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- PURPOSE OF THESIS 
) .' , . 

This report is concerned with examining the E.P.A. guidelines for pesticide . <'1 

assessment. Investigations conducted on atrazine are given as examples to show 

how they adhere to these guidelines. Areas of testing that are discussed are: 

hydrolysis, environmental fate, directions for use, residue chemistry, 

bioaccumulation in fish, terrestrial field dissipation studies, and toxicity. For each 

area under the guidelines the reason for testing, specific requirements, and 

suggested testing methods are given. Finally, using atrazine studies as examples, the 

report will show how these studies incorporate the requirements of the guidelines. 
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INTRODUCTION: 

Many questions may be raised by individuals concerning the means by which 

man made or natural pesticides find their way into the market. Before a pesticide 

can be registered for use, a large number of tests are performed to assess its safety. 

This is done to ensure that people and the environment are not harmed upon 

pesticide exposure. Examples of areas that require testing are; hydrolysis, 

environmental fate, directions for use, residue plant chemistry, accumulation 

studies in fish, field dissipation studies, and toxicological studies. My intent in this 

report is to give the reader some idea of the testing process involved in registering a 

pesticide for public use. First, the mandatory guidelines for pesticide assessment set 

forth by the Environmental Protection Agency (Pesticide Assessment Guidelines 

1988a-g) will be stated. Second, studies on atrazine and its metabolites will be used 

to show how they adhere to the guidelines. 

HISTORY OF ATRAZINE: 

Atrazine falls into the class of triazine herbicides, and is widely used to control 

broad leaf and grassy weeds in landscape areas, industrial areas, and areas cultivating 

conifers, sorghum, and corn. It is produced by elBA-GEIGY corporation, and became 

registered for public use in 1959. Although this pesticide has been registered for 

around 20 years, tests are continually run on the product in order to maintain its 

registration. One of the more common tests performed is a hydrolysis study. 

HYDROLYSIS: 

Hydrolysis is the breaking up of a chemical into its components. Hydrolysis 

studies are performed in order to predict the likelihood of the compound (in this 

case, Atrazine) and/ or degradates persisting in the environment by studying the 

hydrolysis rate and products of the pesticide (E.P.A. 1988a). When conducting a 

hydrolysis study certain guidelines for testing should be followed. Section D of the 
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guidelines for hydrolysis testing require that background and general information 

concerning the study should be given. According to section E: Materials and 

Methods, a researcher may desire to use radiolabeling during the hydrolysis study. 

Rustum et al. (1990) used radiolabeled Atrazine from elBA-GEIGY in their study on 

Atrazine degradation in soil. Radiolabeled material permits accurate detection of 

products. If this method will be used; the radiopurity of the material, site of 

radiolabeling, and source of the material should be included in the report. 

Section E of the guidelines require that the chemical purity (percent active 

ingredient) of the test material and method of analysis should be included in case 

the experiment is repeated by another investigator. The water solubility of the 

material should also be given. A study should take place well below the solubility 

limit of the test compound. For example, any test run on Atrazine should be below 

a solubility limit of 28 mg/l-I , at 20°C. The water source used should be 

documented, as well as steps taken to purify it. Knowledge concerning any changes 

made to the water source should be kept in case problems in the study develop 

farther down the line. 

If buffers are used, section E: Materials and Methods, requires a section on their 

composition, preparation, and source. Under the method of analysis chosen; 

sterilization techniques for buffers and apparatus. introduction of the pesticide into 

the buffer solution, the handling and storing of the sample, and the sampling 

technique itself require explaining. The report should also contain how many times 

sampling was done, how temperature was maintained, and any precautions taken to 

assure complete recovery of volatile parent compound and/ or products. Last; 

experimental equipment, test conditions, and pH was monitoring should be 

described. 
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Most often, testing guidelines are used as a base from which an investigation can 

be developed. For example, an investigation by Rustum et al. (1990) used reversed-

phase high-performance liquid chromatography and radiolabeling to determine 

atrazine and its metabolites in soil. Upon close examination, the study does follow 

certain guidelines concerned with hydrolysis testing. As the guidelines in section E: 

Chemical, encouraged, radiolabeling was conducted by the researchers. Although 

the method of radiolabeling was not included in the study, the researchers did state 

the source of the material, and the material's radiopurity which was 98%. The use 

of radioisotopes and scintillation counting quantitation in HPLC eliminates 

interference from the sample matrix peak(s). Because of this, long procedures for 

sample cleanup are eliminated. Thus the use of radiolabelling provides a more 

absolute method of quantition. By knowing the specific activity of the test material, 

a direct quantitation of the analyate can be accomplished by measuring the total 

disintegrations per minute (dpm) of the chromatographic peak (Rustum et al. 1990). 

The investigation found the HPLC method capable of detecting four identifiable 

degradation products of atrazine decomposition. This investigation supports the 

guidelines' (E.P.A. 1988a) purpose by showing the importance of radiolabeling in 

helping to determine the products of Atrazine after hydrolysis. 

High-pressure liquid chromatography has also been used by Karlaganis et al. 

(1991) to determine hydrolysis products of Atrazine. The researchers used Gas 

Chromatography instead of radiolabeling as suggested by the guidelines. When soil 

samples were obtained, they were immediately stored in a cold room at 2 - 40 C and 

then frozen at -200 C until analysis. When ready to perform an analysis, frozen 

samples then were stored overnight at room temperature (Karlaganis and Von Arx 

1991). In accordance with the guidelines in section E: Test Method-General, 
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descriptions of temperature maintenance, experimental equipment, and test 

conditions were included in the report. Equipment used in this study was a 

Hewlett-Packard GC-MS system equipped with a 30 m x 0.25 mm I.D. fused-silica 

capillary column DB-1 (methyl-silicone) at 600 C (Karlaganis et al. 1991). As required 

by the guidelines in section E: Test Method-General, the report stated precautions 

taken to assure complete recovery of parent and/ or products. For example, the 

drying of soil samples before extraction in a heated area was avoided to in order to 

slow loss of Atrazine content from samples before analysis. This investigation also 

addresses the guideline (E.P.A. 1988a) requirements for hydrolysis testing. 

ENVIRONMENTAL FATE: 

Studies on environmental fate give researchers the ability to determine the 

mobility of a pesticide and its degradates (E.P.A. 1988b). The information is used for 

instance, to predict the likelihood of a pesticide's potential to contaminate 

groundwater. The first guideline (E.P.A. 1988b, sec. E: Chemical), requires a 

description of the source, purity, and composition of the water or solution used for 

eluting/partitioning. The second set of guidelines in section E relate to soils used in 

the testing. The percent of soil types, percent of organic composition, pH, cation 

exchange capacity, source, and textural class should be stated. 

Third, a description of the general test methods must be incorporated in the 

report. General methods include; preparation/modification of the soil, the process 

of chemical application, description of the elution/partitioning process, length of 

elution, and the length of time allowed for soil-water partitioning equilibrium to be 

reached. General formats for ~sing one of the three more common methods to 

determine environmental fate were also created by the E.P.A. 

An aged soil thin-layer study is commonly used in determining the 
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- environmental fate of pesticides (E.P.A. 1988b, sec. E, Gen. Test Met.). The word 

"aging" refers to the pesticide in the soil. The test pesticide is applied to the soil, 

aged, extracted, and a thin-layer analysis is then performed. The procedure is 

intended to identify and characterize both degradates and the parent compound. 

This test provides information on the initial concentration of the pesticide in the 

soil being aged, length of aging period, weight of the treated aged soil sample taken 

to overlay the untreated soil column, and the concentration of residues in the aged 

soil sample after the aging period. Information on the percentage of the applied 

pesticide found in the leachate should be provided. Descriptions of the soil 

extrusion process, soil column sectioning, and other preparations for sampling both 

the soil and leachate for analysis are needed. 

An aged adsorption/ desorption study identifies and characterizes the degradates 

and parent compound of a pesticide (E.P.A. 1988b, sec. E: Gen. Test Met.). Although 

- aged adsorption / desorption studies are used to fulfill the requirement for data on 

-

mobility of the pesticide, aged column leaching studies are more acceptable. 

According to these guidelines a report should include how the soil was treated with 

pesticide, how the partitioning process is initiated, how soil and water phases are 

separated and prepared for analysis, the classes of soils used, concentrations of the 

pesticide in the soil, length of the aging period, descriptions of how soil aged 

residues were removed from the soil, and the calculated Kd ( "equilibrium" 

sorption constant). Any special problems or difficulties encountered during the 

study that cause a deviation from the original procedure should be noted. 

One investigation supporting E.P.A. guidelines (E.P.A. 1988b) for the study of 

environmental fate using an aged adsorption/ desorption method, is Pignatello and 

Huang's (1991) investigation of the sorptive reversibility of Atrazine residues in 

field soil samples. Slowly reversible (nonequilibrium) sorption are sorptive 
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processes that occur much slower than other transport or degradation reactions. 

Because the impact of nonequilibrium sorption is not well understood, a complete 

understanding of the process is needed in order to predict the transport and fate of 

organic compounds. It was hypothesized that after contact of a compound with the 

soil, the slowly reversible portion becomes more prevalent than the more rapidly 

reversible portion. This is because the rapidly reversible portion (portion of the 

pesticide which is easily broken down) is removed easier through microbial 

degradation, leaching, or volatilization. 

Although descriptions of the soil classes used were not given, the sample 

collection, handling, and separation from water was addressed. For example, the 

soil samples were collected with a hand auger from the 0-15 cm and 15-30 cm 

horizons of a corn plot at the University of Connecticut Experimental Farm in 

Coventry, CT. The samples were homogenized, sieved at field moisture through a 2 

mm screen, and stored frozen until they were to be used for analysis (Pignatello and 

Huang 1991). GC/MS was used to determine the concentrations of the slowly 

reversible and rapidly reversible portions of Atrazine recovered. Finally, as stated in 

the guidelines, calculation of the Kd value, and other sorption parameters was 

accomplished. This study supports the purpose of the guidelines set by the E.P.A. in 

that the investigation did determine the mobilities of Atrazine and its degradates 

(B.P.A. 1988b). The information from this study can be used to predict the 

likelihood of the pesticide's potential to contaminate groundwater. 

An investigation by Pelizzetti et al. (1990), deals with the fate of Atrazine under 

simulated solar light in the presence of different soils. The enhancement of natural 

degradation in soils by using semiconductor particulates is examined. As required, 

the classes of soils used were mentioned in the report. The method of degradation 

explained in the report consisted of irradiating a Pyrex glass cell containing five 
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milliliters of aqueous solution made of 25 ppm of Atrazine, 2 g of soil per liter, and 0 

_ 0.5 g of semiconductor (TiO anatase or ZnO) per liter in order to form the 

degradation products (Pelizzetti et al. 1990). The parent compound and its 

degradation products (initial and after further degradation) were then determined 

using HPLC. The results of the investigation showed that small additions of 

semiconductor oxides (TiO and ZnO) can increase the rate of photodegradation of 

Atrazine under simulated solar radiation. The one problem researchers noticed was 

that the investigated soils contained little semiconductor material. This caused the 

soils to exhibit a weak photocatalytic activity toward Atrazine. This study is an 

investigative attempt to identify and predict the likelihood of groundwater potential 

for the parent compound of Atrazine and its degradates. 

DIRECTIONS FOR USE: 

The directions for use provide the pesticide user or applicator with the 

appropriate methods for using the pesticide for whatever purpose it is to serve 

(E.P.A. 1988c). The current guideline requirements under directions for use include 

noting the dosage, frequency, time of application, and mode of delivery of the 

pesticide. All crops that are to be treated with the pesticide should be identified and 

listed. Because a pesticide can have more than one formulation (dust, spray, and 

granular), the form that will be used should be expressed in terms of its percent 

active and inert ingredients In the case of Atrazine or any other herbicide, inert 

ingredients are ingredients which do not work to actively inhibit the target weed. 

Application directions such as the maximum allowable number of applications 

per season, interval times between applications, and the circumstances under which 

the pesticide is used should be.included in the report (E.P.A. 1988c, sec. C: Appl. 

Dir.). There are six circumstances in which a pesticide is used; orchard and field, 

postharvest applications, animal treatment, aquatic treatment, aquatic uses, food 
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handling establishments, and agricultural premises. Atrazine is most often applied 

on bare corn fields in a diluted spray formulation before planting begins. This 

category lists four types of application, each with specific information required on 

the label. For full-coverage sprays (the most common application method), the 

dosage used should be expressed as pounds active ingredient per 100 gallons spray 

solution to runoff. Dosage is expressed this way due to variation in the quantity of 

active ingredient applied per acre as a result of the variation in the size of plants 

grown. Concentrated sprays are expressed as the amount of active ingredient 

applied per acre also because of the variation in plant size. Special options that 

include information on the label, state that smaller plants can be treated with 

smaller volumes of solution. This lessens the amount of active ingredient per acre 

decreasing the possibility of excessive treatment. Last, special modes of application 

(application other than what was listed) should include the spray concentration, the 

active ingredient per acre, and the spray volume per acre in the directions for use 

(E.P.A. 1988c, sec. C; letter a) Finally, any restrictions dealing with the maximum 

number of applications, timing of application, or interval between applications 

must be located on the use label. 

Karlaganis et al. (1991) show how investigating atrazine's degradation helps to 

formulate directions for its use. By determining the residues of Atrazine from soil 

samples using HPLC analysis, the persistence of this substance in the soil with 

respect to possible crop rotatio'n can be investigated. This eventually could lead to a 

reformulation of use directions for Atrazine. For example, perhaps researchers 

would suggest changing the method of application based on results indicating 

increased persistence of Atrazine with the present method. 

RESIDUE CHEMISTRY; PLANTS: 

The objective of these studies is to characterize the qualitative nature of the total 
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terminal residue of a pesticide based on plant metabolism studies. This helps 

researchers in developing a chemical definition of the "total toxic residue" in or on 

the raw agricultural food or feed commodity resulting from application of the 

pesticide formulated product to crops (E.P.A. 1988d). Required in the guidelines for 

testing is a description of the environment, environmental conditions during the 

time period, and soil characteristics. The report should also contain information 

concerning the kinds of crops used, identification of a specific crop part harvested 

and used for 14C residue analysis to determine "total terminal residue", the 

developmental stages, condition, and size of crop at time of application, and overall 

experimental procedure used. The modes or routes of metabolism observed, and a 

description of the components of terminal residue should be in the report. 

Under pesticide application, section A (E.P.A. 1988d); the type of application, 

dosage rate, and number and timing of applications to the crop should be discussed. 

If residues will be detected by 14C analysis; the total radioactivity on the plant at 

harvest time, quantitative data for all plant parts, and a description of total 

distribution of radioactivity in the treated crop must be given under section D: 

Analyses of radioactive residues, item 1 (quantitation and distribution of total 

recovered radioactivity). Item 2, Extraction and Fractionation of Radioactivity, is 

concerned with giving complete descriptions of the procedures employed, 

calculations, radiochemical extraction efficiencies calculated for all harvested plant 

tissues, and the efficiency of separation and purification for all fractionation and 

isolation techniques employed. Also in section D; item 3, Radioactive 

Characterization of Metabolites requires a tabular listing and description of all 

known and suspected metabolites of the parent compound, and a report on each of 

the major metabolite compounds and possibly their chemical makeup. 
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An investigation conducted by Bushway et al. (1989) involves determining 

atrazine residues in food by enzyme immunoassay. Presently, residue analysis is 

performed either by gas or liquid chromatography. These techniques require very 

expensive equipment, and analyses are costly. The researchers decided to use 

immunoassay for this investigation because it has the advantages of being less 

expensive and more sensitive than the present methods. The majority of this 

investigation does not follow the guidelines given above since this method is used 

after harvesting of the crop. The preparation procedure is given in the report. Five 

grams of food was weighed into a 50-ml Erylenmeyer flask, and 10 ml of a 90/10 

mixture of acetonitrile:water was added. Samples were blended for 2 min at 

medium speed followed by filtration through a 0.45 urn syringe filter. The filtrate 

was either diluted 1:10 or evaporated to dryness under reduced pressure depending 

upon the detection limit needed. Finally, a 100 ul sample was removed and run 

through the immunoassay procedure (Bushway et al. 1989). In line with the 

general guidelines (E.P.A. 1988d), the types of crops used were listed as fresh corn, 

fresh pineapple, canned corn, canned pineapple, and macadamia nuts. 

the immunoassay procedure was done on both liquid and solid foods. A sample 

of food is combined with 100 ul of a pH adjuster (usually sodium hydroxide) and put 

into an immunoassay tube with 160 ul atrazine "enzyme conjugate". The mixture 

is allowed to sit for 5 min at room temperature before rinsing (4 times) with distilled 

water to remove unreacted sample and enzyme conjugate. Last, 160 ul each of 

hydrogen peroxide and chromogen are added. A colored reaction product is allowed 

to develop for 5 min before the reaction is "stopped" with 1 drop of 2.5 N sulfuric 

acid. Before the stopping procedure a blue color develops. After the stopping of the 

reaction has taken place, a yell"ow color replaces the blue. The intensity of this 

yellow is quantified by measuring the difference in otical density between the 
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control and each standard or sample at 450 nm with a hand-held battery-powered 

differential photometer. 

The method was easily reproducible, and had percent coefficients of variation 

(%CV) ranging from 13.7 to 2.4. This range was considered excellent for the 

immunoassay technique to be considered as a screening technique (Bushway et al. 

1989). The method was then used to analyze the foods listed above. Out of a total of 

26 samples, only six showed any detectable amounts of atrazine. They were two 

fresh corn samples and four liquids from canned corn. According to the assay, the 

level present in these samples was between 1 to 2 ppb. which is not considered 

hazardous to humans. All the, other food tested did not show detectable amounts of 

atrazine (Bushway et al. 1989). Although the method used in this investigation was 

not listed in the guidelines (E.P.A. 1988d) above, it supports their purpose since it is 

capable of detecting atrazine residues. 

LABORATORY STUDIES OF PESTICIDE ACCUMULATION IN FISH: 

A laboratory study of pesticide accumulation in fish is used by investigators to 

determine if pesticide residues accumulate in fish used as human food sources, and 

to determine the extent of the pesticide residues in edible portions of these fish 

(E.P.A. 1988e). All pesticides aplied to the surface eventually enter a source of water 

(mostly by runoff). Fish are used in bioaccumulation studies for two reasons. First, 

fish are prevalent in aquatic environments, and they are larger than most aquatic 

species which makes them easy to work with. Second, because these studies 

measure the potential for accumulation in the food chain, organisms (like fish) 

located high up on the food chain are required. 

Included in the general testing guidelines under section A are; the source, results 

of analyses on pH, hardness, chlorine, D.O., temperature and such for the water 

used. Section B includes guidelines dealing with the species, source, age, size and 
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_ weight after the study, acclimation before the study, and maintenance of the fish 

used. Finally, guidelines listed under section C that should be reported are; 

aquarium preparation before pesticide exposure of fish, exposure method and 

protocol, sampling protocol, and the methods used to observe behavior and 

mortality. 
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An investigation on atrazine accumulation in the whitefish (Coregonus fera) 

(Gunkel and Streit 1980) adheres closely to the guidelines (E.P.A. 1988e) mentioned 

above. As stated in section A of the guidelines, the researchers provided the source, 

and pH of the water used. For example, the source of water was Constance tap water 

from Lake Constance, and the pH was 8.0. 

The whitefish used in the study came from Lake Constance as fry, and were kept 

in a tank of Constance tap water until reaching the length required by the 

researchers. Other information included in the report adhered to section B of the 

guidelines. This information was the acclimation of the fish before the study, and 

the age of the fish used. Fish 1 year old with a weight of 2.5 - 5.0 g (7.5 - 9.0 ern) were 

used in the experiments. The fish were acclimated to the experimental temperature 

of 160 C for two weeks prior to any testing (Gunkel and Streit 1980). 

Guidelines under section C mentioned in the report were; the exposure method 

and protocol, and the sampling protocol. Fish were exposed to an aqueous solution 

of 14C ring-labeled atrazine and water. After completion of the contamination 

period, the fish were rinsed and killed by a cut through the vertebral column at the 

base of the skull, and the organs were removed as soon as possible. The organs were 

covered immediately with 0.5 - 2.0 ml Soluene 100, and stored for 18 h at 4S°C. The 

organs were then cooled to room temperature and stored until further analYSis was 

required (Gunkel and Streit, 1980). 
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The results of this study indicate that for atrazine, bioaccumulation from water is 

an equilibrium process which is established between its concentration in water and 

in organisms. The whitefish accumulated atrazine very quickly and reached the 

concentration of the surrounding water within 50.9 min. One form of atrazine 

uptake was thought to occur in external organs (like gills and skin) directly 

contaminated by adsorption. A second mechanism of uptake is the transport of 

excess atrazine from the gills via blood to internal organs. Although the gills 

directly take up and store some atrazine, most accumulation occurs in organs such 

as the liver, brain, and intestine. Low levels of accumulation occur in the stomach, 

blood, and skeletal muscle. The total amount of accumulation in each organ is 

strongly influenced by the lipid content (atrazine is lipophilic), but the explanation 

is not sufficient to explain the bioaccumulation levels in other organs. The 

researchers do not state whether this accumulation is harmful to humans who use 

the fish as a food source. This, investigation consistently adhered to the guidelines 

(E.P.A. 1988e) required to conduct accumulation studies, and fulfilled the purpose of 

these studies by determining the accumulation of pesticide residues in a species of 

fish. 

Another investigation on Atrazine accumulation in fish was conducted by 

Cossarini-Dunier et al. (1988). As required in the guidelines (E.P.A. 1988e) under 

section B; the species, source, acclimation of fish before the study, and maintenance 

of the fish used was given in the report. Carp (Cyprinus carpio) were purchased 

from local fish farms. They were maintained in 150 liter tanks with continually 

flowing dechlorinated water, regulated at 20+ O.s°c. Four groups of forty fish were 

fed daily with carp commercial pellets. Carp were also submitted to standard 

photoperiods of 12 hours of daylight for ever 24 hours. Fish were also fed pellets 
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containing la, lOa, and 1000 ppm of analytical grade atrazine (95.2% active 

ingredient) (Cossarini-Dunier et al. 1988). 

Discussion of the sampling procedure (required by section C of the guidelines) 

used is in the report. Fourteen days after beginning the experiment, and on day 84, 

21 fish per group were sacrificed, and the blood, mucus, spleen, kidney, and liver 

removed for determination of atrazine concentration (Cossarini-Dunier et al 1988). 

The results show that there is no discernible accumulation for groups of carp 

containing 10 and 100 ppm of atrazine. The group containing 1000 ppm of atrazine 

only show low levels of accumulation after the 84 day time period. Elimination via 

feces and gills begins as soon as 30 min after feeding which quickly decreases the 

amount of atrazine residue in 'the body. The low levels of atrazine accumulation 

that occurred after 84 days in the 1000 ppm group could be due the to lipophilic 

nature of atrazine residues, causing them to be stored in the fat content of the fish. 

Since any accumulation that might occur is stored in the fat layer, the risk of 

contaminating people is low since this layer is not eaten. This study also adheres to 

the guidelines for testing (E.P.A. 1988e), and has provided information on pesticide 

accumulation in fish, and whether the pesticide presents a problem for human 

consumption. 

TERRESTRIAL FIELD DISSIPA nON STUDIES: 

The purpose of these studies is to determine the resistance and leachability of a 

pesticide and its degradation products under use conditions (E.P.A. 1988f). The 

general testing guidelines under section A state that the composition of the 

formulated product to be used should be determined to make sure it contains the 

claimed amount of active ingredient. The guidelines in section B deal with the site 

of the study. Under this section the locale of test plots, topography, size, drainage 

system, and soil characteristics should be given. Also required in this section is a 

14 



-

complete record of daily environmental changes, and a crop and pesticide history for 

the plot three years prior to testing. 

Section C contains the guidelines dealing with the general testing method. 

Required under this section are the date and technique of plot preparation before 

pesticide application, identity of the treated crop, the treatment method, weather, 

pesticide characteristics, the soil-sampling technique, and any difficulties 

encountered that affected the final data. 

Brouwer et al. (1990) conducted an investigation of the adsorption of atrazine and 

its degradation products; deisopropylatrazine, deethylatrazine, and hydroxyatrazine, 

to four top soils. The purpose of the investigation was to determine if any of these 

products would be able to reach groundwater and contaminate it based upon their 

ra tes of adsorption. 

According to section B of the guidelines (E.P.A. 1988f), the characteristics of the 

soils used were listed in the report. Four Dutch arable soils were selected for use: 

Smilde, Heeswijk, Wageningen, and Oosterbirum. Soil characteristics given for 

each were texture, percent organic composition, pH, and the percent composition of 

clay, silt, and sand. For example, the Smilde soil was sandy in texture, had a pH of 5, 

organic matter content of 14% mlm, and the composition of the soil consisted of 3 

um clay, 4 um silt, and 93 um sand. Also, as required by section C of the guidelines, 

sample preparation and the method of analysis were described in the report. 

The results of the investigation showed that distribution of the products in the 

soils decreases in the order hydroxyatrazine > atrazine > deisopropylatrazine > 

deethylatrazine. These results show that the amount of organic matter and other 

adsorption surfaces do not succeed in attracting the degradation products, 

deisopropylatrazine and desethylatrazine, as efficiently as for the other two products. 

This causes it to be possible for deisopropylatrazine and desethylatrazine to leach 
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through the soil rather quickly and contaminate the groundwater. It is unknown as 

to what kind of concentrations it takes to cause severe damage. 

TOXICOLOGICAL STUDIES: 

The purpose of these studies is to provide information concerning the effects of 

pesticides on wildlife and aquatic organisms. More specifically, to evaluate the 

hazards of pesticides to non-target birds, mammals, fish, and aquatic invertebrates 

(E.P.A. 1988g). Currently there are no studies being run to assess pesticide effects on 

non-target reptiles and amphibians. The majority of testing is on birds, mammals, 

and fish. 

Guidelines for avian and mammalian testing are located under series 71: Avian 

and Mammalian Testing. Series 71-1 contains the guidelines for avian single-dose 

oral LD50 testing. This test gives the researcher information on the avian acute oral 

toxicity of a pesticide. Section b states the conditions for test standards. First, testing 

should be performed on one avian species, either wild waterfowl (preferably the 

mallard) or on an upland game bird (preferably the bobwhite quail). Second, birds 

used in this test should be at least 16 weeks old at the start of testing. Third, the data 

should establish that the avian single-dose oral LD50 is greater than 2000 mg/kg, or 

establish an LD50 value and corresponding 95% confidence interval. Section c states 

The criteria for reporting and evaluating data (section c) are age and sex of the birds 

tested, mean body weights, diet used, pen dimensions, whether pen is indoors or 

outdoors, weather conditions, preparation of test material, amount of test material 

dosed per bird, number of controls used, and LD50 in mg/kg, with 95 percent 

confidence limits. These are some of the requirements out of a set of twenty. Section 

d is the acceptable protocol for this test. An acceptable protocol contains information 

on species and their history, cages, weight (taken at the beginning of the test, and 

after fourteen days), diet and fasting, preparation of test material, methods of 
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administration, number of birds per dose level, dosage mortality data, period of 

observation (animals should be observed for a period of fourteen days), gross 

necroscopy (inspection of the digestive tract, liver kidneys, heart, and spleen), and 

any signs of intoxication. 

The guidelines for avian dietary LC50 testing is found in series 71-2. This test is 

required when support is needed for the registration of an end-use product intended 

for outdoor application. Section b contains the regulations for test standards. These 

standards are the same as those mentioned above under the LD50 test. Section c 

contains the regulations for the reporting and evaluation of data. Information 

included are the age of the test birds, breeding history of the test birds, source and 

strain of the test birds, test die~s, mean body weights for each test and control group 

at initiation and termination of the test, the number of birds per concentration, 

signs of intoxication, and LC50 determinations with 95 percent confidence intervals. 

Section d contains the regulations for acceptable protocol. An acceptable protocol 

contains the following; description of the test (to determine a chemical's toxicity to 

birds expressed as the median lethal concentration of the chemical in dry diet), 

species, source of strain of birds, age and sex, health of birds, pen facilities, sex, 

temperature and relative humidity, lighting, pen locations, test diets, concentrations 

and dosage mortality data, observations on signs of intoxication, food consumption, 

and the statistical procedure used for handling data. 

Series 71-3 contains the guidelines for wild mammal toxicity testing. This test is 

required when data indicate that there is considerable variation in the sensitivity of 

different mammalian species to the toxic effects of a pesticide, and when there is 

evidence that wild mammals are heavily exposed to pesticides. Section b is 

involved with the regulations for test standards. First, data should be derived from 

testing conducted with the technical grade of each active ingredient in the product. 
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Second, testing should be performed on a mammalian species representative of 

those found in the are(s) likely to be affected by the pesticides proposed use. Third, 

when the animals are large or the species is relatively scarce, a study which 

determines only the approximate maximum tolerable dosage for the test species is 

acceptable. Section c contains the regulations for the reporting and evaluation of 

data. Age of each animal and how determined, mean body weight for each test and 

control group at initiation and termination of testing, the number of animals of 

each sex, test diet, dosage timing, mortality, and a LD50 (mg/kg) or LC50 (ppm) with 

95 percent confidence intervals would be included. Section d contains the 

regulations for acceptable protocol for this test. An acceptable protocol would 

contain the following; a dietary LC50 (lethal concentration) test, toxicity studies for 

large and relatively scarce mammals, animal conditioning, dose selection, chemical 

administration, and dosing schedule and design. 

Series 71-4 contains the guidelines for avian reproduction tests. This test is 

required when the products labeling contains directions for using the product under 

condition where birds may be subject to repeated or continuous exposure to the 

pesticide or any of its major metabolites or degradation products, especially during 

the breeding season. Section b contains the regulations for testing standards. First, 

testing should be performed of the bobwhite quail and mallard. Second, at least two 

treatment level groups and a control group are needed. Third, once other test data 

reveal bioaccumulation potential, the number of test animals in the test group 

should be increased to help offset animal deaths. Fourth, birds approaching their 

first breeding season should be used. Fifth, birds should be exposed to diets treated 

with the pesticide no later than 10 weeks before egg laying is expected, and 

throughout the laying season. 

Section c contains the regulations for the reporting and evaluation of data. 
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Observed abnormal behavior, the species used, the diet, feed consumption, housing 

conditions of test birds, length of treatment period and observation period, the 

eggshell thickness, the number of eggs laid, incubation data, fertility, the number of 

dead embryos, the number or fourteen- day -old survivors, and any signs of 

intoxication in post-hatching suriviors, is some of the information that would be 

required. In all, there are 42 requirements to be included in the report. 

Section d contains the regulations for acceptable protocol for this test. An 

acceptable protocol contains the number of test groups for each test species, diet 

preparation, a description of the test environment, how feeding was accomplished, 

the method of egg collection, storage, and incubation, bobwhite chick observations, 

duckling observations, determination of egg shell thickness, and an analysis of the 

data. 

Series 71-5 contains the guidelines for simulated and actual field testing for 

mammals and birds. The decision as to whether this test would be useful should 

consider an analysis of the pesticide properties, the pesticide's retention of food, 

repellency, and intended use patterns. Section b contains the regulations for testing 

standards. First, the test conditions for conducting a field test should resemble 

conditions under which the animal would be likely to encounter the pesticide. 

Second, the pesticide should be applied to the site at the rate, frequency, and method 

specified on the label. Third, studies should not be conducted in critical habitats or 

areas containing, or thought to contain, endangered or threatened plants or animals 

that could be harmed by the testing. Section c contains the regulations for the 

reporting and evaluation of the data. These regulations require information on the 

test location, weather data, test species, the measured body weights of the species, the 

pesticide chemical formulation, the application rate, the type application, vegetative 

cover, visual signs of intoxication, clinical measurements of intoxication, food 
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consumption data, residue analysis results, and other information. In all, there are 

37 requirements to be included in the report. There was no example in the 

guidelines (E.P.A. 1988g) showing what is included in an acceptable protocol. 

Guidelines for aquatic organism testing are located under series 72: Testing of 

Aquatic Organisms. Series 72-1 contains the guidelines for acute toxicity testing of 

estuarine and marine organisms. This test is performed when the pesticide product 

is intended for direct application to the estuarine or marine environment, or is 

expected to enter this environment in large concentrations because of its expected 

use or pattern of mobility. Section b contains the regulations for testing standards. 

First, data should be derived form testing conducted with the technical grade of each 

active ingredient in the product. Second, the 96 hour LC50 should be determined 

for estuarine or marine fish. Section c contains the regulations for reporting and 

evaluating data. These regulations require data on; dilution water (source, chemical 

characteristics, and pretreatment), test design, treatments, number of organisms per 

treatment, salinities, any unusual features of the test, chemical analyses, and the 

effects of exposure. There are 16 requirements to be included in the report. No 

examples of acceptable protocols were given in the guidelines (E.P.A. 1988g). 

Series 72-2 contains the guidelines for early life-stage fish studies. This study is 

required when a pesticide's use is such that its presence is likely to be continuous or 

recurrent regardless of toxicity, if studies of other organisms indicate the 

reproductive physiology of fish may be affected, or if the pesticide is persistent in 

water. Section b contains the regulations for testing standards. First, a fish early life

stage test should be done. Fish should be exposed to the test substance through the 

embryolarvae phase, but not all stages of the life cycle. Second, the choice of species 

and test methods is tailored to the pesticide's characteristics. Third, the 

concentration of the test substance in the water should be determined at the start of 
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the study, and periodically throughout the study. Section c contains the regulations 

for the reporting and evaluation of data. These regulations require data on; 

reproductive effects, mortality data, general observation of signs of intoxication or 

other effects, and the stage of the lifecycle in which the organisms were tested. 

There are 11 requirements to be included in the report. No example of an acceptable 

protocol was given in the guidelines (E.P.A. 1988g). 

Series 72-3 contains the guidelines for life-cycle tests of fish. This test is required 

if studies of other organisms indicate the reproductive physiology of fish may be 

affected. Section b contains the regulations for testing standards. First, the fish 

should be cultured in the presence of the pesticide from one stage of the life cycle to 

at least the same stage of the next generation. Second, testing should be performed 

on a freshwater fish, preferably the bluegill sunfish or rainbow trout. Third, data 

should be derived from the technical grade of each active ingredient in the pesticide. 

Section c contains the regulations for the reporting and evaluation of data. These 

regulations require data on much the same mentioned above for early life-stage 

testing. No example of an acceptable protocol was given. 

Series 72-4 contains the guidelines for aquatic organism accumulation testing. 

These tests are required if the active ingredient or principle degradation product(s) of 

the pesticide have a solubility less than 0.5 mg/l, if it is persistent in water, or if the 

active ingredient or degradation product(s) accumulate in the organs and tissues of 

mammals or avian species. Section b contains the regulations for testing standards. 

First, data should be derived from the technical grade of each active ingredient in 

the pesticide. Second, the following species that can be used in accumulation studies 

are; a bottom-feeding fish, cold-water fish, warm-water fish, marine fish, molluscs, 

crustaceans, and insect nymphs. Section c contains the regulations for the reporting 

and evaluation of data. Specific requirements on data reporting and evaluation are 
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determined through consultation with the E.P.A. 

The Cossarini-Dunier et al. (1988) investigation on atrazine toxicity to carp, 

adheres to the guidelines for aquatic organism accumulation testing (E.P.A. 1988g). 

The aim of this study was to investigate the consequences of long-term exposure of 

carp to atrazine under conditions similar to environmental conditions. Different 

physiological functions were studied, liver enzymes, plasmic membrane, and 

glucidic and detoxification mechanisms. The carp (Cyprinus carpio) is the species of 

chosen by the investigators, and is in agreement with section b, series 72-4 of the 

guidelines for toxicity testing. 

The results of the analyses revealed that there was no evidence form these data to 

prove that atrazine inhibits the action of liver enzymes. Exposure to three different 

concentrations of atrazine for 14 and 84 days did not change protein concentrations. 

It was also discovered that concentrations of 100 ppm of atrazine per day led to a 

decrease in the lymphocyte population in the fish after three weeks of exposure. 

However, there was no variation in the weight of the lymphoid organs, nor was 

variation detected in immunoglobulin serum levels (Cossarini-Dunier et al. 1988). 

It seems that atrazine has few immunodepressive effects on carp. It was also noticed 

that the general metabolism of the carp is slightly disturbed. This could be due to an 

increased level of serum cortisol and glucose and a decrease in liver and muscle 

glycogen with increasing exposure. The mucus membrane of fish is a natural 

barrier that protects against infections. Atrazine appeared to disturb the metabolism 

of these cells, but the interference was not stressful for the fish. Although the 

researchers did notice moderate stress within the physiology of the fish, the 

problems detected did not seem immediately dangerous to the fish. By evaluating 

the sensitivity of carp to atrazine so a determination of its toxicity can be made, this 

study supports the purpose of the guidelines (E.P.A. 1988g). 
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CONCLUSION: 

As stated in the introduction, the E.P.A. guidelines for pesticide assessment were 

given for each area of testing mentioned. Examples of investigations on atrazine 

and its metabolites were used to show that the testing methods applied adhere to 

these guidelines. The report has proven that most investigations on atrazine are 

undertaken to evaluate the purpose of the guidelines, and to test their effectiveness. 

According to this report, all the studies mentioned adhere to the regulations set up 

by E.P.A. as effective in assessing pesticide safety. 
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