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ABSTRACT 

Twelve lactating Holstein dairy cows were randomly 

divided into four groups of three animals each. Group A 

served as the control, group B was dosed at O.05ppm/day of 

DOE {2,2-bis{P-chlorophenyl-l, I-dichloroethyleneJ, cows in 

group C were dosed at O.lppm DOE/day, while group 0 cows 

were dosed at 1.0ppm DOE/day. DOE was administered in a 

residue free peanut oil solution for 32-consecutive days. 

Milk samples were taken daily during the 32 day dosing per

iod and for an additional 32 days after the dosing period. 

Quantitative analysis of DOE residue in milk fat was 

determined by using a Tracor MT-220 gas chromatograph with a 

Tritium electron capture detector. 

The average increase in DOE milk fat concentration 

during the dosing period was directly related to 

intake levels. DOE was the only organochlorine compound 

detected in the milk fat. The general slope and shape of 

the curves of milk fat DOE levels were similar for all 

treatments. The levels of DOE increased rapidly after the 

onset of dosing. After 15 days of dosing and throughout the 

remaining 17 days of the dosing period, milk fat DOE 

increased at a relatively slow rate. The level of milk 

fat DOE declined rapidly as soon as the DOE residue source 

was withdrawn. 
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At the end of the J2-day post-dosing period, one cow 

from each group was slaughtered and samples were taken from 

muscles, brain, lung, lymph, spleen, kidney fat, heart, 

gonad, placenta, udder, and kidney for DDE analysis. 

Considerable DDE was found in the muscle, lymph, kidney fat, 

and udder tissues. 



INTRODUCTION 

When Organochlorine pesticide-contaminated feed is 

consumed by a lacatating dairy cow, a portion of the 

contaminant or one of its analogs will enter the animal's 

metabolic system and ultimately appear in either the 

animal's milk fat or adipose tissue. 

Technical grade DDT contains a number of analogs in 

addition to the parent compound, P,P'-DDT (1,1-di (P-chloro

phenyl)-2,2,2-trichloro-ethane). The primary lipophilic 

analogs of concern are, DOE (2,2-bis(P-chlorophenyl-1, 

1-dichloroethylene) and DOD (2,2-bis(P-chloropheny1) 

1,1-dichloroethyleneJ. 

DOE is the compound of current interest. Although 

the origin of DOE is not known precisely, it is believed to 

be derived from the dechlorination of P,P'-DDT to P,P'-DDD 

and then to P,P'-DDE (Fries ~ ~., 1969). 

Although a general ban on DDT use occurred in 1972, 

DOE contamination in milk continues to be reported. Rather 

sudden and dramatic increases of this residue are often 

detected in milk produced in certain areas of the Unit~d 

states (Whiting, 1981). Preliminary investigation indicates 

that this contamination is probably due to the use of a DDE

containing acaricide. Fries in 1969, reported that when 

P,P'-DDD or P,P'-DDE is ingested by ruminants, the only 

1 



compound found in the milk fat was the specific compound 

fed. Both P,P'-DDT and P,P'-DDD were detected in milk fat 

when P,P'-DDT was fed. But the concentration of P,P'-DDE 

did not change significantly from initial or background 

levels. 

It has been noted that milk fat DOE concentration 

increased more rapidly than the case noted for hexachloro

benzene when cows were dosed with either DOE or hexachloro

benzene. Milk fat DOE concentration declined by 51% within 

15 days after dosing ended (Fries and Marrow, 1975). 

2 

The objective of this study was to determine the DDE

residue concentration in milk fat and adipose tissues at 

three steady state intakes. Feed-through rates at known 

dosing levels were determined together with depletion rates 

after the residue was removed from the dietary intake. 



LITERATURE REVIEW 

DDT was first synthesized in Germany in 1874. It has 

been used extensively worldwide in the control of insect 

pests of public health and agricultural concern. DDT is an 

abreviation derived from the common name Q(ichloro)Q 

(iphenyl)l(richloroethane). The proper chemical name for 

DDT is 1,1,1, trichloro -2,2,bis (P-chlorophenyl) ethane and 

its structural formula is: 

H 

I 
CI CI 

DOE is an abreviation derived from the common name of 

the compound Q(ichloro)Q(iphenyl)f(thane). Its proper chem

ical name is 2,2,-bis (P-chlorophenyl) - 1,lDichloroethylene 

(Dunlap, 1981). 



The structural formula for this compound is: 

CI ---C CI 

II 
CCI 2 

DOE is one of the primary lipophilic metabolites of DDT. 

Fat storage of Polychlorinated Compounds 

Due to their fat solubility, DDT, DOE and other 

polychlorinated hydrocarbons are stored in adipose tissues. 

The chlorine atoms which contribute to the lipophilicity of 

these compounds also tend to block metabolically vulnerable 

positions. This greatly reduces their expected metabolic 

breakdown (Tucker tl ~., 1983). These authors also 

reported that once contaminated, the steady state 

4 

concentration of these compounds which are particularly high 

in adipose tissues is due to their very slow elimination, 

even when the dailY intake is reduced (Fig. 1.) It is also 

reported that the concentrations of DDT, and DOE in adipose 

tissue are much higher than in other tissues or in plasma 

from the same individual. These values become similar when 

expressed on a % lipid basis (Whiting tl ~., 1972). 
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Figure 1. Pharmacokinetics of DDT and related compounds. 

Figures in compartments are relative steady state 

concentrations (from Tucker ~ !l., 1983). 



Biotransformation of DDT or Formation of DOE 

DDT is generally considered to be a very stable 

pesticide. Extensive investigation has revealed, however, 

that DDT may be metabolized to DOE by dechlorination, 

dehydrochlorination (Barton, 1970; Brooks, 1974), or pho-

tochemical changes in organic solvents, water, or air 

6 

(Geissbuhler, 1978). The degradation of DDT to DOE is cata

lyzed by DDT-dehydrochlorinase (E.C.U.1.1.) in the presence 

of glutathione. This enzyme has been isolated and purified 

from rat liver preparations (Barton, 1970). 

CI 

H-C-CCI 3 

I 

CI 
DDT 

> 

CI 

I 
C =CCI2 

I 

CI 
DOE 
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It has also been reported that there are at least two 

additional degradative routes for DDT, which are: oxidation 

to either dicofal or other unknown compounds, and reductive 

dechlorination to DOD (Brooks, 1974). A number of 

investigators have demonstrated the degradation of DDT in 

rats (Peterson and Robinson, 1964), in pigeons (Bailey et 

al., 1969), and in other birds (Stickel ~ ~., 1966; Walker 

~~., 1967; Noakes and Benfield, 1965). 

Toxic Effects 

In pigeons, DOE appears to be more toxic than DDT. 

In a study conducted by Bailey ~ ~., 1969, pigeons were 

fed DOE at a level of 1000ppm. It was found that about 

200ppm in the bird's muscles were indicative of death from 

chronic DOE intake. Also a large increase in liver weight 

was noted. The greatest increase was found in birds killed 

immediately after treatment. In the DDT treatment, it was 

found that the largest increase in liver weight was at 1-2 

months after the end of dosing. It was suggested that the 

major cause of DDT toxicity was due to the metabolically 

produced DOE. These workers also suggested that the DOE was 

the toxic agent following DDT ingestion. In an autopsy 

on a loon, 200ppm DOE was found in the brain. This level of 

DOE is believed to be the cause of death (Prouty ~ al., 

1975). DDT is thought to be of no great hazard to domestic 
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fowl (Noakes and Benfield, 1965), but it is toxic to fresh

water fish at levels as low as 0.8 ug/1 (Sitting, 1980). 

Sources of Pesticides Contamination in Milk 

Contamination of feeds by pesticides is considered to 

be the major source of organochlorine residues found in 

cows'milk. In India, it has been reported that the level 

of DDT residues in milk samples collected in 1979 was higher 

than that found in those collected in 1977. This may have 

been due to residual spraying of DDT in 1976 (Dhaliwal and 

Kalva, 1978) in indoor spaces. In 1966, Witt ~ ~., showed 

that the ratio of DDT metabolites in milk varied according 

to the route of DDT administration. They found that admin

istration of DDT in corn oil solution increased the level 

of DOD and DDT in milk. However, intratracheal administra

tion of DDT increased the level of DDT in milk, but in

creased the amount of DOE and DOD only slightly. When DDT 

was administered as an aged residue in alfalfa it increased 

the amount of both DOE and DOD in milk. They concluded that 

DDT administered through the oral route in a capsule or as 

an aged residue was metabolized by rumen flora to a much 

greater extent than in doses which bypassed the rumen. 

Therefore, Dhaliwal and Kalva suggested that the high level 

of DOD residues in milk was probably due to the intake of 

DDT through the contamination of animal feed. In addition, 

Witt ~ ~., 1966, have shown that respiratory intake may 



give rise to pesticide contamination in milk. Respiratory 

intake may, therefore, result in an increase of the pesti

cide level in milk. The response to respiratory exposure, 

however, was shown to have a lower rather than higher 

response level of DDT and its metabolites in milk than ali

mentary exposures. 

9 

According to Laben ~ ~., 1966 a relation of about 

1:1 is generally found between the levels of DDT in feed and 

that detected in the cow's milk fat. This relationship was 

established at feed levels of 1.00ppm or less. 

Residues in Milk, Beef Carcass, and Feed 

Contamination of feed intended for animal feeding is 

considered to be the major source of pesticide found in milk 

(Brown ~ ~., 1966). In the period of 1964 to 1967, the 

United states Department of Agriculture found 40 dairy herds 

were producing milk with a level of DDT and its metabolites 

above 1.25ppm (lipid basis). They found that the high level 

of those pesticides was caused by the ingestion of DDT

contaminated feed (Moubry ~ ~., 1968). Dhaliwal and Kalra 

1978 studied DDT residues in butter and in infant formulae 

in India during 1977. They found that all 18 samples of 

commercial brands from various areas in India were con

taminated. All but one brand of butter contained DDT resi

dues above the 1.25ppm (lipid basis) limit with an overall 

average of 4.77ppm. All samples of infant formulae con-
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tained DDT residue higher than the tolerance level. The DDT 

concentration ranged from 1.52 to 2. 72ppm, with an average 

of 1.90ppm. These values were about twice the allowed daily 

intake of 0.005mglkg of body weight. 

In Czechoslovakia, pesticide residues were found in 

samples of ham, pork, and dried eggs. In some cases, dried 

egg samples contained a DDT level as high as 2.5mglkg (Breyl 

and Kredl, 1974). However, samples from 1975-1976 showed 

that DDT, DOD, and DOE residues had decreased and were 

generally below the maximum acceptable levels in milk fat 

(Cuak and Cerna, 1978). 

In Italy, samples of commercial canned beef products 

were analyzed in 1974-1975 for DDT, DOD, and DOE residues. 

All samples had detectable pesticides but at levels below 

the maximum permissible amount (~aggi ~ ~., 1977). 

In Canada, samples of fluid milk were taken from 1967 

to 1969 and analyzed for pesticide residues (Frank ~ ~., 

1970). The mean concentration of DDT and its metabolites in 

milk butter fat was O.134ppm. Comparatively few milk 

samples had undetectable levels of DDT. Sixteen percent of 

samples collected during 1977 contained residues of DOE and 

DOD with a mean of 0.015ppm total DDT (Frank ~ ~l., 1979). 

In the United States, samples were analyzed from the 

products being marketed during 1964-1966. These analyses by 

the U.S. Food and Drug Administration showed an average of 
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about one-tenth of the established tolerance which at that 

time was 1.25ppm in milk fat for DDT, DOD, and DOE (Duggan, 

1967). 

In 1971, beef fat samples were obtained in 

Mississippi and Georgia and examined for pesticides by Ford 

~ al., 1973. They found that all samples contained DDT 

residues. During 1972, DDT, DOD, and DOE were found in 

Texas animal feeds but in amounts less than O.1ppm. Adipose 

tissue levels from these cattle were less than O.5ppm 

(Donald ~ ~l., 1974). In Illinois, milk samples were taken 

between 1971-1976 and analyzed for pesticides by Wedberg £l 
~., 1978. They demonstrated that those samples contained 

DDT and DOD levels below the tolerance established by both 

the Environmental Protection Agency and the Food and Drug 

Administration. 

Retention and Depletion of Pesticides from Body Accumulation 

Milk secretion is one of the most significant excre

tory routes for organochlorine residues (Whiting ~ ~., 

1972). A number of investigations have followed the 

transfer of pesticide residues from animal feed to milk. 

These studies usually followed the rate at which pesticide 

concentration in milk fat will decrease after the animals 

were no longer being contaminated. 

It is also important to know the rate of decline when 

the animals have been removed from the contamination source. 



12 

In a study conducted by Takeda in 1976, it was shown that 

the DDE:DDT ratio in cow's milk increased after the banning 

of DDT in 1972. This action accounted for more than 80% of 

the total DDT (P,P'-DDT, O,P'-DDT, and DOD) being used at 

that time. 

Earlier, DDT dosing studies showed that low, long 

term DDT intakes resulted in greater dose:response ratio in 

milk than in shorter residue intakes (Whiting ~ ~., 1972). 

These researchers found that the ratio of feed dose to milk 

fat pesticide residue accumulation ranged from 1:3.5 in low

dose treatment to 1:2.2 in high-dose exposures. In a 1966 

feeding study conducted by Laben et aI, five groups of lac

tating cows were fed low levels of DDT for 26 weeks. They 

found that DDT feed:milk ratio ranged from 1:13.0 for the 

control cows to 1:1.8 for animals which received the higher 

dosage. 

Williams and Mills, in 1964, fed low levels of mix-

tures of heptachlor epoxide, dieldrin, endrin, lindane and 

DDT to dairy cows. They detected small increases in DDT and 

TOE. The concentration of DOE did not change. A single 

large dose of DDT fed to dairy cows caused a sudden increase 

in DDT levels 14 hours after dosing (Crosby ~t ~l., 1966). 

In a study by Fries ~ ~~., 1976, cows were fed either 5 or 

25mg DOE per day for 60 days. An increase in milk fat DOE 

was found for the first 40 days after the onset of feeding. 

In another experiment, cows were fed a daily intake of 
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either 25mg of DDT; DOD, or DOE per day for 60 days. It was 

demonstrated that residue concentrations increased rapidly 

after intake of contaminated feed (Fries ~ ~., 1969). 

They suggested that residue concentration may approach 

equilibrium after 20 days from the initial dosing, but that 

it did not necessarily reach a constant level. 

Pesticide Distribution in Tissues 

Most livestock feeds contain very low amounts of 

detectable organochlorine pesticides. Also it has been well 

documented that animals accumulate a portion of these 

ingested lipophilic pesticides in their adipose tissues. It 

has been proposed that a considerable amount of pesticide 

residues may be mobilized out of body adipose tissues during 

depletion. The distribution of total pesticides in 13 

tissues, however, did not change significantly during this 

period (Rumsey ~~ ~., 1967). In 1978, Blunt and Saunders 

studied DDT distribution in the adipose tissues of steers. 

They noticed that there were no significant differences in 

the DDT levels in the fat from subcutaneous (base of the 

tail) or scrotal tissues of each animal. Whiting ~ ~!., 

1973, found that the highest pesticide levels were in renal, 

udder, and non-adipose udder tissues. Renal and udder fat 

pesticide levels rose about 50% in doses from 0.25 to 

0.50ppm. A 100% increase was found in those tissues from 

doses of from 0.50 and 1.0ppm. 
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In 1976, Fries and Marrow indicated that DOE and 

Hexachlorobenzene levels in milk fat have a close rela

tionship to those found in body fat during the depletion 

period. They suggested that it may be possible to predict 

body fat residue levels on the basis of residue con

centration in milk fat. stull ~ ~., also found, in 1971, 

that there was a close relationship between milk fat pesti

cide level~ and that in the carcasses of dairy cows. It has 

been demonstrated that this information may be useful in 

predicting whether or not an animal should be slaughtered 

for beef when milk values are known. This phenomenon may be 

useful in determining possible concentrations in milk fat of 

non-lactating animals (Fries, ~ ~., 1976) or to account 

for unsuspected contamination of a herd milk supply (stull 

~ !l., 1976). On the other hand, Moubry ~ !l., 

demonstrated, in 1968, that pesticide residues decline rates 

were different in milk fat than in body tissues. Con

sequently, they suggested that it may not be possible to 

predict with complete accuracy body fat pesticide levels by 

an analysis of milk samples. Earlier, Laben ~ ~., in 

1966, suggested that the relationship between DDT in body 

tissues and milk fat, at low levels of intake, was positive 

but extremely variable. Some reports have suggested that 

blood analysis before slaughter may be useful as an indica

tion of adipose tissue residue concentrations. This may be 
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useful as an indication of the possible exceeding of legal 

limits for consumption (Ware ~ ~., 1975) and (De Campas ~ 

a1., 1979). 

Fries ~ ~., 1970, made a study on the effect of 

activated carbon feeding on organochlorine pesticides 

elimination from rats and cows. They indicated that there 

was no positive action on decontamination acceleration in 

the animals which were no longer receiving the contaminated 

feed. 

stull et ~., 1967, examined the effect of thyropro

tein feeding on DDT excretion in milk. Their results have 

shown an increase in body fat mobilization due to the 

thyroprotein feeding. This also increased pesticide resi

dues excretion in milk. Milk fat pesticide levels remained 

about 2ppm higher than that in the control cows, when the 

thyroprotein feeding ended. 

Pesticides in Processed Qairy Product~ 

The effect of various heat treatments and cheese 

making have been studied to determine whether or not these 

processes might possibly result in a reduction of DDT and 

its metabolites. 

In 1969, Ledford and Chen studied the degradation of 

DDT and DOE by cheese microorganisms. They suggested that 

DDT and DOE may be degraded if they were involved in surface 

ripened cheese. Pesticide degradation activity which 
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occurred on the cheese surface might diffuse to the interior 

of the cheese. In 1973, Smoczynski concluded that, as cheese 

ripening progressed, DDT content decreased. However, these 

changes were statistically insignificant (Smoczynski ~ ~., 

1974). A direct relationship between a possible pesticide 

residue content in the fat of the end products and that of 

milk used as a raw material was suggested by Cerna et ale 

1976. DDT was found in white brine cheese for up to 12 

months after manufacture (Todorov ~ ~!., 1974). 

In contrast, special processing such as the treatment 

of milk with hydrogen peroxide could destroy the pesticide 

residues to a large extent (Van Renterghem, 1978). While 

pasteurization did not significantly reduce DDT and its 

metabolite levels in milk, the concentration of these pesti

cides was lowered by evaporation and drying (Bierska and 

Laskowski, 1974). This evidence is however, contradictory, 

as Van Renterghem in 1978, in France, reported that spray 

drying did not reduce the original pesticide levels of the 

milk used. 



EXPERIMENTAL PROCEDURES 

Animals and Feed 

Twelve lactating Holstein dairy cows from the Univer

sity of Arizona experimental dairy herd were used in this 

study. The cows were randomly divided into four groups 

comprised of three animals each. They had initial mean milk 

fat DOE levels of O.5ppm or less. While on trial they were 

fed according to NRC roughage and concentrate requirements. 

Roughage consisted of good quality alfalfa hay and the con

centrate was a normal herd grain mixture consisting of 

barley, cotton seed meal, beet pulp and minerals. Dosing 

levels were established on the basis of anticipated total 

feed consumption as follows: group A served as control, 

cows in group B were dosed at O.05ppm/day of DOE (2-2-bis 

(P-chlorophenyl) -1, 1-Dichloroethylene), group C animals 

were dosed at O.1ppm ~OE/day, while group 0 cows were dosed 

at 1.0ppm DOE/day. The dosing treatment was conducted daily 

for 32 consecutive days. DOE was administered in a DOE free 

peanut oil solution contained in a 20ml gelatin capsule with 

an oral bolus gun. Body weights, mean milk production, and 

mean % milk fat for each cow was recorded (Table 1). 

17 
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Table 1. Initial indi vidual and mean body weights, milk 

production, and % milk fat of experimental cows. 

Animal Body Mea n Mi 1 k Mean 
Treatment Group No. Wei gh t Production Milk Fat % 

(kg) (kg/day) 

A 
(Control) 1 689.47 20.18 3.38 

2 580.60 22.60 4.2 
3 537.51 20.13 3.57 

Mean 602.53 20.97 3.72 

B 4 654.09 18.59 3.15 
( 0.1 ppm DOE) 5 610.09 21.45 3.36 

6 546.58 22.54 3.63 
Mean 603.59 20.86 3.38 

C 7 698.54 22.81 4.36 
(0.5 ppm DOE) 8 582.42 20.00 4.50 

9 542.05 20.45 4.05 
Mean 607.67 21.09 4.30 

0 10 693.55 22.68 3.15 
(1.0 ppm DOE) 11 576.07 23.58 3.01 

12 538.87 20.86 3.60 
Mean 602.83 22.37 3.25 
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~J1k Samples 

Milk samples were collected from each animal for two 

consecutive evening milkings immediately prior to dosing. 

Each sample was individually analyzed to determine initial 

DOE levels. Milk yields were recorded and equivalent milk 

fat production determined. During the 32 day dosing period, 

milk samples were taken after 12 hours, 1, 2, and 4 days and 

then at 4-day intervals for the remaining time. After the 

dosing period, samples were again taken at the end of 1, 2, 

4 days then at 4-day intervals for an additional 32 days. 

Milk samples were stored at 4°C until analyzed. In prepara

tion for analysis, the milk was warmed to 35°C, thoroughly 

mixed, and samples taken for milk fat and DOE determination. 

The remaining samples were stored at 4°C in case there was 

need for additional analysis. 

DOE Treatments 

The mean daily feed consumption of each cow was 

~etermined during a 10-day pre-dosing period. This feed 

intake rate was used to calculate the amount of pesticide to 

be added (Williams and Mills, 1964). The daily dosing 

treatment was conducted for 32 consecutive days by a rumen 

capsule method of administration. 

The DOE was dissolved in 100% peanut oil purchased 

from a local food market. This oil was previously analyzed 

and shown to be free of DOE. Two grams of DOE were weighed 
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on an aluminum foil dish and transferred with forceps into a 

lL volumetric flask containing 100ml of peanut oil. The 

solution was mixed for 2 hours at room temperature with a 

magnetic stirrer, the graduated column completed to the lL 

level with the required peanut oil and then mixed for an 

additional 2 hours. An aliquot of the DOE-peanut oil solu

tion was analyzed by GLC to confirm the predicted DOE con

centration. Aliquots of either 1, 5, or 10ml of the DDE/ 

peanut oil solution were added to 20ml gelatine capsules 

(Arizona Veterinary supply, 1130 West Brichwood, Mesa, AZ 

85202), and the cows induced to swallow them by the use of a 

veterinarian dosing device (Maiorino, 1980). Control cows 

were dosed with DOE-free peanut oil. 

DOE Extraction from Milk 

A 10gm aliquot of milk was weighed directly into a 

250ml separatory funnel. To this milk sample, 4ml of 5% 

potassium oxalate and 25ml methanol were added and shaken 

for one minute. A 5Dml ethyl portion was added and the mix

ture shaken for one minute. Then 25ml petroleum ether were 

added and shaken for two minutes. The solution was allowed 

to stand for 10 minutes, the aqueous layer was drained and 

discarded. The solvent layer was transferred quantitatively 

into a 250ml beaker. The beaker contents were evaporated to 

dryness in a 50 0 C water bath with a gentle stream of air. 
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All traces of methanol were evaporated before the sample was 

transferred to a Florisil column. 

Florisil Activation 

Florisil (Floridin Co., 3 Penn Centers, Pittsburgh, 

PA 15235) was received in a 50kg bulk container. It was 

transferred immediately to 5kg glass containers with ground

glass stoppers and stored at room temperature. For use, 

l500ml Florisil were measured and transferred into a sepera

tory funnel. The Florisil was rinsed with 2L of methanol by 

shaking until mixed and then drained. It was rinsed again 

with 2L of methanol and allowed to drain completely. 

Finally, it was rinsed with lL of hexane and allowed to 

drain completely. It was then aspirated for at least 20 

minutes and transferred to an aluminum foil-lined pan to a 

depth of about 2cm. The pan with Florisil was placed under 

an exhaust hood (foil covered) and left to dry overnight at 

room temperature. Before final use, the Florisil was acti

vated in the same pan for 16 hours at 130°C and then trans

ferred into a glass container with a ground-glass stopper 

and stored at 130°C. 

Florisil Column-Clean-up 

A lcm glass wool plug was placed above the drip lip 

of a chromatographic column (42cm x 2.5cm). Slight suction 

was applied and activated Florisil added to a depth of 9.6cm 
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with vibration (Beckman ~ ~., 1969). The column was pre

washed without suction with 30-40ml of 6% ethyl ether in 

petroleum ether. When this solvent had wetted the entire 

column, the pre-wash was discarded. A beaker was placed 

under the column and the sample extract was quantitatively 

transferred to the column with a minimum volume of 6% ethyl 

ether in petroleum ether. When the sample had completely 

entered the adsorbant, the column sides were washed down and 

then the contents eluted at the rate of about 5ml/min with 

150ml of the ethyl ether/petroleum ether solvent (Mills, 

1959). The eluate was concentrated in a 50°C water bath 

with a gentle stream of air to about 3ml and then quan

titatively transferred to a 10ml stoppered centrifuge tube. 

The contents were diluted to volume with hexane and 4-6 ul 

injected for GLC analysis. 

DOE Detection and Determination 

Quantitative analysis of DOE residue in milk fat was 

determined with a Tracor MT-220 instrument using a Tritium 

electron capture detector (ECD). It had a 6cm x 1.8m glass 

column packed with 1.5% OV - 17/1.95% OV - 210 on 100/120 

mesh Chromosorb W. Nitrogen was used as a carrier gas. at 20 

ml/min. The injector temperature was 240°C. The column 

temperature was maintained at 195°C, and the detector was 

operated at 215°C. 
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Animal Tissues Analysis 

In this analysis, samples were minced in a ground 

glass tissue grinder. A scalpel or sharp knife was used to 

scrape and finely mince the tissue prior to weighing. Since 

connective tissues are difficult to grind they were removed 

as completely as possible. The following amounts of speci

fic tissues were weighed in an aluminum pan. 

Material Aliquot 
(gm) 

Depot fa t 0.3 - 0.5 

Li ver 0.75 - 1.0 

Brain 1.0 - 1. 25 

Muscle 1.5 - 2.0 

Kidney 1.0 - 1.5 

Gonad 1.0 - 1.5 

Heart 1.5 - 2.0 

Lung 1.0 - 1.5 

The weights of the sample and the aluminum pan were 

recorded. The sample was then transferred from the pan into 

a tissue grinder. The aluminum pan was reweighed and the 

sample weight recorded. Five ml each of redistilled ethyl 

ether, hexane, and methyl alcohol were added. Grinding was 

continued until it appeared that the solvent phase was 

saturated with tissue fragments. The ground sample was 

transferred from the grinder into a separatory funnel by 
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passing the sample through a long stem funnel plugged with 

glass wool which had been previously washed with 50% ethyl 

ether - 50% hexane. Solvents were added to the unground 

sample and the above process was repeated 4-5 times until 

the entire sample was ground. All grinding surfaces were 

quantitatively rinsed three times with 5ml of 50/50 mixture 

of redistilled ethyl ether and hexane. The combined rin

sings were added to the separatory funnel. Then 75-l00ml of 

distilled water were added to the separatory funnel, the 

contents mixed gently to avoid emulsion formation and 

allowed to stand for 10-15 minutes. To assist in breaking 

the emulsion either extra standing time was required and/or 

the outside of the separatory funnel was rinsed with warm 

water. 

Another 75-l00ml of distilled water were added and 

the process repeated twice. In the case of samples that 

were expected to have extremely low pesticide contamination 

(in the low ppb range), the entire organic solvent layer was 

quantitatively transferred into an aluminum weighing pan and 

allowed to evaporate at room temperature under a fume hood. 

The pan was reweighed and the contents subjected to column 

clean-up as previously described for milk fat. For samples 

in which the pesticide content was in the range of 0.005ppm 

or higher, the organic solvent layer was transferred into a 

graduated cylinder and the volume recorded. From this, a 
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10% aliquot was taken for fat determination. The 10% ali

quot was pipetted into a previously tared aluminum weighing 

pan. The contents were evaporated just to dryness at room 

temperature and the pan re-weighed. The remaining 90% ali

quot was transferred into a beaker, and evaporated to dry

ness in a 50 a C water bath with a gentle stream of air 

followed by column clean-up. 



RESULTS AND DISCUSSION 

DOE Residue in Milk Prior to Dosing 

In the pre-dosing period, DOE residue concentration 

in the milk of all groups was similar (Table 1). 

For two days prior to dosing and on the first day of 

dosing (day J), the concentration of milk fat DOE in Group A 

(control cows) ranged from O.JJppm (day J, cow II) to 

O.79ppm (day 2, cow IJ) with a mean of O.52ppm. In Group B 

(O.lppm DOE per day treatment), the concentration ranged 

from O.26ppm (day 1, cow 15) to O.55ppm (day 1, cow 16) with 

a mean of O.J8ppm. In Group C (O.5ppm DOE per day 

treatment), the concentration ranged from O.22ppm (day J, 

cow 18) to O.60ppm (day' 2, cow 19) with a mean of O.J8ppm. 

In Group 0 (l.Oppm DOE per day treatment), the concentration 

ranged from O.22ppm (day 1, cow 112) to O.5Jppm (day 1, cow 

Ill) with a mean of J5ppm (Table 1). 

All calculations were based on the milk fat content, 

using the following equation: 

DOE ppm (fat basis) = Ng DOE recovered 
ul sample injected x 2 x butter fat 

This equation was used only for lOmg milk sample in a 

final volume of 5 ml hexane. 

26 
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Although all analyses were made on milk from indivi

dual cows, the results for each sample day have been 

averaged by groups of three cows according to dosing level. 

The concentration of DOE in milk fat of all groups, 

including the controls, ranged from 0.20ppm to 0.79ppm with 

an overall mean of 0.40ppm (Table 2). 

An analysis of variance between treatments 

(co-efficients) is not significantly different at the 0.05 

level (Table 3). 



Table 2. Concentration of DOE in the milk fat of animals three days prior to dosing. 

TREATMENT G R 0 U P 

A B C 0 
(0.0 ppm DOE) (O.lppm ODE) (0.5 pgm DOE) ( 1. 0 ppm ODE) 

Animal 
1 2 3 4 5 6 7 8 9 10 11 12 number 

Day (ppm) 

1 0.50 0.42 0.63 0.51 0.26 0.55 0.33 0.33 0.55 0.29 0.53 0.22 

2 0.42 0.66 0.79 0.42 0.36 0.44 0.27 0.34 0.60 0.33 0.41 0.40 

3 0.33 0.35 0.59 0.32 0.27 0.47 0.31 0.22 0.50 0.37 0.40 0.20 

Means 0.52 0.38 0.38 0.35 
for each 
group 

I 

I 

Mean of 0.41 
I 

all 
I 

animals 
- --- ---- --- - _ .. - - --- -- -- -- -- ---- - - - - -- ---- -- - --- -- -- - - - --- -- ---- '" co 
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Table 3. Analysis of variance of DOE in the milk fa t of 

animals 3 days prior to dosing. 

Sum of Mean 
Source D.F. sguares sguares F Ratio E. Probe 

Between groups 3 0.0523 0.0174 1. 381 .3170 N 

Within groups 8 .1010 .0126 

Total 11 .1532 

standard Standard 
Groue. Count Mean deviation error Minimum Maximum 

A 3 .5211 .1324 0764 .4167 .6700 

B 3 .3822 .0655 0378 .3067 .4233 

C 3 .3833 .1444 0834 .2967 .5500 

0 3 .3500 .0884 0510 .2733 .4467 

Total 12 .4092 

LSD procedure ranges for the 0.05 level 3.26 (Tabular value) 

Subject 1 

Groups Group 0 Group C Group B Group A 

Mean .3500 .3822 .3833 .5211 

Subject 1 is a homogeneous subject (subjects of groups, 

whose highest and lowest means do not differ by more than 

the shortest significant range for a subject of that size). 
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Excretion of DDE in Milk During the Dosing Period 

This study was to provide information on the transfer 

of DDE residues from feed to milk at various DDE intake 

levels. 

The average increase in DDE milk fat concentration 

during the 32 days dosing period was directly related to 

intake levels. DDE was the only lipophilic organochlorine 

compound detected in the milk fat. This supports the 

results reported earlier concerning the fact that DDE is 

resistant to metabolic degradation Fries ~. ~., 1973, 

1969, Williams and Mills 1964, Martin 1976, Fries ~ ~., 

1972. This observation is also in agreement with the find

ing of Peterson and Robinson (1964) who pointed out that 

DDE is not an intermediate in the formation of DDD from DDT 

(Figure 1). This fact was further supported by Fries and 

Kane (1967) who reported that there was no measurable amount 

of DDD in the feces or the tissues of a calf fed only DDE. 

The general slope and shape of the curves of milk fat 

DDE levels was similar for all treatments (Figure 2). The 

level of DDE increased rapidly after the start of dosing. 

After 12 hours, it had reached concentrations of 0.53, 1.52, 

and 2.20ppm in groups B, C, and D, respectively. There were 

no detectable changes in the DOE level in the control cows 

(group A). 
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Figure 2. Biotransformations of DDT in mammals (Peterson 

and Robinson, 1964). 
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In the high dose group (D), the concentration of milk 

fat DOE increased rapidly during the first 15 days after the 

onset of dosing. At the end of the 15-day dosing period, 

the DOE level had increased from 0.32 to 4.55ppm which 

represents a thirteenfold magnification (Table 4). From the 

15th day until the end of the dosing period (32 days), the 

DOE milk fat level increased from 4.55 to 5.87ppm, theoreti

cally indicating that eventually a plateau would be reached. 

For the medium dose treatment (Group e), the general 

slope of the DOE curve was similar to that seen in the high 

dosing treatment (Group D), but with a more moderate rate 

rather than the rapid increase seen in the former case. The 

level of milk fat DOE increased steadily after the dosing 

started and continued to increase at almost the same rate 

until the end of the 15th day of the dosing period. On that 

day (15-day dosing), the level of milk fat DOE was 2.73ppm, 

with an increase of 2.39ppm, from the first day of dosing. 

The residue had increased sevenfold as compared to the thir

teenfold increase previous~y noted in the high dose treat

ment (Table 4). Again, around the 15th day of dosing, the 

rate of increase began to diminish, indicating that at 

approximately this time a saturation begins to take place at 

these levels of contamination. 
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Table 4. Milk fat DOE after 15 days of dosing. 

r-

Milk fat DOE (ppm) 

Treatment Feed At At the end *Increase 
Group dose (ppm) day 0 of 15 days Increase factor 

A 0.0 0.42 0.50 0.00 0.00 

B 0.1 0.35 1.06 0.71 2.0 

C 0.5 0.34 2.73 2.39 7.0 

0 1.0 0.32 4.55 4.23 13.2 

*Increase factor Increase = DOE Conc. at day 0 
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In the low dose treatment (Group B), the con

centration of milk fat DOE increased very slowly after the 

start of feeding. At the end of the 15-day dosing period, 

it had increased from 0.35 to 1.06ppm for an increase factor 

of two. 

An analysis of variance between treatments 

(co-efficients) is significantly different at the 0.05 level 

(Table 5). 

After the initial 15 days of dosing and throughout 

the remaining 32-day dosing period, milk fat DOE increased 

at a relatively slow rate. In the high dose treatment, it 

reached 5.87ppm at the end of the dosing period, an increase 

of 29.0% with a total increase of 5.55ppm from the start of 

dosing (Table 6). In this treatment, the milk fat had not 

reached an equilibrium during a 32-day period of continuous 

DOE intake. 

In the medium dose treatment (0.5ppm) the level of 

milk fat DOE approached equilibrium at the end of the 15th 

day of dosing. It had reached 3.16ppm at the end of the 

32-day dosing period. The percentage increase was 15.7%, 

with an overall increase of 0.43ppm compared to the level at 

the end of the 15th day of dosing. 

The level of milk fat DOE had almost reached 

equilibrium at the end of the 11th dosing day in the low 

dose treatment (O.lppm) and remained nearly constant 
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Table 5. Analysis of variance of the increases in milk fa t 

DOE levels during the dosing period. 

Sum of Mean 
Source D.F. sQuares sQuares F Ratio F. Prob. 

Between groups 3 295.21 0.0174 36.16 .0001 

Within groups 8 21.76 .0126 

Total 11 16.97 

Standard Standard 
Groue. Count Mean deviation error Minimum Maximum 

A 3 1.37 .25 .14 1.12 1. 62 

B 3 2.75 .24 .14 2.48 2.95 

C 3 8.12 1. 34 . 77 7.010 9.61 

0 3 13.95 2.99 .72 10.59 16.34 

Total 12 6.55 1.12 16.34 

LSD procedure ranges for the 0.05 level 3.26 (Tabular value) 

S ub.iec t 1 

Groups Group A Group B 

Mean 1. 37 2.75 

SUb.iect 2 

Group Group C 

Mean 8.12 

SubJect 3 

Group Group D 

Mean 13.95 
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Table 6. Milk fat DOE at the end of the 15th and the 32nd 

day of dosing. 

,... 

Milk fat DOE (ppm) 

Feed At the At the (% ) 
Treatment Dosed end of end of Increase Residue Total 

Group (ppm) 15 days 32 days in ppm increase increasE 
- ---- ppm ----

A 0.0 0.50 0.37 0.00 0.00 0.00 

B 0.1 1.06 1.01 0.00 0.00 0.66 

C 0.5 2.73 3.16 0.43 15.7 2.82 

0 1.0 4.55 5.87 1.32 29.0 5.55 



throughout the remaining dosing period. The cows may have 

reached an equilibrium at this stage of feeding. 
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There was a slight increase of the DDE concentration 

at day 32 (Group B) and this may have been due, in part, to 

the high level of milk DDE of cow No.4 (769) (1.3ppm). 

DDE Accumulation in Milk Fat 

Corrections have been made in the means of milk fat 

DDE concentration for the residue found in milk of the 

control cows. The means of DDE levels after 35 days were 

0.50, 2.47, and 4.84ppm, respectively for groups fed 0.1, 

0.5, or 1.0ppm (Table 7). An intake of O.lppm resulted in a 

feed:milk fat DDE ratio of 1:5.0, intake of 0.5, or 1.0ppm 

resulted in ratios 1:4.9 or 1:4.8, respectively. An earlier 

DDT feeding study by Whiting ~ ~., (1~73) has shown an 

increase in the ratio with a decrease in the DDT dosage. 

This may be due to the possibility, first, that some of the 

DDT metabolites are water soluble and therefore may be 

excreted in the urine, and second, that DDE is more stable 

than DDT. The results showed no definite dose:milk fat DDE 

residue relationship. Such a relationship has been pre

viously reported in the DDT feeding study (Whiting et al., --
1973). 
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Table 7. Average concentration of milk fat DOE during 

15-35-day dosing. 

Dietar,Y. DOE intake (e.e. m) 

0.0 0.1 0.5 1.0 

~ Milk fat DOE (e.e. m) 

15 0.50 1. 06 2.7 4.5 

19 0.50 1. 02 2.9 5.0 

23 0.49 0.94 2.9 5.3 

27 0.47 0.88 3.0 5.5 

31 0.43 0.89 3.0 5.7 

35 0.37 1. 01 3.1 5.8 

Mean o. ·46 0.96 2.93 5.30 

Mean wi th 0.50 2.47 4.84 
control 
correction 



40 

The corrected mean concentrations of milk fat DOE 

residue were approximately five times greater in the 0.5ppm 

dose group than in O.lppm dose, and two, or ten times 

greater in the 1.0ppm dose group than in the 0.5, or 

O.lppm dose groups, respectively. These results appear to 

agree with those from an earlier study by Fries and Marrow, 

1975. For example, they showed that the milk fat DOE level 

was approximately five times greater in a 25mg treatment 

than in a 5mg intake. 

DOE Residue Decline after Dosing 

When an animal has become contaminated with DOE resi

due, it is of practical significance to know the rate at 

which milk fat DOE will decline after the cows are removed 

from the contamining source. This study was undertaken to 

provide some information about the rate of DOE residue 

decline after removal of the DOE source. 

Milk samples were taken for DOE analysis at 1, 2, 4, 

8, 12, 16, 20, 24, 28, and 32 days after dosing ended. The 

level of milk fat DOE declined rapidly as soon as the DOE 

residue source was withdrawn (Figure 4). The decline was 

much slower in O.lppm dose treatment. The sudden decline of 

milk fat DOE, in 0.5 and 1.0ppm dose treatment, agrees with 

the findings of Fries and Marrow, 1975. At the end of 12 

days postdosing, the average concentration of milk fat DOE 

in the 1.0ppm dosing dropped from 5.23 to 2.03ppm, a loss of 
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61.1% (Table 8). In the 0.5ppm dose treatment, the DOE 

level decreased from 3.21 to 1.50ppm, a loss of 53.2%. At 

the low dose intake (0.1ppm), the DOE level showed the 

smallest decrease, being from 1.04 to 0.4ppm, a loss of 

61.5%. 
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The general slope of milk fat DOE decline curves were 

similar to those demonstrated by Fries and Marrow, 1975, and 

Moubry £! !l., (1968). The results agree closely with the 

findings that have been established for other organochlorine 

residues, polychlorinated biphenyl (Fries £! !l., 1973, DDT 

(Crosby £! 2.l., 1966), and hexachlorobenzene residue (Fries 

£! !l., 1976). 

An analysis of variance between treatments 

(co-efficients) is significantly different at the 0.05 

level (Table 9). 

There was very little additional loss in the con

centration of milk fat DOE after the 12-day post-dosing 

period but the decline continued slowly during the 32 day 

sampling period. A sudden drop in the level of milk fat DOE 

has been noticed after the 23-day post-dosing period, in the 

high-dose treatment (1.0ppm). The cows may have been 

approaching a subsequent decline in DOE residue to reach the 

predosing DOE level. 



Table 8. Decrease in milk fat DOE residue after dosinq. 

DOE dosing Residue Residue Residue 
level(ppm} I-day 12-day decrease decrease 12-day 28-day decrease 

(%) 

- - - ppm - - - - - - ppm - - -

0.0 .47 .46 .01 --- .46 .40 ---

0.1 1.04 .40 .64 61.5 .40 .41 ---

0.5 3.21 1.50 1.71 53.2 1.50 1.35 .15 

1.0 5.23 2.03 3.2 61.1 2.03 1.88 .15 
'----- ---- ------ - -- -- -- - -- --- -- - - --- -- - -

Residue 
decrease 

(%) 

---

---
10 

6 

Total 
Decrease 
(ppm) 

.07 

.63 

1.86 

3.35 

~ 
\.,.J 

, 
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Table 9. Analysis of Variance for the decreases in milk 

fat DOE residues. 

Sum of Mean 
Source O.F. squares squares F Ratio F. Probe 

Between groups 3 

8 

96.22 

9.61 

32.07 

1. 20 

26.69 .0002 sig 

Within groups 

Total 11 

Groue. Count Mean 

A 3 1. 27 

B 3 1. 70 

C 3 5.58 

0 3 8.12 

Total 12 4.17 

Subject 1 

Groups Group 

Mean 1. 27 

Sub.i ect 2 

Group Group 

Mean 5.58 

Sub .iec t 3 

Group Group 

Mean 8.12 

105.84 

standard Standard 
deviation error Minimum Maximum 

.29 17 1.01 1.59 

.35 20 1. 44 2.11 

1. 43 82 4.69 7.23 

1. 59 92 6.31 9.30 

A Group B 

1. 70 

C 

0 
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Since sampling was terminated after 32 days, no 

attempt was made to extend the analysis to the point where 

milk fat DOE concentration might have returned to the level 

of the control cows. However, the concentration of DOE 

residue in milk fat was below or near the tolerance level of 

1.25ppm in all cases. 

Although the cows were selected to be in approxima

t~ly the same stages of lactation, milk production level, 

and body weight, it is possible that there were other 

reasons for individual variation among the cows. For 

example, the loss or the gain in body weight could have 

affected the rate of milk fat DOE decline. All cows in the 

0.5ppm treatment lost weight during the 32-day experimental 

period. This may have caused them to excrete more DOE into 

milk. A second factor could be high fat production. 

Finally, the size of the cow or the total body fat could be 

another factor. It is suggested, therefore, that several 

factors may have contributed to variation among cows. 

Tissue DOE 

At the end of the 32 day post-dosing period, one cow 

from each group was slaughtered and samples were taken from 

muscles, brain, lung, lymph, spleen, kidney fat, heart, 

gonad, placenta, udder and kidney for DOE analysis. All 

samples were analyzed in duplicate and the mean values are 

reported (Table 10). 



Table 10. 

\ 

DOE in tissues at the end of the 32-day post

dosing period. 

---------- DOE intake (ppm) ----------
Tissue 0.0 0.1 0.5 1.0 

Muscles 0.97 1. 26 1. 38 3.37 

Brain 0.00 0.00 0.00 0.00 

Lung 0.00 0.00 0.00 0.00 

Lymph 1. 78 1. 33 2.33 3.74 

Spleen 0.00 0.00 0.00 0.00 

Kidney Fat 0.94 1. 04 2.29 3.30 

Heart 0.00 0.00 0.00 0.00 

Gonad 0.00 0.00 0.00 0.00 

Placenta 0.00 0.00 

Udder 1. 32 0.95 1. 84 2.41 

Kidney 0.00 0.00 0.00 0.00 
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Considerable DOE was found in the muscle, lymph, 

kidney fat, and udder tissues (Table 10). The results are 

expressed on a fat basis. 
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At the end of the 32-day post-dosing period, the 

concentration of DOE ranged from 0.97 to 1.78, 0.95 to 1.33, 

1.38 to 2.33 and from 2.41 to 3.74ppm in the control cow, 

low, medium, and high dose treatment, respectively. In 

general, the concentrations of DOE in the tissues 32 days 

after the dosing were proportional to the dietary intake. 

DOE levels in the various tissues and in the same treatments 

were fairly uni form (Table 10). Rumsey rt &., (1967) 

demonstrated that there were no statistically significant 

differences in the level of total DDT residues among 13 

tissue sites. Similar findings have been suggested by Stull 

§.l &., (1971), and Blunt and Saunders, (1978). This study 

has not shown any relationship between the DOE concentration 

in milk fat and that found in the tissues of the lactating 

dairy cows (Table 11). 

One important point regarding these observations is 

that the decline in body fat DOE was not as rapid as that in 

milk fat DOE. In a similar study conducted by Fries et 

&., (1969), the level of body fat DOE increased more slowly 

than in milk fat DOE. 

There was slower DOE body fat decline compared to 

that in milk fat. On the other hand, a two compartment 

system and constant rate of introduction, has been described 
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Table 11. DOE Concentration at the end of the Post-dosing 

Period. (Fat Basi s) 

Kidney 
Treatment Milk Muscle Lymph Fat Udder 
(ppm) 

------ ppm -----
0.0 0.40 0.97 1. 78 0.94 1. 32 

0.1 0.26 1. 26 1.33 1. 04 0.95 

0.5 1. 44 1. 38 2.33 2.29 1. 84 

1.0 1. 00 3.37 3. 74 3.36 2.41 



by Fries ~ ~., (1969) and could be used to explain the 

differences in the observed rates of depletion. If one 

assumes that compartment 1 represents the amount of DDE in 

the circulatory system and compartment 2 represents the 

level of DDE in the body fat (Fig. 5), and when the rate 
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constant KJ is large as compared to those of K1 or K2, then 

body fat depletion DDE would be slower. 

DDE input 

Compartment 1 

DDE in the 
Circulatory 
System 

DDE elimination 

K1 

-----------~ ,-----------
K2 

Compartment 2 

DDE 
in 

Body Fat 

Figure 5. A two-compartment description of DDE accumulation 

and depletion. 

This agrees with Rumsey ~ ~., (1967) who 

demonstrated that "the proportional amounts of pesticide 

residues in the adipose tissues were significantly different 

in muscles and blood (P(O.05) and in milk (P(O.05)". Simi-

larly, Moubry ~ ~., (1968) concluded that it was not 

possible to predict the residue concentration in adipose 

tissue in the animals' back fat using the residue con-

centration in milk fat. Other investigators reported that 
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the relationship between the residue in body fat and milk 

fat, at low levels of intake, was positive but extremely 

variable (Laben ~ ~., 1966). However, it has been suggested 

that, at levels below 30ppm DDT in body fat, the DDE in milk 

fat may be expected to be about three times higher than 

that in body fat (Laben ~ !l., 1965). 

Adipose tissue storage of lipophilic compounds is 

more complex than just a matter of lipophilicity, DDE and 

related compounds are stored in adipose tissue which is 

relatively inert, so that material stored therein is removed 

from other organs where toxic symptoms could appear. There

fore, fat storage may be considered as a protecting mecha

nism. However, in conditions of fasting or in other 

diseased states, stored residues can be mobilized and can 

cause an unexpected toxic concentration in target organs, as 

for example, in the nervous tissue (Tucker ~ ~., 1983). 

On the other hand, some reports have shown an asso

ciation between DDT residue concentration in the body fat 

and that found in milk fat (Stull ~ !l., 1971). Fries and 

Marrow (1975), and Fries and Marrow (1972) have demonstrated 

a close relationship between the DDE concentration in milk 

fat and the concentration in body fat. They suggested that 

samples from either body fat or milk fat could be used in 

determining whether an animal may be sold for beef or not, 

unless the cows were on a continuous intake and were at 

equilibrium (Fries ~ !l., 1969). 
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The Effect of Some Milk Processing on the DOE Concentration 

The effect of various heat treatments on milk drying 

was studied to determine whether or not these processes 

might possibly result in a reduction of the ODE level. 

Pasturazation did not significantly reduce the DDE 

level in milk. Special processing such as the treatment of 

milk with hydrogen peroxide could not destroy the pesticide 

residues to a large extent. This agrees with the finding of 

Bierska and Laskowski (1974) and Van Renterghem (1978). 

The spray drying did not reduce the original con

centration of DDE residues. This supports the finding of 

Van Renterghem in 1978. This evidence is however, contra

versial and needs more study. 



CONCLUSION 

In the pre-dosing period, DDE residue concentration 

in the milk of all groups was similar. DDE was the only 

residue detected in the milk fat. This supports the fact 

that DDE is very stable and resistant to metabolic degrada

tion. 

In the high dose group, the concentration of milk fat 

DDE increased 4.23ppm during the first 15 days after the 

onset of dosing. From the 15the day until the end of the 

dosing period, the DDE milk fat level increased 1.32ppm 

indicating that eventually a plateau would be reached. 

For the medium dose treatment, the increase in the 

DDE level was more moderate than the rapid increase seen in 

the former case. Around the 15th day of dosing, the rate of 

increase began to diminish, indicating that at approximately 

this time a saturation begins to take place at these levels 

of concentration. 

In the low treatment group, the concentration of milk 

fat DDE increased very slowly after the start of feeding. 

The level of milk fat DDE had almost reached equilibrium at 

the end of the 11th dosing day. 

The average concentration of milk fat DOE during 

15-32 day dosing was approximately five times greater in the 

O.5ppm dose group than in the O.lppm dose group, and two, or 
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ten times greater in the l.Oppm dose group than in the 0.5-, 

or O.lppm dose groups, respectively. There was no definite 

dose:milk fat DDE residue relationship. 

In the 0.5ppm and l.Oppm dose treatments, the level 

of milk fat DDE declined rapidly as soon as the DDE residue 

source was withdrawn. The decline was much slower in the 

O.lppm dose treatment. 

Although the cows were selected to be in approxi

mately the same stage of lactation, milk production level, 

and body weight, it is possible that there were other 

reasons for individual variation among them. For example, 

the loss or gain in body weight, the size of the cow, or the 

total body fat could have been a factor. 

Considerable DOE was found in the muscle, lymph, kid

ney fat, and udder tissues. The concentration of DDE in the 

tissues was proportional to the dietary intake, and DDE 

levels in the various tissues taken from the same treatment 

groups were fairly uniform. There was no relationship bet

ween the DDE concentration in milk fat and that found in the 

tissues of lactating dairy cows. 

One final point regarding these observations is that 

the decline in body fat ODE was not as rapid as that in milk 

fat DDE. So, it is not possible to predict the residue con

centration in adipose tissue in the animals, using the resi

due concentration in milk fat. 
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