representative of the entire area of siaulation. 

l1issi:DJ data in iDiividual stations were ignored by an averaging 

prograa. Teaperature and pan evaporation values should not be ap

preciably distorted by averaging over a large area, however, rain

fall events were noticeably •saoothed• out over a longer tiae span. 

Since each year for the period of record was equivalent in signifi

cance, they were randoaly selected for application to the one year 

PRZn siaulations. 

Soil data fro• two sources were coabined, as shown in figure 

10, in order to define Oklaho.a's soil distribution in three diaen

sions (23,35). In order to use the spatial distribution of the soil 

to define the distribution of the aodeling input, the area of each 

soil in figure 10 was aeasured and assigned a percentage of the to

tal area. A file of 100 records for soil properties was created 

with each soil being represented according to its areal percentage. 

Records were randoaly selected fro• this file and placed into the 
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PRZH input files. This selection procedure assumed total correla

tion of the properties associated with each soil. The rando•ization 

of cli.atic and soil data, and the creation of the input files were 

coabined into the progra• RAHDGEH, which is listed in Appendix G. 

figure 10. 

a. Bethany 
b. Clarkavllle 
o. Dennla 
d. Dougherty 
•· ~utaula 
f. Harteell 
g. Pareone 
h. llondcreek 

1. Quinlan 
J. Renfrow 
k. St. Paul 
I. Stephenville 
m. Summit 
n. Tivoli 
o. Yahola 

Selected Soils of Oklahoaa 

PRZH required user defined soil horizons, however, data on sub-

soil layers varied little throughout the state (23). Sche.atic soil 

profiles tor soils in Oklabo.a typically shoved tvo .ajor soil divi

sions as in figure 11. The top horizon vas often approxi.ately 12 
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inches deep with a relatively high organic .atter cantent. Soils 

extending froa the 12 inch depth to six feet. which vas the liait 

for available data. were noraally lover in soil organic .atter . 

Therefore, soil properties within the two general horizons were 

given a weighted average according to the depth of each reported 

soil layer as shown in Table XI. Properties vhich were averaged in

cluded percent sand and clay, and organic aatter content . 

Q-9" Very dark grayish brown silt 
loam; granules 

9-12" Grayish brown silt loam, 
granules; mottles 

12-22" Very dark grayish brown clay; 
blocks; mottles 

22-36" Grayish brown clay; blocks; 
mottles 

36-58" Coarsely mottled gray, yel
lowish brown and yellowish 
red clay; blocks 

58·80" Coarsely mottled gray, yel· 
lowish brown and very dark 
gray clay; massive 

Profile of Parsons 

0-4'' Brown fine sandy loam; 
granules 

4-12" Ught brown fine sandy loam; 
massive 

12·22" Yellowish red sandy clay 
loam; subangular blocks 

22·34" Red light sandy clay loam; 
subangular blocks 

34-.W Light red slightly acid 
sandstone 

Profile of Stephenville 

Figure 11. TJpical Soil Profiles of Oklahoaa 

To convert the available data to the required input paraaeters, 

the following procedures f roa the PRZH J18.1lua.l vere f olloved. Bulk 

density vas deterained by the f ollovir:w;J f oraula : 
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100 
BD = Olt 100 - OH (12) 

OHBD + HBD 

where 

BD is soil bulk density (g•lc•3) 

on is organic .atter content (~) 

OHBD is the organic matter bulk density which is a con
stant 0.224 g.tca3 

HBD is the mineral bulk density fro• figure 12 

Horizon 

A11 
A12 
A21 
A22 
B21 
B22 
B31 
B32 
C1 
C2 

A1 
A2 

B21T 
B22T 

B3 
R 

Source: r. 

TABLE XI 

TYPICAL SOIL PROPERTIES 

Depth ~Sam ~ Clay 
(inches) 

Parsons Silt Loaa 
0-6 17.4 12.2 

' 6-10 18.4 12.4 
10-14 19.5 13.9 
14-16 18.9 25.6 
16-22 7.2 57.8 
22-28 6.6 59.3 
28-37 10.4 49.4 
37-43 14.8 38.6 
43-66 18.2 36.3 
66-84 16.4 40.3 

Stephenville Fine Sandy Loaa 
0~6 82.2 3.7 
6-14 86.4 4.6 

14-18 68.4 25.5 
18-27 61.1 34.6 
27-31 70.7 25.6 
31-40 79.0 15.7 

Gray aDi H. H. Roozitalab (1974). 

Organic 
l'latter 

1. 98 
1. 09 
0.66 
0.86 
1.50 
1.26 
0.55 
0.29 
0.19 
0.10 

1.58 
0.19 
0.53 
0.53 
0.26 
0.05 
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0 -u 40 

30 

20 

10 

0 
0 10 20 30 40 50 60 70 80 90 100 

Sand (%) 

Source: Rawls. Y.J .• U.S. Departaent of Agriculture. 
Agricultural Research Service. Beltsville, Haryland 

figure 12. Hineral Bulk Density 

/ 
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field capacity was derived froa the regression foraula froa the 

PRZ11 .anual: 

fC • 0.3486 - {0. 0018·5)+(0. 0039·C)+(O. 0228·011)-(o. 0738·BD) {13) 

where 

rc is the soil aoisture content at field capacity 

S is the percent sand 

C is the percent clay 

Other teras are as previously defined 

The wiltiD;J point (WP) was calculated by 

VP = o. 0854 - (0. 0004·5)+{0. 0044·C)+(O. 0122•0Jf)-(O. 0182·BD) (14) 

Organic carbon content {OC) was derived frOI\ organic matter content 

by using a conversion constant suggested by the LEACH manual: 

on 
oc = 1. 7 

Bulk density, field capacity, wilting point, organic carbon 

content, and the area of each of the selected soils is given in 

Table XII. 

(15) 

The organic carbon content ot each of the tvo soil horizons was 

aultiplied by the K0 c of the selected pesticide, as in Equation 11, 

yielding the Kd for the pesticide and soil coabination. This pro-

cess was perforaed by the prograa RANDGEH. 



Soil Haae Area 
(~) 

Bethany 13 
Clark3ville 6 
Dennis 1 
Dougherty 2 
Eufaula 1 
Hartsell 11 
Parsons 18 
Pond creek 4 
Quinlan 5 
Renfrow 11 
St. Paul 1 
Stephenville 11 
Suuit 7 
Tivoli 5 
Yahola 4 

TABLE XII 

PROPERTIES OF SELECTED SOILS 

Field iiltiD;J Bulk 
capacity Point Density 

0.32/0.38* 0.14/0.22 1.14/1. 33 
0.30/0.40 0.1210.25 1. 3711.34 
0.36/0.39 0.17/0.24 1.13/1.31 
0.12/0.11 0.04/0.06 1. 45/1.59 
0.20/0.17 0.11/0.11 1. 47/1.62 
0.25/0.24 0.1210.13 1. 35/1. 49 
0.31/0.40 0.13/0.24 1. 26/1.32 
0.37/0.34 0.18/0.18 1.17/1. 29 
0.15/0.15 0.07/0.06 1. 49/1.46 
0.37/0.41 0.19/0.25 1.15/1.33 
0.29/0.28 0.14/0.16 1. 26/1. 41 
0.1210.21 0.05/0.14 1. 48/1.63 
0.48/0.43 0.26/0.27 1. 09/1.35 
0.09/0.08 0.04/0.04 1. 51/1. 55 
0.18/0.21 0.08/0.08 1. 41/1.31 
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Organic 
carbon " 

0.98/0.36 
0.51/0.24 
1. 50/0. 39 
0.38/0.07 
0.72/0.16 
0.85/0.23 
0.95/0.32 
1. 21/0. 55 
0.55/0.29 
1.54/0.34 
0.85/0.42 
0.46/0.19 
2.98/0.58 
0. 2210.07 
0.53/0.27 

*Presented data indicates paraaeter's weighted average for (0 to 12 
inches) I (12 to 70) inches of soil depth). 

Field capacity is water retained at -0.33 Bar Tension (ca3/ca3). 

YiltiD;J point is water retained at -15.0 Bar Tension (ca3/ca3). 

Bulk density in units of g/ca3. 

Sources: f. Gray and n. H. Roozitalab. •Benchmark and Xey Soils of 
Oklaho.a•. and F. Gray and H. n. Galloway, •soils of Okla 
homa. a. 

Since decay properties of pesticides vere partially dependent 

upon soil properties, such as organic .atter, it was decided that Ks 

should be decreased for the second horizon due to the auch lower or-

ganic .atter contents. The aean difference in organic .atter con-



tent froa the first to the second horizon for all of the selected 

soils was 35~, so the Is in the lower horizon was reduced by this 

percentage. 
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Organization of Coaputer Siaulation. The previously described 

prograa RAHDGEN combined the selected fixed parameters with a set of C 

randoaly selected soil and cli:.atic data. This becaae the input 

file for the deterministic PRZH model. Results from the simulations 

were then analyzed for probability position. The model runs were 

repeatedly performed so that the predictive capabilities of the sim

ulation would have the required precision. A flow chart of the 

simulation process is shown.in Figure 13. 

SELECT 
D~JERMINE SEQUENTIALLY 

RIABLE FIXED INPUT 

INP\ ;TA DETERMINE CHECK 

DETERMINISTIC;...._ ____ _. PESTICIDE _..,.. PROBABILITY ----1 .... PREDETERMINED 
MODEL LEACHED POSITION P~~~~~~TY 

Figure 13. Flow Chart of Honte Carlo Simulation 

I 
ANALYSIS 

COMPLETE 
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Design of Output. PRZn calculates water flux in centiaeters 

per day and pesticide flux in graas per centimeter squared per day, 

for each siaulated co•partaent. following recomaendations fro• the 

PRZn manual, 35 compartaents were selected for the siaulation with 

each coapartment being a node in the one-diaensional finite differ

ence equation. The output aost aeaningful for assessment of poten

tial leaching was pesticide flux. To be consistent with the chosen 

soil profiles, pesticide flux past a depth of 12 and 70 inches was 

recorded for each simulation. A deteraination of pesticide flux to 

the water table was not possible in this siaulation due to the in

ability to tie depths of groundwater to other soil parameters, and 

the possible inappropriateness of PRZn to si•ulation at greater 

depths. Therefore, pesticide fluxes at 12 and 70 inches, which are 

typical depths of topsoils and subsoils in Oklahoma respectively, 

were used to represent potentials for leaching of pesticides. A 

pesticide which leaches past 70 inches may or may not contaminate 

the groundwater, depending upon the depth of the groundwater, the 

presence of imperaeable layers, and other factors. Oklahoma's 

drinking water aquifers range from the susceptible, extremely shal

low water table aquifers to the hundreds of feet deep, highly con

fined aquifers. Therefore, a pesticide that leaches past 70 inches 

may be an actual or only a potential threat to the groundwater. A 

larger pesticide flux at 70 inches was assumed to represent a 

greater relative threat to the groundwater regardless of its depth. 

Analysis of Output. Inferential analysis of unsaturated zone 

pesticide transport requires a sufficient sa•ple population. Deter-
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mination of the adequacy of the 540 siaulations was provided by 

probability analysis of successively larger collections of the out

puts. The results for the simulations were randomly sorted to dis

aggregate the initial groupings. The first 27 randomly sorted 

outputs were sorted in a decreasing order by the amount of pesticide 

leached. A plotting position (PP) was determined for each output by 

the foraula 

100 . lD. 
PP = _n_+_1_ 

where 

• is the ordered nUllber of the simulation. 

n is the sample size. 

(16) 

4 soth and 9oth percentile values were recorded for pesticide 

amounts leached. past the 12 inch horizon. The sample size was in

creased by including the next 27 simulations. The resulting 54 out

puts were sorted and percentile values were again determined. At 

that point, the saaple sizes were increaentally increased by 54 sim

ulations until the entire 540 simulations were analyzed. 



Imex Results 

CHAmR IV 

RESULTS AND DISCUSSION 

Pesticide Risk Index 

Tbe Pesticide Risk Index for Oklaho.a ranges fro• 125 to 424. 

The value of 125. which is associated with a low risk. occurs in 

Comanche County which is in southwestern Oklaho.a. Conditions pre

sent there which lead to the lov risk rating include groundwater 

that is not associated with a .ajor aquifer. a low hydraulic conduc

tivity. very iaperaeable soils. little aunicipal water drawn froa 

groundwater supplies. and low pesticide use. The value of 424. 

which indicates high risk. occurs in Texas County. Factors result

ing in this rating include a major aquifer with a high hydraulic 

conductivity. per•eable soils, all aunicipal water taken froa the 

groundwater, and a very high use of pesticides. This does not aean 

that the entire county has the potential for serious contaaination 

of groundwater. but that this particular node contained a series of 

parueters that resulted in a high rating for pollution potential at 

the nodal point. Other areas of high risk occur in Alfalfa. Grant, 

Ottawa. Delaware, and Ci.arron Counties. Host of these counties are 

characteristically .ajor agricultural producers. and heavy groundwa

ter consuaers. Quite often. factors that make an area favorable for 

59 



60 

non-irrigated crop production, like a shallow water table and fri

able soil , also aake the area susceptible to groundwater contaaina

tion. 

To characterize the distribution of the results , several obser-

vations vere .ade. for the Pesticide Risk Index values at all 182 

nodal points in Oklahom, the aean vas 236 , the aedian was 227 , the 

standard deviation was 76 , and the coefficient of variation was 32. 

figure 14 presents a frequency histograa of the Pesticide Risk Index 

which indicates a biaodal distribution. 

tn 
tn 
to -u 

100 150 200 250 300 350 
Pesticide Risk Index 

400 

Figure 14. Frequency Histogru of Index 

450 

A sensitivity analysis deteraines hov auch each factor con

tributes to the final results . The sensitivity of the Pesticide 

Risk Index to the contributing sub-indices appears in Table XIII . 
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The nodes having the ten highest values for the Pesticide Risk Index 

had relatively equally balanced compositions of the three sub-in

dices. representing an average of 3~. 3~. and 3~ of the total in

dicies. The lowest ten nodes were predoainantly coaposed of the 

Physical Index. that is 84~ of their total index represents contaai

nation susceptibility, whereas the Exposure Index in the low nodes 

was very s.all. This was expected since utilization of groundwater 

in a particular area is nor.ally either considerable or practically 

nonexistent. Agricultural activity also tends to have a distribu

tion siailar to groundwater usage. Therefore. by generalizing that 

western Oklaho.a has high groundwater consumption and agricultural 

activity, whereas eastern Oklaho.a bas little of either, the occur

rence of high and low index values in the western and eastern por

tions of the state respectively was predicted. The Pesticide Risk 

Index resulted in aost nodes having high or low values, and only a 

few nodes with aediua range values due to the above described dis

tributions of agricultural activity and groundwater usage, and this 

resulted in the bi-aodal distribution of the output for the index. 

The sensitivity analysis for the ten nodes picked at random 

shows aost sensitivity to the Physical Index, on the order of 66X of 

the total, however, the Physical Index was not the controlling fac

tor for reasons explained in the following section. 



TABLE XIII 

SENSITIVITY ANALYSIS FOR PESTICIDE RISK INDEX 

Nodes 

Ten Highest 

Ten Lowest 

Ten Randoll 

Physical 
Ir.rlex 

32X 

84% 

66% 

Index Interpretation 

Pesticide Transport 
Hazard Index 

38% 

14% 

14% 
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Exposure 
Index 

3~ 

2% 

20% 

In order to aid interpretation, the Pesticide Risk Index along 

with the three indices which form it were shaded to emphasize higher 

valued areas and are presented in Figures 15 through 18. Examina

tion of these figures shows that the Pesticide Transport Hazard 

Index, Figure 16, and the Exposure Index, Figure 17, both resellble 

the Pesticide Risk Index, Figure 18, in areas of emphasis. These 

three indices all have high values in particular areas of,the state 

including the panhandle, the northeastern and southwestern corners, 

and a large area in the northern-central region. 
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Figure 15. 
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Highlighted Physical Index 

Highlighted Pesticide Transport 
Hazard Index 
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o- 49 D 
50 - 99 

100 - 183 

fiqure 17. H1qhlighted Exposure Index 

100- 199 D 
177 

163 169 167 167 186 

200 - 299 160 174 167 182 

159 172 176 

300 - 399 162 172 176 

180 

161 

400 - 499 

fiqure 18. Hiqhliqhted Pesticide Risk Index 
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Exaaination of the Physical Index, Figure 15, shows a pattern 

of behavior unlike that of the other indices. A large area of pes

ticide contaaination susceptibility occured in the southeastern 

corner of the state, but the low pesticide and groundwater usage in 

this region resulted in a low Pesticide Risk Index. Several other 

areas of high susceptibility present in the Physical Index did not 

receive representation in the Pesticide Risk Index. This vas partly 

due to the narrower range of values in the Physical Index as coa

pared to the Exposure Index and the Pesticide Transport Hazard 

Index. Also, since the Pesticide Transport Hazard Index and the 

Exposure Index e.pbasized the saae areas, their coabined effect 

overwhelaed that of the Physical Index. 

Although the Physical Index vas not heavily influencin} the fi

nal results, certain influences can be seen in the Pesticide Risk 

Index, such as greater weight to the two nodes in southern Texas 

County and to the nodes located in the alluvial aquifer between 

Jackson and Till.an Counties. However, all variations in the Physi

cal Index, the Exposure Index, and the Pesticide Transport Hazard 

Index must affect the Pesticide Risk Index to some extent since the 

latter is the simple summation of the foraer three. 

The Pesticide Risk Index for Oklahoma shows four areas of high 

risk. The largest area was in the northern central part of the 

state and was the result of high levels of toxic pesticides that 

were predicted to leach, and the heavy reliance on groundwater in 

this area. The Physical Index contains only moderate values in aost 

of this region so susceptibility to contaaination should not be a 

widespread concern there. There was, however. two counties in this 
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area, Woods and Alfalfa Counties, that presented a moderately high 

Physical Index due to the presence of several alluvial aquifers. 

Therefore, the possibility exists for human exposure to pesticide 

contam.inated groundWater in this region. A specific instance of 

drinking water extraction froa a shallow alluvial aquifer which is 

near agricultural production in Alfalfa County is cautioned against 

due to the high risk. 

Another area of Oklahoma having a high Pesticide Risk Index was 

the panhandle. Like the previously described area, this 'iaS due to 

the heavy pesticide and groundwater usage. The panhandle, however, 

has the lowest Physical Ir~ex in Oklahoma as a result of the depth 

to the aquifer and the impermeable aquifer and soil media. 

Therefore, contamination was not indicated by the index but may be 

present. Irrigation, which was not considered by the index co:m.pli

cates the situation further, therefore additional research is neces

sary before inferences concerning the panhandle can be made. 

The next area of concern was the northeastern corner of the 

state. Ottawa County bad the highest Pesticide Transport Index rat

ing in Oklahoma along with a very high Exposure Index. However, as 

suggested by the Physical Index, this region was not highly suscep

tible to pesticide contamination since the majority of the water 

supply originates in deep and confined aquifers. On the other hand, 

shallow wells in rural areas of Ottawa County may pose a health haz

ard. Analysis for pesticide coapounds in the private wells of this 

county as well as in the vadose zone, should clarify the hazards. 

The final area designated by the Pesticide Risk Index was in 

the southwestern corner of Oklahoma where alluvial aquifers again 



increase the contaaination susceptibility. Pesticide use in this 

area was only aoderate, however. as before, separate factors aight 

Ooabine to create isolated pockets of high risk along the alluvial 

aquifers of this region. 
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The output of the Pesticide Risk Index should reflect the risk 

of ht111an exposure to pesticides in groundwater. A higher risk would 

be expected in areas of aajor aquifers. agricultural activity. or 

high groundwater consuaption. Correlation of risk to major aquifers 

can be evaluated by coaparing figure 18 with figure 19 where signif-

icant siailarities are observed. 

•• M tDO .... ,. 

Figure 19. Hajor Aquifers of Oklahoaa 
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Hajor aquifers. agricultural activity, and heavy groundwater 

consuaption appears to correlate to high risk fairly consistently. 

Conversely, areas of dense populations do not necessarily correlate 

to the index. TUlsa County, which is the aost densely populated 

county in the state, has a very low Pesticide Risk Index due in part 

to the lack of significant agriculture and the total reliance on 

surface water for aunicipal water supplies. However, the second 

:aost densely populated county, Oklahoaa Co1.mty, does have a high 

Pesticide Risk Index attributable to the large aaount of groundwater 

consuaed. By coaparing figures 18 and 19, it can be seen that the 

major aquifers occur in areas of high risk except for the Vamoosa 

foraation which extends from Osage County to Seainole County in the 

eastern central region of the state. The lack of risk aay be ex

plained by the saall percentage of water drawn from this large 

aquifer. Thus, it appears that the Pesticide Risk Index quantita

tively aeasures the relevant factors with their associated impor

tance. 

Sources of Error 

Sources of error for the Pesticide Risk Index can be grouped 

into three categories. Arbitrary layout of nodes and the deteraina

tion of hydrogeological factors at the nodal points :u.y lead to sig

nificant distortion of results. This could be rectified by finer 

discreetization of the grid. Another category for sources of error 

includes the data. Uncertainty is associated with pesticide use, 

water consuaption. hydraulic conductivity, vadose zone media. depth 

to water, and other physical factors. Also, the pesticide's de-
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scriptive constants. Id. Ks. and RfD are aore potential sources of 

error . The final category of error is the Pesticide Risk Index it

self . Heither DRASTtC nor LEACH are without uncertainty. and the 

transfora functions and weights developed in this research .ay cause 

significant error . Calibration of the index through further appli

cations would result in better assessaent capabilities. 

Additional Indices 

Physical Trapsport Ipdex 

The Physical Transport Index as displayed in figure 20 gave a 

relative indication of the a•ount ot pesticide that .ay contaainate 

the groumva ter . 

100 - 149 D 
150 - 199 

200 - 249 

250 - 317 1 
- -

figure 20. Highlighted Physical Transport IlXlex 
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figure 21 shows a frequency histogru of the Physical Transport 

Index and it can be seen that a slightly skewed distribution was 

present . 
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Figure 21 . Frequency Histograa of Physical 
Transport Index 

The eliaination of exposure aechanisas fro• this index prevented the 

bi-aodal distribution that vas apparent in the Pesticide Risk Index . 

This suqgests that a siiVJle population was yielded froa the Physical 

Transport Index, whereas the Pesticide Risk Index .ay be tvo 
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separate populations. 'nle Physical Transport Imex vas derived by a 

siaple addition of the Physical Index, Figure 15, to the Pesticide 

Transport Index, figure 22 . 

o - 49 0 
50 - 99 

100 - 183 

Figure 22. 

1 . . ... .. - -_ .. 
Highlighted Pesticide Tran~port Index 

The Pesticide Transport Index vas identical to the Pesticide 

Transport Hazard Imex except tba t it ignored toxicity, and a com

parison of figures 16 and 22 shovs only slight differences due to 

this exclusion. 'nle greatest difference in the tvo indices vas seen 

in the northern-central part of the state where a aoderate decrease 

in values occurs after eliaination of toxicity consideration. This 

could indicate that faraers in this area rely on aore toxic pesti

cides than in other parts of the state, hovever , it aust be recalled 



72 

that only five pesticides were considered for their toxicity. fur

ther analysis would be required to determine toxic pesticide usage 

patterns am this vas beyom the reala of the current efforts. 

'lb.e Physical Transport Index was the suuation of only two pre

ceding indices so it was expected that the Physical Index would have 

more effect on the outcoae than it did in the Pesticide Risk Index. 

'lb.is can be seen in Figure 20 where greater emphasis was given to 

the southeastern corner of Oklahoma as a result of the high Physical 

Index Talues there. 

The Physical Transport Index suggests that the greatest poten

tial for pesticide contaainated groundwater in Oklahoma exists first 

in the panhandle, secondly in Ottawa County, and thirdly along the 

state line in the northern-central part of the state. However. as 

with the Pesticide Risk Index. predictions based on these findings 

should be teapered with knowledge of local conditions and recogni

tion of iaportant. but non-considered factors. 

Physical Transport Hazard Index 

The Physical Transport Hazard Index. as presented in figure 23, 

was the summation of the Physical Index, Figure 15, and the Pesti

cide Transport Hazard Index. figure 16. This index vas derived sim

ilarly to the Physical Transport Index except that the toxicity of 

leached pesticides was a factor for consideration. Coaparison of 

Figures 20 and 23 indicates the great siailarity between the two in

dices. The only difference. other than slight Tariations. was the 

greater weight in the northern central counties for the Physical 

Transport Hazard Index as expected froa the previous comparison of 



the Pesticide Transport Index and the Pesticide Transport Hazard 

Index . 

100 - 149 ~ 

150 - 199 

200 - 249 

250 - 305 1 
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. . .. .. .. .. -_ .. 
figure 23. Highlighted Physical Transport 

Hazard Imex 

The Physical Transport Hazard Imex imicates that the areas of 

the state possessing the aost toxic groundwater due to pesticide 

conta•ination were the 89e areas highlighted by the other irrlices . 

Hore specifically, these areas were the panhandle , the northeastern 

corner , and the northern-central portion of Oklahaaa. Aquifers that 

might bold the •ost proaise for future unpolluted resources , as 

predi cted by the Physical Transport Hazard Index , are the Vuoosa 

formation, the Si~son and Arbuckle groups , The Garber ¥ellington 
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fonaation. and less iaportantly. the Rush Spri~s am Antlers sam

stone for.aations. Aquifers that may be predicted to deteriorate 

froa pesticide contaaination include the alluviua and terrace de

posits. the Roubidoux. Gasconade. and Eainence formations, and the 

Ogallala formation. 

Honte Carlo Analysis Results 

Saraple Size 

'Ille Honte carlo analysis vas conducted to assess the probabil

ity of. pesticide lea chiD;~ in Oklahoma. The a•ount of pesticide 

leached past 12 am 70 inches for the 540 cases in the Honte Carlo 

sillulations is presented in Appendix H. Utilizing these results for 

inferential stateaents vas dependent upon the saaple population be

ing of sufficient size so that the distribution of results achieved 

a steady state. Therefore, any probabilistic analysis would not be 

biased by an incoaplete data set. Plotting of percentile values for 

increasingly larger populations, as displayed in Appendix I indi

cated that probabilities achieved a constant value at approximately 

three hundred siaulations with only slight variations thereafter. 

It can therefore be stated that projections from the complete set of 

si•ulations should not be i•precise due to an insufficient saaple 

size. 

Inclusive Probabilities 

Predictions of the occurrence of pesticide leaching in OklahOlla 

can be derived fro• an analysis of all 540 si•ulations. These si:au-
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lations were designed to cover the probable range of agricultural 

activities in the state. The probability of leaching pesticides is 

presented in Figures 24 and 25. It can be inferred from these 

graphs that more than 5~ of the applied pesticide will leach past 

12 inches less than 11X of the tiae, and that 90% will leach less 

thar1 2" of the time. .At the 70 inch depth.. 50% of the applied pes

ticide will leach less than 4X of the time. Comparison of Figures 

24 and 25 indicate that pesticides will generally leach past 12 

inches twice as often as it does past 70 inches. Therefore, on the 

average, one half of the pesticide moving past a depth of 12 inches 

will be decayed or retarded before it reaches 70 inches. 

Correlation of these numbers to pesticide application rates reported 

for Oklahoma, which approximately average 0.5 pounds per acre and 

range as high as 2.6 pounds per acre, indicates that there was a 4~ 

possibility of one quarter pound per acre on the average or as much 

as 1.3 pounds per acre of active ingredient leaching past the 70 

inch depth (25). 

Separate Probabilities 

Prediction of the effect of specific pesticide applications and 

land management practices was provided by probability assessments of 

each combination of parameters. These assessments yielded .Appendix 

J which may be addressed from Table XIV. Utilization of Table XIV 

begins with selection of values for Ks and Koc· Cross referencing 

of the value for K3 , with the value for Koc indentifies the appro

priate cumulative probability figure in .Appendix J. .A separate plot 

is presented for each of the two depths. 
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at Twelve Inches 
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TABLE XIV 

PROBABILITY FIGURES ADDRESS lU.TRIX 

2 

600 

1200 

0.1 

28 

31 

34 

0.05 

77 

0.001 

Interaediate values of K3 , Koc and CH .ay be applied to the 

figures vith an interpolation technique, by assuming a linear rela

tionship as in the exaaple which follows. It was desired to deter

nne a 5~ probability leaching value at a 12" depth for the 

pesticide diuron applied to a soil having a SCS Curve Number of 66. 

Diuron's decay coefficient (K3 ) in Table VIII was given as 0.0064 

and the Organic Carbon Distribution Coefficient (K0 c) was 398.11. 

The four probability figures which bracket these coefficients are 

shown in Figures 29, 30, 32, and 33 in Appendix J. The 5~ prob

ability leaching values fro• these figures at a CH of 66, which was 

assumed to be located half the distance between the CN curves for 59 

and 73, were 4, 85, 0, and 2 percent of applied pesticide leached 

respectively. Double interpolation required an initial interpola

tion between figures 29 and 30, and 32 and 33 at the K8 of 0.0064 

a:rxl a depth of 12". 
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[ 4 - 85 ] X1 = O.OS _ O.OOi {0.0064- 0.001) + 85 
(17) 

= 76.07 

x2 = [o.o~~ : 001 (0.0064- o.oo1)] + 2 
(18) 

= 1. 78 

The final interpolation between the above two values at the Koc of 

398.11 was calculated by 

X3 (76 · 07 - 1· 78 (398.11- 600)] .. + 1.78 = 2 - 600 (19) 

= 26.9 

Therefore. at the above stated conditions, 26.9X of diuron was 

predicted to leach less than 50X of the tiae. 

Applying the cuaulative probability figures for values outside 

of the given ra~es may not be appropriate, however. Koc values 

greater than 1200 and Ks greater than 0.1 should result in no sig-

nificant leaching irrespective of the other parameters. In Appendix 

J, the probability curves were grouped by holding Ks, Koc· and depth 

constant while CN was varied. The other possible groupiiJJs, where 

Ks, Koc were used as the variables. are presented in Appendices K 

and L respectively. 

The probability outputs predict significant leaching for the 

coabinations of paraaeters in Table XY. 
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TABLE XY 

PARAl'IETERS REStn.. TING IN SIGHIFICAHT LEACHING 

Is Ioc Depth Ha:xill\Dl ~ of 
(inches) Applied Passi:oJ 

0.1 2 12 31 

0.1 2 70 4 

0.05 2 12 40 

0.05 2 70 13 

0.001 ·2 12 97 

0.001 2 70 97 

0.00 600 12 40 

0.001 1200 12 9 

The last two coabinations of Is and Ioc in Table XV indicate 

the possibility for significant leaching at the 12 inch depth. 

however, very little was predicted at 70 inches. so these two coa

binations should not present a significant hazard of groundwater 

contaaination. The greatest potential for leaching was present at a 

I 0 c value of two. Apperxlix L indicates no leaching past 70 inches 

for K0 c values of 600 am 1200, but the possibility for leaching 

always existed for Ioc equal to two. Conversely, Appendix I pre

dicted only a small chance for very ainor leaching at 70 inches tor 

Ioc greater than two. An increased leaching potential as Is de

creased was present for K0 c equal to two. however, Koc was a.ppar-
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ently the deter•inant factor in this siaulation. This can be stated 

since no significant leachinq occurred past 70 inches with Koc 

values other than two. DeclariD;;J that Koc vas the deter•inant · 

factor does not negate the iaportance of Is. In tact, the 

retardance of pesticide was significant only because it allowed a 

longer time span for the decay •ecbanism to function in the upper 

soil layers. Soil retardance. by itself, resulted in very little 

peraanent adsorption of the pesticide. Nevertheless, the amount of 

pesticide leached appeared to be aost sensitive to the Organic 

Carbon Distribution Coefficient. 

co .. on pesticide selections which aay present hazards, based on 

the nonte Carlo analysis, include dica~. carbofuran, and Atrazine. 

Dica:.ba was used priErily on wheat in the. central and western parts 

of the state. This could present a conta•ination potential for 

soils exhibiting high infiltration and low runoff characteristics. 

In particular, wheat fields in the northern-central areas of 

Oklaho.a, located on alluvial or terrace deposits that are sources 

of drinking water. aay be particularly susceptible. Assuaing that a 

soil has a hydrologic classification of "A" and that wheat is grown 

in a contoured and terraced field gives a SCS curve number of 59. 

Applying these conditions to the cuaulative probability figures 

yields a 5~ probability of occurrence for 34~ of the applied 

dicaaba leaching past 70 inches. 

Carbofuran is applied to alfalfa and peanut crops in Oklahoma. 

nany peanut fields are located on alluvial deposits in the western

central part of the state and these .ay be likely sites for contaai

nation. Using the sa•e SCS Curve Hu:aber as in the previous exaaple, 



3~ of the pesticide carbofuran vas predicted to leach at a 5~ 

probability level. 
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Atrazine, which is used on sorqhua and corn fields, would be 

aore likely applied to soils possessing hydrologic classifications 

of ucn or "D". Assuming the more conservative "Cu classification, 

which results in a Curve Nuaber of 85, gives a 5~ probability 

leaching aRount of 6~. The above three exaaples were worst case 

scenarios, but they demonstrate that individual conditions may so 

coabine as to cause a serious incident of pesticide leaching. 

Further siaulations with low to interaediate values of Xoc are nec-

essary in order to fully quantify the possibility for significant 

leaching. 



CHAPTER V 

SlJl'IUARY, CONCLUSIONS, AND R!C011l1ENDATIOHS 

S'llUary 

Pesticide Risk Index 

The Pesticide Risk Index is an easily applied aethod that pro

vides useful results. Due to the constraint that cleanup of pesti

cide contaaina.ted groundwater is unfeasible, prevention is the best 

re•edy. In order to prevent groUDI.water pollution, regulatory agen

cies aust identify the site specific and co~ound specific paraaeter 

co:.binations that result in serious leachiDJ of pesticides. Recoa

aendations froa pesticide :roanufacturers and agricultural extension 

agents .ay decrease the application of mobile pesticides on suscep

tible areas. Failure of voluntary cooperation could necessitate 

legislative restrictions or coaplete bans of particular coapounds. 

Perhaps the greatest iapediaent to the solution of pesticide 

contaaination of groundwater is the lack of knowledge about where 

contamination exists and what particular pesticide coapounds are in

volved. In the recent past, the only sure way to obtain this infor

mation was to conduct broad scale saapliDJ proqrus with analysis 

for all possible pesticides. Due to the great expense involved in a 

aonuaental undertaking of this nature, they were seldoa perforaed. 

The use of an assessaent technique, like the Pesticide Risk Index, 
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to identify areas that have the aost potential for harm would be a 

first step towards the control of pesticide conta.ination of the 

gro'U"OOwater. 

Other Irdices 

I 

83 

The Physical Transport Irdex and the Physical Transport Hazard 

Index could be used in place of the Pesticide Risk Index in the as-

sessment of the potential for pollution. These indices provide a 

narrower focus for investigation of certain aspects of leaching pes

ticides. Co~rison of the Physical Transport Index and the Physi

cal Transport Hazard Index would identify areas of the greatest use 

of higher toxicity, aobile pesticides. Regardless of which particu

lar index is utilized, the aethodology could eliainate the need for 

costly, blanket. aonitoring surveys in the identification of pesti

cide contaainated groundwater. 

Honte Carlo Simulation 

After identification of areas susceptible to groundwater con

taaination by pesticides, a aethod is necessary to indicate what 

particular practices .ay be responsible for the pollution. One such 

method is the Honte Carlo approach which extends a single site model 

into a regional aodel. Although the technique involves a large 

number of coaputer siaulations, the process can be programmed to 

auto.atically generate the necessary input files, initiate the 

simulations, and analyze the results. Once an area has been simu

lated, the results of specific practices on pollution of the ground

water can be quickly am easily deter:ained. This technique will 
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also identify pesticides that should be prohibited due to their 

ability to leach in a large n1111her of soils. Conversely, a particu

lar site may have certain properties which would allow a wide range 

of pesticides to contaainate the groundwater. Such sites .ay 

require utilization by soae aeans other than traditional agricul

ture. foresight and planning should significantly decrease the 

incidences of pesticide contaminated groundwater. 

Conclusions 

Index 

The Pesticide Risk Index for the state of Oklahoma indicated 

that certain portions of the state had a auch higher risk than oth

ers. Generally western Oklahoma was high risk and eastern was low. 

The three sub-indices which coaprise the Pesticide Risk Index also 

displayed this east/vest distribution except for the Physical Index 

which was aore evenly distributed. Therefore, it can be concluded 

that the physical factors affecting the potential for leaching of 

pesticides were aoderately uniform across the state, whereas pesti

cide use and groundwater consuaption were decidedly spatially 

distributed. This spatial distribution was transferred to the 

Pesticide Risk Index which beca•e dominated by it. The Physical 

Transport Index and the Physical Transport Hazard Index closely 

reflected the distribution of the Pesticide Risk Index due to their 

similar data requirements. All three indices consider actual data 

that are recognized as affecting the potential tor pollution, and 
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should therefore afford soae insight into contaaination susceptibil-

ity. 

Transport Siaulation 

The majority of the state of Oklaho.a was simulated with PRZH 

in a Honte Carlo approach yielding probability esti.ates of pesti

cide leaching. This siaulation was designed to consider all 

possible coabinations of input paraaeters. Several combinations in

dicated significant leaching particularly when the organic carbon 

partitioning coefficient was equal to two or less. The only known 

major pesticide used in Oklaho.a. which is included in this category 

is dicamba. Although dica~ has a relatively short soil persis-
. . 

tence. there is still the possibility for leaching to aoderate soil 

depths. Caution should be exercised in the application of this her

bicide, particularly to soils lov in organic matter which would 

decrease the degradation rate of the coapound. 

Recouemations 

EncJineerina Alternatives to Lessen Risk 

Hethods exist which can reaove pesticides fro• groundwater, 

once it ha.s been pUJ}ped to the surface, mking it sate to drink 

(36). However. these techniques are very expensive and often do not 

reaove the sorbed contaainants. Therefore, the prevention of pesti

cide contaaination should ultimately prove to be auch less costly. 

Several avenues are available for protecting this nation's groundwa

ter. Proper instruction for people who use pesticides could prevent 
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improper pesticide selection and over application. These co .. on 

aisuses my be responsible for .any of the occurrences of conta:aina

tion. Best n8nageaent Practices, which attempt to .aintain protec

tion levels with reductions in cheaical applications, should be 

encouraged among the agricultural industry. Pest resistant crops 

and non-polluting biological controls may replace chemical pesti

cides in some situations. 

The least desirable alternative, but one which may becoae in

creasingly necessary, is legislative restrictions on pesticide use. 

This could take the fora of a total ban on a particular pesticide or 

a restriction on pesticide application. An example of the latter 

would be not allowing dicamba to be applied on soils having less 

than 1~ organic matter. Restrictions :aay beco:ae conon as more pes

ticides are found in drinking water sources. 

Reco.aendations for Further Research 

Hore accurate predictions fro• the Honte Carlo analysis could 

be achieved by further siaulations. Each of the 27 combinations of 

input paraaeters should be aodeled several hundred tiaes to provide 

a sufficient saaple size. Also, additional values for pesticide 

properties and run-off curve nmabers should be siaulated in order to 

lessen the need for interpolation. This would also decrease the er

ror due to non-linearity. Siaulation of other crops and soils along 

with an exaaination of the effects of irrigation would broaden the 

predictive capacity of the Honte Carlo analysis. 

The Pesticide Risk Index could be aade aore applicable to the 

state of Oklahoaa if the results of the Honte Carlo siaulation were 



87 

used to define the transport of pesticides. This would be accom

plished by replacin;;r the LEACH Index with the cti:raulative probability 

fiqures in Appendix J. 

Another extension of the indices would be linking the Physical 

Transport Index to a two-diaensional qroundwater transport aodel. 

This would qive an indication of the ulti.ate fate of any leached 

pesticides. The potential for contaaination of aunicipal supply 

wells could be predicted fro• this effort. 

To deteraine if the Pesticide Risk Imex is quantitatively aea

suring risk, it is necessary to siaulate specific sites, identified 

by the index. The Pesticide Root Zone Hodel could be used for these 

siRulations. Conclusive results froa these siaulations would allow 

calibration of the index, thereby qiving a aore accurate prediction 

of the risk froa pesticide contaainated qroundwater. 
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CHEHICAL & AREA 

Cygon 
Western 1/3 
Central 1/3 
Eastern 1/3 

State 
11alathion 

Western 1/3 
Central 1/3 
Eastern 1/3 

State 
Hethyl Parathion 

Western 1/3 
Central 1/3 
Eastern 113 

State 
Parathion 

Western 1/3 
Central 1/3 
Eastern 1/3 

State 
Parathion 6-3 

Western 1/3 
Central 1/3 
Eastern 1/3 

State 
Insecticides (Other) 

Western 1/3 
Central 1/3 
Eastern 1/3 

State 

TABLE XVI 

PESTICIDES APPLIED TO WHEAT 
IN OILAHOnA DURING 1981 

" Of PLANTED ACRES 

.9 
1.1 

.1 
1.0 

2.4 
2.2 

.8 
2.2 

2.9 
3.2 

2.9 

17.8 
31.9 
8.1 

23.7 

6.1 
5.1 

.2 
5.6 

.9 
1.1 

.1 
1.0 

Insecticides (Unknown) 
Western 1/3 1.0 
Central 1/3 2.0 
Eastern 1/3 .1 

State 1.4 

94 

TREATED ACRES 

35,900 
40,300 

500 
76,700 

94,000 
79,000 
3,000 

176,000 

116,000 
113,200 

229,300 

707,100 
1, 136,600 

29,800 
1,873,500 

242,000 
202,500 

900 
445,400 

35,900 
40,300 

500 
76,700 

39,700 
69,800 

500 
110,000 
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TABLE XVI (Continued) 

CHEHICAL S. AREA ~ OF PLANTED ACRES TREATED ACRES 

Banvel 
Western 113 .9 28,000 
Central 1/3 1.4 51,600 
Eastern 1/3 2.3 8,500 

State 1.1 88,100 
2,4-D 

Western 113 5.8 232,000 
Central 1/3 6.3 222,600 
Eastern 1/3 13.3 49,100 

State 6.4 503,700 
Herbicides (Other) 

Western 1/3 .9 34,000 
Central 113 5.2 185,500 
Eastern 1/3 5.3 19,600 

State 3.0 239,100 
Herbicides (Unknown) 

Western 1/3 2.4 94,000 
Central 1/3 4.6 165,100 
Eastern 1/3 8.2 30,500 

State 3.7 289,600 
Vitavax 200 

Western 1/3 .7 28,000 
Central 1/3 1.6 57,000 
Eastern 1/3 4.4 16,200 

State 1.3 101,200 
Vitavax 

Western 113 1.2 48,000 
Central 1/3 1.8 64,600 
Eastern 113 1.3 4,700 

State 1.5 117,300 
Fungicides (Other) 

Western 1/3 2.0 81,000 
Central 1/3 1.4 49,700 
Eastern 1/3 2.8 10,300 

State 1.8 141,000 
Fungicides {Unknown) 

Western 1/3 14.6 579,000 
Central 1/3 10.2 361,600 
Eastern 1/3 3.0 11,200 

State 12.0 951,800 

Sources: See TABLE XVII 
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TABLE XVII 

APPLICATION RATES FOR WHEAT PESTICIDES 

CHEJ:'ITCAL ACRES ~EATED 

Cygon . 392 76,000 30,066.4 

Halathion .686 176,000 120,736.0 

Hethyl Parathion . 607 299,300 181,675.1 

Parathion .499 1, 873,500 934,876.5 

Parathion 6-3 
{Hethyl Para. ) . 780 445,400 355,429.2 

Parat.bitm 6-3 
(Parathion) . 399 445,400 177,714.6 

Insecticide 
(Unknown) . 872 1,147,400 1,000,532.8 

Banvel . 626 88,100 55,150.6 

Broaonal . 359 42,600 15,293.4 

2,4-D . 545 503,700 274,516.5 

Karaex 1.140 45,600 51,984.0 

:rt:PA . 379 69,300 26,264.7 

Rourxlup 1.097 20,300 22,269.1 

Sencor . 751 55,500 41,680.5 

Herbicides 
(Unknown) . 421 289,600 121,921. 6 

1 Pounds per acre of active iD;Jredient 

2 Total pounds of active ingredient used in Oklahoma, 1981 

Source: Cri~well, J. T., "U~e of Pesticides on Hajor Crops in Okla
ho.a, 1981," Research Report P-833, Division of Agricul
ture. Oklahoma State University, Stillwater, Oklaho.a 
(1982). 
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lhH.t 
County Acres 

Bea.nr 310000 
BeckhaM 140000 
Blaine 255000 
Caddo 205000 
CiMarron 200000 
CoMa~~ehe 86000 
Cotton 180000 
Custer 215000 
De-wey 145000 
Ellis 125000 
er-r 127000 
HarMOn 129000 
Harper 195000 
Jackson 295000 
Xi on. 280000 
Rogleor trills 105000 
Texas 360000 
TillMan 189000 
l'ashita 280000 

Alfalfa 340000 
Atoka 3000 
Bryan 22000 
Canadian 250000 
Carter 10000 
Clevelaoo 14000 
Coal 3000 
Creek 7000 
Garfield 435000 
Garvin 23000 
Grady 100000 
Grant 440000 
Jefferson 62000 
Johnston 3000 
Kay 285000 
Kingfisher 332000 
Li:ncoln 1?000 
Logan 112000 
lo•e 15000 
Hajor 190000 
tfarshall 7000 
HeCla. in 27000 
l'furra.y 5000 
:Roble 175000 

TABLE XVIII 

PESTICIDE TREATED WHEAT AREAS 

lfa.la- tieothyl Para-
Cygon thion Para. thion 

lestern Co:gnti,es 

2868 1510 9276 56495 
1m 3392 4189 25514 
2359 6179 7630 46472 
1897 4966 6134 37360 
1951 4945 5995 36448 
796 2084 2573 15673 

1665 43261 5386 32804 
2544 6662 9229 50117 
1342 3513 4339 26425 
1157 3028 3?40 22780 
1175 3077 3900 23145 
1184 3101 3830 23327 
1084 4724 5935 35537 
2730 7147 882? 53761 
2591 6784 8379 51028 

972 2544 3142 19135 
3331 9722 10772 65607 
1749 4579 5655 34444 
2591 6794 9379 51029 

Central Countig 

3820 ?4BB 10730 107735 
34 66 95 951 

247 485 694 6971 
2809 5506 1890 ?921? 

112 220 316 3169 
157 309 442 4436 
34 66 ~ ~1 
79 154 221 2218 

4987 9590 13728 137837 
258 50? ?26 7288 

1124 2202 3156 31687 
4943 %91 13886 139421 
697 1365 1957 19646 
34 66 95 951 

3202 6?:7? 8994 90307 
3730 7312 10477 105200 

191 3?4 536 5397 
1258 2467 3535 35489 
169 330 473 4753 

2135 4185 59% 60205 
79 154 221 2218 

303 595 852 8555 
56 110 159 1584 

1966 3854 5523 55452 

98 

Para. Insecticides 
6-3 Other I UnkJlOIIl'l 

19335 3172 39309 
8732 1432 17753 

15905 2609 32335 
12786 2098 25995 
12474 2046 25361 
5364 980 10905 

11227 1842 22825 
17152 2814 34871 
9044 1494 18397 
7796 1297 15951 
7921 1299 16104 
7984 1310 16231 

12162 1995 24727 
19399 3019 37407 
17464 2865 35505 
6549 1074 13314 

22454 3694 45649 
11789 1934 23966 
1?464 2965 35505 

19194 6616 59009 
169 58 512 

1242 428 3754 
14113 4865 42654 

565 195 1706 
?90 272 2389 
169 ~ :512 
395 136 1194 

2455? 8465 74219 
1298 448 3924 
5645 1946 17062 

24840 8562 75071 
3500 1206 10578 

169 sa 512 
16089 5546 48626 
19743 6460 56645 

960 331 2900 
6323 2179 19109 
947 292 2559 

10726 3697 32417 
395 136 1194 

1524 525 4607 
282 97 853 

9879 3405 29858 
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TABLE XVIII (Continued) 

~t Ka.lt!t.- ~thyl Pan.- Pa.ra. Inse-cticides 
County Acres Cygon thion Para.. thion 6-3 Other I Ut&k:hOIIn 

Central Co'UII.t~es ( Contin~) 

Ok.fuskee 9000 101 198 284 2852 508 175 1536 
Okla. bolla. 36000 404 793 1136 11407 2032 701 6142 
Ps.J:ne 51000 573 1123 1609 16160 2879 992 8'701 
Pontotoc 4000 45 88 126 1267 226 78 682 
Pottan.tolrtie 18000 202 396 568 5704 1016 350 3071 
Seai:nol@ 7000 79 154 221 2218 395 136 1194 
Stephens 70000 786 1~2 2209 22181 ~2 1362 11943 
Woods 345000 3876 7598 10888 109319 19477 6713 5SS63 
lood'ftrd 170000 1910 3744 5365 53867 9597 3308 29005 

Ee.stern Co\U\tiK 

Mair 2000 2 14 0 138 4 2 200 
Cherokee 2000 2 14 0 138 4 2 200 
Choctaw 9000 10 62 0 619 19 10 902 
Craig 31000 36 21:5 0 2133 64 36 3107 
Delao:n.re 13000 15 90 0 895 27 15 1303 
Haskell 6000 7 42 0 413 12 7 601 
Hughes 16000 18 111 0 1101 33 18 1604 
t.tiMr 2000 2 14 0 138 4 2 200 
Le nore 9500 11 66 0 654 20 11 952 
1.1a.:res 20000 23 139 0 1376 42 23 2005 
&Curtain 27000 31 187 0 1858 56 31 2706 
&Intosh 11000 13 76 0 7'57 23 13 1103 
l:fuskogee 36000 42 249 0 2478 15 42 3608 
Bonta 19000 22 132 0 1308 39 22 1904 
Ok•ul.gee 18000 21 125 0 1239 37 21 1804 
Os.a.ge 41000 47 284 '0 2822 85 47 4109 
Otta.'ft 40000 46 277 0 2753 83 46 4009 
Pawnee 27000 31 187 0 1858 56 31 2706 
Pittsburg 5000 6 35 0 344 10 6 501 
Fus:blla. taba 2500 3 17 0 172 5 3 ~1 
Rogers 18000 21 125 0 1239 37 21 1804 
Seqmyah 7000 8 48 0 482 15 8 702 
Tulsa 15000 17 104 0 1032 31 17 1503 
91a.gorer 45000 52 312 0 3097 94 52 4510 
Washington 11000 13 76 0 757· 23 13 1103 
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TABL! XVIII (Continued) 

other Pesticides AD»lied to Wheat 

:K?rbioides litanx litan.x Fungicidts 
Co'llntJ Ba.nvel 2,4-D Other I Unli:DOwn 200 6-3 Other/~ 

Western Counties 

BeaTer 2237 18536 2?16 '1510 2231 3835 6472 46260 
BeckhaM 1010 8371 1227 3392 1010 1132 2923 20892 
Blaine 1940 1524? 2235 61?9 1940 3155 5323 39053 
Caddo · 14?9 12258 1?96 4966 14?9 2536 4280 30:591 
Ciearron 1443 11959 1?53 4945 1443 2474 41?5 29845 
Coma:nche 621 5142 ?54 2084 621 1064 1?95 12834 
Cotton 1299 10163 15?? 4361 1299 2ZJ.1 3158 26861 
Custer 1985 16443 2410 6662 1985 3402 5141 41031 
Dewy 1046 8670 12?1 3513 1046 1'194 302? 21639 
nlis 902 7414 1095 3028 902 1546 2610 18653 
Greer 916 ?594 1113 30'n 916 15?1 2651 18952 
HarMOn 924 76~ 1122 3101 924 1~4 2672 19101 
Harper 1407 11660 1709 4?24 140? 2412 40?1 29099 
Jackson 2129 1?639 2585 ?14? 2129 3649 6159 44022 
Xi on 2021 16742 2454 6184 2021 3464 5845 41184 
PDger tti.lls ?58 6218 920 2544 159 1299 2192 15669 
Texas ~98 21526 3155 8722 2598 4454 ?515 53?22 
Tillaa.n 1364 11301 1656 4519 1364 2338 3946 28204 
fash:i.ta. 2021 16?42 2454 6?84 2021 3464 5845 41?94 

Centra;L CoUI'lties 

Alfalfa. 4891 21100 1?583 15649 5403 6123 4?11 342?5 
Atoka. 43 186 155 138 48 54 42 302 
Bryan 316 1365 1138 1013 350 396 305 2218 
Canadian 3596 15514 12929 11507 3973 4502 3464 25202 
Carter 144 621 517 460 159 180 139 1008 
Clevelard 201 869 ?24 644 222 252 194 1411 
Coal 43 186 155 138 48 54 42 302 
Cr4i4ik 101 434 362 3'22 111 126 9'7 ?06 
&arfield 6258 26995 22496 20022 6912 ?834 602? 43852 
Garvin 331 142? 1189 1059 365 . 414 319 2319 
Grady 1439 6206 51?1 4603 1589 1801 1386 10081 
Grant 6330 2?305 22754 20252 69'92 7924 60% 44356 
Jefferson 892 3848 3206 2854 985 1110 859 6250 
Jolmston 43 186 155 138 48 54 42 302 
Ka.J 4100 11686 14?39 13118 4529 5133 3949 28?30 
Kingfisher 4776 2063 1?169 15281 51?6 59?9 4600 33468 
Lincoln 245 1055 8?9 '782 2?0 306 236 1?14 
Logan 1611 6905 5192 5155 1?80 201? 1552 11291 
Love 216 931 116 690 238 270 208 1512 
l1ajor 2?33 11?91 9826 8745 3019 3422 2633 19154 
tiarshall 101 434 362 322 111 126 97 ?06 
&Clain 388 1676 1396 1243 429 486 374 2?22 
tfurraJ 12 310 259 230 79 90 69 504 
loble 251? 10860 9050 8055 2181 3152 2425 17641 
Okfuskee 129 559 465 414 143 162 125 90? 
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TABLE XVIII (Continued) 

Heorbicides lita.vax litan.x Fungicides 
County BanYel 2,4-D otber I Unknown 200 6-3 otber I Unknown 

Cel!!i:r§l Counti!s ( Cont;i.nued) 

Okla. hoM 518 2234 1862 165? 5?2 648 499 3629 
Payne 734 3165 2637 2347 810 918 7(f'l 5141 
Pontotoc 58 248 20? 184 64 ?2 55 403 
Pottan.t0111ie 259 111? 931 828 286 324 249 1815 
Setai.nol.e 101 434 362 322 111 126 9? 706 
Stephe:ns 100? 4344 3620 3222 1112 1261 9?0 ?05? 
'loods 4963 21410 17842 15879 5482 6213 4?80 34779 
Woodward 2445 10550 8791 7825 2?01 3062 2355 1?137 

E§stern Countita 

Adair 39 22? 91 141 ?5 22 48 52 
Cherokee 39 22? 91 141 ?5 22 48 52 
Cbocta• 177 1021 407 634 337 98 214 233 
Cnig 609 3515 1403 2184 1160 336 ?3? 802 
Delanre ~ 1474 588 916 486 141 309 336 
lla.skell 118 680 2?2 423 224 65 143 155 
lfoqhes 314 1814 724 1127 599 174 381 414 
Lati.er 39 22? 91 141 75 22 48 52 
Le Flore 186 urn 430 669 355 103 226 246 
tfa:res 393 2268 905 1409 748 217 476 517 
~vtain 530 3062 1222 1902 1010 293 642 698 
&Intosh 216 1247 498 775 412 119 262 285 
rtus:togee 707 4082 1630 2536 134? 391 856 931 
Xon.ta 373 2155 860 1338 711 206 452 491 
Oknl.gee 353 2041 815 1268 6?3 195 428 466 
Osage 805 4649 1856 2888 1534 445 975 1061 
Ottan 785 4536 1811 2818 149? 434 952 1035 
Pa'l'nee 530 3062 1222 1902 1010 293 642 698 
Pittsburg: 98 567 226 352 187 54 119 129 
Pusl:fta ta.ha 49 283 113 1?6 94 27 59 65 
Rogers 353 2041 815 1268 6?3 195 428 466 
Sequo:ra.h 13? 794 317 493 262 ?6 16? 181 
'l'ulsa 294 1?01 679 1057 561 163 357 388 
Wagoner 883 5103 2037 3170 1684 488 1070 1164 
l'asldngton 216 124? 498 775 412 119 262 285 

Sources: Criswell, J. T., •use of Pesticides on Hajor Crops in Okla
homa, 1981.• Research Report P-833. Division of Agricul
ture, Oklaho.a State University, Stillwater, Oklaho.a 
(1982). and Cochrane. J. E .. and ialdrop. J. H .. •oklahoaa 
Agricultural Statistics, 1981,• Oklaho.a Departaent of 
AGriculture. Oklaho.a City, Oklahoma. 
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TABLE XIX 

COUNTY WHE.AT PESTICIDE AIDUNTS 

tiala- Hethyl Para- Para. Insecticides 
Cygon thion Para. thion 6-3 Other I 'Unknotm Bann·l 

A-pplication 
P-at~ (Lbs/k) .392 .686 .607 .499 .78 .5 .782 .626 

County festern Counties (Lbs/Count:J:) 

Beaver 1124 5152 5631 28191 15081 1586 34278 1400 
Beckhu 508 2327 2543 12731 6811 716 15480 632 
Bbine 925 4238 4632 23189 12406 1305 28196 1152 
Caddo 744 3407 3723 18642 9973 1049 22668 926 
CiMarron 725 3324 3633 18188 9730 1023 22115 904 
Coft!lCbe 312 1429 1562 7821 4184 440 ~09 389 
Cotton 653 2992 3269 16369 8757 921 19903 813 
Custer 997 4570 4995 25008 13379 1407 30408 1242 
Dewey 526 2410 2634 16186 7054 742 16033 655 
Ellis 453 2071 2270 11367 6081 639 13822 565 
Grftr 461 2111 2307 11549 6178 650 14043 574 
Har110n 464 2127 2325 11640 622? 655 14153 5?8 
Harper 707 3241 3542 11133 948? 998 21562 881 
Jackson 1070 4903 5358 2682'7 14352 1509 32619 1333 
Kion. 1016 4653 5086 25463 13622 1432 30960 1265 
~r Hills 381 1745 1907 9549 5108 537 11610 4?4 
Texas 1306 5983 6539 32738 1'1514 1842 39806 1626 
fillnn 686 3141 3433 1?18? 9195 967 20898 854 
lfashit& 1016 4653 5086 25463 13622 1432 30960 1265 

Central Counties 

Alfalfa 1497 5137 6513 53760 14972 3308 50584 3062 
Atoka 13 45 57 474 132 29 446 27 
Bryan 97 332 421 3479 969 214 3273 198 
Canadian 1101 3??7 4189 39529 11009 2432 37194 2251 
Carter 44 151 192 1591 440 97 1488 90 
CleTeland 62 212 268 2214 616 136 2083 126 
Coal 13 45 57 474 132 29 446 2? 
Creek 31 106 134 1107 308 68 1041 63 
Garfield 1916 6572 8333 68'781 19155 4232 64718 3917 
Ganin 101 347 441 363'7 1013 224 3422 207 
Grady 440 1511 1916 15812 4403 973 14878 901 
Grant 1938 6648 8429 695?1 193'75 4281 65462 3962 
Jefferson 273 937 1188 9803 2730 603 9224 558 
Johnston 13 45 5? 474 132 29 446 27 
:Kay 1255 4306 5459 45063 12550 2713 42402 2566 
Kingfisher 1462 5016 6360 52495 14619 3230 49394 2990 
Lincoln 75 257 326 2688 749 165 2529 153 
Logan 493 1692 2145 1??09 4932 1090 16663 1009 
loY~ 66 227 287 2372 661 146 2232 135 
tiajor 837 2871 3640 30042 8366 1849 28268 1711 
Harshal.l 31 106 134 1107 308 68 1041 63 
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TABLE XIX (Continued) 

Hala- lfeth}'l Pan.- Para. Insecticides 
county Cyqon thion Para. thion 6-3 Otber I Unknown knvel 

Central Counties (Continued) 

&Clain 119 408 517 4269 1189 263 4017 243 
rlurray 22 76 96 791 220 49 744 45 
lohle 771 2644 3352 'Z1670 1706 1703 26036 1576 
Okhske. 40 136 172 1423 396 88 1339 81 
Oklahoaa 159 544 690 5692 1585 350 5356 324 
PayDe 225 771 971 8064 2246 496 7588 459 
Pontotoc 18 60 17 632 176 39 5~ 36 
Pottant011ie 79 272 345 2846 793 175 2678 162 
SeMinole 31 106 134 1107 308 6B 1041 63 
Stepbeons 308 1~ 1341 11068 3082 681 10414 630 
foods 1519 5212 6609 54550 15192 3357 51328 3107 
loodnrd 749 2568 3257 26880 7486 1654 25292 1531 

Eastern Counties 

Adair 1 10 0 69 3 1 175 25 
Cherokee 1 10 0 69 3 1 175 25 
Choctaw 4 43 0 309 15 5 78? 111 
Craig 14 147 0 1065 50 18 2109 381 
Delen.re 6 62 0 446 21 8 1136 160 
Haskell 3 29 0 206 10 3 524 74 
Hughes 7 76 0 549 26 9 1398 19? 
La tier 1 10 0 69 3 1 175 25 
Lenore 4 45 0 326 15 5 830 117 
Hayes 9 95 0 687 32 12 1748 246 
&Curtain 12 128 0 9?:7 44 16 2360 332 
&Intosh 5 52 0 378 18 6 961 135 
Kus:kogee 16 171 0 1236 58 21 3146 442 
lonta 9 90 0 653 31 11 1661 233 
Ok•ul.gee 8 86 0 618 29 10 1573 221 
Osage 19 195 0 1408 66 24 3583 504 
ottan 18 190 0 1374 65 23 3496 492 
PaWI~ee 12 128 0 921 44 16 2360 332 

, Pittsbwg 2 24 0 172 8 3 431 61 
Pushllataha 1 12 0 86 4 1 219 31 
~rs 8 96 0 618 29 10 1573 221 
Sequoyah 3 33 0 240 11 4 612 86 
Tulsa 7 71 0 515 24 9 1311 184 
lhgoner 20 214 0 1545 73 26 3933 553 
W"ashiDgton ~ ~2 0 378 18 6 961 1~ 
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TABLE XIX (Continued) 

Other Pesticid~ 

Hl?rbicides fitanx litnax Fungicides 
2,4-D other I tmknon 200 Other I 'Unknown 

Application 
Pate (Lbs/lc) .545 .745 '.421 .665 .665 .5 .5 

CoQl\ty \'estern CoQl\ties (LbsiCoQl\ti) 

Be~ner 10102 2042 3162 1488 2550 3236 23130 
Jeokh\M 4565 914 1428 672 1152 1461 10446 
Blaine 8310 1665 2601 1224 2098 2662 19026 
Caddo 6680 1338 2091 984 1686 2140 15296 
Ci-rron 6518 1306 2040 960 1645 2088 14923 
Ccea:oohe 2803 561 m 413 708 898 6417 
Cotton 5866 1175 1836 964 1481 18?9 13430 
Custer 8962 1795 2805 1320 2262 2870 20519 
:tlefty 4725 947 1479 696 1193 1514 10819 
Ellis 4073 816 1275 600 1028 1305 9327 
Greer 4139 829 1~ 609 1045 1326 9476 
HarMOn 4171 836 1306 614 1053 1336 9551 
Harper 6355 1273 1989 936 1604 2035 14550 
Jackson 9613 1926 3009 1416 2427 3079 22011 
Kion 9125 1828 2856 1344 2304 2923 20092 
Roger tfills 3422 685 10?1 504 864 1096 7834 
Texas 11?32 2350 36?2 1'728 2962 3?58 26861 
Till.Jia.n 6159 1234 1928 9f1? 1555 1973 14102 
lfa.shita 9125 1828 2856 1344 2304 2923 20892 

Central Counties 

Alfalia 11499 13099 6588 3593 4ff12 2355 1?137 
Atoka 101 116 58 32 36 21 151 
Bryan 744 848 426 232 263 152 1109 
Canadian 8455 9632 4844 2642 2994 1?32 12601 
Carter 338 385 194 106 120 69 504 
Cleveland 473 539 271 148 168 97 706 
Coal 101 116 58 32 36 21 151 
Creek 23? 270 136 74 84 48 353 
Sarfield 14712 16759 8429 4597 5210 3014 21926 
Garvin 779 8S6 446 243 275 159 1159 
Grady 3382 38:53 1938 1057 1198 693 5040 
Grant 14881 16952 9526 4650 5270 3048 22178 
Jeffe-rson 2097 2389 1201 655 743 430 3125 
Johnston 101 116 58 32 36 21 151 
~1 9639 10980 5523 3012 3413 1974 14365 
Kingfisher 11229 12791 6433 3508 3976 2300 16734 
LiDCOln 575 655 329 180 204 118 857 
Logan 3788 4315 2170 1184 1341 776 5645 
Love 507 578 291 159 180 104 756 
t1ajor 6426 7320 3682 2008 22?5 1316 9577 
Harsha.ll 2Yl 270 136 74 84 48 353 
~Cla.in 913 1040 523 285 323 187 1361 
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T.ijn,E XIX (Continued) 

Herbicides Yihn.x lihvax Furq.ic:ides 
County 2,4-D Otber I UDlc::nown 200 Otber 1 t.rnknoMt. 

Centnl Co:gnt;i,u (Con!in~) 

H'UI"r&J 169 193 9? 53 60 35 252 
Boble 5919 6?42 3391 1849 2096 1212 8821 
Ok.fuskM 304 34? 1?4 95 108 62 454 
OklahoMa 1218 138? 698 380 431 249 1815 
Payne 1?25 1965 988 539 611 353 25?1 
Pontotoc 135 154 ?8 42 48 28 202 
Pottantomie 609 693 349 190 216 125 90? 
Snimle '137 2?0 136 ?4 84 48 353 
st.~pbe:ns 236? 269? 1356 ?40 838 485 3528 
'loods 11668 13292 668!1 3646 4132 2390 17389 
l'oodnrd 5?50 6550 3294 1?96 2036 11?8 8569 

~~t.trn Count;;i.u 

Mair 124 6? 59 50 14 24 26 
Cberokee 124 6? 59 50 14 24 26 
ChoctaW" 556 304 26? 224 65 10? 116 
Craig 1916 1045 919 ??1 224 369 401 
Delaware 803 438 386 323 94 155 168 
Haskell 3?1 202 1?8 149 43 ?1 ?8 
Hu1.;Jhes 989 540 4?4 398 115 190 20? 
Latiaer 124 6? 59 50 14 24 26 
Lenore 58? 320 282 236 69 113 123 
tsayes 1236 6?4 593 498 144 238 259 
&C"UJ"tain 1669 911 801 6?2 195 321 349 
&Intosh 680 3?1 326 2?4 ?9 131 142 
tfuskogee 2225 1214 1068 896 260 428 466 
ll'oftta 11?4 641 563 4?3 13? 226 246 
OkMulgee 1112 60? 534 448 130 214 233 
Osage 2534 1383 1216 1020 296 488 530 
Ottawa 24?2 1349 1196 995 289 4?6 51? 
Pa\nleE' 1669 911 801 6?2 195 321 349 
Pittsburg 309 169 148 124 36 59 65 
Pushmataha 155 84 74 62 18 30 32 
Rogers 1112 60? 534 448 130 214 233 
Seqmyah 433 236 208 1?4 51 83 91 
'l'ul.sa 92? 506 445 3?3 108 1?8 194 
l'agoner 2?81 1518 1334 1120 325 535 582 
l"ashington 680 3?1 326 2?4 ?9 131 142 
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TABLE XX 

COUNTY SORGHOlf PESTICIDE AmUNTS 

Di- tfale.- Para- Para. Insecticides ltn-
s:rston thion tbion 6-3 other I Unknown zine Banvel 

Application 
Rate (Lbs/k) .5 .5 .501 .5 .5 .5 1.246 .429 

County Pesticide UsaQ! (Lbs/Countx) 

Adair 1 1 9 2 2 3 7 1 
Alfalfa 13 27 207 38 54 65 157 16 
Atoka 3 7 52 9 13 16 39 4 
Beaver 248 498 3882 7m 1006 1219 2949 309 
Beckha.a 50 100 776 141 201 244 590 62 
Blaine ~ 70 543 99 141 171 413 43 
Bryan 38 76 595 108 154 187 452 47 
Caddo 7? 155 1208 220 313 379 91? 96 
canadian 15 31 242 44 63 76 183 19 
Carter 5 10 78 14 20 24 59 6 
Cherokee 1 1 9 2 2 3 7 1 
Chocta.'lr 12 23 181 33 47 5? 138 14 
CiMarron 891 1'194 139?5 2546 3623 4381 10615 1112 
Cleveland 15 30 233 42 60 73 1'77 19 
Coal 7 13 104 19 ?:1 32 79 8 
Coaanobeo 11 22 173 31 45 54 131 14 
Cotton 13 27 2m 38 54 65 157 16 
Craig 83 166 1294 236 335 406 983 103 
CrM>k 6 11 86 16 22 27 66 ? 
Ct"ISter 50 100 776 141 201 244 590 62 
Delanre 32 65 509 93 132 160 3S7 41 
Dewey 37 74 S?S 105 150 181 439 46 
Ellis 61 122 949 173 246 298 721 76 
Ge.di~ld 10 21 164 30 42 51 124 13 
Garvin 32 65 509 93 132 160 387 41 
Grady 36 72 561 102 145 176 426 45 
Grant 48 96 751 137 195 236 570 60 
Greer 9 19 147 27 38 46 111 12 
Haraon 13 27 2m 3S 54 65 157 16 
Harper 39 7S 604 110 157 190 459 48 
Haskell 4 9 69 13 18 22 52 5 
Hughes 26 53 414 ?5 107 130 315 33 
Jackson 19 38 293 53 76 92 223 23 
Jefferson 7 13 104 19 27 32 79 8 
Johnston 17 33 259 47 67 81 197 21 
Ka.y 77 155 1208 220 313 379 917 96 
Kingfisher 14 29 224 41 58 70 170 18 
Kion 9 18 138 25 36 43 105 11 
LatiMer 1 2 17 3 4 5 13 1 
I.e Flore- 1 2 17 3 4 5 13 1 
Lincoln 14 28 216 39 56 68 164 17 
Logan 8 16 121 22 31 38 92 10 
Love 23 47 362 66 94 114 275 29 
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TABLE XX (Continued) 

Di- Hal&- Pe.ra.- Pe.ra.. Insecticides Atra.-
Ctt'UI'Ity Syston thion thion 6-3 Other I lJnkrown ZiJ» Bl.fl,t'l 

Hajor 23 41 362 66 94 114 215 29 
tfarshall 6 12 95 11 25 30 12 e 
t'!ayes 25 51 391 12 103 125 301 32 
&Cla.in 11 34 261 49 69 84 203 21 
&Curta. in 18 35 216 50 12 81 210 22 
l't::Intosh 24 49 380 69 98 119 2SS 30 
tfurny 3 6 43 8 11 14 33 3 
rfuskogee 31 63 492 90 121 154 313 39 
Koble 21 42 328 60 85 103 249 26 
lonta. 25 51 391 12 103 125 301 32 
Okfuskee 8 11 129 24 34 41 98 10 
OklaboM. 10 20 155 28 40 49 118 12 
Okaulgee 24 49 380 69 98 119 288 30 
OsagE? 50 100 116 141 201 244 590 62 
Ott& ft. 94 188 146? 26? 380 460 1114 11? 
Pa'IJ'Iee 16 32 250 46 65 ?9 190 20 
Payne 11 34 26? 49 69 84 203 21 
Pittsburg 14 28 216 39 56 68 164 1? 
Pontotoc 18 31 285 52 14 89 216 23 
Potte.nto.ie 19 38 293 53 16 92 223 23 
Pusl:aataha 1 2 11 3 4 5 13 1 
Roqer tfills 11 155 1208 220 313 3~ 911 96 
:Roge-rs 12 24 190 35 49 60 144 15 
SeMiWle 9 18 138 25 36 43 105 11 
Sequoya.h 1 1 9 2 2 3 1 1 
Stephlms 12 24 190 35 49 60 144 15 
!ex as 968 1949 15183 2161 3936 4166 11532 1208 
tillnn 36 12 561 102 145 116 426 45 
'l'ulsa 5 10 18 14 20 24 59 6 
ifagoMr 13 25 198 36 51 62 151 16 
Washington 9 18 138 25 36 43 105 11 
Washita 66 133 1035 189 268 325 ?86 82 
foods: 6 11 86 16 22 21 66 1 
loodnrd 66 133 1035 189 268 325 186 82 
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TABLE :XX (Continued) 

Other Pesticides 

tfilo- lferbicide Fur.gi. 
2,4-D Ingran gard l'lodown :Ra•rod Other I tJn:kmwn ~ 

Application 
Pate (Lbs/Ac) .601 1.14~ 1.566 1.159 .5 -~ .5 .5 

County Pesticide Usa.Q! (Lbs/Count:!) 

Adair 10 1 8 6 1 1 4 5 
IU.fal.fa 249 33 204 14? 24 30 89 11? 
Atoka 62 8 ~~ 37 6 8 22 29 
Beaver 46?6 618 381? 2?50 450 563 1662 2190 
BeckhaM 935 124 ?63 sso 90 113 332 438 
Blaine 655 8? 534 385 63 ?9 233 30? 
Blpn ?1? 95 585 422 69 86 255 336 
Ct.ddo 1455 192 1187 856 140 1?5 517 681 
Canadian 291 38 23? 1?1 28 35 103 136 
Carter 94 12 ?6 55 9 11 33 44 
Cherokee 10 1 8 6 1 1 4 5 
Chocta.- 218 29 1?8 128 21 26 ?8 102 
CiMarron 16835 2227 13740 9900 1620 2026 5984 7882 
Cleveland 281 ~ 229 165 2? 34 100 131 
Cod 125 16 102 ?3 12 15 44 58 
Coone he 208 27 170 122 20 25 74 9? 
Cotton 249 33 204 14? 24 30 89 117 
Craig 1559 206 12?2 91? 150 188 554 ?30 
Creek 104 14 85 61 10 13 ~ 49 
Custer 935 124 ?63 sso 90 113 332 438 
Delaware 613 81 500 361 59 ?4 218 28? 
Dewy 696 92 568 409 67 84 24? 326 
Ellis 1143 151 933 6?2 110 138 406 535 
Gar .field 197 26 161 116 19 24 70 92 
Garvin 613 81 500 361 59 ?4 218 287 
Grady 6?5 89 551 39? 65 81 240 316 
&rant 904 120 738 532 87 109 321 423 
Greer 17? 23 144 104 1? 21 63 93 
lfar110n 249 33 204 147 24 30 89 117 
Harper 72? . 96 594 428 70 88 259 341 
Haskell B3 11 6S 49 9 10 30 39 
Hughes 499 66 40? 293 49 60 1?? 234 
Jackson 353 4? 288 208 34 43 126 165 
Je.f.ferson 125 16 102 ?3 12 15 44 58 
JoJmst.on 312 41 254 183 30 38 111 146 
Kay 1455 192 118? 856 140 1?5 517 681 
Ring.fisller 270 36 221 159 26 33 96 127 
Kion: 166 22 136 98 16 20 59 ?8 
LatiMer 21 3 17 12 2 3 ? 10 
Le Flore 21 3 1? 12 2 3 ? 10 
Lincoln 260 34 212 153 25 31 92 122 
Logan 145 19 119 86 14 18 52 68 
Love 436 58 3$ ~7 42 53 155 204 
Hajor 436 58 356 25? 42 53 155 204 
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TABLE XX (Continued) 

tti.lo- He-rbicide Fur¢. 
County 2,4-D Illgran gard rkldown Ramrod other I 'UIIJmOIIn llnk!Oin 

tfarshall 144 15 93 67 11 14 41 54 
tfayes 478 63 390 281 46 58 170 224 
lfc:Clain 322 43 263 189 31 39 115 151 
&Curtain 333 44 2?1 196 32· 40 118 156 
tic Intosh 457 60 373 269 44 55 163 214 
Hurray 52 7 42 31 5 6 18 24 
tlustogee 592 78 483 348 57 71 211 277 
lfoble 395 52 322 232 38 48 140 185 
lonta 478 63 390 281 46 58 170 224 
Otf"UStee 156 21 12? 92 15 19 55 73 
Oklaholl& 187 25 153 110 18 23 66 BB 
OkMulgee 457 60 373 269 44 55 163 214 
Osage 935 124 763 550 90 113 332 438 
Ottawa. 1767 234 1442 1039 170 213 628 827 
Pa~ 301 40 246 177 29 36 107 141 
Pay~~e 322 43 263 189 31 39 115 151 
Pittsburg 260 34 212 153 25 31 92 122 
Pontotoc 343 45 280 202 33· 41 122 161 
Pottant.omie 353 47 288 208 34 43 126 165 
PushMtaha 21 3 1? 12 2 3 ? 10 
Roger tr:i.lls 1455 192 118? 856 140 1?5 517 681 
Rogers 229 30 187 134 22 2B 81 107 
Se-Minole 166 22 136 98 16 20 59 78 
Sequoyah 10 1 8 6 1 1 4 5 
Ste-pbens 229 30 187 134 22 2B 81 107 
Texas 18289 2419 14927 10?56 1?61 2201 6501 8564 
Tillman 6?5 89 551 397 65 81 240 316 
Tulsa 94 12 16 55 9 11 33 44 
lago~~er 239 32 195 141 23 29 85 112 
Washington 166 22 136 98 16 20 59 7B 
91ashita 1247 165 1018 733 120 150 443 584 
Woods 104 14 85 61 10 13 37 49 
l'oodward 1247 165 1018 733 120 150 443 584 
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TABLE XXI 

COUNTY COTTON PESTICIDE AHOUNTS 

Di- P:are.- Insecticide 
AMbush Syston Dylox thion other I 'Unknown 

Application 
Pate (Lbs/Ac) .155 .5 .5 .5 .5 .5 

County Pesticide USe.9! (Lbs/Counti) 

Adair 0 0 0 0 0 0 
Alfalfa 0 0 0 0 0 0 
Atoka 0 0 0 0 0 0 
BeaTer 0 0 0 0 0 0 
Beckha.• 162 404 230 259 932 1244 
Ble.i:re 6 14 8 9 33 44 
Bryan 6 14 8 9 33 44 
Caddo 140 349 198 224 805 10?4 
Canadian 20 50 29 32 116 155 
Carter 0 0 0 0 0 0 
Cherokee 0 0 0 0 0 0 
Choctaw 0 0 0 0 0 0 
CiMarron 0 0 0 0 0 0 
CleTela.bi 5 11 6 ? 26 35 
Coal 2 4 2 3 9 12 
Coae.ncbeo ?2 1?9 102 115 412 550 
Cotton 124 309 1?6 198 ?13 951 
Craig 0 0 0 0 0 0 
Creek 0 0 0 0 0 0 
Custer '5? 143 82 92 331 442 
Delanre 0 0 0 0 0 0 
Dewey 5 11 6 ? 26 35 
Ellis 0 0 0 0 0 0 
Gufield 0 0 0 0 1 1 
Garvin 8 21 12 13 48 64 
Grady 40 100 57 64 230 30? 
Grant 0 0 0 0 0 0 
Greer 121 301 171 193 6~ 928 
Harmon 159 396 225 254 915 1221 
Harper 0 0 0 0 0 0 
Haskell 0 0 0 0 0 0 
Ruqb&s 0 0 0 0 1 1 
Jackson 2?7 692 394 444 1597 2131 
Jefferson 10 26 15 16 59 '79 
Johnston 1 3 2 2 ? 9 
Y.a:r 0 0 0 0 0 0 
King:fisher 0 0 0 0 0 0 
Kion 283 ?06 402 453 1630 21?5 
LatiMer 0 0 0 0 0 0 
Le Flore 0 0 0 0 0 0 
Lincoln 0 0 0 0 1 1 
Loqan 1 2 1 2 5 7 
LoYe 2 6 3 4 13 1? 
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TABLE XXI (Continued) 

Di- Para- Il'I:SeCtioide 
County ab'ush Syston Dylox thion other I tlnk:Doll\ 

Ha.jor 0 0 0 0 0 0 
Harsball 0 0 0 0 1 1 
Hayes 0 0 0 0 0 0 
t'bClain 22 55 31 35 127 170 
&Curtain 0 0 0 0 0 0 
~Intosh 0 0 0 0 0 0 
Hurray 0 0 0 0 0 0 
l'Iuskogee 0 0 0 0 0 0 
loble 0 1 0 0 2 2 
Jfont.a 0 0 0 0 0 0 
O:tfuskee 0 1 1 1 3 4 
OklahoMa 1 2 1 1 4 6 
ouulgee 0 0 0 0 0 0 
Osage 0 0 0 0 0 0 
ottawa 0 0 0 ·o 0 0 
Palfl'ee 0 0 0 0 0 0 
Payne 0 0 0 0 1 1 
Pittsburg 2 4 2 3 10 13 
Pontotoc 0 0 0 0 1 1 
Pottan.toaie 0 0 0 0 1 1 
Pushmataha. 0 0 0 0 0 0 
Roger lti.lls 36 89 51 57 206 275 
P.oge-rs 0 0 0 0 0 0 
Se•iwle 0 0 0 0 0 0 
Seql]Oyah 0 0 0 0 0 0 
Stepbells 14 34 19 22 79 105 
'l'exas 0 0 0 0 0 0 
Tillun 602 1501 854 964 3466 4626 
Tulsa 0 0 0 0 0 0 
Ia goner 0 0 0 0 0 0 
lash:i.Jlgton 0 0 0 0 0 0 
lasbita 288 718 409 461 1658 2213 
Woods 0 0 0 0 0 0 
l'oodnrd 0 0 0 0 0 0 
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TABLE XXI (Continued) 

ot.:ber Pesticides: 

lferbicidt 
Caparol Prowl Ro\ll'ldup 'l'olban 'l'reflan .lJDlmotm 

ApplicatiOIJ. 
Fate (Lbs/Ac) .~ .~ .199 .581 .823 .065 

County Pesticide UsaQ! (Lbs/Countx) 

Adair 0 0 0 0 0 0 
U.fal.fa 0 0 0 0 0 0 
Atoka 0 0 0 0 0 0 
Bea•er 0 0 0 0 0 0 
BeckhaM 240 8512 1243 591 14584 824 
Blai:De 8 300 5 21 515 29 
lrJaiJ. 8 300 5 21 515 29 
Caddo 207 7350 112 511 12594 711 
Canadian 30 1062 1'6 74 1819 103 
Carter 0 0 0 0 0 0 
Cherokee 0 0 0 0 0 0 
Choctaw 0 0 0 0 0 0 
Ci~~arrOIJ. 0 0 0 0 0 0 
Cle•elaiJ.d 7 240 4 17 412 23 
Coal 2 84 1 6 144 8 
CoMaiJ.o:be 106 3765 57 262 6451 364 
Cotton 183 6509 99 452 11153 630 
Craig 0 0 0 0 0 0 
Creek 0 0 0 0 0 0 
Custer 85 3024 46 210 5182 293 
Delaware 0 0 0 0 0 0 
Dewy 7 240 4 17 412 23 
Ellis 0 0 0 0 0 0 
Gar .field 0 6 0. 0 10 1 
Garvin 12 441 1 31 155 43 
&rady 59 2103 32 146 3603 203 
Grant 0 0 0 0 0 0 
Gr~Nr 179 6349 96 441 10879 614 
Harmon 235 8352 127 580 14310 908 
Harper 0 0 0 0 0 0 
Haskell 0 0 0 0 0 0 
lluqbes 0 10 0 1 17 1 
JacksOIJ. 411 14581 222 1013 24982 1411 
Je.f.ferson 15 541 a 39 927 52 
Johnston 2 60 1 4 103 6 
Ka.J 0 0 0 0 0 0 
King.fisher 0 0 0 0 0 0 
Kiowa 419 14881 226 1034 25497 1440 
Lati~~~er 0 0 0 0 0 0 
LeFlore 0 0 0 0 0 0 
Lincoln 0 10 0 1 17 1 
Logan 1 50 1 3 86 5 
Lo•e 3 118 2 8 202 11 
Ha.jor 0 0 0 0 0 0 



114 

TABLE XXI (Continued) 

Herbioide 
County Caparol Pro.rl Ro'OJldup 'l'olban 'l'reflan tftdrnon 

Harshall 0 8 0 1 14 1 
l1ayes 0 0 0 0 0 0 
tfc:Clain 33 1162 18 81 1990 112 
&Curtain 0 0 0 0 0 0 
tfc:Intosh 0 0 0 0 0 0 
tfu:rray 0 0 0 0 0 0 
tfuskogH- 0 0 0 0 0 0 
Koble 0 14 0 1 24 1 
:loftta 0 0 0 0 0 0 
Ok.hskee 1 26 0 2 45 3 
OklahoMa 1 40 1 3 69 4 
Ok~aUlgH 0 0 0 0 0 0 
Osage 0 0 0 0 0 0 
ottawa. 0 0 0 0 0 0 
Pe.~ 0 0 0 0 0 0 
PayM 0 8 0 l 14 1 
Pittsburg 3 90 1 6 154 9 
Pontotoo 0 10 0 1 17 1 
Pottawa.tollli.e 0 6 0 0 10 1 
hshllataha 0 0 0 0 0 0 
Jr.oger tfills 53 1883 29 131 3226 182 
Jr.oq9rs 0 0 0 0 0 0 
Selli.Jiole 0 0 0 0 0 0 
Sequoyah 0 0 0 0 0 0 
.Stephens 20 ?21 11 so 1235 70 
'l'exas 0 0 0 0 0 0 
'l'illMa.n 891 31645 481 2198 54219 3062 
'l'ul.s:a 0 0 0 0 0 0 
Wagoner 0 0 0 0 0 0 
lashington 0 0 0 0 0 0 
Washita 426 15142 230 1052 25943 1465 
Woods 0 0 0 0 0 0 
Woodn.rd 0 0 0 0 0 0 
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TABLE XXII 

COUHTY ALFALFA HAY PESTICIDE JJK)UNTS 

Hab.- tfeth:rl Para- Para. hl'lfiCt.p 
Cygon Furadan thion Para. thion 6-3 -ti 

Application 
Rate (Lbs/Ac) .5 .582 2.59? 1.3? .816 .68? .508 

County Pesticide USaQ! (Lbs/Counti) 

Mair 11 202 248 40 402 ?4 9 
Al.ft.lfa 97 1'710 2173 349 3518 646 78 
Atoka 14 253 310 50 503 92 11 
Beaver 21 379 466 75 754 138 1? 
Beck baa 30 544 66? 10? 1081 198 24 
Bld~ 62 1125 1381 222 2236 411 50 
Bryan 20 367 450 72 ?29 134 16 
Caddo 68 1239 1521 244 2463 452 55 
Ct.:nadian 81 14?9 1816 292 2940 540 66 
Carter 15 278 341 55 553 102 12 
Cherokee 22 404 49? 80 804 148 18 
Choot.s. 'lr 30 556 683 110 1106 203 25 
Ciaarron 64 1163 1428 229 2312 425 52 
Cleyeland 21 392 481 77 m 143 1? 
Coal 11 202 248 40 402 74 9 
C0111.nche 41 ?46 916 14? 1483 2?2 33 
Cotton 16 291 357 57 578 106 13 
Craiq 19 354 435 70 704 129 16 
Creek 19 341 419 6? 678 125 15 
Custer 24 442 543 ff7 880 162 20 
Delaware 18 329 404 65 653 120 15 
Dewy 19 354 435 ?0 ?04 129 16 
Ellis 37 6?0 823 132 1332 245 30 
S..rfield 26 468 5?4 92 930 1?1 21 
6anin 100 1833 2251 362 3644 669 81 
Grady 156 2844 3492 561 5654 1038 126 
Grant 48 885 108? 1?5 1159 323 39 
Greer 62 1138 1397 224 2262 41~ ~0 
Harmon 11 202 248 40 402 ?4 9 
Harper 36 65? 80? 130 130? 240 29 
Haskell 15 265 326 52 528 97 12 
Hug:b.&>s 26 480 590 95 955 115 21 
Jackson 4? 860 1055 170 1?09 314 38 
Je.f.ferson 7 126 155 25 251 46 6 
Jolmston 10 190 233 3? m 69 8 
Xa.:J 66 1213 1490 239 . 2412 443 54 
Kingfisher 46 847 1040 167 1684 309 38 
Kiowa 44 ?96 9?8 157 1583 291 35 
Lati~~~er 13 240 295 47 477 88 11 
LeFlon 21 3?9 466 75 754 138 17 
Li1100ln 40 733 900 145 1457 268 32 
LOOtn 51 923 1133 182 1834 337 41 
LoYe 21 3?9 466 75 754 138 17 
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TABLE XXII (Continued) 

likla- &th:rl Pt.ra- Pan. Penncap 
County Cygon Furadan thion Para. thion 6-3 -n: 

tfajor 54 986 1211 195 1960 360 44 
t.larsball 8 139 1'71 2'7 2'76 51 6 
Hayes 48 885 1087 115 1?59 323 39 
t:fcCbin 58 1062 1304 210 2111 389 4'7 
~Curtain 5 88 109 1? 176 32 4 
tk:Intosh 42 758 931 150 1508 Z17 34 
Uurra:r 28 506 621 100 1005 195 22 
H'Uskogel!? 37 683 838 135 1357 249 30 
loble 43 784 962 155 1558 286 35 
lfonta 43 784 962 155 1558 286 35 
Ok.fusk~ 17 303 373 60 603 111 13 
Oklahoti 36 657 807 130 1301 240 29 
OkMulgee 15 278 341 55 553 102 12 
Osa~ 52 948 1164 187 1885 346 42 
ottan. 9 164 202 32 32? 60 7 
Pawnee 20 367 450 72 729 134 16 
Payne 33 594 730 117 1181 217 26 
Pittsburg 8 139 171 27 276 51 6 
Pontotoc 17 316 388 62 628 115 14 
Pottawatotaie 39 720 SS5 142 1432 263 32 
Pushlaataha 7 126 155 25 251 46 6 
F.oger tfi.lls 25 455 559 90 905 166 20 
~rs 17 303 373 60 603 111 13 
Se•i:oole 26 480 590 95 955 175 21 
Sequoyah 32 581 ?14 115 1156 212 26 
Stephens 60 1100 1350 217 2186 402 49 
Texas 78 1428 1754 282 2840 522 63 
'l'ill.an 57 1049 1288 207 2006 383 46 
'l'ulsa 33 594 730 117 1181 217 26 
Wagoner 30 556 683 110 1106 203 25 
hshi:ngt.on 22 404 49? 80 804 148 18 
Washita 48 872 1071 172 1734 318 39 
Woods 15 265 326 52 528 97 12 
Woodward 32 581 714 115 1156 212 26 
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TABLE XXII (Continued) 

Other Pesticides 

Insecticide ~rbicide 
Otl~r I Unknown Sencor Sinbar 'l'olban other I lJnknown 

Application 
Rate (Lbs/Ac) .5 1.417 .693 .5 1.333 .5 .5 

County Pesticide UsaQ! (Lbs/Cou:ntx) 

Adair 16 600 12 9 48 10 17 
Al..falfa 144 5249 107 77 416 92 149 
Atoka 21 ~0 15 11 59 13 21 
Beaver 31 1125 23 17 89 20 32 
Beckhaa 44 1612 33 24 128 28 46 
Blai11e 91 3337 68 49 365 58 95 
Bryan 30 108? 22 16 86 19 31 
caddo 101 3615 15 54 291 64 104 
Canadian 120 4387 89 65 348 71 125 
Cuter 23 825 17 12 6S 14 23 
Cherokee 33 1200 24 18 ~ 21 34 
Chocta• 45 1650 34 24 131 29 47 
Ciurron 94 3450 70 51 274 60 98 
Cleveland 32 1162 24 17 92 20 33 
Coal 16 600 12 9 48 10 17 
COMarohe 61 2212 45 33 115 39 63 
Cotton 24 862 18 13 68 15 24 
Craig 29 1050 21 15 83 18 30 
Creek 28 1012 21 15 80 18 29 
Custer 36 1312 21 19 104 23 31 
Delaware 21 975 20 14 11 17 28 
Dewy 29 1050 21 15 83 18 30 
Ellis 54 1937 40 29 158 35 56 
Gar .field 38 1387 28 20 110 24 39 
Garvin 149 5437 111 80 431 95 154 
Grady 231 8437 172 124 669 147 239 
Grant 72 3625 53 39 208 46 74 
Gr~er 92 3315 69 50 268 59 9b 
Harmon 16 600 12 9 48 10 17 
Harper 53 1950 40 29 155 34 55 
Haskell 22 181 16 12 62 14 22 
Huqhes 39 1425 29 21 113 25 40 
Jackson 70 2550 52 31 202 44 72 
Je.f.ferson 10 375 8 6 30 7 11 
Johnston 15 562 11 8 45 10 16 
Kay 98 3600 73 53 285 63 102 
Ki:nq.fisher 69 2512 51 37 199 44 71 
Kiowa 65 2362 48 35 18? 41 67 
Latill'ler 19 712 15 10 56 12 20 
Le Flore 31 1125 23 17 89 20 32 
Lincoln 59 2115 44 32 112 38 62 
Logan 75 2737 56 40 217 48 18 
LoYe 31 11~ 23 17 89 20 32 
Major 80 2925 60 43 232 51 B3 



118 

TABLE XXII (Continued) 

Insecticide !ferbicide 
County Other I lJ'nkDOWn Sencor Sinbi.r Tolban Other I 'UnltflOWh 

Harshall 11 412 8 6 33 ? 12 
Hayes ?2 2625 53 39 208 46 ?4 
~lain 86 3150 64 46 250 55 89 
&Curtain ? 262 5 4 21 5 ? 
&Intosh 62 2250 46 33 1?8 39 64 
tfurray 41 1500 31 22 119 26 43 
H'IJS:kogeoe 55 2025 41 30 161 35 5? 
lloble 64 2325 4? 34 184 41 66 
lon.ta 64 2325 4? 34 184 41 66 
Okfuskee 25 900 18 13 ?1 16 26 
OklahoMa 53 1950 40 29 155 34 55 
Obul.ge~ 23 825 1? 12 65 14 23 
Osage ?? 2812 5? 41 223 49 80 
Ot.t.s.wa 13 48? 10 ? 39 8 14 
Pawnee 30 109? 22 16 86 19 31 
Payne 48 1?62 36 26 140 31 50 
Pittsburg 11 412 8 6 33 7 12 
Pontotoc 26 931 19 14 ?4 16 2? 
Pottant011ie 58 213? 44 31 169 3? 61 
PushM.taha 10 3?5 8 6 30 ? 11 
P.oqer tti.lls 3? 1350 28 20 10? 24 38 
Rogers 25 900 18 13 71 16 26 
Sertinole 39 1425 29 21 113 25 40 
Seqooyah 4? 1?25 35 25 13? 30 49 
Stephens 89 3262 66 48 259 5? 93 
Texas 116 423? 86 62 336 ?4 120 
TillMan 85 3112 63 46 24? 54 88 
'l'ulsa 48 1'762 36 26 140 31 50 
!fa goner 45 1650 34 24 131 29 4? 
Washi~on 33 1200 24 18 95 21 34 
Washita ?1 259? 53 3S 205 45 ?3 
Woods 22 ?8? 16 12 62 14 22 
Woodward 4? 1?25 35 25 13'7 30 49 
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TABLE XXIII 

COUNTY SOYBEAN PESTICIDE AHOUNTS 

l11Seot.icide Basa- Blaz- ~tlld-
ot.ber I 'Unk:oown gran er Dual Lasso Lor ox Prowl· up 

Application 
Rt.t.e (Lbs/Ao) .5 .5 .497 .23 .999 2. 0 .431 .951 .609 

Co"Unt.Y Pest.icide USaQ! (Lbs/Count.x) 

Adair 1 3 11 2 12 39 5 18 8 
Alfalfa 1 3 11 2 12 39 5 19 8 
At.oka 7 13 55 11 59 192 24 99 37 
Bea'YE>r 2 3 13 3 13 44 5 20 9 
Beckhs.• 1 2 7 2 9 26 3 12 5 
Blaine 1 2 7 2 8 26 3 12 5 
Bryan 29 59 246 50 263 860 107 398 167 
Caddo 1 3 11 2 12 39 5 1B B 
Canadian ? 14 60 12 64 210 26 97 41 
Carter 7 13 55 11 59 192 24 89 37 
Che-rokee 1 3 a 2 12 39 5 19 9 
Choctaw 6 11 48 10 51 167 21 ?? 32 
Cilla!Ton 2 3 13 3 13 44 5 20 9 
Cleveland ? 14 60 12 64 210 26 97 41 
Coal 7 13 55 11 59 192 24 89 37 
Co•a:oohe 1 3 11 2 12 39 5 1B 8 
Cot.t.on 1 3 11 2 12 39 5 18 8 
Cniq 129 25? 10'74 217 1146 3754 465 1?36 ?30 
Creek 7 14 60 12 64 210 26 97 41 
Cust.E>r 1 2 7 2 8 26 3 12 5 
Delaware Z7 54 224 45 239 ?S2 97 362 152 
Dewey 1 2 7 2 8 26 3 12 5 
Ellis 2 3 13 3 13 44 5 20 9 
Sar.fiEold 1 3 11 2 12 39 5 18 8 
Garvin 7 13 55 11 59 192 24 89 3? 
Grady 7 14 60 12 64 210 26 9? 41 
Grant. 1 . 3 11 2 12 39 5 18 B 
GrE-er 1 3 11 2 12 39 5 18 9 
Ha.r.on 1 3 11 2 12 39 5 1B B 
Harper 2 3 13 3 13 44 5 20 9 
Haskell 21 43 1?9 36 191 626 ?8 289 122 
lfugbli>s: 27 54 224 45 239 ?82 en 362 152 
Jackson 1 3 11 2 12 39 5 18 8 
Jefferson 7 13 55 11 59 192 24 89 37 
Johnst.on 7 13 55 11 59 192 24 99 37 
Kay 1 3 11 2 12 39 5 18 8 
Kingfisher 7 14 60 12 64 210 26 9? 41 
:Kiowa 1 3 11 2 12 39 5 18 8 
Lat.iMer 6 11 48 10 51 167 21 77 32 
Llii' nore 90 161 671 136 716 2346 291 1085 456 
LiilCOln ? 14 60 12 64 210 26 rl 41 
Logan 7 14 60 12 64 210 26 97 41 
Love· 7 13 55 11 59 192 24 99 37 
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TABLE XXIII (Contintued) 

Insecticide Base.- Blaz- Round-
Countr Other I Uraknown gran er Dual Lasso Lor ox FrOifl up 

l"'ajor 1 3 11 2 12 39 5 18 8 
t'larshall 7 13 55 11 59 192 24 89 37 
Hayes 48 96 403 81 430 1408 1?5 651 274 
l:fc:Clain 19 3S 157 32 167 548 6.9 253 106 
tfcCurte.in 90 180 751 152 802 2628 326 1215 511 
ticlnt.osh 38 75 313 63 334 1095 136 506 213 
ti'Vray 7 13 55 11 59 192 24 99 3? 
l:fus:togee 145 289 1208 244 1290 4224 524 1953 821 
Jroble 1 3 11 2 12 39 5 18 8 
lbnt.a 43 8? 362 ?3 397 1267 157 586 246 
Okfuskee ? 14 60 12 64 210 26 97 41 
Okle.holla ? 14 60 12 64 210 26 9? 41 
ObulgH 33 65 273 55 291 954 118 441 185 
Osage . 40 ?9 331 67 353 1158 144 53S 225 
ott&ft 134 268 1119 226 1194 3911 495 1809 ?60 
Pawnee 5 11 45 9 48 156 19 72 30 
Payne ? 14 60 12 64 210 26 9? 41 
Pit.tsburq .8 15 63 13 67 219 27 101 43 
Pontotoc 7 13 55 11 59 192 24 B9 37 
PottantOMie 7 14 60 12 64 210 26 9? 41 
hsllrta. te.ha 6 11 48 10 51 167 21 ?? 32 
Roger Hills 1 2 7 2 8 26 3 12 5 
~rs 38 '75 313 63 334 1095 136 506 213 
SeMinole 7 14 60 12 64 210 26 97 41 
Sequoyah 48 96 403 81 430 1408 175 651 2?4 
Stephens 7 13 55 11 59 192 24 89 37 
!exa.s 2 3 13 3 13 44 5 20 9 
'l'illman 1 3 11 2 12 39 5 18 8 
'!'1JJ.sa 56 113 470 95 501 1643 204 760 319 
Wagoner 188 375 1566 316 1672 5475 679 2532 1064 
Washington 43 86 358 72 392 1251 155 579 243 
washita 1 2 7 2 8 26 3 12 5 
l'oods 1 3 11 2 12 39 5 18 8 
Woodnrd 1 3 11 2 12 39 5 18 8 



121 

TABLE XXIII (Continued) 

Other Pesticides 

Herbicide Fungicide 
Se:ncor Surflan Tolban Treflan Other I Unknown Other /Unknown 

Application 
Rate (Lbs/Ac) .7 .5 .885 .886 .5 .537 .5 .5 

County Pesticide USaae (Lbs/County) 

Mair 3 3 4 36 9 37 3 5 
Al.fa.lfa. 3 3 4 36 9 3? 3 5 
Atoka 13 14 20 175 46 182 15 23 
Bea•er 3 3 5 40 11 42 3 6 
BeckhaM 2 2 3 24 6 25 2 3 
Blaine 2 2 3 24 6 25 2 3 
Bryan 58 62 89 ?83 208 815 6? 104 
Caddo 3 3 4 36 9 3? 3 5 
Canadian 14 15 22 191 51 199 16 26 
Carter 13 14 20 1?5 46 182 15 23 
Cherokee 3 3 4 36 9 37 3 5 
Chocta• 11 12 17 152 40 158 13 20 
Cinrron 3 3 5 40 11 42 3 6 
Cleveland 14 15 22 191 51 199 16 26 
Coal 13 14 20 1?5 46 182 15 23 
Comanche 3 3 4 36 9 3? 3 5 
Cotton 3 3 4 36 9 3? 3 s 
Cnig 252 270 38? 341? 909 3558 291 455 
Creek 14 15 22 191 51 199 16 26 
Custer 2 2 3 24 6 25 2 3 
Delaware 52 56 81 ?12 189 741 61 95 
De'IP'ey 2 2 3 24 6 25 2 3 
Ellis 3 3 5 40 11 42 3 6 
&a.r.field 3 3 4 36 9 3? 3 5 
Garvin 13 14 20 175 46 182 15 23 
Grady 14 15 22 191 51 199 16 26 
Grant 3 3 4 36 9 37 3 5 
Greer 3 3 4 36 9 37 3 5 
Harmon 3 3 4 36 ~ 3? 3 5 
Harper 3 3 5 40 11 42 3 6 
Haskell 42 45 64 5?0 151 593 49 ?6 
Hughes 52 56 81 ?12 189 ?41 61 95 
Jackson 3 3 4 36 9 37 3 5 
Jefferson 13 14 20 175 46 182 15 23 
Jobnston 13 14 20 1?5 46 182 15 23 
Ka.y 3 3 4 36 9 37 3 5 
Kingfisher 14 15 22 191 51 199 16 26 
Kiowa 3 3 4 36 9 3? 3 5 
Latimer 11 12 1? 152 40 158 13 20 
Le Flore 158 169 242 2136 568 2224 182" 284 
Li:oooln 14 15 22 191 51 199 16 26 
Logan 14 15 22 191 51 199 16 26 
Lote 13 14 20 1?5 46 182 15 23 
t1ajor 3 3 4 36 9 3? 3 5 
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TABLE XXIII (Continued) 

lerbicide Fungicide 
County Sencor Sur.tlai'l Tolbai'l '!'re.tlai'l Other I tJnlmolm otber /tiliOft& 

tfarshall 13 14 20 115 46 182 15 23 
Hayes 95 101 145 1282 341 1334 109 171 
Hc:Claii'l 'n 39 56 498 133 519 43 67 
&Curtain 176 189 271 2392 636 2491 204 318 
Hointosh 74 79 113 997 265 1038 85 133 
Hurray 13 14 20 175 46 182 15 23 
Huskogee 284 304 435 3845 1022 4003 328 511 
ROble 3 3 4 36 9 37 3 5 
lowata 85 91 131 1153 307 1201 98 154 
Okfukee 14 15 22 191 51 199 16 26 
Oklahoma 14 15 22 191 51 199 16 26 
Okaulgee 64 69 98 869 231 904 74 116 
Osage 78 83 119 1054 280 1097 90 140 
ottawa 263 281 403 3560 946 3706 304 473 
Pe.wne. 11 11 16 142 38 148 12 19 
Payl'le' 14 15 22 191 51 199 16 26 
Pittsburq 15 16 23 199 53 208 17 27 
Pontotoc 13 14 20 175 46 . 182 15 23 
Pottawatomie 14 15 22 191 51 199 16 26 
PushMataha 11 12 17 152 40 158 13 20 
Roger Hills 2 2 3 24 6 25 2 3 
~gers 74 79 113 997 265 1038 85 133 
SHinole 14 15 22 191 51 199 16 26 
Seq\lOyah 95 101 145 1282 341 1334 109 171 
Stephens 13 14 20 175 46 182 15 23 
'lex as 3 3 5 40 11 42 3 6 
'l'illmai'l 3 3 4 36 9 37 3 5 
'lulst 110 118 169 1495 398 155? 128 199 
WagoDer 368 394 564 4984 1325 5189 425 663 
Washingtoi'l 84 90 129 1139 303 1186 97 152 
Washita 2 2 3 24 6 25 2· 3 
foods 3 3 4 36 9 37 3 5 
Woodn.rd 3 3 4 36 9 37 3 5 
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TABLE XXIV 

COUNTY OAT PESTICIDE Al'K)UH'l'S 

Para- Para. !DSeC:ticide Herb. Fur.gi. 
thion 6-3 Other I unknown 2,4-D HCPA 'Unknown Vnkil091Il 

Application 
Rate (Lbs/Ac) .41 .5 .5 .5 1. 022 .5 .5 .5 

County Pesticide UsaQ! (Lbs/Cou:ntx) 

Adair 12 3 3 17 39 6 a 3 
Alfalfa 75 15 17 100 233 38 47 19 
At.ota % 19 22 129 301 48 60 25 
Beaver 50 10 11 67 155 25 31 13 
BeckhaM 84 17 19 113 262 42 52 21 
Blaixe 103 21 23 138 320 52 64 26 
Bryan 249 50 57 333 777 125 155 63 
Caddo 155 31 35 208 485 7S 9? 40 
Canadian 137 Z7 31 183 42? 69 as 35 
Carter 165 33 38 221 515. 83 103 42 
Cherokee 19 4 4 25 58 9 12 5 
Choctaw 50 10 11 67 155 25 31 13 
Ciaarron 34 7 a: 46 10? 17 21 9 
Cleveland 62 13 14 83 194 31 39 16 
Coal 62 13 14 83 194 31 39 16 
Coru.nche 18? 38 43 250 583 94 116 48 
Cot. ton 62 13 14 83 194 31 39 16 
Craig 103 21 23 138 320 52 64 26 
Cre-ek 62 13 14 83 194 31 39 16 
Custer 106 21 24 142 330 53 66 27 
Delaware 62 13 14 83 194 31 39 16 
Deft}' 143 29 33 192 447 72 89 36 
Ellis 72 14 16 96 223 36 45 18 
Garfield 90 18 21 121 282 45 56 23 
6anin 124 25 28 167 388 62 ?7 32 
Grady 187 38 43 250 583 94 116 48 
Grant. 50 10 11 67 155 25 31 13 
Greer 37 8 9 :50 117 19 23 10 
Harmon 25 5 6 33 78 13 16 6 
Harper 18 16 18 104 243 39 48 20 
Haskell 25 5 6 33 ?8 13 16 6 
HwJbes 62 13 14 83 194 31 39 16 
Jackson 109 22 25 146 340 55 68 28 
Jefferson 187 38 43 250 583 94 116 48 
Johnston 127 26 29 171 398 64 79 32 
Kay 37 8 9 50 117 19 23 10 
Kingfisher 124 25 28 167 388 62 77 32 
Kiowa 62 13 14 83 194 31 39 16 
LatiMer 7 1 2 10 23 4 5 2 
Le Flore 22 4 5 29 68 11 14 6 
Lincoln 249 50 57 333 717 125 155 63 
Loqan 208 42 47 279 651 105 130 53 
Love 155 31 35 208 485 7S 97 40 
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TABLE XXIV (Continued) 

Pa.n- Para. Insecticide Herb. F\liigi. 
Co\lii.ty thion 6-3 other I Unknown 2 1 4-D HCPA UnJmown t1nJmown 

Ha.jor 124 25 28 167 388 62 n 32 
tfarshall 81 16 18 108 252 41 50 21 
Hayes 140 28 32 188 437 70 87 36 
&<:bin 155 31 35 200 485 78 r1 40 
~Curtain 7 1 2 10 23 4 5 2 
~Intosh 37 8 9 50 117 19 23 10 
tlurray 47 9 11 63 146 23 29 12 
tfuskogee 124 25 28 167 388 62 71 32 
Koble 72 14 16 96 223 36 45 18 
Bonta 109 22 25 146 340 55 68 28 
otfuskee 75 15 17 100 233 38 47 19 
OkltboM 230 46 52 300 718 116 143 59 
OkMulgee 143 29 33 192 447 72 89 36 
Osage 109 22 25 146 340 55 68 28 
Ottawa 79 16 19 104 243 39 48 20 
Pawnee 78 16 18 104 243 39 48 20 
Payne 47 9 11 63 146 23 29 12 
Pittsburg 62 13 14 83 194 31 39 16 
Pontotoc 106 21 24 142 330 53 66 27 
PottantOMie 93 19 21 125 291 47 58 24 
Pushllataha 7 1 2 10 23 4 5 2 
Roger Hills 165 33 38 221 515 83 103 42 
P.ogers 124 25 28 167 399 62 n 32 
Se•illole so 10 11 67 155 25 31 13 
Seq110yah 12 3 3 17 39 6 8 3 
StepheDs 155 31 35 208 485 78 97 40 
'l'exas 202 41 46 271 631 102 126 51 
'l'ill.Man 202 41 46 271 631 102 126 51 
Tulsa 53 11 12 71 165 27 33 13 
Wagoner 31 6 7 42 97 16 19 8 
Washington 78 16 18 104 243 39 48 20 
l'as:b:i.ta 177 36 40 238 553 89 110 45 
Woods 37 8 9 50 117 19 23 10 
Woodward 137 27 31 183 427 69 85 35 
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TABLE XD 

COUNTY CORN PESTICIDE AHOUNTS 

IIISeCticide Atra- Herbicide FUDgi. 
other zi» Bladex 2,4-D Dual Other I Unknown Urtknown 

Application 
Rate (Lbs/Ac:) .5 1.319 1.095 .5 .5 .5 .5 .5 

County Pesticide Usa9! (Lbs/Counti) 

Mair 63 131 79 7 6 32 22 31 
Alfalfa 38 79 47 4 3 19 13 19 
Atoka 46 96 58 5 4 23 16 23 
Beaver 110 229 138 12 10 56 39 55 
Beckham 89 186 112 10 B 45 32 44 
BlaiiJe 89 186 112 10 8 45 32 44 
Bryan 165 344 207 19 15 B4 59 82 
Caddo 461 964 580 52 41 235 164 229 
Canadian 471 998 601 54 42 244 170 237 
Carter 46 96 58 5 4 23 16 23 
Cherokee 63 131 79 ? 6 32 22 31 
Choota'!r 99 206 124 11 9 50 35 49 
CiMarron 2962 6195 3?28 335 262 1514 1055 14?3 
Cleveland 181 379 228 21 16 93 65 90 
Coal 46 96 58 5 4 23 16 23 
Colla reb;. 4? 9B 59 5 4 24 1? 23 
Cotton 4? 98 59 5 4 24 1? 23 
Craig 181 379 228 21 16 93 65 90 
Creek 43 90 54 5 4 22 15 21 
Custer 214 447 269 24 19 109 76 106 
Delaware 30 63 38 3 3 15 11 15 
»ewer 89 186 112 10 8 45 32 44 
Ellis 110 229 138 12 10 56 39 55 
Sar.field 3S ?9 4? 4 3 19 13 19 
Gartin 296 619 3?3 34 26 151 106 147 
Grady 148 310 186 1? 13 76 53 ?4 
Grant 38 ?9 4? 4 3 19 13 19 
Greer 47 98 ~9 5 4 24 17 23 
Har110n 165 344 20? 19 15 84 59 82 
Harper 110 229 138 12 10 56 39 55 
Haskell 63 131 ?9 ? 6 32 22 31 
Hughes 181 3?9 228 21 16 93 65 90 
Jackson 47 98 59 5 4 24 17 23 
Jefferson 46 96 58 5 4 23 16 23 
Johnston 115 241 145 13 10 59 41 5? 
Kay 38 ?9 47 4 3 19 13 19 
Ki.:og.fisher 43 90 54 5 4 22 15 21 
Kiowa 47 98 59 5 4 24 17 23 
LatiMer 99 206 124 11 9 50 35 49 
Le Flor~ 99 206 124 11 9 50 35 49 
Li:ocoln 43 90 54 5 4 22 15 21 
Logan 43 90 54 5 4 22 15 21 
Love 46 96 58 5 4 23 16 23 
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TABLE XXV (Continued) 

I:nseotioide Atn.- Jle.rbioide Fungi. 
~unty Other zi:nt Bladex 2,4-D hal other I ttnkld'l'l ~ 

trajor 230 482 290 26 20 118 82 115 
tlarshall 46 96 sa 5 4 23 16 23 
tiaJH 313 654 394 35 28 160 111 155 
tioClain 263 551 331 30 23 135 94 131 
Hceurta.in 99 206 124 11 9 50 35 49 
tblntosh 115 241 145 13 10 59 41 57 
lfurra.y 46 96 sa 5 4 23 16 23 
llUstogee 115 241 145 13 10 59 41 57 
loble 38 "19 47 4 3 19 13 19 
lon.ta. 191 413 249 22 11 101 10 98 
OJr.fuskM 43 90 54 5 4 22 15 21 
Oklahi:Mia 148 310 186 17 13 16 53 14 
Otaulgee 346 123 433 39 31 1"71 123 112 
Osage 115 241 145 . 13 10 59 41 57 
ottawa. 82 112 104 9 1 42 29 41 
Pawnee 30 63 38 3 3 15 11 15 
Fayne 43 90 54 5 4 22 15 21 
Pittsburg 63 131 19 7 6 32 22 31 
Pontotoc 46 96 58 5 4 23 16 23 
Pottan.to.ie 43 90 54 5 4 22 15 21 
:hshM.ta.:ba 99 206 124 11 9 50 35 49 
Roger lfills 89 186 112 10 8 45 32 44 
P.ogHs 30 63 38 3 3 15 11 15 
SniDole 43 90 54 5 4 22 15 21 
Sequoyah 63 131 19 1 6 32 22 31 
Stephi!DS 46 96 sa 5 4 23 16 23 
!e:ra.s 7569 15860 9528 857 669 3868 2697 3764 
fill.Mn 41 98 59 5 4 24 17 23 
!ulsa. 30 63 38 3 3 15 11 15 
Ia goner 30 63 38 3 3 15 11 15 
lashington 30 63 38 3 3 15 11 15 
lashita. 89 186 112 10 8 45 32 44 
WOods 38 19 41 4 3 19 13 19 
foodnrd 38 79 4? 4 3 19 13 19 
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TABLl XXVI 

COUNTY PEANUT PESTICIDE inDUITS 

Di- Fur- IDHCticid• 
SJston adan Se'Yin other IVUnown Balan 2,4-D DJnap Lasso Prow'! 

Application. 
Pate (Lbs/A.c) .816 1.185 .5 .5 .5 .5 .5 2.183 .5 .5 

County hiticid• 1Jsa511 (Lbs/~untx) 

Adair 8 14 3 2 8 2 9 ? 55 3 
Alfalfa 0 0 0 0 0 0 0 0 0 0 
A.to:t.. 2'n 39? ?4 63 221 66 2?6 195 1592 101 
Bea.Yer 0 0 0 0 0 0 0 0 0 0 
Becl:ha• 11 18 3 3 10 3 13 9 ?3 5 
Blaine 11 18 3 3 10 3 13 9 ?3 5 
BrJan 9?0 1623 301 256 903 2?1 1129 798 6506 414 
Caddo ·2185 3655 618 5'76 2034 610 2542 1?96 14650 932 
Ca.Dadian 14 24 4 4 13 4 1? 12 9? 6 
Carter 61 102 19 16 5? 1? ?1 50 409 26 
CMroke 8 14 3 2 8 2 9 ? 55 3 
Choctaw 41 68 13 11 38 11 47 33 2?3 17 
CiMarron 0 0 0 0 0 0 0 0 0 0 
CleYeland 14 24 4 4 13 4 17 12 99? 6 
Cod 15 26 5 4 14 4 18 13 102 1 
Coullchl' 15 125 23 20 69 21 81 61 500 32 
Cotton 5 9 2 1 5 2 6 4 36 2 
Craiq 0 0 0 0 0 0 0 0 0 0 
Creek 14 24 4 4 13 4 17 12 97 6 
Custer 11 18 3 3 10 3 13 9 ?3 5 
Dl'lan.n 0 0 0 0 0 0 0 0 0 0 
Dewy 11 18 3 3 10 3 13 9 13 5 
Ellis 0 0 0 0 0 0 0 0 0 0 
Garfield 0 0 0 0 0 0 0 0 0 0 
Sartin 81 136 25 21 76 23 95 6? 546 35 
&radJ 210 352 65 55 196 59 245 1?3 1410 90 
Grant 0 0 0 0 0 0 0 0 0 0 
&reer 5 9 2 1 5 2 6 4 36 2 
lfa.non 5 9 2 1 5 2 6 4 36 2 
Harper 0 0 0 0 0 0 0 0 0 0 
Haskell 8 14 3 2 8 2 9 1 55 3 
KQJhes 489 817 152 129 455 136 568 402 32'76 208 
Jackson 61 102 19 16 57 17 71 50 409 26 
Jefferson 15 26 5 4 14 4 18 13 102 1 
Johnston 163 2?2 51 43 152 45 189 134 1092 69 
Kay 0 0 0 0 0 0 0 0 0 0 
l:i.ng.fisher 14 24 4 4 13 4 17 12 9? 6 
JC:ion. 5 9 2 1 5 2 6 4 36 2 
LatiMer 1 11 2 2 6 2 8 6 45 3 
~ nor• ? 11 2 2 6 2 8 6 45 3 
Lincoln. 14 24 4 4 13 4 1? 12 9? 6 
Logan 14 24 4 4 13 4 17 12 9? 6 
LoYe 339 568 105 89 316 95 395 2?9 22?5 145 
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TABLE XXVI (Continued) 

Di- Fur- IDSeCticide 
County Syston adan SeYin Ot.bertunknow.n Balan 2,4-D Dynap us so Ptotrl 

tfajor 0 0 0 0 0 0 0 0 0 0 
tfarshall 204 341 63 54 189 57 237 167 1365 87 
Hayes 0 0 0 0 0 0 0 0 0 0 
Koelain 47 79 15 13 44 13 55 39 318 20 
~tain 7 11 2 2 6 2 8 6 4:S 3 
tfclntosh 54 91 11 14 51 15 63 45 364 23 
tlurny 15 26 5 4 14 4 18 13 102 7 
rlusltogee 8 14 3 2 8 2 9 7 55 3 
lohle 0 0 0 0 0 0 0 0 0 0 
lbnt.a 0 0 0 0 0 0 0 0 0 0 
Okfustee 129 216 40 34 120 36 150 106 864 55 
OklahoMa 14 24 4 4 13 4 17 12 97 6 
OltMUI.gN 170 284 53 . 4:S 158 47 197 139 1137 72 
0S8.if}l? 0 0 0 0 0 0 0 0 0 0 
Ottan 0 0 0 0 0 0 0 0 0 0 
PaWDM 0 0 0 0 0 0 0 0 0 0 
Pa:r:ne 14 24 4 4 13 4 17 12 97 6 
Pittsburg 156 261 48 41 145 44 182 128 1046 67 
Pontotoc 15 26 5 4 14 4 18 13 102 7 
Pot.tant0111ie 170 284 53 45 158 47 197 139 1137 72 
Pus:bMataha 7 11 2 2 6 2 8 6 45 3 
Roger tfi.lls 11 18 3 3 10 3 13 9 73 5 
Roge-rs 0 0 0 0 0 0 0 0 0 0 
SeMinole 47 79 15 13 44 13 55 39 318 20 
Seqmyah 8 14 3 2 8 2 9 7 55 3 
St.ephlms 156 261 48 41 145 44 182 128 1046 67 
!ex as 0 0 0 0 0 0 0 0 0 0 
!illraan 5 9 2 1 5 2 6 4 36 2 
'l'ulsa 0 0 0 0 0 0 0 0 0 0 
lagol'll!'r 0 0 0 0 0 0 0 0 0 0 
Washir¢on 0 0 0 0 0 0 0 0 0 0 
lashit.a 75 125 23 20 69 21 87 61 500 32 
l'oods 0 0 0 0 0 0 0 0 0 0 
loodnrd 0 0 0 0 0 0 0 0 0 0 
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TABLE XXVI (Continued} 

~her Pes~icides 

Bouui- Jerbicide 'ferra- F'IJIW1icid• 
up 'folban !refla.n Other I trntnown Bruo chlor Other I Unknown 

Applice.tion 
Pate (Lbslk) .437 .5 .565 .5 .939 .5 .5 .5 .5 

County Pgtic;i:de Usa!;~! (Lbs/CountJ:) 

Adair 3 4 28 3 30 10 7 7 11 
Al.fd.fe. 0 0 0 0 o· 0 0 0 0 
Atoka 98 122 822 87 872 280 192 197 315 
Beaver 0 0 0 0 0 0 0 0 0 
Beckha• 4 6 38 4 40 13 9 9 14 
Blaine- 4 6 38 4 40 13 9 9 14 
Brye.n 401 49? 3359 354 3562 1144 783 805 1287 
Caddo 904 119 7564 m 8020 2576 1763 1813 2898 
Ca.:nadian 6 7 50 5 53 17 12 12 19 
Ca.rter 25 31 211 22 224 72 49 51 81 
Cherokee 3 4 28 3 30 10 7 7 11 
Choctaw 17 21 141 15 149 48 33 34 54 
Ciaarron 0 0 0 0 0 0 0 0 0 
CleYeland 6 7 50 5 53 17 12 12 19 
Cod 6 8 53 6 56 19 12 13 20 
Colla robe 31 38 ~ 'Z1 'Z'/4 98 60 62 99 
Cotton 2 3 19 2 20 6 4 5 7 
Craig 0 0 0 0 0 0 0 0 0 
Creek 6 7 50 5 53 17 12 12 19 
Custer 4 6 38 4 40 13 9 9 14 
Delanre 0 0 0 0 0 0 0 0 0 
Dewey 4 6 38 4 40 13 9 9 14 
Ellis 0 0 0 0 0 0 0 0 0 
Gar .field 0 0 0 0 0 0 0 0 0 
6anin 34 42 282 30 299 96 66 68 lOS 
Grady 97 109 729 77 772 249 170 175 279 
Snnt 0 0 0 0 0 0 0 0 0 
Greer 2 3 19 2 20 6 4 5 7 
Har110n 2 3 19 2 20 6 4 5 7 
Harper 0 0 0 0 0 0 0 0 0 
Haskell 3 4 28 3 30 10 7 7 11 
Hughes 202 250 1691 178 1793 576 394 405 648 
Jackson 25 31 211 22 224 72 49 51 81 
Je.f.ferson 6 9 53 6 56 19 12 13 20 
Johnston 67 83 564 59 598 192 131 1~ 216 
:Kay 0 0 0 0 0 0 0 0 0 
Kingfisher 6 7 50 5 53 17 12 12 19 
.Kiowa 2 3 19 2 20 6 4 5 7 
LatiMer 3 3 23 2 25 9 5 6 9 
Le Flore 3 3 23 2 25 8 5 6 9 
Lirooln 6 7 50 5 53 17 12 12 19 
Logan 6 7 50 5 53 17 12 12 19 
Lon 140 174 1175 124 1245 400 274 282 450 
tfajor 0 0 0 0 0 0 0 0 0 
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·TABLE XXVI (Continued) 

~Wid- Herbicide !erra- FUDgicide 
Co'Ol\t:r up 'l'olban 'l'r•flan othltr /lJl'lkrlown Bruo chlor othfr I VDIWib 

Harshall 84 104 ?05 ?4 ?4? 240 164 169 2?0 
tit yes 0 0 0 0 0 0 0 0 0 
tioClain 20 24 164 1? 1?4 56 38 39 63 
HoCvtain 3 3 23 2 25 9 5 6 9 
He: Intosh 22 28 199 20 199 64 44 45 ?2 
Hurray 6 9 53 6 56 19 12 13 20 
tfuskogH 3 4 28 3 30 10 ? ? 11 
Roble 0 0 0 0 0 0 0 0 0 
loftta 0 0 0 0 0 0 0 0 0 
Ok.f-uskee 53 66 446 4? 4?3 152 104 10? 1?1 
O:tlaholla 6 ? 50 5 53 1? 12 12 19 
Ob'OlgH ?0 9? 59? 62 623 200 13? 141 225 
Osage 0 0 0 0 0 0 0 0 0 
Ottan 0 0 0 0 0 0 0 0 0 
Pa.WIIH 0 0 0 0 0 0 0 0 0 
Pa:r:oe 6 ? 50 5 53 1? 12 12 19 
Pittsbvg 65 90 540 5? 5?3 184 126 130 20? 
Pontotoc 6 9 53 6 56 19 12 13 20 
PottantOMie ?0 9? 59? 62 623 200 13? 141 225 
hshMataha 3 3 23 2 25 9 5 6 9 
Jr.oqeor Hills 4 6 39 4 40 13 9 9 14 
Jr.oqeors 0 0 0 0 0 0 0 0 0 

· SetliDOle 20 24 164 1? 1?4 56 39 39 63 
Sequo:rah 3 4 28 3 30 10 ? ? 11 
Sbphel'IS 65 90 540 5? 5?3 184 126 130 20? 
!exas 0 0 0 0 0 0 0 0 0 
!illMan 2 3 19 2 20 6 4 5 ? 
'l'ul.sa 0 0 0 0 0 0 0 0 0 
\'ago:oer 0 0 0 0 0 0 0 0 0 
lashingt.on 0 0 0 0 0 0 0 0 0 
Washita 31 39 259 2? 2?4 99 60 62 99 
Woods 0 0 0 0 0 0 0 0 0 
\'oodnrd 0 0 0 0 0 0 0 0 0 
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TABLE XXVII 

COllHTY BARLEY PESTICIDE JJI>UHTS 

Pan- I:nsecticide Herbicide Flttlgicide 
th:i.on other I Unknow:n 2,4-D other other I VDknown 

Application 
Pate (Lbs/l.c) .5 .5 .5 .5 .5 .5 .5 

County Pesticide Usa~ (Lbs/Countx) 

Adair 5 2 2 3 3 4 5 
Alfalfa 56 27 17 34 31 49 55 
Atoka 13 6 4 8 7 11 13 
BeaYer 124 58 37 74 69 107 120 
Beckha• 135 64 41 81 75 117 131 
Blaine 303 143 91 183 168 264 295 
Bryan 13 6 4 8 7 11 13 
Caddo 157 74 47 95 87 131 153 
Canadian 640 303 193 386 355 557 623 
Carter 13 6 4 8 7 11 13 
Cherot" 5 2 2 3 3 4 5 
ChoctaW' 0 0 0 0 0 0 0 
Cilaarron 225 106 68 135 125 195 218 
CleYeland 22 11 7 14 12 20 22 
Coal 13 6 4 8 7 11 13 
Cou.110he 180 85 54 lOS 100 156 175 
Cotton 202 96 61 122 112 176 19'7 
Craig 22 11 7 14 12 20 22 
Creek 22 11 7 14 12 20 22 
Custer 359 170 108 217 199 313 350 
Delan.re 22 11 7 14 12 20 22 
Dewy 135 64 41 81 15 117 131 
Ellis 112 53 34 68 62 98 109 
Gar .field 270 127 81 162 150 234 262 
Ga.nin 13 6 4 8 7 11 13 
Grady 135 64 41 81 75 117 131 
Grant 202 96 61 122 112 176 197 
Greer 135 64 41 81 75 117 131 
Haraon 62 29 19 31 34 54 60 
Harper 180 85 54 108 100 156 175 
Haskell 5 2 2 3 3 4 5 
Hughes 5 2 2 3 3 4 5 
Jackson 135 64 41 81 75 117 131 
Jefferson 13 6 4 8 7 11 13 
Johnston 13 6 4 8 7 11 13 
Kay 359 170 108 217 199 313 350 
Xing.fisher 393 186 118 231 218 342 382 
Xi on 62 29 19 31 34 54 60 
LatiMer 0 0 0 0 0 0 0 
Le Flore 0 0 0 0 0 0 0 
Lincoln 22 11 7 14 12 20 22 
Logan 247 117 74 149 13? 215 240 
Lo•e 13 6 4 8 7 11 13 
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TABLE XXVII (Continued) 

Para- Insecticide Herbicide F~cideo 
County thion Otl~r I tmtnown 2,4-D Other other I ttnltnown 

l1ajor 247 117 74 149 137 215 240 
l1arshall 13 6 4 8 7 11 13 
l1ayes 22 11 7 14 12 20 22 
tfoClain 22 11 7 14 12 20 22 
tfoCurtain 0 0 0 0 0 0 0 
~Intosh 5 2 2 3 3 4 5 
Hurray 13 6 4 8 7 11 13 
rluskogee ~ 2 2 3 3 4 ~ 
Joha 314 149 95 190 174 2?4 306 
lfonta 22 11 7 14 12 20 22 
Ok.fuskee 22 11 7 14 12 20 22 
Oklaholae. 112 53 34 68 62 98 109 
OkMulgee 5 2 2 3 3 4 ~ 
Osage 22 11 7 14 12 20 22 
Ot.tan 22 11 7 14 12 20 22 
Pawnee 22 11 7 14 12 20 22 
Payne 168 80 51 102 93 147 164 
Pittsburq 5 2 2 3 3 4 5 
Pontotoc 13 6 4 8 7 11 13 
PottantOMi~ 22 11 7 14 12 20 22 
Pushlla.ta.ba 0 0 0 0 0 0 0 
Roger tfills 236 111 ?1 142 131 205 229 
PDgers 22 11 7 14 12 20 22 
SeMi110le 22 11 7 14 12 20 22 
Sequoye.h 5 2 2 3 3 4 5 
Stephens 13 6 4 8 7 11 13 
!e:ra.s 202 96 61 122 112 1?6 197 
'l'illun 247 117 74 149 137 215 240 
!ul.sa. 22 11 7 14 12 20 22 
Ia goner 22 11 ? 14 12 20 22 
l'ashingt.on 22 11 ? 14 12 20 22 
lfa.shita 236 111 71 142 131 205 229 
foods 67 32 20 41 37 59 66 
lfoodn.rd 56 2? 17 34 31 49 55 
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TABLE XXVIII 

PESTICIDE TRANSPORT HAZARD INDEX 

hn'Yt-1 Fur- tti.lo- lt.re.- !ot.e.l Count.}' Fint.l 
Countt (Pounds) a. dan gard zine 2,4-D Pest. A.rt>a. Index 

Adair 892 619 21 1199 25 Z757 369062 4.35 
Alfalfa. 105601 5073 536 2051 1574 114835 553075 120.89 
Atoka 1064 1863 134 11'13 99 4332 621193 4.02 
B4M•~r 58633 1086 10023 27620 1967 99329 1156912 49.99 
Beckhu 23810 1611 2003 6744 '168 34936 ~12 ~.17 
Blaine 40998 3216 1402 5206 1243 52126 589030 51.53 
Bryan 9406 5704 1536 6918 445 23009 577590 23.19 
Caddo 35063 14027 3117 16349 1481 70036 922'196 49.56 
Canadian 'n980 4309 622 10264 1262 94335 576909 95.21 
Carter 3294 1099 200 1347 135 6064 529600 6.67 
Cherokee 892 1199 21 1199 28 3339 4'79995 4.06 
Choota• 4299 nee 467 2990 129 9663 497936 11.53 
Ciaarron 69165 3333 36078 146095 31~ 25'1807 11'18595 12?.36 
Cle'Yeland 4975 1192 601 4832 131 11'132 338636 20.17 
Coal 1201 653 269 1521 59 3'702 333091 6.47 
CollaM:hi! 13826 2496 446 1990 497 19256 688492 16.28 
Cotton 28442 960 536 2216 944 3289'1 419559 45.65 
Craig 66559 1015 3340 1183'7 502 93251 498147 99.30 
Creek 2402 1046 223 1356 75 5102 594982 4.99 
Custer 44'138 1318 2003 9013 13'73 59445 628121 54.18 
Delanre 26520 943 1313 3911 213 32900 460992 41.55 
Dew}' 24050 1066 1491 5432 '182 32822 644582 29.65 
Ellis 21995 1920 2450 8256 723 35341 '798761 26.09 
Gar .field 134831 42 423 1764 2012 139073 6'18451 119.35 
Ganin 8508 5644 1313 8743 251 24459 520268 27.37 
6ndy 32456 9160 1447 639'7 653 50112 708025 41.21 
&rant 13"1988 2537 1938 5640 2105 150207 642139 136.07 
&rMr 20105 3288 3'78 1816 593 26179 409505 3'7.31 
Bar .on 20319 605 536 4354 597 26471 343526 44.87 
Harper 31872 1883 1560 5979 975 42270 664665 37.03 
Haskt-11 2?10 800 179 1590 .72 5351 364704 8.54 
ltoglaes 7891 3717 1069 6032 298 19006 51:5352 21.47 
Jackson 46522 Z757 "156 2190 13'71 54196 522905 60.35 
Jt-f.ft-rson 19418 436 268 1521 372 22014 492102 26.05 
Jolmston 1647 1324 667 3807 134 7578 409088 10.79 
lay 91329 3477 3117 9656 1498 1090'16 589465 106.75 
l':ing.fisher 103199 2496 ~0 2260 1591 11012? 519692 110.61 
lion 437Tl 2307 357 1764 1249 49455 652096 44.16 
LatiMer 892 719 45 1903 24 3584 465958 4.48 
LErnore 4048 1118 45 1903 91 7205 1014265 4.14 
Lincoln 5832 2170 55? 2209 216 10982 61?081 10.36 
Logan 34960 2?14 312 1582 623 40191 478771 48.88 
LoYe 5621 2114 935 3224 241 12140 332294 22.32 
Hajor 59696 2826 935 6579 9?3 ?1009 612806 6?.4? 
l'Jarshtl.l 2436 13?6 244 1460 1l2 5628 238013 13.?6 
Hayes 24839 2337 1024 8300 288 36999 4118'78 52.29 
tk.Qain 9057 3270 691 6553 238 19810 372179 30.99 
nccurtain 12145 284 712 3615 268 17024 1168876 8.48 
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TABLE XXVIII (Continued) 

Be.:nn·l Fv- Hilo- A.tre.- !otal Cou:nty Final 
County (Pounds) a dan gard ZilW 2,4-D Pest. Aret Index 

tlci:ntosh 5661 2433 9'79 4598 1'15 13846 383526 21.02 
lfvray 1647 1525 110 1121 52 4455 260883 9.65 
tfustogee 16502 1998 1268 5336 423 25528 521331 28.51 
lobltr 54962 2247 846 2851 882 6178? 471072 76.3? 
lonta 24393 2247 1024 62~ 266 341~ 34~ ~.46 
Ok.fuskeeo 3122 1488 333 1634 113 6690 402003 9.69 
OklahoM. 11528 1952 402 3720 291 17892 453401 22.98 
Otnlgee 8611 1611 979 8787 295 20284 446425 26.45 
Osag~t 49370 2717 2003 7222 503 61815 1449286 24.83 
Ottawa 77502. 470 3786 11177 590 93526 297568 183.00 
PaW'Jiif!'l' 21717 1052 646 2199 292 25906 352947 42.74 
Payne 16468 1771 691 2546 304 21780 441990 28.69 
Pittsburg 2676 1146 557 ~ 125 7068 800352 5.14 
Pontotoc 2024 980 735 2712 110 6561 458841 8.33 
Pottawatollie 6347 2878 756 2720 192 12894 501318 14.98 
PushM&taha 1098 393 45 1903 29 3467 906617 2.23 
Roglior lti.lls 19556 1356 3117 9586 782 34342 733395 27.26 
P.oglns 8097 868 491 1799 229 11484 4368'76 15.31 
Seltinole 2539 1602 3'57 1695 83 6276 408646 8.94 
Seq\ID,.h 2985 1705 21 1199 66 5976 433875 8.02 
Stephns 22129 3901 491 2086 429 29036 566028 29.87 
!exas 97230 4093 39195 237802 4144 382464 1305580 170.57 
!ill.aan 30843 3032 1447 4554 999 40875 578470 41.14 
'l'ulsa ~19 1703 200 1060 158 9639 365811 15.34 
Ia goner 19521 1594 512 1860 411 23897 3'5""' 38.87 
lashi:ngto:n 5009 1158 357 1460 145 8129 270828 17.48 
lashitt: 46213 2858 2673 8448 1462 61654 643852 55.'15 
Woods 106836 760 223 1260 1563 110642 826316 77.96 
loodn.rd 55339 1665 2673 ~18 30 67225 794848 49.24 
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Ground 
Co'Unty later 

(Aore-Ft) 

Adair 0 
Alfalfa 1230 
atoka 116 
Beam 124 
Beckhu 60 
Bl&i:ne 886 
Bryan 1357 
Caddo 1268 
Caudian 3316 
Cart..r 807 
CherokM 0 
ChoctaW' 32 
CiMrron 1 
CleYelt.nll 8665 
Coal 104 
Con:nohlt 6'78 
Cotton 143 
Craig 6 
Creek 110 
Cuter 2542 
I»laftre 55 
Dewy 70 
Ellis 404 
S..rfieold 6402 
6anin 1086 
Grady 701 
Grant 836 
Greer 1785 
Hanon 263 
Harper 474 
Haskell 0 
Hug hits 94 
Jackson 276 
JQ.f.feorson 471 
Johnston 250 
l'a:r 11140 
tiag.fi s:hrtr 9378 
Xi on 930 
La tiller 0 
Leo Flore 0 
Li11100ln 261 
Logan 4'16 
Lo.-. 293 
tlajor 4136 
tft.rshall 0 
l:fayti 0 
&<:lain 531 

TABLE XXIX 

EXPOSURE IRDIX 

Surface total 
lat.r lat.r 

(A.ore-Ft) (Acre-Ft) 

3613 3613 
0 1230 

150 266 
0 124 
1 61 

24 910 
2881 4238 
9403 10671 

0 3316 
9092 9989 
6147 6147 

0 32 
0 1 

15969 24634 
15 119 

20458 21136 
415 558 

1543 1549 
6062 6112 
1130 3612 

0 55 
0 70 
0 404 
0 6402 

:583 1669 
0 701 
0 836 
0 1785 
0 263 
0 474 

1094 1094 
1992 2086 
2994 3260 

64 535 
32 282 

2910 14050 
0 9378 

2?8 1108 
2369 2369 
4936 4936 
457 718 

2320 2796 
0 293 
0 4136 

798 798 
1?50 1?50 

0 531 
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Percent Popu- Final 
&ro'Ohl lation Ilidex 
later (1000'S) 

0 18.575 0.00 
100 7.ff17 117.47 
44 12."149 51.51 

100 6.806 117.44 
98 19.243 116.94 
97 13.443 115.09 
32 30.535 38.49 
12 30.905 14.29 

100 56.452 123.23 
9 43.610 9.93 
0 30.684 0.00 

100 17.203 118.65 
100 3.648 117.07 
35 133.173 46.49 
rn 6.041 102.56 
3 12.456 3.79 

26 7.338 30.11 
0 15.014 0.46 
2 59.210 2.20 

69 25.995 82.85 
100 23.946 119.44 
100 5.922 117.33 
100 5.696 117.29 
100 62.820 123.9'7 
65 27.8:J6 78.01 

100 39.490 121.25 
100 6.518 117.40 
100 6.877 117.44 
100 4.519 117.17 
100 4.715 117.19 

0 11.010 0.00 
5 14.338 5.33 
8 30.356 10.18 

88 9.183 103.53 
89 10.356 104.48 
79 49.852 97.09 

100 14.187 118.30 
?5 112.711 97.22 

0 9.840 0.00 
0 40.698 0.00 

36 26.601 43.53 
17 26.891 20.39 

100 7.469 117.51 
100 8.772 117·.67 

0 10.550 0.00 
0 32.261 0.00 

100 20.291 119.01 
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TABLE :XXIX (Continued) 

&round Surface !otal Percent Popu- FiMl 
COunty Water •ter •t.r SroUDII lation Ibd•x 

(Acre-Ft) (Aore-Ft) (Acre-Ft) tater (1000'S) 

~wtain 0 3483 3483 0 36.151 0.00 
&Intosh 0 2922 2822 0 15.495 0.00 
Hurray 0 ol892 4892 0 12.147 0.00 
l'fuskogM 0 393 393 0 66.939 0.00 
loble 63 15'78 1641 4 11.573 4.53 
lonta 0 200 200 0 11.486 0.00 
Ok.fuskM 0 981 981 0 11.125 0.00 
Oklt.hoM 12?61 0 12761 100 568.933 183.00 
OJnralgH 0 9658 8658 0 39.169 0.00 
Osage 141 10393 10534 1 39.32'7 1.62 
Ottan 3524 0 3524 100 32.8?0 120.48 
Pawswe 10? 1311 1418 8 15.310 8.94 
Payne 562 2312 2934 19 62.435 23.74 
Pittsbwg 0 615 615 0 40.524 0.00 
Pontotoc 4511 4244 8755 52 32.598 62.06 
Pottafttoaie 913 473 1386 66 55.239 81.00 
Pushllataha 0 721 721 0 11.773 0.00 
Roglltr trills 4 192 196 2 4.799 2.39 
J.ogtors 0 1642 1642 0 46.436 0.00 
SeMinole 5432 5010 10442 52 27.473 62.35 
Seqmyah 0 3043 3043 0 30.749 0.00 
Stephens 1379 5836 7215 19 43.419 23.26 
!exas 4384 0 4384 100 17.?27 118.71 
!ill ~~en 515 2002 259? 20 12.398 23.42 
Tulsa 0 112635 112635 0 470.593 0.00 
ifa9)Der 0 1236 1236 0 41.801 0.00 
fashi.Dgton 0 5049 5049 0 48.113 0.00 
fashi.ta 1932 2643 4575 42 13.798 49.94 
loods 256 0 256 100 10.923 117.92 
loodward 5584 0 5584 100 21.172 119.11 
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BanYel 
County (Pounds) 

Adair 10.11 
Alf8lfa 1204.11 
Atoka 12.13 
BeaY•r 668.56 
Bectha• 211.49 
Blt.:ineo 461.48 
Bryan 95.84 
Caddo 399.81 
Canadian 888.02 
Carter 3'7.56 
CherotN 10.1? 
Chocta• 48.90 
Ciurron 188.66 
CleYeland 56.12 
Coal 13.69 
eo.anche 15?.65 
Cotton 324.30 
Craig 158.93 
Cre.t 21.38 
Custer 510.12 
Delaware 302.40 
Dewy 214.23 
nlis 250.16 
Gar .field 1537.42 
Garvin 91.02 
Grady 3'70. 08 
&rant 15?3.41 
Greer 229.24 
Har.on 232.31 
Harper 363.42 
Ht.skell 30.90 
Hnghes 89.98 
Jackson 530.41 
Je.f.ferson 221.42 
Johnston 18.18 
Kaf 1041.3'7 
X:i.Dgfisher 1116.13 
Kion. 499.1? 
La. tiller 10.1? 
Lenore 46.16 
Lincoln 66.50 
Logan 398.63 
LoYe 64.16 
tSajor 680.69 
Harsha.ll 21.18 
Hayes 283.23 
tbelain 103.28 
~Curtain 138.48 

TABLE XXX 

PHYSICAL TRANSPORT IHDEX 

Fv- tti.lo- ltra.-
ad an gard ziDe 

43.18 1.49 22.44 
358.18 3?.88 38.3'7 
131.16 9.41 21.95 
16.82 10S.82 516.14 

113.92 141.69 126.18 
231.69 99.16 91.40 
403.3'7 108.63 129.43 
992.01 220.43 305.85 
304.66 44.01 192.03 
71.03 14.11 25.20 
84.13 1.49 22.44 

126.48 33.05 55.93 
235.?4 ~1.52 2133.31 
84.32 42.53 90.41 
46.22 18.94 28.46 

1?6.55 31.5? 3?.24 
60.81 3'7.88 41.46 
11.16 236,21 221.46 
13.99 15.?8 25.3'7 
93.24 141.69 168.62 

669.69 92.85 13.1? 
'75.40 105.48 101.63 

135.81 113.26 154.4? 
3.00 29.90 33.01 

399.12 92.85 163.58 
64?.83 102.32 119.6? 
119.39 13'7.05 105.53 
232.50 26.14 33.98 

42.'77 31.88 81.46 
133.1? 110.31 111.81 
56.55 12.63 29.16 

262.90 '75.58 112.84 
195.00 53.48 52.19 
30.81 18.94 28.46 
93.65 4?.11 ?1.22 

245.88 220.43 161.95 
1?6.55 41.04 42.28 
163.1? 25.26 33.01 
50.88 3.16 35.61 
19.05 3.16 35.61 

153.44 39.3? 41.30 
191.96 22.10 29.59 
191.96 66.11 60.32 
199.86 66.11 123.09 
~.30 19.21 21.32 

119.39 12.42 155.28 
231.28 48.84 122.60 
20.01 50.32 6?.64 
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!otal FiMl 
2,4-D Pest. I :Did ex 

2.52 80 5.13 
15?.45 1197 85.94 

9.86 185 ?.80 
196.15 2168 49.51 
?6.81 130 33.38 

124.33 1020 45.80 
44.46 182 35.81 

148.15 2066 66.41 
126.15 1555 ?1.29 
13.51 16? 8.34 
2.16 122 6.?4 

12.93 m 15.02 
313.48 6623 148.63 

13.10 28'1 22.42 
5.91 113 8.91 

49.?0 453 1?.40 
84.39 549 34.61 
50.1? 1339 '72.55 
?.48 150 6.61 

131.30 1051 44.26 
21.31 556 31.90 
?8.23 635 26.06 
'72.30 '1S? 26.39 

201.18 1804 ?0.33 
25.10 1?8 39.55 
65.28 1305 48.15 

210.46 2206 90.18 
59.28 ~ 31.68 
59.14 454 34.96 
91.53 816 32.41 
?.22 131 9.94 

29.'79 5?1 29.29 
131.01 968 48.96 
31.15 33'7 18.11 
13.38 244 15.18 

149.16 1819 81.62 
159.11 1596 '12.82 
124.88 845 34.21 

2.45 102 5.?9 
9.10 113 4.51 

21.59 322 13.80 
62.29 ?05 38.95 
24.05 401 32.40 
9?.21 116? 50.31 
11.1? 181 20.11 
28.82 119 46.1? 
23.83 530 31.61 
26.'78 303 6.86 
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TABLE XXX (Continued) 

Be.nY~l Fur- tti.lo- At.re.- !ot.e.l Final 
Count.r (FoUDds) adan ga.rd zire 2,4-D FHt. Imex 

ti::Intosh 64.55 112.09 69.'n 86.02 17.46 409 28.21 
tturrar 18.78 10? .84 7.80 20.98 5.21 161 15.84 
tfuskogee 188.17 141.28 89.69 99.84 42.31 561 28.46 
loble 626.70 158.92 59.80 53.33 88.18 98? 55.42 
llon.ta 278.14 158.92 72.42 116.10 26.57 ~ 49.86 
Okfuskee 35.60 105.20 23.58 30.5? 11.29 206 13.55 
OklahoMa 131.44 138.04 28.41 69359 29.15 m 23.16 
OJunilgM 98.19 113.92 69.'n 164.39 29.54 4?5 28.14 
Osage 562.94 192.16 141.69 135.12 50.25 1082 19.?5 
Ot.tan 883.72 33.24 267.78 209.10 59.02 1453 129.15 
Pawnee 24?.63 74.39 45.68 41.14 29.21 438 32.82 
Pa:r:ne 187.78 125.'n 48.84 47.64 30.35 440 26.33 
Pittsburg 30.51 81.08 39.37 47. f¥7 12.51 211 6.f¥7 
Pontotoc 23.08 69.32 52.00 50.73 10.99 206 11.87 
Pottant.oai~ 72.37 203.51 53.48 50.89 19.24 400 21.10 
PuslM.taha 12.52 'n.?? 3.16 ~.61 2.86 82 2.39 
RDger tti.lls 222.98 95.88 220.43 119.35 72.80 791 28.53 
P.ogers 92.32 61.42 34.73 33.66 22.8? 245 14.83 
SHinole 28.95 113.31 25.26 31. ?1 8.28 20? 13.40 
8eq'UOJ8.h 34.03 120.61 1.49 22.44 6.56 185 11.28 
Stephe:os 252.32 215.8? 34.73 39.02 42.92 645 30.14 
!~txas 1108.66 289.46 2'711.94 4449.06 414.3? 9033 183.00 
tillMn ~1.69 214.46 102.32 95.20 99.89 854 39.04 
"hlsa 74.33 120.40 14.11 19.84 15.76 244 17.64 
la.go:r.er 222.59 112.70 36.21 34.80 41.06 447 33.03 
la.sh:i.~ 57.12 81.89 25.26 'n.32 14.49 206 20.12 
lash:i.t:a 526.95 202.09 189.04 158.05 146.25 1222 50.20 
Woods 1218.20 53.72 15.78 23.58 156.34 1468 46.99 
l'oodftrd 631.01 117.71 189.04 140.65 3.00 1081 35.97 
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10001 *************************************************************** 
10101 Randoa nuaber generator prograa to be ~ed with PRZH 
1020 1 

10301 for Dr. :ncTernan By: Albert Aquilar 
1040 1 *************************************************************** 
10501 

1060 DI:n IHR(100,8) : CBX=O : ~3 
1070 CLS 
1080 LOCA'IE 1, 1, 0 : PRINT •nr JfcTernan • : LOCA'IE 1, 25, 0 : PRIHT •olL.Ali)11A 

STATE UHIVERSITY• 
1090 LOCATE 1,69,0 :PRINT •&1 Aguilar• 
1100 LOCATE 5,1,0 : PRINT •The current default values are ... • 
1100 LOCATE 6,1,0 :PRINT •xs =•; :PRINT USING •t.III;KS1 
1120 LOCATE 7, 1, 0 : PRINT •IOC= •; :PRINT USING •t. Ill; IOC 
1130 LOCATE 8,1,0: PRINT •cH1=•;:PRIHT USING •ttt•;CH1 
1135 LOCATE 9,1,0 : PRINT •cH2=•; :PRINT USIHG •ttt•;CH2 
1140 LOCATE 10,1,0: PRINT •CH3=•;:PRIHT USIHG •ttt•;CH3 
1145 COLOR 0, 7, 0 :LOCATE 23, 1, 0 :PRIHT •PRESS [RETURN} To Continue 

[ E] To ldi t [X) To Exit • :COLOR 7, 0, 0 
1150 GOSUB 10000 I KEYBOARD INPUT ROUTINE 
1155 If (E=O) AHD (KB=120) OR (KB=88) GOTO 1999 
1160 If (I=O) AND (IB=101) OR (IB=69) GOTO 1190 
1170 If (I=O) AND (IB=13) GOTO 1300 
1180 BEEP : GOTO 1150 
1190 LOCATE 15,1,0 PRINT •Please enter the new values for IS, KOC, 

S. CH. • 
1200 LOCA'm 17, 1, 1 INPUT •rS= •; IS1 
1210 LOCATE 18, 1, 1 INPUT •toe=; KOC 
1220 LOCATE 19,1,1 INPUT •CHi=· ;CH1 
1225 LOCA'l'E 20, 1, 1 INPUT •CH2= •; CH2 
1230 LOCA'm 21, 1,1 : INPUT •cH3=• ;CH3 
1235 CLS : GOTO 1070 
1300 If (CHK=O) THIH GOSUB 2000 ELSE GOTO 1310 I INPUT ROUTIBI 
1310 GOSUB 3000 I RAHDO:niZIHG ROUTIHE 
1320 GOSUB 4000 I FORlfULA ROUTIHI 
1330 GOSUB 6000 I RAHOO:n YR ROUTIHE 
1340 GOSUB 7000 I PRINT FILE TO SCREDl 
1350 COLOR 0,7,0 : IHPUT •Enter the new a-character file.ane (Type 

QUIT to scratch file)•;FILHni$ 
1355 COLOR 7,0,0 : CLS 
1360 If (FILHHE$ = •QUIT•) GOTO 1070 
1370 FILHnE$=•B:•+fiLHni$+•.DAT• 
1390 GOSUB 5000 I IRI'm FILE ROUTINE 
1400 GOTO 1070 
1999 CLS : END 
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2000'*************************************************************** 
2010'READ IH DATA ROUTili! 
2020'*************************************************************** 
2030 OPU "A:VARIABL. DAT" FOR INPUT AS 11 :H1=1 
2040 IF EOF(1) T8EH GOTO 2900 
2050 IHPUT 11, ARIA, OC1, FC1, ¥P1, BD1, OC2, FC2, WP2, BD2 
2060 H2•ARE1+H1-1 
2070 FOR I=H1 TO H2 
2080 IHN(I,1)=0C1 : IHN(I,2)=FC1 INH(I,3)=1P1 IHH(I,4)=BD1 
2090 IHH(I,5)=0C2 : IHN(I,6)=FC2 IHH(I,7)=¥P2 IHN(I,8)=BD2 
2110 NEXT I 
2120 H1=H2+1 : GOTO 2040 
2900 CLOSE : CBI=1 
2999 RETURN 
3000'*************************************************************** 
3010' IWIDOJfiZIHG ROUTIME FOR VARIABLE DATA 
3020'*************************************************************** 
3030 RAMOOI'JIZ[ TIJfER 
3040 fOR I=1 TO HUH : ~INT(RHD*101) : NEXT I 
3050 IF HUH > 100 GOTO 3030 
3060 IF HUJf < 1 GOTO 3030 
3999 RETURH 
4000'***************************************************************· 
4010 I FORJfULA ROUTINE 
4020'*************************************************************** 
1030 KD=IHN(HUJf,1)/100*XOC : KD2=IHN(HUJf,5)/100*XOC 
4040 KS2=IS1*.35 
4050 OC1=IHN(HOJf,1) :FC1=IHH(HUJf.2) :WP1=IHN(HOJf,3) :BD1=IHN(HOJf,4) 
4060 OC2=INH(HDJf,5) :FC2=IHN(NUJf,6) :IP2=IHH(MUn,7) :BD2=IHH(HUn,8) 
4999 RETURH 
5000'*************************************************************** 
5010' YRITE li>DIN FILE ROUTIHE 
5020'*************************************************************** 
5030 OPEH FIIJm[$ FOR Ot.m'UT AS 11 
5040 PRINT 11, USIHG "£. • ; • ***PRZ!I DATA SET FOR OILAIJ)HA*** • 
5050 PRINT 11,USIHG "\ \";" 0101"; :PRINT 11,USING "II;YR;:PRINT 

11,USIHG "\ \";" 3112";:PRIHT 11,USIHG "II";YR 
5060 PRINT 11, USING "& • ; • ***HYDROLOGY PARAI'J[T[RS FOR OILAII)JfA*** • 
5070 PRINT 11,USIHG •&• ;• 0.710 0.457 0 20.000 1 3" 
5080 PRIHT 11,USIHG •&• ;• o• 
5090 PRINT 11,USIHG •s.• ;• 1" 
5100 PRINT 11,USIMG •&• ;• 1 0.15 22.50 0.000 3"; 
5110 PRINT 11,USIHG "1111"; CH1;CH2;CH3 
5120 PRIHT 11,USIHG •&• ;• 1" 
5130 PRINT 11,USING "\ \";" 0102";:PRIRT 11,USIHG "II";YR;:PRINT 

li,USIHG "\ \";• 2001•;:PRINT li,USIHG •tt•;YR; 
5140 PRINT 11,USIHG ., \•;• 1506•;:PRINT 11,USIHG "II";YR;:PRINT 

11,USIHG "\ \";" 1" 
5150 PRINT 11,USIHG •&• ;"***PESTICIDE APPLICATION***" 
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5160 PRINT 11,USING •t• ;• 1" 
5170 PRINT 11,USIHG "\ \";" 0102";:PRIHT 11,USIHG "II";YR;:PR!HT 

11,USIHG •&•;• 1.000 10.000" 
5180 PRINT 11,USIHG •t• ;• 1" 
5190 PRINT 11,USING •t• ; "***SOIL AHD PESTICIDE PARAI1ETERS***" 
5200 PRINT 11,USIMG •t• ;• 177.800 1.000 35 0 0 0 o• 
5210 PRINT 11,USIHG •t• ;• 2" 
5220 PRINT 11,USIHG •t• ;• 1 30.480";:PRINT 11,USIHG 

"llll.lti•;BD1;:PRIRT 11,USIHG "&" ;• 0.000"; :PRINT 
11, USING" II II. Ill • ; 151.; FC1 

5230 PRINT 11,USING "\ \";: ";:PRINT 11,USING 
"IIII.III";FC1;1P1;KD1;0C1 

5240 PRINT 11,USIHG •t• ;• 2 147.320";:PRIRT 11,USING 
"IIII.III";BD2;:PRIRT 11,USING •t• ;• 0.000"; :PRINT 11,USIHG 
"1111.111"; IS2;FC2 

5250 PRINT 11,USIHG "\ \";" ";:PRINT 11,USIHG •ttlt.ttt•; 
FC2;VP2;ID2;0C2 

5260 PRINT 11,USIMG •t• ;• 0" 
5270 PRINT 11, USING "& • ; • VATR YEAR 1 PEST YUR 1 

COHC YEAR 1" 
5280 PRINT 11,USIHG "&" ;• o• 
5290 PRINT t1,USING •t• ;• RZrX TCUH 0 1.0" 
5300 CLOSE 
5999 RETURN 
6000'*************************************************************** 
6010'1WIDOHIZIHG THE YEAR ROUTIHE 
6020'*************************************************************** 
6030 RAHDIHIZE TinER 
6040 FOR I = 1 10 HUH : ~IHT(RHD * 26) : HEXT I 
6060 If HUH > 25 GOTO 6030 
6060 IF HUH < 1 GOTO 6030 
6070 D=HUH+53 
6999 RETURN 
7000'*************************************************************** 
7010' PRINT l'fODIH FILE 10 SCREEN ROUTIHE 
7020'*************************************************************** 
7030 CLS : LOCATE 1,1,0 
7040 PRINT USING •t• ;"***PRZH DATA SET FOR OKLAHOHA***" 
7050 PRINT USING"\ \";" 0101";:PRIRT USING "II";YR;:PRINT USING 

"\ \";" 3112;:PRIRT USIHG "II";YR 
7060 PRINT USING •s.• ; "***HYDROLOGY PAIWIETERS FOR OIL.AH')lfA***" 
7070 PRINT USIHG •t• ;• 0.710 0.457 0 20.000 1 3" 
7080 PRINT USING •&• ;• o• 
7090 PRINT USIHG •t• ;• 1" 
7100 PRINT USING •t• ;• 1 0.15 22.50 0.000 3"; 
7110 PRINT USING "1111"; CH1;CH2;CH3 
7120 PRINT USING •s.• ;• 1" 
7130 PRINT USIHG "\ \ •; • 0102"; :PRINT USING .. ,,. ;YR; :PRINT USIHG 

"\ \";" 2004";:PRIHT USING "II";YR; 
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1140 PRINT USING •\ \•;• 1506•; :PRINT USING "II";YR; :PRINT USING 
., \•;• 1" 
7150 PRINT USING •t• ;•***PESTICIDE APPLICATION***" 
7160 PRINT USING •t• ;• 1• 
7170 PRINT USING"\ \•;• 0102"; :PRIIT USING "II";YR;:PRIRT USING 

·&•;• 1.ooo 1o.ooo• 
7180 PRIHT USING •t• ;• 1• 
7190 PRIRT USING •&• ;•***SOIL AND PESTICIDE PARAHETERS***• 
7200 PRINT USING •&• ;• 177.800 1.000 35 0 0 0 o• 
7210 PRINT USING •t• ;• 2• 
7220 PRINT USING •t• ;• 1 30.480•;:PRIRT USING 

•ttii.III";BD1;:PRIHT USING •&• ;• O.ooo•; :PRINT 
USING"IIII.III•; XS1;FC1 

7230 PRINT USING"\ \";: ";:PRIHT USING "1111.111"; 
FC1;VP1;ID1;0C1 

7240 PRINT USING •&• ;• 2 147.320";:PRINT USING 
"1111. Ill" ;BD2; :PRINT USING •&• ; • 0. ooo•; :PRINT USING 
•ttll.llt•; IS2;FC2 

7250 PRINT USING., \";" •;:PRINT USING •ttll.llt•; 
FC2; VP2; XD2; OC2 

7260 PRINT USING •t• ;• o• 
7270 PRIHT USING "& • ; • YA'm YEAR 1 PEST YEAR 1 CORC 

YEAR 1" 
7280 PRINT USING "&" ;• o• 
7290 PRIRT USING •&• ;• RZFX TCun 0 1.0• 
7999 RETURN 
10000'************************************************************** 
10010 I KEYBOARD INPUT ROUTIHE 
10020'************************************************************** 
10030 :KB$=I'HKEY$ : IF :KB$ = ••GOTO 10030 
10040 IF LEFT$(IB$,1) = CHR$(0) THER IB = ASC(niD$(IB$.2)) : E=1 

ELSE IB=ASC(IB$) : E=O 
10999 RETURH 
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TABLE XXXII 

RESULTS OF li)HTE CARLO Sir.tlJLATIOHS 

Pe~ti~ig~ L~ched 
I Ks Koc CH 12. 70" 

1 0.1 2 59 0.002342 0.000006 
2 0.1 2 59 0.005515 0.000001 
3 0.1 2 59 0.001895 0.000002 
4 0.1 2 59 0.1743 0.04291 
5 0.1 2 59 0.0514 0.000002 
6 0.1 2 59 0.01102 0.000018 
7 0.1 2 59 0.02786 0.000025 
8 0.1 2 59 0.003937 0.000081 
9 0.1 2 59 0.001239 0.000044 
10 0.1 2 59 0.133 0.01059 
11 0.1 2 59 0.0012 0.000000 
12 0.1 2 59 0.06373 0.000808 
13 0.1 2 59 0.01046 0.000005 
14 0.1 2 59 0.005099 0.000001 
15 0.1 2 59 0.001627 0.000013 
16 0.1 2 59 0.06491 0.001191 
17 0.1 2 59 0.00522 0.000025 
18 0.1 2 59 0.005099 0.000001 
19 0.1 2 59 0.02258 0.000030 
20 0.1 2 59 0.000997 0.000021 
21 0.1 2 73 0.005659 0.000002 
22 0.1 2 73 0.008639 0.000000 
23 0.1 2 73 0.1047 0.000312 
24 0.1 2 73 0.002131 0.000005 
25 0.1 2 73 0.000091 0.000000 
26 0.1 2 73 0.003125 0.000135 
27 0.1 2 73 0.01068 0.000104 
28 0.1 2 73 0.001219 0.000036 
29 0.1 2 73 0.02729 0.000013 
30 0.1 2 73 0.004803 0.000207 
31 0.1 2 73 0.05455 0.000194 
32 0.1 2 73 0.02019 0.000014 
33 0.1 2 73 0.000138 0.000000 
34 0.1 2 73 0.000356 0.000000 
35 0.1 2 73 0.3101 0.001456 
36 0.1 2 73 0.000658 0.000000 
37 0.1 2 73 0.000167 0.000000 
38 0.1 2 73 0.1008 0.003934 
39 0.1 2 73 0.000167 0.000000 
40 0.1 2 73 0.03972 0.000018 
41 0.1 2 88 0.000659 0.000000 
42 0.1 2 88 0.006998 0.000024 
43 0.1 2 88 0.000133 0.000000 
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f~~ti~ide L~~~hed 

* Is 1oc CN 12. 7o· 

44 0.1 2 88 0.01967 0.000058 
45 0.1 2 88 0.00299 0.000475 
46 0.1 2 88 0.01109 0.000000 
47 0.1 2 88 0.000088 0.000000 
48 0.1 2 88 0.000961 0.000000 
49 0.1 2 88 0.1046 0.00658 
50 0.1 2 88 0.01588 0.000000 
51 0.1 2 88 0.000461 0.000000 
52 0.1 2 88 0.000034 1.5!-12 
53 0.1 2 88 0.1106 0.006532 
54 0.1 2 88 0.09461 0.000025 
55 0.1 2 88 0.01349 0.000000 
56 0.1 2 88 0.05824 0.000252 
57 0.1 2 88 0.08028 0.001584 
58 0.1 2 88 0.007289 0.000071 
59 0.1 2 88 0.03278 0.000000 
60 0.1 2 88 0.03091 0.000014 
61 0.05 2 59 0.187 0.001614 
62 0.05 2 59 0.08133 0.000478 
63 0.05 2 59 0.02394 0.000242 
64 0.05 2 59 0.01918 0.000531 
65 0.05 2 59 0.009909 0.000027 
66 0.05 2 59 0.006438 0.000000 
67 0.05 2 59 0.1461 0.008078 
68 0.05 2 59 0.09786 0.001606 
69 0.05 2 59 0.2414 0.02892 
70 0.05 2 59 0.01398 0.000046 
71 0.05 2 59 0.2188 0.0761 
72 0.05 2 59 0.02026 0.000000 
73 0.05 2 59 0.1345 0.003887 
74 0.05 2 59 0.0338 0.000037 
75 0.05 2 59 0.3928 0.1314 
76 0.05 2 59 0.008866 0.000951 
77 0.05 2 59 0.05013 0.001764 
78 0.05 2 59 0.09187 0.00939 
79 0.05 2 59 0.02062 0.000498 
80 0.05 2 59 0.006927 0.000103 
81 0.05 2 73 0.008389 0.000039 
82 0.05 2 73 0.03152 0.002093 
83 0.05 2 73 0.03191 0.000067 
84 0.05 2 73 0.02041 0.000742 
85 0.05 2 73 0.04173 0.0000026 
86 0.05 2 73 0.04479 0.004128 
87 0.05 2 73 0.07175 0.007296 
88 0.05 2 73 0.01288 0.001055 
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Pesticid~ Leacned 
I Ks Koc CN 12 .. 70° 

89 0.05 2 73 0.03149 0.007623 
90 0.05 2 73 0.01939 0.000715 
91 0.05 2 73 0.1294 0.001072 
92 0.05 2 73 0.05998 0.007628 
93 0.05 2 73 0.005484 0.000004 
94 0.05 2 73 0.1519 0.05745 
95 0.05 2 73 0.1493 0.003171 
96 0.05 2 73 0.005006 0.000013 
97 0.05 2 73 0.0534 0.000103 
98 0.05 2 73 0.05706 0.008219 
99 0.05 2 73 0.05696 0.000771 
100 0.05 2 73 0.2818 0.02129 
101 0.05 2 88 0.04783 0.000008 
102 0.05 2 88 0.05088 0.000891 
103 0.05 2 88 0.2649 0.05256 
104 0.05 2 88 0.03999 0.000843 

.105 0.05 2 88 0.02065 0.000001 
106 0.05 2 88 0.03375 0.000056 
107 0.05 2 88 0.007313 0.000287 
108 0.05 2 88 0.07967 0.000132 
109 0.05 2 88 0.01118 0.000018 
110 0.05 2 88 0.01217 0.000000 
111 0.05 2 88 0.01024 0.000001 
112 0.05 2 88 0.02011 0.000132 
113 0.05 2 88 0.02381 0.000018 
114 0.05 2 88 0.01936 0.000177 
115 0.05 2 88 0.001534 0.000000 
116 0.05 2 88 0.02615 0.000014 
117 0.05 2 88 0.04615 0.000196 
118 0.05 2 88 0.01575 0.000035 
119 0.05 2 88 0.2218 0.04337 
120 0.05 2 88 0.02233 0.000007 
121 0.001 2 59 0.8289 0.08531 
122 0.001 2 59 0.9729 0.9729 
123 0.001 2 59 0.8832 0.6855 
124 0.001 2 59 0.8384 0.1895 
125 0.001 2 59 0.9184 0.5946 
126 0.001 2 59 0.8402 0.1566 
127 0.001 2 59 0.9292 0.9106 
128 0.001 2 59 0.8138 0.06715 
129 0.001 2 59 0.9166 0.2539 
130 0.001 2 59 0.6558 0.000072 
131 0.001 2 59 0.8562 0.3475 
132 0.001 2 59 0.9617 0.9614 
133 0.001 2 59 0.8288 0. 7164 

I 

I 
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TABLE XXXII (Continued) 

E~~~icid~ Lea~bed 
Ks Koc CH 12" 70" 

134 0.001 2 59 0. 7902 0.01613 
135 0.001 2 59 0.6921 0.000249 
136 0.001 2 59 0.9449 0.9394 
137 0.001 2 59 0.7926 0.01135 
138 0.001 2 59 0.9481 0.948 
139 0.001 2 59 0.97 0.9697 
140 0.001 2 59 0.9668 0.9668 
141 0.001 2 73 0.7082 0.04174 
142 0.001 2 73 0.8596 0.3091 
143 0.001 2 73 0.7571 0.09932 
144 0.001 2 73 0.8428 0.6643 
145 0.001 2 73 0.8746 0.09334 
146 0.001 2 73 0. 7606 0.0261 
147 0.001 2 73 0.8414 0.1805 
148 0.001 2 73 0.8273 0.6571 
149 0.001 2 73 0.7701 0. 7667 
150 0.001 2 73 0.8582 0.6735 
151 0.001 2 73 0.9431 0.9426 
152 0.001 2 73 0.6274 0.000128 
153 0.001 2 73 0.8283 0.6134 
154 0.001 2 73 0.9338 0.9336 
155 0.001 2 73 0.8702 0.6666 
156 0.001 2 73 0.5811 0.4944 
157 0.001 2 73 0.8206 0.5646 
158 0.001 2 73 0.9131 0.8849 
159 0.001 2 73 0. 7585 0.1534 
160 0.001 2 73 0.6278 0.000146 
161 0.001 2 88 0.8773 0.2582 
162 0.001 2 88 0.8379 0.001299 
163 0.001 2 88 0.8162 0.1659 
164 0.001 2 88 0. 7531 0.04231 
165 0.001 2 88 0.5942 0.00274 
166 0.001 2 88 0.678 0.002994 
167 0.001 2 88 0.8379 0.001299 
168 0.001 2 88 0.9255 0.9255 
169 0.001 2 88 0.6729 0.01191 
170 0.001 2 88 0. 7554 0.01481 
171 0.001 2 88 0.839 0.006722 
172 0.001 2 88 0.738 0.000229 
173 0.001 2 88 0.592 0.001703 
174 0.001 2 88 0. 7823 0.006234 
175 0.001 2 88 0.6226 0.007522 
176 0.001 2 88 0 .. 8214 0.03797 
177 0.001 2 88 0.592 0.001703 
178 0.001 2 88 0.6207 0.004725 
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TABLE XXXII (Continued) 

Pestici~e Lea~hed 

• Is 1oc CH 12. 70. 

179 0.001 2 88 0.9597 0.9587 
180 0.001 2 88 0.8332 0.07558 
181 0.1 600 59 0.000000 1.6E-22 
182 0.1 600 59 0.000000 5.1E-23 
183 0.1 600 59 0.000000 0 
184 0.1 600 59 0.000000 3.8E-23 
185 0.1 600 59 0.000000 0 
186 0.1 600 59 0.000000 0 
187 0.1 600 59 0.000000 5.6E-23 
188 0.1 600 59 0.000000 5.4E-18 
189 0.1 600 . 59 0.000000 0 
190 0.1 600 59 0.000000 6.2E-24 
191 0.1 600 59 0.000000 0 
192 0.1 600 59 0.000020 1.1E-16 
193 0.1 600 59 0.000000 0 
194 0.1 600 59 0.000000 4.8E.22 
195 0.1 600 59 0.000000 1.9E-22 
196 0.1 600 59 0.000000 3.4E-23 
197 0.1 600 59 0.000000 6.1E-23 
198 0.1 600 59 0.000002 1.1E-23 
199 0.1 600 59 0.000001 6.0E-21 
200 0.1 600 59 0.000000 6.8E-23 
201 0.1 600 73 0.000000 8.0E-22 
202 0.1 600 73 0.000000 0 
203 0.1 600 73 0.000000 8.5E-24 
204 0.1 600 73 0.000000 0 
205 0.1 600 73 0.000115 0.000000 
206 0.1 600 73 0.000003 1. 5E-17 
207 0.1 600 73 0.000000 1.6E-18 
208 0.1 600 73 0.000000 0 
209 0.1 600 73 0.000000 6.3E-24 
210 0.1 600 73 0.000000 0 
211 0.1 600 73 0.000000 0 
212 0.1 600 73 0.000000 0 
213 0.1 600 73 0.000000 1. 3E-20 
214 0.1 600 73 0.000016 8.6E-12 
215 0.1 600 73 0.000010 8.1E-21 
216 0.1 600 73 0.000001 9.1E-23 
217 0.1 600 73 0.000000 0 
218 0.1 600 73 0.000000 0 
219 0.1 600 73 0.000000 0 
220 0.1 600 73 0.000000 0 
221 0.1 600 88 0.000000 0 
222 0.1 600 88 0.000000 0 
223 0.1 600 88 0.000001 4.5E-24 
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TABLE XXXII (Continued) 

E~~1i~i~~ L~ched 

* Ks Koc CH 12. 1o· 

224 0.1 600 88 0.000000 2.2E-24 
225 0.1 600 88 0.000000 0 
226 0.1 600 88 0.000000 0 
227 0.1 600 88 0.000000 0 
228 0.1 600 88 0.000000 7.9[-24 
229 0.1 600 88 0.000000 0 
230 0.1 600 88 0.000000 0 
231 0.1 600 88 0.000000 1. 2E-22 
232 0.1 600 88 0.000000 0 
233 0.1 600 88 0.000000 0 
234 0.1 600 88 0.000000 0 
235 0.1 600 88 0.000000 1.2[-23 
236 0.1 600 88 0.000000 0 
237 0.1 600 88 0.000000 0 
238 0.1 600 88 1.1E-10 0 
239 0.1 600 88 7.2[-11 0 
240 0.1 600 88 0.000001 4.5[-24 
241 0.05 600 59 0.000000 0 
242 0.05 600 59 0.000009 6.8E-20 
243 0.05 600 59 0.000003 7.6[-23 
244 0.05 600 59 0.000003 2.5E-20 
245 0.05 600 59 0.000088 1. 2E-15 
246 0.05 600 59 0.000002 2.8[-22 
247 0.05 600 59 0.000007 9.4[-23 
248 0.05 600 59 0.000001 1. 6[-22 
249 0.05 600 59 0.000000 2.6E-22 
250 0.05 600 59 0.000008 1. OE-19 
251 0.05 600 59 0.000000 5.6E-22 
252 0.05 600 59 0.000000 0 
253 0.05 600 59 0.000005 3.1E-17 
254 0;05 600 59 0.00090. 0.000000 
255 0.05 600 59 0.000008 4.4E-20 
256 0.05 600 59 0.000000 2.5[-22 
257 0.05 600 59 0.000004 4.9E-19 
258 0.05 600 59 0.000004 1. 5E-18 
259 0.05 600 59 0.000001 2.0[-21 
260 0.05 600 59 0.000003 1. 6E-19 
261 0.05 600 73 0.000008 3.9E-20 
262 0.05 600 73 0.000013 9.6[-21 
263 0.05 600 73 0.00142 0.000000 
264 0.05 600 73 0.000003 1. 2E-22 
265 .0.05 600 73 0.000000 3.6E-22 
266 0.05 600 73 0.000001 1.3[-22 
267 0.05 600 73 0.000000 3.3E-23 
268 0.05 600 73 0.000005 7.5[-22 
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TABLE XXXII (Continued) 

Pesticide Leached 
• Ks Koc CN 12 11 70" 

269 0.05 600 73 0.000000 0 
270 0.05 600 73 0.000000 0 
271 0.05 600 73 0.000000 0 
272 0.05 600 73 0.000006 7.7[-21 
273 0.05 600 73 0.000001 1.1[-20 
274 0. 05. 600 73 0.000010 6.0[-20 
275 0.05 600 73 0.000031 4.1E-19 
276 0.05 600 73 0.000015 1.1[-21 
277 0.05 600 73 0.000004 5.8[-19 
278 0.05 600 73 0.000001 2.0[-23 
279 0.05 600 73 0.000062 5.2[-11 
280 0.05 600 73 0.000000 0 
281 0.05 600 88 0.000001 1. 7[-23 
282 0.05 600 88 0.000080 6.2[-13 
283 0.05 600 88 0.000002 0 
284 0.05 600 88 0.000003 4. 7[-24 
285 0.05 600 88 0.000001 1.8E-24 
286 0.05 600 88 0.000000 0 
287 0.05 600 88 0.000000 0 
288 0.05 600 88 0.000000 0 
289 0.05 600 88 0.000003 2.2E-24 
290 0.05 600 88 0.000000 0 
291 0.05 600 88 0.000001 1. 2[-23 
292 0.05 600 88 0.000001 1.6E-22 
293 0.05 600 88 0.000053 1.1[-19 
294 0.05 600 88 0.000000 0 
295 0.05 600 88 0.000000 0 
296 0.05 600 88 0.000020 3.8[-21 
297 0.05 600 88 0.000000 0 
298 0.05 600 88 0.000000 9.7[-25 
299 0.05 600 88 0.000000 0 
300 0.05 600 88 0.000007 4. 7E-23 
301 0.001 600 59 0.01319 1.0[-18 
302 0.001 600 59 0.01214 2.0[-16 
303 0.001 600 59 0.001927 2.6[-19 
304 0.001 600 59 0.02103 1. 6[-16 
305 0.001 600 59 0.1968 1. 0[-10 
306 0.001 600 59 0.000032 0 
307 0.001 600 59 0.01336 6.0[-16 
308 0.001 600 59 0.004421 3.4E-23 
309 0.001 600 59 0.0507 5.8[-15 
310 0.001 600 59 0.01841 1. 8[-14 
311 0.001 600 59 0.07077 5.2[-13 
312 0.001 600 59 0.004421 3.4[-23 
313 0.001 600 59 0.0927 1.0[-13 
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TABLE XXXII (Continued) 

P~~ti~i~e Leached 
• Ks Koc CH 12. 7o· 

314 0.001 600 59 0.00739 Z.7E-ZO 
315 0.001 600 59 0.4047 0.000033 
316 0.001 600 59 0.000746 0 
317 0.001 600 59 0.04992 7.4[-16 
318 0.001 600 59 0.01832 1.6[-18 
319 0.001 600 59 0.00239~ 1. 06-19 
320 0.001 600 59 0.01429 2.9E-19 
321 0.001 600 73 0.009314 8.9E-20 
322 0.001 600 73 0.002802 3.8E-24 
323 0.001 600 73 0.000076 0 
324 0.001 600 73 0.03815 2.0E-18 
325 0.001 600 73 0.2001 0.000006 
326 0.001 600 73 0.008844 2.ZE-19 
327 0.001 600 73 0.007037 3.3E-19 
328 0.001 600 73 0.00891 6.6E-18 
329 0.001 600 73 0.006741 2.3[-17 
330 0.001 600 73 0.021 4.3E-15 
331 0.001 600 73 0.04857 2.3[-16 
332 0.001 600 73 0.0171 1. 3E-17 
333 0.001 600 73 0.0415 3.0E-15 
334 0.001 600 73 0.04786 5.1I-16 
335 0.001 600 73 0.009314 8.9E-20 
336 0.001 600 73 0.01124 2.2I-15 
337 0.001 600 73 0.004037 1.1E-23 
338 0.001 600 73 0.04674 1. SE-15 
339 0.001 600 73 0.01546 6.6E-18 
340 0.001 600 73 0.2001 0.000006 
341 0.001 600 88 0.001934 6.1E-22 
342 0.001 600 88 0.001278 0 
343 0.001 600 88 0.001421 0 
344 0.001 600 88 0.001012 0 
345 0.001 600 88 0.001934 6.1E-22 
346 0.001 600 88 0.008572 1. 2I-20 
347 0.001 600 88 0.01594 2.5E-21 
348 0.001 600 88 0.01121 9.2E-18 
349 0.001 600 88 0.02828 1. OE-18 
350 0.001 600 88 0.01003 1. n:-21 
351 0.001 600 88 0.002699 1. 5E-25 
352 0.001 600 88 0.001995 0 
353 0.001 600 88 0.01229 2.6E-17 
354 0.001 600 88 0.000625 0 
365 0.001 600 88 0.002301 0 
356 0.001 600 88 0.01662 6.2I-21 
357 0.001 600 88 0.01161 8.6E-20 
358 0.001 600 88 0.000330 0 
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TABLE XXXII (Continued) 

Pesticide Leached 
I Is 1oc CB 12. 70" 

359 0.001 600 88 0.000241 0 
360 0.001 600 88 0.000046 0 
361 0.1 1200 59 9.E-11 0 
362 0.1 1200 59 0.000000 0 
363 0.1 1200 59 0.000000 0 
364 0.1 1200 59 0.000000 0 
365 0.1 1200 59 0.000000 0 
366 0.1 1200 59 0.000000 0 
367 0.1 1200 59 0.000000 0 
368 0.1 1200 59 7.9E-11 0 
369 0.1 1200 59 0.000000 0 
370 0.1 1200 59 0.000000 0 
371 0.1 1200 59 0.000000 0 
372 0.1 1200 59 0.000010 7.2-15 
373 0:1 1200 59 0.000000 0 
374 0.1 1200 59 0.000000 2.6[-18 
375 0.1 1200 59 0.000000 0 
376 0.1 1200 59 5.5[-11 0 
377 0.1 1200 59 0.000000 0 
378 0.1 1200 59 0.000010 7.2E-15 
379 0.1 1200 59 0.000000 0 
380 0.1 1200 59 0.000000 0 
381 0.1 1200 73 0.000000 0 
382 0.1 1200 73 0.000000 0 
383 0.1 1200 73 6.6E-12 0 
384 0.1 1200 73 0.000000 0 
385 0.1 1200 73 0.000000 6.4E-18 
386 0.1 1200 73 0.000000 0 
387 0.1 1200 73 4.2E-12 0 
388 0.1 1200 73 0.000000 0 
389 0.1 1200 73 0.000000 0 
390 0.1 1200 73 0.000000 0 
391 0.1 1200 73 0.000000 0 
392 0.1 1200 73 0.000000 0 
393 0.1 1200 73 0.000000 5.2E-23 
394 0.1 1200 73 0.000000 0 
395 0.1 1200 73 0.000000 0 
396 0.1 1200 73 0.000000 0 
397 0.1 1200 73 1.6E-10 0 
398 0.1 1200 73 2.8E-11 0 
399 0.1 1200 73 0.000000 0 
400 0.1 1200 73 1.4E-10 0 
401 0.1 1200 88 0.000000 0 
402 0.1 1200 88 1.0E-10 0 
403 0.1 1200 88 2.3E-10 0 
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TABLE XXXII (Continued) 

E~~ti~id~ L~~~bed • Ks Koc CN 12" 70 11 

404 0.1 1200 88 0.000000 0 
405 0.1 1200 88 0.000002 4.9E-16 
406 0.1 1200 88 0.000000 0 
407 0.1 1200 88 0.000000 0 
408 0.1 1200 88 6.5E-11 0 
409 0.1 1200 88 9.8E-11 0 
410 0.1 1200 88 0.000000 
411 0.1 1200 88 1. 2E-11 0 
412 0.1 1200 88 2.1E-10 0 
413 0.1 1200 88 0.000000 0 
414 0.1 1200 88 0.000000 0 
415 0.1 1200 88 3. 3E-11 0 
416 0.1 1200 88 0.000000 0 
417 0.1 1200 88 0.000000 0 
418 0.1 1200 88 0.000000 0 
419 0.1 1200 88 0.000000 0 
420 0.1 1200 8 0.000000 0 
421 0.05 1200 59 0.000000 0 
422 0.05 1200 59 0.000001 0 
423 0.05 1200 59 0.000000 0 
424 0.05 1200 59 0.000059 3.6!:-12 
425 0.05 1200 59 0.000003 1.6E-23 
426 0.05 1200 59 0.000001 0 
427 0.05 1200 59 0.000001 1. 8!-15 
428 0.05 1200 59 0.000000 0 
429 0.05 1200 59 0.000003 4.0E-24 
430 0.05 1200 59 0.000000 0 
431 0.05 1200 59 0.000000 0 
432 0.05 1200 59 0.000005 0 
433 0.05 1200 59 0.000000 0 
434 0.05 1200 59 0.000000 0 
435 0.05 1200 59 0.000000 0 
436 0.05 1200 59 0.000002 1.9E-21 
437 0.05 1200 59 0.000000 0 
438 0.05 1200 59 0.000000 0 
439 0.05 1200 59 0.000003 4.8E-20 
440 0.05 1200 59 0.000000 0 
441 0.05 1200 73 0.000000 0 
442 0.05 1200 73 0.000000 0 
443 0.05 1200 73 0.000000 0 
444 0.05 1200 73 0.000005 1.1E-15 
445 0.05 1200 73 0.000004 0 
446 0.05 1200 73 0.000000 0 
447 0.05 1200 73 0.000000 0 
448 0.05 1200 73 0.000000 0 
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TABLE XXXII (Continued) 

Pesticide Leacbed 
• Ks Koc CN 12• 70 • 

449 0.05 1200 73 0.000000 0 
450 0.05 1200 73 0.000000 0 
451 0.05 1200 73 0.000000 0 
452 0.05 1200 73 0.000000 0 
453 0.05 1200 73 0.000001 0 
454 0.05 1200 73 0.000000 0 
455 0.05 1200 73 0.000138 7.2E-13 
456 0.05 1200 73 0.000002 5.5E-23 
457 0.05 1200 73 0.000000 0 
458 0.05 1200 73 0.000000 0 
459 0.05 1200 73 0.000004 0 
460 0.05 1200 73 0.000000 0 
461 0.05 1200 88 0.000024 4.8[-17 
462 0.05 1200 88 0.000002 0 
463 0.05 1200 88 0.000000 0 
464 0.05 1200 88 0.000000 0 
465 0.05 1200 88 0.000000 0 
466 0.05 1200 88 0.000020 1. 9E-19 
467 0.05 1200 88 0.000000 0 
468 0.05 1200 88 0.000000 0 
469 0.05 1200 88 0.000000 0 
470 0.05 1200 88 0.000000 0 
471 0.05 1200 88 0.000000 0 
472 0.05 1200 88 0.000000 0 
473 0.05 1200 88 0.000000 0 
474 0.05 1200 88 0.000000 0 
475 0.05 1200 88 0.000000 0 
476 0.05 1200 88 0.000000 0 
477 0.05 1200 88 0.000000 0 
478 0.05 1200 88 0.000000 0 
479 0.05 1200 88 0.000000 0 
480 0.05 1200 88 0.000161 3.3E-14 
481 0.001 1200 59 0.007458 1. 3!-21 
482 0.001 1200 59 0.08122 0.000000 
483 0.001 1200 59 0.001174 5.5E-22 
484 0.001 1200 59 0.08868 0.000000 
485 0.001 1200 59 0.000008 0 
486 0.001 1200 59 0.001728 1.3E-21 
487 0.001 1200 59 0.01984 2.6[-19 
488 0.001 1200 59 0.000734 0 
489 0.001 1200 59 0.02574 1. 8E-17 
490 0.001 1200 59 0.004307 1.1E-20 
491 0.001 1200 59 0.01021 1.6[-14 
492 0.001 1200 59 0.001051 0 
493 0.001 1200 59 0.000003 0 
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TABLE XXXII (Continued) 

P!il!~t;i.c;i.g~ L~§.~Qed 

• Is 'oc CH 12. 70 11 

494 0.001 1200 59 0.00331 6.5[-23 
495 0.001 1200 59 0.003533 0 
496 0.001 1200 59 0.000105 0 
497 0.001 1200 59 0.001715 7.6E-22 
498 0.001 1200 59 0.000683 0 
499 0.001 1200 59 0.001308 0 
500 0.001 1200 59 0.000755 3.5E-24 
501 0.001 1200 73 0.000449 0 
502 0.001 1200 73 0.01258 1.3E-20 
503 0.001 1200 73 0.000098 0 
504 0.001 1200 73 0.003757 3.0[-23 
505 0.001 1200 73 0.000218 0 
506 0.001 1200 73 0.00174 5. 8[-24 
507 0.001 1200 73 0.000343 0 
508 0.001 1200 73 0.000730 0 
509 0.001 1200 73 0.002655 7.7E-23 
510 0.001 1200 73 0.08456 2.5E-11 
511 0.001 1200 73 0.000050 0 
512 0.001 1200 73 0.000685 0 
513 0.001 1200 73 0.005428 3.8E-23 
514 0.001 1200 73 0.000001 0 
515 0.001 1200 73 0.000299 0 
516 0.001 1200 73 0.000730 0 
517 0.001 1200 73 0.00174 5.8E-24 
518 0.001 1200 73 0.01187 1.0E-20 
519 0.001 1200 73 0.000533 1.6E-24 
520 0.001 1200 73 0.001256 3.9E-23 
521 0.001 1200 88 0.000097 0 
522 0.001 1200 88 0.000001 0 
523 0.001 1200 88 0.000142 0 
524 0.001 1200 88 0.03779 6. ?I-14 
625 0.001 1200 88 0.001431 0 
526 0.001 1200 88 0.000021 0 
527 0.001 1200 88 0.000182 0 
528 0.001 1200 88 0.001214 0 
529 0.001 1200 88 0.000769 0 
530 0.001 1200 88 0.000083 0 
631 0.001 1200 88 0.000353 0 
532 0.001 1200 88 0.002148 0 
533 0.001 1200 88 0.002563 0 
534 0.001 1200 88 0.000486 0 
535 0.001 1200 88 0.001177 0 
536 0.001 1200 88 0.000024 0 
537 0.001 1200 88 0.000056 0 
538 0.001 1200 88 0.03607 3.5E-14 
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539 
540 

0.001 
0.001 

TABLE XXXII (Continued) 

1200 
1200 

88 
88 

Pesticide Leached 
12. 70" 

0.000131 
0.000184 

0 
0 
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