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ABSTRACT 

Contamination problems from the chlorinated hydrocarbon DDE in 

the environment and in forage crops such as alfalfa (Medicago sativa L.) 

which are fed to dairy cattle have been a major concern throughout the 

state of Arizona. 

The concern over the contamination by DDE has led to research 

analyzing the theories of possible translocation or sublimation of the 

compound in the plant and also the degradation rate in the soil. 

Three alfalfa cultivars were grown in pots in which soil was 

dosed with DDE. The plants were grown outside under limited controlled 

conditions. The aerial portion of the plants were cut and analyzed for 

DDE. Soil was analyzed for residual rate degradation before and after 

the experiment. 

It was determined that sublimation was a major mode of con

tamination of DDE in alfalfa. Translocation was not considered a mode 

of DDE contamination. Soil degradation revealed a loss of DDE approxi

mately one-half the original dosed concentration applied. 

Results have shown that dairymen must avoid alfalfa contaminated 

by DDE as a feed for their cattle. 

vii 



INTRODUCTION 

During the mid-1940's certain chlorinated hydrocarbon pesti

cides including (2,2-bis(p-chlorophenyl) 1,1,1-trichlorethane) which 

is better known as DDT, began to be manufactured. The documentation 

since that time has indicated that these compounds and their analogs 

have created major residual contamination problems in the environment. 

These contamination problems have in turn affected certain industries 

and the products that they produce. In the state of Arizona, especial

ly in areas where cotton and alfalfa are intercropped, one such con

tamination problem of prime concern is the appearance of DDE (2,2-bis 

(p-chlorophenyl) 1,1-dichloroethane) which is an analog of DDT, in the 

milk of lactating dairy cattle. This contamination is a major issue 

not only from the human health aspect, but also because the dumping of 

the contaminated milk creates a tremendous financial loss. Research 

has not been conducted yet that fully identifies where the contamina

tion is coming from, but cattle feed, primarily alfalfa, is considered 

to be the number one suspect. 

Alfalfa (Medicago sativa L.) is the major forage crop for 

dairy cattle in Arizona. The annual revenue for the state from this 

crop exceeded $89 million dollars in 1981 when the total acreage planted 

to alfalfa was 160,000 acres, according to Arizona Agricultural Statis

tics (1981). Alfalfa contaminated with DDE would most certainly have a 

measurable effect on the dairy industry in the state. 

1 



2 

It has been shown that the lactating dairy cow excretes pest

icides in her milk after having been fed contaminated feeds (Gannon, 

Link, and Decker, 1959) also (Muir and Baker, 1973). It is the method 

by which these feeds are contaminated that leaves many questions un

answered. 

DDE has long been recognized as a residual pesticide contami

nant in nature due to the breakdown of the parent compound, DDT (Burge, 

1971). This breakdown occurs by several pathways, i.e., microbial, 

chemical, and photochemical, all of which can create different means 

of contamination in plants (Guth, 1981). Also because DDE has a double 

bond, unlike DDT with only single bonds in the molecule, DDE has been 

suspected of reacting differently with the environment and with plants. 

There are several theories as to how DDE can contaminate the 

alfalfa fed to dairy cattle, but few if any have been scientifically 

researched in detail. Dust contaminated with DDE blowing onto the 

aerial portion of the plant is one theory. Another theory is that a 

thermodynamic effect in which heat rising from the soil volatilizes 

some of the pesticide and causes it to rise from the soil and to con

dense on the cuticle of the plant. A third theory is that the plant 

roots themselves are able to absorb the pesticide from the soil and 

translocate it to the aerial portion of the plant (Lichtenstein, 1959). 

The objective of this research is to further investigate if sublimation 

or translocation of DDE does occur, and if it does occur, at what con

centrations does the DDE sublimate or translocate. The rate at which 

DDE remains in the soil will also be analyzed. 



REVIEW OF LITERATURE 

Although DDE has been noted to appear more frequently in the en

vironment today, very little research has been done on this compound. 

Most of the research prior to 1970 was conducted on the parent compound 

DDT. It is noted that little consideration has been given to the pos

sible different interactions that this compound may have with the en

vironment due to its unique molecular configuration (Fig. 1). 

Soil and Environmental Factors Affecting 
Pesticide Contamination 

One of the most important aspects of the DDE contamination prob

lem is the persistance of the compound in nature. Voerman and Besemer 

(1975) did an experiment at Wageningen, the Netherlands, where they 

monitored the amounts of DDT and DDE present in soils that previously 

had been sprayed with the compounds for the 15 year period of 1953 to 

1968. Soil was then sampled to a depth of 60 centimeters from 1969 

through 1973. Their results were that no significant decrease in the 

total amounts of p,p'DDT and o,p'DDT occurred, but the p,p'DDE concen

tration did increase by a factor of more than two times the original 

determination. The authors also grew ryegrass (Lolium perenne L.) on 

the experimental plots and found that DDT and DDE appeared in the 

plant, especially the roots. However, they compared their findings 

with another experiment and concluded that the pesticide in the upper 

portion of the plant could have been due to surface adhesion of the soil 

on the plant rather than true uptake by the plant. 

3 
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Fig. 1. Biodegradatlon of p,p*-DDT to p,p'-DDE or p,p'-DDD 

(Prom Peterson, J, E. & Robinson, W. H., 1964) 
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Ware et al. (1978), also noted the persistance of DDT in soil 

from plots where cotton had previously been grown and sprayed in Arizona. 

A 4 year growing period from 1972 to 1975 was analyzed for DDT and DDE 

residues. During that time, the residues not only persisted, but ac

tually increased from the original determinations of residues present. 

The evidence of DDT and DDE persistance in the soil is one of the prob

lems with the continued occurrence of the pesticide's contamination to

day. 

Other environmental factors influencing contamination are the 

rates of conversion of DDT to DDE and also the possible uptake of the 

DDE by plants from the soil itself. Soil can be considered an environ

ment entirely its own because of the different aspects of chemical and 

microbial reactions that take place. To illustrate the significance of 

soil effects on the conversion of DDT to DDE and possibly the ultimate 

uptake of the pesticide by plants, the experiments of several researchers 

are cited. 

Nash et al. (1973) used soils of various pH ranges, organic 

matter content and moisture content and analyzed the rates of conversion 

of DDT to DDE. Their experiments showed that soils with a higher pH 

value converted more DDT to DDE than more acidic soils. The greatest 

conversion occurred between pH 7 and 9. Soils were also amended with 

Mg, Ca, Fe, and Al oxides to determine the rates of conversion. Only 

the soils amended with. MgO, MgtOH^ and MgCO^ showed any statistically 

significant increases in the conversion of DDT to DDE. Soils were also 

tested to see what affect moisture would have on the conversion. It was 
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determined that conversion occurred by microbial action on wet soils 

and more chemical conversion occurred on dry soils especially at higher 

temperatures. Many of these same conditions that they studied are 

present to some extent in Arizona soils. 

Bailey and White (1964) have shown how soil can influence the 

bioactivity of pesticides. Soil adsorption of the molecules was stud

ied as well as the effect of moisture and physical properties of the 

soil. It was noted that soils high in organic matter and clay content 

resisted leaching of the pesticides whereas sandy soils allowed leaching 

to a great extent. Another observation was that the organic matter arid 

cation exchange capacity had a high correlation to the adsorption of the 

pesticide to soil particles and thus reduced bioactivity. Mention was 

made that the number of chlorine atoms on the pesticide compound also 

effected its ability to adsorb on the soil colloid. The pH was seen to 

have an effect on the bioactivity adsorption of the pesticide on the 

soil particle. Moisture was shown to effect adsorption with initial 

adsorption decreasing as moisture content increased. These studies have 

shown how the soil environment could effect pesticides such as DDE and 

their probable uptake by plants such as alfalfa. The various physical 

and chemical properties of soil should always be considered as a major 

factor in the location where crops are grown due to the soil's influence 

on the pesticide that may be present in the soil. 

Vapor Contamination by DDT 

When considering methods of contamination to the aerial portion 

of the alfalfa plant, one must account for sublimation (vapor 
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contamination). Nash and Beall (1970) used soybeans (Glycine max M.) 

to determine if volatile vaporization was a valid means of contamination. 

They grew the soytrgnsin pots wrapped with wire and plastic to keep 

the vapors around the immediate plant. The plants were protected from 

splashing while watering and from touching the soil surfaces. They 

also analyzed the plant root uptake of the pesticides. The pesticides 

used were DDT, dieldrin, endrin, and heptachlor. It was determined 

that the main source of contamination by DDT was from the soil surface 

vapor volatilization. This research presents a possible explanation to 

some of the DDE contamination found in forages and ultimately in milk. 

Translocation of DDT in Plants 

Through previous research it has been shown how soil environ

ments, temperature, moisture and volatilization may be responsible in 

part for the contamination of forages and crops by chlorinated hydro

carbon pesticides. One other aspect that lends itself to consideration 

is the actual root uptake of the pesticides, particularly DDT and its 

analogs, and the translocation of these compounds into the aerial por

tion of the plant. To give insight into this phenomena the studies of 

various researchers have been reviewed. 

A study conducted by Harris and Sans (1969) included several 

different soil types and various crops to determine the possible trans

location of DDT and its metabolites DDE and DDD. The soil types anal

yzed were sandy loam, clay, and muck. A control soil of sandy loam was 

determined to have 0.02 ppm DDT present initially, whereas the other 

soils were determined as having 0.22 ppm total DDT on the sandy loam; 
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0.54 ppm on the clay; and 16.81 ppm on the muck initially. The crops 

grown on these soils for analysis were alfalfa, oats (Avena sativa L.), 

corn (Zea mays L.), sugar beets (Beta vulgaris saccharifeca L.), 

potatoes (Solanum tuberosum L.) and carrots (Daucus carita L.). 

Potatoes and carrots took up trace amounts (0.01 ppm) of DDT and DDE 

from the muck soil and 0.00 ppm from the other soils. Sugar beets and 

oats took up minute quantities (0.04 ppm DDT or less) in all the soil 

types. Corn, however, showed significant uptake on the sandy loam soil 

of 0.12 ppm total DDT. Alfalfa showed 0.02 ppm total DDT or less on 

all soils except the muck soil in which it did not germinate. Their 

conclusions were that very little root uptake of DDT or its metabolites 

occurs in these plants. The researchers did mention, however, that even 

small quantities of translocated organochlorine pesticides could be 

enough to be significant in the contamination of animal products such as 

milk. 

Another attempt to explain translocation of DDT in plants was 

conducted by Lichtenstein and Schulz (1960) using peas (Pisum sativum 

L.). Both potted plants and field trials were done although only potted 

plants were used with DDT treatments. Quartz sand was treated with 30 

14 
ppm C-p,p'DDT and the pea plants were grown in the pots for 21 days. 

Plants were extracted using isopropyl alcohol and hexane and cleaned 

up on aluminum oxide columns and then analyzed by radioassay using a 

Geiger-Muller counter. The results of the analysis showed that no 

translocation of DDT occurred in the pea plants. 

Eden and Arthur (1964) also did translocation experiments with 

DDT using soybeans. The soybeans were grown in the field in Alabama and 
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three rates (11, 22, and 44 kg per acre) of DDT were applied to the 

soil at various times during the experiment. The soybean plants were 

harvested at the end of the growing period and analyzed for DDT resi

dues. No DDT was found in the soybean plants. 

These experiments with peas and soybeans could be significant 

in respect to alfalfa because all three of these plants are legumes and 

have many characteristics in common. 

To illustrate further the possibility of similarities between 

alfalfa and other crops grown by determining DDT translocation, Ware 

14 
(1968) grew alfalfa in pots injected with C-DDT for a period of 279 

days and made several cuttings of the crop during that time. Upon an

alysis, no DDT in sufficient quantity above background was found in the 

alfalfa plants. Data did agree with that of Eden and Arthur (1964) and 

also with Lichtenstein and Schultz (1960) where other legumes did not 

translocate DDT or its metabolites. 

Ware et al. (1970) experimented further to determine if newly 

germinating seeds of alfalfa, young plants or roots that were surrounded 

by treated soil would take up the DDT from that soil. Again, in all 

three instances of this experiment, no significant DDT was present above 

background determinations in any of these plant parts. 

The previously mentioned experimental results might appear as 

sufficient evidence to make any further pursuit of determining the 

translocation of DDE unnecessary, but it must be remembered that even 

though DDE is a by-product of DDT and has similar characteristics, it is 

a completely separate compound and must be treated accordingly. It must 



be remembered, too, that there are many factors involved in the chemical 

processes of plants and soils still unanswered. Such processas as the 

mode of uptake and metabolism of compounds in the alfalfa plant, the 

various chemical and physical properties of the soil environment which 

affect its interaction with plants, and the molecular configuration and 

chemical properties of DDE itself which could affect its uptake by 

plants all need to be better understood. Also, there is still suffi

cient evidence of translocation occurring in other types of crops to 

make the researcher suspect that it may still occur in alfalfa, but the 

exact routes of this translocation have not been found as yet. There 

are many instances where actual translocation of DDT does exist (Beall 

and Nash, 1969; Huffaker, 1948; Lichtenstein, 1959; Rosa and Cheng, 

1953). Therefore, further investigation of the DDE problem seems to be 

relevant. 

Actual translocation of DDT and DDE does occur in some plants 

even though research at this point has not been able to give a clear 

reason why this occurs in some instances and not in others. The trans

location of these compounds in alfalfa has not been proven (Ware, 1968; 

Ware et al., 1970). Some research has indicated translocation of minute 

quantities, (Beall and Nash, 1969) while other research shows no trans

location (Lichtenstein and Schulz, 1960). The research that does in

dicate translocation of DDT or DDE may be relevant in pointing out the 

role that the soil environment has or the characteristics of the plant 

itself which contribute to the translocation process. 

Huffaker (1948) showed that some translocation of DDT occurred 

in bean plants that were pierced with pesticide treated wicks in the 



stem of the plant. The pesticide (11.3 ppm DDT) was placed in a vial 

and the wick that was threaded through the plant was dipped in the vial. 

DDT moved into the upper leaves and stems of the bean plant by this 

method. This indicated that the plant probably did not have a mechan

ism to block translocation once the compound was allowed entry into the 

transport system. 

One interesting research study on DDT translocation was accom

plished by Polizu and Zeriu (1977) in Romania. They used corn (Zea 

mays L.) seedlings to determine root uptake of the pesticide and trans

location into the leaves and stems of the plant. An aliquot of 1.5 ul 

14 
of emulsifiable C-DDT in a 25 ml solution was applied to the pots of 

soil after the corn seedlings had reached the third leaf stage. The 

plants were then grown for six more days and then harvested. All por

tions of the plant were analyzed either by microtome sections or radio

metric determinations using a Geiger-Muller counter. The seedlings 

showed a surprisingly large amount of the pesticide in the roots, but 

much smaller quantities in the stems and leaves. The roots had an 82 

percent increase of pesticide activity over the original dosed concen

tration in the soil. This experiment pointed out that the plant itself 

was taking the pesticide into the roots, but was somehow blocking the 

further transport of the DDT molecule into the aerial portion of the 

plant. Perhaps this same phenomena could occur in alfalfa. More research 

should be done in this area.-

Tobacco (Nicotiana tabacum L.) is another agricultural crop that 

has been shown to translocate DDT according to Rosa and Cheng (1953). 



Tobacco seedlings in the six leaf stage on three medias, Hoaglund's 

nutrient solution, quartz sand, and field soil, a Fox loamy sand. The 

14 
medias were dosed with C-DDT at the rates of 0, 10, 20, 30, 40 and 

50 mg DDT per plant. After 2 weeks, the plants were analyzed using 

benzene extraction and a liquid scintillation spectrometer. Their 

results were conclusive that tobacco does take up DDT from all three 

medias. The field soil showed the least response with only 32 percent 

uptake from the dosed soil. There was approximately 84 percent uptake 

by the nutrient media and approximately 60 percent uptake by the quartz 

sand. One aspect discussed in this research was the vapor volatilization 

of DDT and DDE from the soil surface. It was mentioned that DDT isomers 

do not readily volatilize, however,p,p'-DDE does readily volatilize 

from the soil surface. This points to the fact that under field condi

tions vapor volatilization may be an important consideration with DDE 

contamination. 

Studies completed by Beall and Nash (1969) indicated various up

take responses of DDT by plants on five different soil types. DDT, diel-

drin, endrin and heptachlor were all tested for plant uptake response at 

0.5 ppm and 5.0 ppm dosage rates. Soybeans (Glycine max L.), wheat 

(Triticum aestivum L.), corn (Zea mays L.), alfalfa (Medicago sativa L.), 

bromegrass (Bromus inermis Leyss), and cucumber (Cucumis sativa L.) were 

grown for 3 to 4 weeks on Lakeland sandy loam, Hagerstown silty clay 

loam, Chillum silt loam, Sterling loam and Sharkey clay soils. Plants 

were analyzed by combusting the plant material and trapping the CO^ 

evolved and by counting the activity by liquid scintillation. Thin 



layer chromotography and gas-liquid chromatography were also used on 

plant extracts. The results of the experiment showed that all of the 

plants grown had some uptake of DDT occurring. However, the recovered 

amounts varied considerably from plant to plant with bromegrass having 

the highest DDT residue concentration present. These concentrations were 

0.033 ppm and 0.337 ppm on the respective 0.5 ppm and 5.0 ppm dosed 

soils for the first cutting of the grass. Alfalfa had only 0.008 ppm 

and 0.070 ppm respectively on the 0.5 ppm and 5.0 ppm dosed soil. The 

other crops ranged from 0.004 (corn) to 1.014 ppm (wheat) respectively 

on the 0.5 ppm and the 5.0 ppm dosed soil. Even though translocation 

was slight, it is interesting that it even occurred at all. This shows 

that translocation of DDT and its metabolic products should still be con

sidered as a source of contamination of forage crops. 

Nash (1968) found that wheat seedlings took up DDT from the 

soil and translocated it into the aerial portion of the plant. He 

found also that the recovery rate of the DDT increased with the rate 

of pesticide applied to the soil and it may be a linear function of the 

soil concentration. 

Lichtenstein (1959) studied several food crops grown on three 

soil types (sandy loam, Miami silt loam and muck) to determine the 

amount of DDT absorbed from the soil by these crops. He applied DDT to 

the soil in concentrations of 22, 220, and 2200 kg per acre. Crops of 

carrots, beets (Beta vulgaris L.), cucumbers, potatoes, radishes 

(Raphanus sativus L.), and rutabagas (Brassica napobrassica Mill) were 

grown and analyzed for uptake of the DDT. Samples were extracted using 
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a 2:1 mixture of benzene and isopropyl alcohol. Samples were cleaned up 

using aluminum oxide columns. The extracts were analyzed by colorimet-

ric methods. Results of the experiment showed recoveries of up to 23.7 

ppm on sandy loam soil for carrots dosed with 2200 kg of DDT per acre. 

This was after 2 years had passed prior to growing the plants on this 

soil. Results of 0.00 ppm occurred with cucumbers grown on Miami silt 

loam dosed at 2200 kg DDT per acre. These plants were grown after 3 

years had passed prior to the experiment. Results showed that DDT 

translocated or was absorbed into the roots of the plant in carrots, 

beets (only slightly), potatoes, radishes and rutabagas. The experiment 

was conducted to determine the absorption of the pesticide into the 

edible portion of the crop grown. The fact that these were mostly root 

crops showed that entrance into the plant is possible, but whether it 

moved into the leaves of the plant needed to be determined. 

A similar study completed in Canada by Harris and Sans (1967), 

reaffirmed the results found by Lichtenstein (1959) that absorption into 

carrots and radishes does occur. They, however, started out with much 

smaller concentrations of DDT, DDE and DDD (combined as total DDT) in 

the soils used. The concentrations ranged from 0.20 ppm on sandy loam, 

0.44 ppm on clay and 15.38 ppm on muck. Their results showed 0.01 ppm 

total DDT absorbed by carrots, less than 0.01 ppm absorbed by radishes 

and 0.00 ppm absorbed by turnips (Brassica rapa L.) and onions (Allium 

cepa L.). Again, these were examples of root crops, some of which were 

capable of absorption and possible translocation of DDT and its meta

bolites. These researchers believed that even small quantities of the 
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absorbed pesticide was possibly enough to create hazardous contamination 

if consumed by animals or humans. This fact was further emphasized when 

he research conducted on the accumulation of pesticide residues in ani

mals such as the dairy cow was reviewed. 

Pesticide Accumulation in Cattle 

The major concern over DDT and DDE contamination in the environ

ment was that these compounds would eventually end up in either animal 

feeds and/or be consumed by humans. This fear was documented when it 

was found that the forages such as alfalfa contaminated with DDE were 

fed to dairy cows and the milk produced was also contaminated with the 

pesticide. The following citations of literature have proven that this 

phenomena has occurred. 

The work of Gannon et al. (1959) showed that DDT certainly was 

accumulated in the cow's body fat and was excreted in the milk. In 

their experiment, four cows were dosed with DDT in their feed at rates 

of 10, 25, 100, and 200 ppm respectively. At the end of 16 weeks, the 

animals were put on untreated ratios for another 7.5 weeks. Milk sam

ples were taken before, during and after doses were administered at 

various times to monitor the concentration of DDT excreted. One animal 

was sacrificed from the DDT portion of the experiment to test her body 

fat for DDT accumulation. Results of the research revealed that DDT 

appeared in the milk in proportion to the amount of time dosed and the 

concentration of the dosage. On the other hand, when dosing was stopped, 

the concentration in the milk decreased in an inverse proportion to the 

dosed concentrations. There was no indication of final leveling off of 



the pesticide concentration in the milk even with the high dosages. 

Also, examination of the cow's fat indicated that at the 100 ppm DDT 

dosage rate 65.4 ppm DDT was found in the cow at the 16 weeks end of 

the trial period. This pesticide concentration was only moderately 

excreted by the cow during the 7.5 weeks after the feeding of untreated 

feeds began. This experiment shows without a doubt how important the 

problem of contaminated forage can be in relation to animal and human 

safety. 

Muir and Baker (1973) also determined the amounts of pesticide 

in the milk of dairy cows which were allowed to graze in apple orch

ards on farms in Quebec, Canada. DDT levels were 10 percent higher in 

these cow's milk above known background levels and DDE increased two

fold in the short 3 to 4 day period in which the cows were monitored. 

Milk levels ranged from 0.041 ppm to 0.139 ppm for DDT and from 0.051 

to 0.195 ppm for DDE. Pesticide levels on farms which had soil DDT/DDE 

contamination that was reflected in the hay samples were fairly low (in 

the 0.012 ppm to 0.71 ppm range for DDE). This data indicates that 

even low levels of pesticide in forage crops may accumulate and show a 

significant increase in milk. 

Further work accomplished by Harrison and Collett (1964) con

firmed previously completed research that DDT is excreted by the cow in 

the milk. The pesticide was found to be quite high in the milk. This 

was determined to be a result of the solubility of DDT in lipids, thus 

it readily accumulates in the fat depots throughout the animal body. 

Milk has enough butterfat in it to be a site of DDT accumulation. 
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All the research conducted indicates that since man has created 

the pesticide environmental problems which exist today, he must now 

take certain precautions to see that the health of animals and humans 

alike are not adversely affected by it. It was therefore deemed neces

sary to further analyze the routes of the DDE contamination problem in 

the state of Arizona. 



EXPERIMENTAL PROCEDURE 

An experiment was designed to study the possibility of sublima

tion and/or translocation of DDE in 'Mesa Sirsa', 'Lew', and 'Arizona 

Salt 1980 Cycle' alfalfa. The experiment was designed to resemble, as 

closely as possible, actual field environmental conditions and yet allow 

for the necessary degree of control that would be needed to monitor the 

process. 

Alfalfa plants were grown in 5 £ plastic pots. For the trans

location study, the pots were arranged in five separate replications 

with each replication containing nine pots. The five replications in

cluded one control replication and four dosage replications each dosed 

with a different level of DDE, i.e., 1 ppm, 5 ppm, 10 ppm, and 50 ppm. 

Each replication had three pots for each cultivar of alfalfa. For the 

sublimation study, an additional three control pots (one for each culti

var of alfalfa) was placed among each of the dosed replications. This 

resulted in a total of 57 pots. 

To begin the experiment, a relatively uniform clay loam soil 

(Typic haplargid) was chosen for growing the alfalfa plants. An initial 

analysis (Soxlet extraction method used by Ware- et al., 1978) was per

formed to verify that no pesticide residue existed in the soil. It was 

determined that each of the pots would contain approximately 5.0 kg of 

soil, so a total of 285 kg of soil was weighed and classified as "clean 

soil". 

18 
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In order to simplify the dosing process, all the dosed levels 

of soil were made from a single DDE dosed "stock soil". Portions of 

stock soil were then added to different weighed amounts of clean soil 

to obtain the dosage levels. 

Stock soil was made by adding 3.5 gm of 99.99 percent pure 

p,p'-DDE (manufactured by Aldrich Chemical Co., Inc., Milwaukee, Wis.) 

to 35.0 kg of the clean soil. To insure that the stock soil was uni

formly mixed, the DDE was first suspended in a 500 ml acetone/pentane 

mixture (75 ml of acetone to 425 ml of pentane) and then added to the 

clean soil. Soil was mixed in a Gelcoat lined utility cement mixer 

which had been rinsed with 22 £ of pentane. Another 22 £ of pentane were 

added to the soil/pesticide mixture and then the cement mixer was hand 

cranked for 1 hour to allow the pentane to evaporate. Hand cranking was 

necessary due to the explosive nature of the pentane fumes. The front 

of the mixer was then covered with aluminum foil to prevent any dust from 

escaping after all the pentane had evaporated. The stock soil was mixed 

an additional 1.5 hours using the 1/3 h. p. electric motor attached to 

the mixer. 

After having uniformly mixed the DDE into the stock soil, sam

ples of the mixture were analyzed by Soxlet extractions, Florisil clean

up, and gas chromatography. The gas chromatograph used was an electron 

capture (tritium foil) Microtek 220 equipped with a 1.5 percent O.V. 17, 

2.0 percent O.V. 210 column. Operating parameters of the machine were 

a 225°C inlet, a 200°C oven, a 215°C detector and a nitrogen carrier 

gas flow of 6.5 ml per minute. Analysis on the stock soil revealed that 

the DDE concentration was 138.18 ppm. This figure was used to calculate 



the exact amounts of clean soil and stock soil that would have to be 

mixed together in order to obtain the desired dosage levels. The mix

ing procedure used for the dosed levels was the same as the one given 

previously, except that the dosages were mixed starting with the lowest 

concentration and finishing with the highest one. Also, the mixer was 

brushed clean between each dosage level. After the different dosage 

levels had been mixed, each level was analyzed using the same procedure 

as the one used with the stock soil to verify that the concentration 

levels were correct. 

Pots were then filled and labeled. Each pot was filled with 

approximately 5.0 kg of soil which resulted in a surface level that was 

8 cm below the top of the pot. Each pot was labeled, using a heavy 

permanent black ink felt pen, indicating the type of soil dosage, i.e., 

1 ppm, 5 ppm, 10 ppm, and 50 ppm, DDE. Also, the pots were labeled 

with an A (Mesa Sirsa), B (Lew), or C (Arizona Salt 1980 Cycle) desig

nation to indicate the alfalfa cultivar. Each pot was then covered with 

a heavy plastic lid which had an 8 cm hole cut out of the center. Each 

of these lids was lined by stapling a 18.0 cm circle of aluminum foil 

(which had an 8.0 mm hole punched out of the center) to the inside 

(Fig. 2). The surfaces of the foil liners were then coated with 100 

percent pure peanut oil in an attempt to capture any DDE that might be 

sublimating from the soil surface. 

Filled pots were then placed on wooden benches 50 cm off the 

ground at the Plant Material Center U.S.D.A., S.C.S., Tucson, Arizona. 

Benches were oriented in an East-West arrangement to allow for maximum 

sun exposure. The entire bench area was covered overhead by slatted 
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Fig. 2. Lid and Pot Configuration Used to Grow Alfalfa 
Cultivars to Monitor Translocation/Sublimation 
of DDE. (Mot to Scale) 
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chain-link type fencing with slats 3.8 cm wide and spaced 5.1 cm apart. 

Overhead fencing was 140.0 cm above the tops of the pots. 

Pots were separated into the five different replications, i.e., 

control, 1 ppm, 5 ppm, 10 ppm, and 50 ppm. Each replication was 

spaced 1.6 m apart along the bench. The pots were exposed to the en

vironment throughout the entire experiment. 

During the first month of the experiment, which began on August 

28, 1981, the pots were watered every Monday, Wednesday, and Friday 

with enough water to adequately wet the soil. There were no plants 

growing in the pots during this time and only the possibility of sublim

ation of the DDE from the soil was monitored. 

After a month, the foil liners on the lids were carefully re

moved and rinsed using a 6 percent ethyl ether/94 percent petroleum 

ether mixture directly onto 15.0 cm Florisil columns for clean-up. The 

sample was eluted with 150 ml of the ethyl ether/petroleum ether mix

ture and then transferred quantitatively to 12 ml calibrated centrifuge 

tubes until analyzed. Analysis was accomplished by using a Microtek 

220 gas chromatograph with the same parameters as was previously men

tioned for soil analysis. 

When the foil liners had been removed from the pots on September 

18, 1981, six seeds of each of the alfalfa varieties were placed just 

below the 8 cm hole in the lid of each appropriately labeled pot. The 

pots were then recovered with the plastic lids. Watering was accom

plished in the same manner as used during the sublimation monitoring. 

By September 21, 1981, all the planted seeds in the pots had germinated. 
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The plants were allowed to grow until January 15, 1982. Then it was 

necessary to punch a single hole approximately 4 mm in diameter in each 

pot to allow drainage due to heavy rains that were occurring during the 

winter months in Arizona. When the plants were sufficiently tall 

enough (approximately 13 cm) above the surface of the pot lids, glass 

wool was packed around them at the point where they came through the 

hole in the lid. It was hoped that this procedure would block any 

further sublimation from occurring on the plants. 

Alfalfa plants were grown at the Plant Material Center with 

regular watering and care until three cuttings could be made from them. 

Cuttings were made on April 4, 1982, May 9, 1982, and June 11, 1982. 

The cuttings were made so that each of the three pots of plants for 

each of the varieties used was pooled as one sample. The alfalfa plants 

at the time of each of the cuttings were beginning to go into the bloom 

stage and were 26 to 30 cm tall. 

The alfalfa cuttings were extracted using 100 ml of methanol and 

100 ml of chloroform in 0.48 £ mason jars that were placed on an Eberbach 

shaker (Eberbach Corp., Ann Arbor, Mich.) with a 120 cycles per minute 

speed for 16 hours (Whiting et al., 1968). An attempt was made to use 

at least 10 g of dry sample, however, in most cases the sample contained 

less than this amount, so the entire sample was used and all calculations 

were adjusted accordingly. After extraction, the samples were washed 

three times with 100 ml of distilled water to remove the methanol that 

was used during the extraction process. 

After extraction, the chloroform layer was evaporated on a hot 

water bath (at 40°C with a gentle stream of air flow) just to dryness. 
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This portion was then brought up to 20 ml volume with a 6 percent ethyl 

ether/94 percent petroleum ether mixture and put on a 15.0 cm Florisil 

column. The sample was eluted with 150 ml of the ethyl ether/petroleum 

ether mixture, collected in a 250 ml beaker and then quantitatively 

transferred to a 12 ml calibrated centrifuge tube until analyzed. 

Analysis of the samples was accomplished using the same Microtek 220 

gas chromatograph equipped with a tritium electron capture detector. 

All parameters for the machine were as previously mentioned. 



RESULTS AND DISCUSSION 

At the beginning of the experiment, after the alfalfa plants 

began to grow and rise above the pot lids, there was some problem with 

quail eating the young plants. This was remedied by hanging aluminum 

pie tins from the fencing overhead. Another bird problem arose later 

when the plants were sufficiently large enough to pack glass wool around 

them. Birds constantly tore out and removed the glass wool packing for 

nesting material. This was eliminated by a less satisfactory method of 

packing commercial paper toweling around the plants. Toweling had to be 

continually repacked as it would sag when it became wet from rain or 

watering the plants. There were no other unforeseen problems that com

plicated this experiment. 

Experimental analysis on the soil was accomplished fairly 

rapidly. Initial soil determinations yielded results that were expected. 

No residual DDE was found in the soil and it was judged to be an ex

cellent growing media. The concentrations determined on the soil after 

mixing in the cement mixer showed that this method was usable for large 

quantities of soil, but perhaps not the best method for obtaining pre

cise concentrations (Table 1) because the mixing did not allow uniform 

distribution of the pesticide. After completion of the experiment (1 

year later) the soil analysis showed that the DDE concentrations dropped 

almost one-half from the original concentration. This is suspected to 

be due to the continual thorough watering of the plants in which leaching 
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Table 1. Soil dosage concentrations (original) before and (degraded) 
after the completion of the experiment one year later. 

Soil 
Original Concentration 

(ppm) 
Degraded Concentration 

(ppm) 

Control 0.00 0.01 

Dosed 1 ppm 1.13 0.42 

Dosed 5 ppm 3.49 1.40 

Dosed 10 ppm 6.61 2.72 

Dosed 50 ppm 39.01 26.46 



had probably occurred and also from possible loss due to the vaporiza

tion of the DDE (table 1). 

The part of the experiment that used the foil liners to monitor 

sublimation yielded very conclusive results. All foils from dosed pots 

showed significant amounts of DDE being sublimated from the soil sur

face to the liners (Table 2). Amounts of DDE sublimated ranged from 

2 
17.470 ng/cm on the Arizona Salt 1980 Cycle 1 ppm dosed pots to 851.880 

2 
ng/cm on the Arizona Salt 1980 Cycle 10 ppm dosed pots. Other dosed 

pots fell somewhere between those minimum and maximum ranges. Controls 

2 2 
also showed minute quantities (from 0.000 ng/cm to 0.734 ng/cm ) of 

sublimation which was possibly due to the fact that the peanut oil which 

covered the lids was contaminated by volatile vapors coming from the 

adjacent dosed samples via a stratified layer of slow moving air cover

ing the pot area on hot calm days. There seemed to be no other explana

tion. The sublimation rates had some correlation with the concentration 

of the dosed pots it appeared, however, this cannot be considered as a 

linear correlation. 

Results of the analysis on the alfalfa plants did not conclus

ively show that translocation had taken place. As a whole, after three 

cuttings, the dosed plants showed trace or below trace (0.01 ppm) con

centrations of DDE in the aerial portion of the plants (Tables 3, 4 and 

5). For those plants that had a higher concentration than 0.01 ppm, 

there was a fluctuation in the concentration level after each cutting 

was made. There are some factors that may have contributed to the DDE 

found in the alfalfa samples. First, the problem with the birds taking 

away the glass wool around the plants could have made it possible for 



Table 2. Concentrations of DDE recovered from lid foil liners due to sublimation. 

Sample Foil DDE(ng/cm^) Sample Foil DDE(ng/cm2) Sample Foil DDE(ng/cm^) 

A-l #1 21.450 B-l itl 31.200 C-l itl 17.470 

A-l #2 23.590 B-l it2 40.060 C-l il2 16.630 

A-l #3 24.460 B-l #3 49.900 C-l it3 22.320 

A-5 #1 29.900 B-5 #1 98.290 C-5 #1 89.870 

A-5 it 2 70.770 B-2 #2 117.950 C-5 it2 57.190 

A-5 #3 49.750 B-5 it 3 93.690 C-5 it3 74.270 

A-10 itl 162.400 B-10 itl 167.920 C-10 itl 851.880 

A-10 //2 188.400 B-10 it2 174.020 C-10 it2 652.500 

A-10 //3 131.060 B-10 it3 307.700 C-10 it3 812.560 

A-50 //I 720.820 B-50 itl 407.540 C-50 itl 410.270 

A-50 n 657.970 B-50 if 2 563.800 C-50 it2 540.610 

A-50 if 3 560.270 B-50 it3 457.510 C-50 it3 445.600 

A-Control i f l  .115 B-Control #1 .098 C-Control itl .249 

A-Control if 2 .115 B-Control it2 .098 C-Control it 2 .145 

A-Control i f l  .094 B-Control it 3 .000 C-Control if 3 .145 

A-l Control .193 B-l Control .295 C-l Control .603 

A-5 Control .442 B-5 Control .000 C-5 Control .679 

A-10 Control .082 B-10 Control .193 C-10 Control .734 

A-50 Control .082 B-50 Control .366 C-50 Control .647 

A = Mesa Sirsa, B = Lew, C = Arizona Salt 1980 Cycle. 



Table 3. Concentrations of DDE recovered in the aerial portion of alfalfa. Cutting Number 1. 

Sample DDE(ppm) Sample DDE(ppm) Sample DDE(ppm) 

A-l .008 B-l .013 C-l .004 

A-5 .000 B-5 .010 C-5 .004 

A-10 .013 B-10 .008 C-10 .007 

A-50 .154 B-50 .015 C-50 .014 

A-Control .000 B-Control .000 C-Control .000 

A-l Control .000 B-l Control .000 C-l Control .000 

A-5 Control .000 B-5 Control .000 C-5 Control .000 

A-10 Control .000 B-10 Control .000 C-10 Control .000 

A-50 Control .000 B-50 Control .000 C-50 Control .000 

A = Mesa Sirsa, B = Lew, C = Arizona Salt 1980 Cycle. 



Table 4. Concentrations of DDE recovered in the aerial portion of alfalfa. Cutting Number 2. 

Sample DDE(ppm) Sample DDE(ppm) Sample DDE(ppm) 

A-l .014 B-l .007 C-l .010 

A-5 .075 B-5 .015 C-5 .012 

A-10 .019 B-10 .014 C-10 .016 

A-50 .064 B-50 .054 C-50 .073 

A-Control .000 B-Control .016 C-Control .020 

A-l Control .000 B-l Control .000 C-l Control .004 

A-5 Control .000 B-5 Control .000 C-5 Control .000 

A-10 Control .038 B-10 Control .000 C-10 Control .029 

A-50 Control .064 B-50 Control .020 C-50 Control .074 

A = Mesa Sirsa, B = Lew, C = Arizona Salt 1980 Cycle 



Table 5. Concentrations of DDE recovered in the aerial portion of alfalfa. Cutting Number 3 

Sample DDE(ppm) Sample DDE(ppm) Sample DDE(ppm) 

A-l .005 B-l .005 C-l .019 

A-5 .003 B-5 .010 C-5 .013 

A-10 .012 B-10 .017 C-10 .023 

A-50 .055 B-50 .056 C-50 .052 

A-Control .005 B-Control Trace C-Control .006 

A-l Control .022 B-l Control .000 C-l Control Trace 

A-5 Control .014 B-5 Control .017 C-5 Control Trace 

A-10 Control Trace B-10 Control .017 C-10 Control .016 

A-50 Control .037 B-50 Control .101 C-50 Control .032 

A = Mesa Sirsa, B = Lew, C = Arizona Salt 1980 Cycle. 



some sublimation to have occurred on the plants themselves. The possi

bility of sublimation was again suspected because after the second and 

third cutting, there was some DDE found even in the control plants. 

These plants were grown on the up-wind side of the dosed plants and all 

precautions were taken not to cause contamination. However, if any 

volatile vapors were rising from the dosed pots, they may have strati

fied in a layer of slow moving air over the entire bench area on calm 

days so that the minute quantities of DDE found would have been able to 

adhere to the control plants. Also, the plants had to grow approxi

mately 7.5 cm form the soil surface to appear above the pot lid before 

the glasswool was put around them. Possibly sublimation contamination 

occurred at this time. One other aspect to the amount of DDE found in 

the plant material was that it had not stayed consistent for all the 

plants over the entire experimental period. It was assumed that if real 

translocation were taking place, then consistancy would be prevalent. 

The plant roots were not analyzed because the aerial portion was deemed 

to be more important in the experiment as it would be used as cattle 

feed. There could be a mechanism in alfalfa physiology which blocks 

the actual translocation of the pesticide into the upper portion of the 

plant. This idea would need to be pursued further in future experimenta

tion. One phenomena that seemed curious was the growth rate of the plants 

after the cuttings were made. The dosed plants recovered and grew more 

rapidly and had a much more vigorous stand than the control plants. The 

1 ppm and 5 ppm plants had the fastest and tallest growth overall. There 

was no explanation why this would be so, but it did support the findings 

of Foster (1952). 
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Comparisons of the different cultivars of alfalfa used in the 

experiment are summed up in Figures 3 through 6. There were no signif

icant differences in the concentrations of DDE found in the transloca

tion monitored alfalfa plants. 
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Fig. 3 Comparison of alfalfa cultivars for three cuttings at 
the 1 ppm dosage level. 
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Fig. 4 Conparison of alfalfa cultivars for three cuttings at 
the 5 ppm dosage level. 
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Fig. 5 Comparison of alfalfa cultivars for three cuttings at 
the 10 ppm dosage level. 
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Fig. 6 Comparison of alfalfa cultivars for three cuttings at 
the 50 ppm dosage level. 



SUMMARY AND CONCLUSIONS 

Mesa Sirsa, Lew and Arizona Salt 1980 Cycle alfalfa cultivars 

were grown to determine the possibility of translocation and/or sublima

tion of DDE into the plant after root uptake or onto the plant surface. 

Soil degradation of DDE was also analyzed 1 year after the beginning of 

the exper iment. 

Translocation of DDE into the aerial portion of the alfalfa 

cultivars was considered to be inconclusive. Only small amounts of 

DDE were detected after analysis, and these concentrations may have 

been the result of undetected vapor volatilization from the soil sur

face . 

Sublimation was considered to be conclusive from the data 

obtained. Significant amounts of DDE were detected on the surface 

of aluminum foil liners stapled to pot lids. The DDE was possibly 

vaporized by the high Arizona temperatures and adsorbed into the peanut 

oil that was spread on the foil liners. This phenomena was considered 

as a major source of DDE contamination for forage crops in Arizona. 

Approximately one-half of the original concentrations of DDE 

applied to the soil was decomposed or lost after the experiment was 

completed. This degradation or loss could have occurred because of 

vapor volatilization, leaching (although this was probably slight due 

to DDE insolubility in water) some microbial breakdown, and soil chemi

cal breakdown of the DDE molecule. 
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