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ABSTRACT 

This study was carried out in three phases; (l) the development 

of a method for DDA analysis having greater sensitivity and specificity 

than methods presently available, (2) a study of DDT metabolism or bio-

degradation in mammals and, (3) to work out a method to monitor DDT ex

posure in the human population by analysis of DDA in urine. 

A method for the analysis of DDA in urine and tissue samples was 

worked out using a diazomethane esterification to convert the DDA to its 

methyl ester (DDA-Me). Detection can be carried out by either electron 

capture or microcoulometric gas chromatography. It was also found that 

the DDA can be analyzed as the free acid but is degraded in the detec

tion step to dibenzophenone (DBP). 

Several species of mammals were dosed with DDT orally and the 

excretory products analyzed to determine the major degradation product(s) 

resulting. It was found that DDA is the major urinary excretory product 

resulting, while DDT, DDE and DDD are present at very low levels. Oral 

dosing studies on mice were carried out with p,p'-(DDT, DDD, DDMU, DDE 

and DDA) to determine their metabolism and excretion pattern. The pro

duction of DDA in the urine was used to follow the postulated breakdown 

sequence of DDT as proposed by earlier workers. It was found that. DDE 

is not an intermediate in the degradation of DDT to DDA, that DDD leads 

to an increase in the production of DDA in urine over that found from DDT 

administration and is presumably an intermediate in the breakdown of DDT 

ix 
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to DDA, DDMU leads to a decrease in the production of DM in urine over 

that found from DDD administration, which would not be expected if DDMU 

was a metabolite of DDT or DDD leading to the production of DDA. 

Oral versus intraperitoneal routes of exposure to DDT were com

pared to gain an indication of the possible sites of metabolism. Intra

peritoneal dosing with DDT leads to a decrease in the production of DDA 

in the urine and indicates that the intestines may play a major role in 

the breakdown of DDT leading to elimination as DDA. 

An oral dosing study with o,p'-DDT was carried out to check the 

postulate that o,p'-DDT can be converted to p,p'-DDT in the adipose 

tissue of rats. The urine from this dosing study showed no p,p'-DDA 

present which would refute the postulated conversion. The major urinary 

product found was tentatively identified as o,p'-DDA based on retention 

time data and infra-red spectra of its esterification product. 

The analysis of DDA (as DDA-Me) in the urine was applied to a 

group of control human subjects and their urinary DDA levels were com

pared with those of a group of pest control operators who were thought 

to have a higher incidence of DDT exposure by virtue of their occupa

tional exposure to DDT. The urinary levels of the two groups were sig

nificantly different. It may thus be possible to use the method of DDA 

analysis in urine to monitor DDT exposure. 
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INTRODUCTION 

The compound p,p'-DDT [2,2-bis-(p-chlorophenyl)-l,l,l-trichloro-

ethane] was first synthesized by Zeidler in 187̂ , hut its insecticidal 

properties were not recognized for more than half a century later. Its 

introduction in the 1930's as a potent insecticidal agent has had as

tounding effects upon the human race. In the short span of thirty years 

it has "become the most widely-used insecticide in the world. 

The importance of DDT for human medicine can be appreciated in 

that over thirty communicable diseases can be directly controlled either 

completely or partially by its use, usually by control of the arthropod 

vectors which are susceptible to DDT. It is of inestimable value in 
4 

terms of the saving of human life, decreasing human misery and increas

ing production of food and utilizable crop materials, i.e., its health, 

social and economic benefits. 

However, despite the widespread use of DDT as an insecticide, 

little is actually known about its mode of action in insects and even 

less about its mode of action, metabolism, excretion or long-term effects 

on mammals and on man in particular. 

There has been much stated in the past decade about the use, 

abuse and misuse of DDT and other chlorinated insecticides. A case can 

be stated for both the positive benefits from DDT or the negative effects 

from its misuse, but the fact remains that DDT has been with us for 

thirty years and is still with us today. 

Since much of the work dealing with DDT metabolism was carried 

1 
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out in the 19̂ 0's "by analytical techniques, much less selective than 

those available today, it is the objective of this study to re-examine 

the interaction of DDT with mammals as there is yet a considerable 

amount of confusion in the literature as to: (l) the excretory products 

resulting from DDT administration, and their relative amounts in mammals, 

(2) the exact metabolic and detoxification products of DDT, and (3) the 

site of metabolism and detoxification in mammals. 

In addition, the study was undertaken to ascertain if newer 

analytical techniques such as electron capture gas chromatography, micro-

coulometric gas chromatography and infra-red spectroscopy could be 

applied to the analysis of the metabolic or detoxification products re

sulting from DDT breakdown in tissues, body fluids and excreta. 

If DDA [2,2-bis-(p-chlorophenyl)-acetic acid] is the major 

excretory product resulting from DDT ingestion, as stated in the liter

ature, newer, simpler, more specific or more accurate methods of analysis 

will be applied to see if DDT exposure can be monitored in a given human 

population. 



REVIEW OF LITERATURE 

This review will be restricted to a discussion of the inter

action of DDT in mammals. In particular that work dealing with metabo

lism, excretion, site of metabolism or detoxification, mode of action 

and site of action will be reviewed. The methods used for extraction 

and analysis are pointed out to demonstrate sensitivity and accuracy of 

work. 

Metabolism and Excretion 

Smith and Stohlman (50) in 19̂  were the first investigators to 

study the metabolism and excretion of DDT in mammals. They were hampered, 

as were other early investigators, by the lack of precise analytical 

methods for detection of small quantities of DDT and its possible metab

olites. Smith and Stohlman (50) used a sodium reduction and titration 

method to determine the organic chloride content of tissues and excretory 

products. They showed that there is a marked increase in the organic 

chloride content of blood, liver, kidney, central nervous system, bile 

and urine in rabbits which had received DDT. This method of analysis 

did not yield information as to the specific metabolic fate of DDT, so 

the authors based their calculations on the assumption that the organic 

chloride represented unchanged DDT. They were careful to point out that 

they had no proof of this assumed identity. They accounted for at least 

1.7# but not more than 10% of the dose as being excreted in the urine. 

3 
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Early in 19̂ 5 9 White and Sweeney (59) reported the presence of 

DDA in the urine of rabbits which had received pure DDT in olive oil 

solution by stomach tube at a level of 100 mg/kg. body weight for six 

days a week. The urine was collected daily, refrigerated, pooled, 

acidified and after refluxing at 80 - 90 C for one hour, was extracted 

with ether. The organic chloride containing compounds present in the 

ether extract were separated further into two fractions. Extraction of 

the ether with an aqueous alkaline solution showed 83% of the chloride 

compounds were soluble in the alkaline phase (Fraction II). Wo identi

fication was carried out on Fraction I. The organic chloride compound(s) 

of Fraction II became ether soluble upon reacidification of the aqueous 

solution and crystallized out of the ether extract. The crystals were 

extracted with CCllj and recrystallized to give a melting point of 

166 - 166.5 C. The crystals were subjected to X-ray powder diffraction 

and yielded a pattern similar to that for DDA. For direct comparison, 

White and Sweeney (59) synthesized DDA by the condensation of chloroben-

zene and glyoxylic acid. The melting point of the synthesized DDA was 

165 - 166 C and its X-ray powder diffraction was in good agreement with 

that for the crystals from Fraction II. Elemental analysis was carried 

out and both gave good agreement with the theoretical values for DDA. 

To verify further that the crystals obtained from Fraction II were DDA, 

the authors decarboxylated the crystals from the rabbit urine and the 

synthesized DDA, and compared them with respect to melting point, mixed 

melting point and X-ray powder diffraction patterns. This yielded 

further confirmation that DDA was present in rabbit urine and the authors 

proposed a possible mechanism for its formation from DDT. Their 
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mechanism assumes that the in vivo transformation follows the in vitro 

degradation which is shown in Fig. 1. 

White and Sweeney (59) did not verify the presence of DDT in 

rabbit urine as had been assumed by Smith and Stohlman (50). Also, their 

data does not permit a calculation as to percent of dose represented by 

the excreted DDA. 

Stohlman (53) reported the presence of DDT in the urine and 

feces of rabbits which had been given kOO mg/kg. DDT in olive oil by 

stomach tube. A total of 758 cc. of urine representing the pooled 1*8-96 

hour urine collection of six rabbits was acidified and extracted with 

ether. Total chloride determination of this extract by the method of 

Smith and Stohlman (50) yielded 103 mg. of DDT equivalent. In a manner 

similar to White and Sweeney (59), Stohlman (53) separated the organic 

chloride containing compounds into an ether soluble fraction (Mb. I) and 

an alkaline water-soluble fraction (No. II). Calculated as DDT equiva

lent, 35-60% of the chlorine compound(s) was found in the ether-soluble 

fraction and the remainder in the aqueous alkaline phase. Stohlman (53) 

concentrated on the identification of the ether fraction (Wo. I) and by 

repeated recrystallizations from hot ethanol obtained crystals melting 

at 106 - 107 C. A mixed melting point with DDT showed no depression. A 

microcombustion analysis of the material yielded C - ^7.91$, H - 2.92%, 

while that calculated from DDT is C - ̂ 7.̂ -3$, H - 2.56%. This data led 

Stohlman (53) to conclude that the crystals were unchanged DDT. He also 

found that crystals obtained from extraction of rabbit feces with dioxane 

followed by recrystallization from ether melted at 10̂  C and appeared 

microscopically identical with pure DDT crystals. 
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A report on the identity of the aqueous alkaline fraction (No. II) 

was completed and reported by Stohlman and Smith (5*0. Urine collections 

were made for the last 27 days from a group of rabbits weighing from 

1.9 to 2.5 kg. which were given repeated oral doses of DDT in olive oil 

by stomach tube for 33 consecutive days. Of 8,693 cc. of urine collect

ed, 583 mg. of organically-bound chloride was obtained in the aqueous-

alkaline fraction. A portion of this on reacidification, extraction 

with ether and 27 recrystallizations from ethanol yielded 69 mg. of 

crystalline product. The crystals had a melting point of 165 - l66 C 

and gave microcombustion data of C - 59-9̂ %, H - 3.69$, CI - 25-09%, 

while theoretical for DDA is C - 59.81$, H - 3-59%, 01 - 25.23%. 

Another portion containing 325 mg. organic chloride equivalent 

was dissolved in ca. ̂ 0 cc. of boiling 36% acetic acid, decolorized with 

norite, filtered and washed with a small amount of boiling 36% acetic 

acid. Upon cooling, 315 mg- of crystals were obtained with a melting 

point of 165 - 166 C and a chlorine determination of 2U.9W. Spectro

photometry analysis of this material after nitration gave an absorption 

maxima at 5̂ 0 my and an optical density curve between k6o and 620 my 

identical to that of pure DDA prepared from DDT. This colorimetric 

detection of the nitration product of DDA is very important in that it 

was the first application of the specific colorimetric detection method 

of Schechter and Haller (̂ 5,̂ 7) for determination of DDT and its metabo- <• 

lites resulting from mammalian metabolism of DDT. 

Ofner, et al. (38) in 19̂ 5 confirmed the presence of DDA in the 

urine of dogs and rabbits which had received DDT in oral doses ranging 

from 50 to 200 mg/kg. They also reported a small amount of neutral 



material -which did not give a characteristic test for DDT. They used 

the Schechter-Haller (U5) method for analysis of products. 

Ofner and Calvery {31), utilizing the colorimetric method of 

Schechter and Haller (U5) reported the detection of DDA for as long as 

16 days in the urine of rabbits which had received 200 mg/kg. of re-

crystallized DDT in a single oral dose in corn oil. The urine concen

tration varied from 5 ppm to a high of 50 ppm. It should be pointed out 

that the Schechter-Haller (U5) method can distingush between DDT and 

DDA, but it has its limitations in that there are several other possible 

metabolites of DDT which would give the same nitration product in the 

method as DDA. They would thus give the same colorimetric response as 

DDA and be indistinguishable from DDA, unless a prior partition step is 

used to separate the metabolites before nitration. Ofner and Calvery 

(3T)j although using a partition step in their extraction, reported the 

presence of two metabolites of DDT which accounted for 25 to 30% of the 

total excretory products of DDT. These metabolites were extracted along 

with DDA in the ether extraction and could not be identified by the use 

of this colorimetric method as they also gave a pink color which absorbed 

at the same wavelength as DDA. This would mean that the unidentified 

products could have been present at levels up to 15 ppm in the urine. 

In the work of Ofner and Calvery (37), blood, liver, kidney, 

brain, perirenal fat, urine and feces samples were extracted and analyzed 

after dosing the rabbits with DDT. The tissues with the exception of 

the fat were extracted in a Soxhlet apparatus with ether after grinding 

and acidifying. The urine (l - 10 ml. volumes) was acidified, diluted 

to 20 ml. with water and extracted with ether. Separation of DDT and 
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DDA was carried out by an aqueous alkaline partition similar to that 

used by White and Sweeney (59). By the above method, DDT was detected 

in all tissues and the feces but was not detected in the tirine. DDA was 

found in the tissues to the extent of about 10% of the DDT level, and 

was also detected in the urine. The two unidentified metabolites were 

detected only in the urine. 

Stiff and Castillo (51,52) by using a xanthydrol reaction ex

amined the tissues and fluids of acutely-poisoned rabbits for the 

presence of DDT. They reported 5-6 mg/gm. DDT in the feces, but were 

unable to detect DDT in the other tissues although confirming the 

presence of organic chloride in them. 

Wasicky and Unti (56) reported finding unchanged p,p'-DDT in the 

urine of DDT-treated guinea pigs, but gave no details on method of analy

sis. Laug (29,30) in 19̂ 6, using a bio-assay method for detection of 

DDT studied the tissues and excreta of rabbits which were given 200 -

lj-00 mg/kg. DDT in a 10% corn oil solution by stomach tube. He also ran 

check analyses by the Schechter-Haller (̂ 5) method and obtained good 

agreement. By the bio-assay method, DDT was found in all tissues and 

in very large quantity in the feces, i.e., up to 2J mg. of DDT per gram 

of feces was found in 93 hours from a single dose of 350 mg/kg. DDT in 

corn oil. Laug (30) also checked cage urine for DDT and found varying 

amounts of DDT from 5-50 ug/20 ml. of urine sample. This he attri

buted to contamination by leaching of the feces by urine, for when cath

eter specimens of urine were taken from 12 animals at intervals of 3-1/2 

to 72 hours after receiving DDT.dosages, no DDT could be found in these 

samples. It was the conclusion of Laug (30) that DDT is not excreted in 
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the urine and other reports of DDT in urine must arise from fecal con

tamination. 

The first report of DDA excretion in the urine of man was re

ported by Weal et al. (36) in 19̂ 6. A volunteer ingested 700 mg. 

(ll mg/kg.) of pure recrystallized DDT in olive oil on an empty stomach 

and DDA was identified in the urine by the Schechter-Haller (1+5) method. 

Of the excreted chloride compounds, 75$ could be extracted with aqueous 

alkali and was assumed to be DDA while the remaining 25$ gave the same 

pink color as DDA, but was not identified. It was assumed to be another 

metabolite of DDT. 

DDA in the urine of man was also reported a short time later by 

Smith (U8) following a case of accidental ingestion of DDT. Analysis by 

the method of Schechter and Haller (̂ 5) showed excretion in the urine of 

products which had an absorption spectra similar to a mixture of 75$ DDT 

and 25$ DDA. The urine sample was collected on the sixth to eighth day 

and showed about 1.0 mg. of the above products for every 300 ml. of 

urine. 

In 19h6, Smith et al. (U9) performed studies on the pharmocolog-

ical action of DDT and its derivatives in rats and rabbits by oral ad

ministration by stomach tube of the compounds in olive oil solution. 

They checked the quantity and rate of urinary output of organic chloride 

following administration of DDT and 12 analogues of DDT, and concluded 

that "DDD" (DDE) was not an intermediate between DDT and its urinary 

excretion as DDA, as proposed by White and Sweeney (59). They arrived 

at this conclusion as they could find no DDA in the urine of animals 

dosed with "DDD" (DDE). 
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Judah (26) in 19̂ 9 showed the presence of DDA in the urine and 

feces of rats which had been given DDT by intravenous injection at a 

level of 25 mg/kg. He also found DDT in the feces, "but not in the 

urine. His data accounts for about 2.5$ of the dose from intraperito

neal injection in five days and 10% of the dose in five days from the 

intravenous injection in the excretory products. Analytical work was 

done by the method of Schechter and Haller (̂ 5). 

In 19̂ 9 mammalian metabolism of DDT was studied by Finnegan et_ 

al. (l8) who reported the excretion of DDA in the urine of dogs which 

had been given DDT orally. DDA and DDD [2,2-bis-(p-chlorophenyl)-l,l-

dichloroethane] were fed to dogs in separate feeding experiments by oral 

administration in 10% oil solution in gelatin capsules for six days a 

week for four weeks at a level of 25 mg/kg. body weight. No DDT was 

found in the urine of the dogs but DDA was a urinary end-product from 

both DDD and DDT treatment and appeared in greater quantities from DDD 

administration. 

Other studies were also being carried out during this time 

period, not with the direct object of studying DDT excretion, but which 

contributed to its understanding. Woodard et al. (62) in 19̂ 5 studied 

the storage of DDT in the depot fat of dogs. Following the administra

tion of 80 mg/kg. of crystalline DDT daily to the dogs for extended time 

periods, they analyzed a milk sample from one of the dogs following 

delivery of a litter. They found DDT at a level of O.Olj- to 0.06 mg/gm. 

of milk by the Schechter-Haller (U5) method of analysis. 

Schechter et al. (H6) in 19̂ 6 reported the presence of DDT in 

cows milk. Clifford (10) in 1957 and Clifford et al. (ll) in 1959 
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analyzed milk samples and found in addition to DDT the metabolites DDD 

and DDE. Cow dosing experiments with DDT by Brown et_ al. (5) and Witt 

et al. (6l) cover quite well the levels of DDT and its metabolites 

excreted by the mammary system of cows. A study by Laug et al. (31) 

in 1951 reported DDT in human milk. 

Winteringham et_ al. (60) fed the radioactive bromine analog of 

DDT to rats and found that 23$ of the radioactive material present in 

the urine behaved as the acetic acid derivative and the remainder as 

unaltered D(Br)DT. It was calculated that 5% of the administered dose 

was excreted in the urine within U8 hours. Wasicky and Unti (57) in 

1951 reported DDT in the urine of guinea pigs which had received DDT but 

details of his experiment were not obtained. Hayes et al. (22) analyzed 

human urine for DDA in a controlled exposure of humans to DDT. The only 

metabolite measured in the urine was DDA and other metabolites were 

apparently not determined. The dosage level was 3.5 to 35 mg. per man 

per day with a maximum exposure of 0.5 mg/kg. body weight. The DDT was 

administered orally in a water/alcohol/peanut oil emulsion. The DDA in 

the urine was found to account for 2.3% of the dose after 30 day's to 

six month's exposure, and reached a maximum excretion level of approxi

mately 20% of ingested DDT after equilibrium had been established, i.e., 

about one year of daily exposure to DDT. Analysis was carried out by 

the Schechter-Haller (U5) method and during the course of the experiment 

a method was developed for DDA extraction from urine by use of an 

Amberlite resin (12). 

Rothe et al. (MO studied the absorption of labeled DDT by rats. 

They found up to 5T% DDT is absorbed into the intestinal lymphatic 



system and lU to b6% of the absorbed material is DDE. Jensen et al. (25) 

studied DDT metabolites in the feces and bile of DDT-dosed rats. Various 

doses of DDT were administered to rats orally or intravenously and can-

nulated bile was collected and analyzed along with feces. Up to 65% of 

the administered dose was found in the bile from rats fed intravenously 

with a breakdown of 89% DDA, 8% DDT and 3% DDE. The percent of the 

dose found in feces was 0.3% with 2% found in urine. Oral administra

tion of DDT yielded products in the feces of which 25 to 50$ behaved as 

DDA and the balance as unabsorbed DDT. Analysis was carried out by the 

Schechter-Haller (̂ 5) method and radiometric analysis. This study gives 

strong support to the theory that bile is the principal source of DDT 

metabolites appearing in the feces. 

Burns et al. (8) studied the occurrence of DDT and its metabo

lites in the bile, urine and feces of DDT-exposed rats. They found up 

to 20% of an oral DDT dose present in the bile of rats a few hours after 

dosing. The major metabolite present in the bile was reported to be 

DDA, or a closely related product. They found that most of the DDT 

metabolites are voided in the feces and only a small amount in the urine. 

However, when the common bile duct is ligated and excised, the kidneys 

can apparently play a major role in the elimination of DDT and its metab

olites , as up to 19% of the dose was recovered in the urine of rats 

which had the bile duct ligated and excised. 

Ortlee (39) studied the urinary excretion of DDA in men who had 

prolonged, intensive occupational exposure to DDT and compared these 

values to men with known exposure rates. By estimating the industrial 
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exposure rates to DDT, he classified the men in three groups and found 

correlation in the rates of DDA excreted in the urine. 

In 1961 Dale et_ al. (13) studied the storage and excretion of 

DDT in starved rats. The rats were maintained on 200 ppm DDT in their 

diet (an intake of 12 to 20 gm. of food daily). The analysis of the 

feces showed DDA present from 300 yg/rat/day in females to 800 jig. in 

the males, and also the presence of DDT in amounts from 1,800 yg/rat/day 

in females to 3,000 yg. in the males. This accounts for 88$ of the dose 

in the female (12.5$ DDA and 75$ DDT in the feces), while 99$ of the 

dose is accounted for in the male (21$ as DDA and J8% as DDT in the 

feces). This was after 8̂  days of exposure to DDT with analysis carried 

out "by the Schechter-Haller (̂ 5) method. 

The metabolism of DDT in Rhesus monkeys was studied in 1963 by 

Durham et al. (l6). The DDT was administered to the monkeys in a ground, 

premix dry diet at a level of 5,000 ppm and the dry chow mixed with water 

and/or additional feed for dilution levels of 55 50, 200 and 5,000 ppm 

DDT in the diet. They were able to account for 2k.8% and 67% of daily 

intake of technical or pure DDT respectively from the feces and urine. 

DDA was found in the urine at a level of 1.2% of the administered dose 

for p,p'-DDT and 3.h% for technical DDT. DDA was found in the feces to 

the extent of lk.3% of dose for p,p'-DDT administration and 9-3$ for 

technical DDT. DDT was found in the feces at 52.2$ of the dose from 

pure p,p'-DDT and 12.1$ from technical DDT. 

Pinto et_ al. (k3) studied the metabolic fate of p,p'-DDT in rats 

which were dosed for 10 days at 10 mg/rat/day in corn oil solution by 

gavage. The DDA found in the urine accounted for 72$ of the DDT dose 
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and DDA and DDA conjugates found in the feces accounted for 70% of the 

dose. This is a total of of the administered dose and casts some 

doubt on the validity of the obtained results. Also in the DDT-treated 

rats, an additional 20$ of the dose was found as unaltered DDT in the 

feces of the rats. Analysis was carried out by large-scale counter-

current distribution techniques. In DDA-dosed rats, treated for 15 days 

with 100 mg. DDA/rat/day, 12$ of the dose was recovered in the urine as 

DDA and 39$ of the dose in the feces. Conjugated DDA products in the 

feces resulting from DDA administration were purified and found to con

tain h5% DDA by assay. The conjugate was hydrolyzed, extracted, and the 

residue chromatographed after separation of DDA. Aspartic acid and ser

ine were found to be present. The conjugate was composed of 1+5$ DDA, 

17$ serine and 21$ aspartic acid. The authors also found small amounts 

of several neutral metabolites which were not identified. 

Durham et al. (15) studied the DDA excretion levels in people 

with different degrees of exposure to DDT. It was found that the 

general population excretes less than 30 yg. of DDA per day, or less 

than 0.02 to 0.35 ppm. The method used was the procedure of Cueto et al. 

(12). The lower limit of sensitivity of this method is 0.02 ppm and 

they were unable to detect DDA in T̂ $ of the persons tested. The 

authors state "There is a need for a more sensitive method for determi

nation of DDA excretion in urine". 

Hayes (21) in 1965 in his review of the metabolism of chlorinated 

hydrocarbon insecticides states, "Even though the occurrence of any un

changed DDT in the urine of rabbits, rats, dogs and man has been denied, 

it would be advisable that the occurrence of DDT be re-evaluated at the 
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same time that an effort be made to study the DDT derived compound or 

compounds in urine for which the exact chemical identity remains 

unknown". 

Reaction Sequence and Site of Biotransformation 

White and Sweeney (59) in 19̂ 5 were the first to postulate a 

reaction sequence for the formation of DDA from DDT and assumed that DDE 

was an intermediate (Fig. l). 

In 19̂ -6 Smith et al. (b9-) obtained data1 which indicated that DDE 

is not an intermediate in the biotransformation of DDT to DDA. They 

found DDA in the urine of DDT-treated rats and rabbits, but when rats 

and rabbits were treated with "DDD" (DDE) they found no DDA in the 

urine. 

Finnegan et al. (l8) in studies on urinary excretion of DDA in 

dogs found evidence that DDD may be an intermediate in the reaction 

sequence of DDA derived from DDT. They found DDA in the urine of dogs 

dosed with either DDT or DDD and in larger amounts from DDD-dosed 

animals. 

Peterson and Robison (k2) studied metabolism of DDT in rats to 

determine if mammals, as well as micro-organisms, can transform DDT to 

DDD. By studying the occurrence of metabolic products in various 

tissues, particularly the liver, they were able to demonstrate the 

presence of p,p'-DDD in the liver of rats which had been fed 1,000 

mg/kg. of pure p,p'-DDT by stomach tube. In vitro studies of rat tissue 

homogenates with added DDT also showed conversion to DDD. After thus 

demonstrating that the conversion of DDT to DDD is possible, additional 



studies were carried out to determine the metabolic fate of DDD in an 

attempt to elucidate the route of DDT to DDA conversion. Rats fed DDD 

by stomach tube at a rate of 1,000 mg/kg. were sacrificed and liver 

samples showed, in addition to unchanged DDD, the presence of 1-chloro-

2,2-bis-(p-chlorophenyl)-ethylene referred to hereafter as DDMU. The 

ratio being 1:13, DDD to DDMU. DDMU-treated rats were found to contain 

DDMS [l-chloro-2,2-bis-(p-chlorophenyl)-ethane] which could result from 

the biological hydrogenation of DDMU. This seems unusual as rats fed 

the common unsaturated analogue DDE yielded nothing but unchanged DDE, 

and urine samples also showed no DDA. This was in contrast to the 

mechanism postulated by White and Sweeney (59). The feeding of DDMS 

yielded DDNU [unsym-bis-(p-chlorophenyl)-ethylene] in a ratio of DDMS to 

DDNU of 2:5 in the kidney and 3:1 in the liver tissue extracts. DDNU 

was administered to rats and after six hours results were inconclusive, 

but after three days, liver tissue extracts showed a 1:1 ratio of DDNU 

to DDOH [2,2-bis-(p-chlorophenyl)-ethanol]. DDA was also detected in 

the urine after three days. Although the above compounds were not iso

lated from tissues following administration of DDT, a possible pathway 

for transformation of DDT to DDA was suggested by the authors. This 

degradation pathway is shown in Fig. 2. They also postulated the 

degradation of DDT to DDE as a separate pathway involving no other 

metabolites. 

The in vivo transformation of p,p'-DDT to p,p'-DDD has also been 

reported by Klein et al. (28). This transformation was concluded to 

take place in the liver and does not involve the intermediate formation 

of DDE which is in agreement with the mechanism postulated by Peterson 
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Figure 2. Biodegradation of DDT to DDA as postulated by Peterson 
and Robison (̂ 2). 
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and Robison (42). In addition these workers also reported the startling 

isomeric transformation of o,p'-DDT to p,p'-DDT in the fat stores of 

rats. Analysis of adipose tissue in the rat indicated in vivo conver

sion of o,p'-DDT to p,p'-DDT which is quite unexpected when one considers 

the stability of the linkages involved. Analysis was carried out by 

electron capture gas chromatography, using a two-column analytical se

quence for detecting some of the compounds as their dehydrochlorinated 

ethylene derivatives due to column separation difficulties. 

;The breakdown of DDT to DDD, DDE, DDA and other metabolites has 

been verified by several analytical techniques. However, the site of 

the DDT conversion has not been definitely shown to take place in any 

specific organ. The liver has been shown to be a possible site of DDT 

detoxification by Datta et al. (l4). They dosed male and female rats 

with DDT in their food and upon extraction of tissue samples found DDD 

in the liver. However, they do not state the time interval between 

sample collection and sample extraction. This could be a factor, as 

Barker and Morrison (l) conducted DDT metabolism studies using adult 

male mice dosed with p,p'-DDT. After 48 hours the mice were killed and 

extractions carried out at various time intervals. Wo DDD was found in 

the carcasses extracted immediately, but DDD was found in the carcasses 

which were held for several days before extraction. This would lend 

some credence to the theory that DDD is a breakdown product of DDT 

which arises from bacterial action on the DDT as a post mortem artifact. 

Peterson and Robison (4-2) found evidence that the conversion of 

DDT to DDD could occur in the liver although they did not rule out the 

possibility of bacterial action accounting for part or all of the 
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conversion. They also found greater amounts of some metabolites in the 

kidney than the liver in their sequential analysis toward the production 

of DDA as an excretory end product. The liver and kidney plus the fat 

stores where p,p'-DDT was found from o,p'-DDT administration (38) could 

thus be possible sites of biotransformation or detoxification of DDT. 

In 1963 Kallman and Andrews (27) showed that yeast has the 

ability to dehydrochlorinate DDT to DDD. The formation of DDD from DDE 

was not observed under similar conditions indicating that the conversion 

of DDT to DDD does not involve DDE as an intermediate and that the con

version is a reductive dehydrochlorination. The authors carried these 

studies out with radio-labeled compounds and used paper chromatography 

to verify results. 

Barker et al. (3) showed that Proteus vulgaris, a microorganism 

isolated from the gut of a mouse and one of the common post mortem 

tissue invaders was able to detoxify DDT to DDD. Cultures of Proteus 

vulgaris prepared by serial dilution and streakplate methods on agar-

brain-heart infusion media were used. After incubation of these cul

tures for five days with DDT at 30 C, DDD was shown to be present in the 

extract by paper chromatographic analysis. A pure culture of Proteus 

vulgaris was also incubated with DDT for varying lengths of time and 

also produced DDD. By varying the length of time of incubation of the 

organism with DDT the authors found that the amount of DDD decreased 

with time, suggesting the further metabolism of DDD. The Proteus vul

garis gut isolate was incubated with DDE and results similar to those of 

Kallman and Andrews (27) were obtained, in that no DDD was found as a 

breakdown product. The authors conclude "That the bacterium Proteus 
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vulgaris commonly found in the gut of mice and other animals, has the 

capacity of metabolizing DDT to DDD and can be assumed to be an agent, 

if not the sole one, in the conversion of DDT to DDD in animals which 

have been killed by DDT poisoning". 

Barker and Morrison (2) reported further studies of DDD metabo

lism by Proteus vulgaris in 1965. They found that three products are 

formed from DDD by incubation with Proteus vulgaris for 8U days. Two 

of the products were identified as DDMS and DDMLJ by paper chromatography 

and ultraviolet spectroscopy. The third product found in trace amounts 

was identified by paper chromatography as l,l'-bis-(p-chlorophenyl)-

ethane referred to hereafter as DDKS. The DDMS and DDMU are two of the 

products which Peterson and Robison (k2) have identified in rat liver 

and kidney samples as intermediates in the detoxification of DDT and its 

excretion as DDA. The DDNS has not been reported as a metabolic break

down product of DDT in mammals but it would be interesting to see what 

products result from its administration to mammals. 

In 1966 Mendel and Walton (33) reported that Aerobactor aerogenes 

and Escherichia coli cultured from rat feces were able to convert DDT to 

DDD to the extent of about 33%, but their recoveries of added DDT or 

metabolite DDD were only 30 to 55$. They postulated that the remaining 

5̂ to J0% of administered material might represent other metabolites not 

detectable by the electron capture gas chromatography methods used. To 

check the possibility that the intestinal flora of the rat is responsible 

for the conversion of DDT to DDD they also dosed rats by oral and intra

peritoneal administration of DDT and checked the liver and feces for DDT 

and its metabolites. In the feces of the orally-dosed rats, they found 
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DDD as the major product. Rats which had been dosed intraperitoneally 

showed no chlorinated hydrocarbons in their feces. Rats which had re

ceived DDT by stomach tube showed both DDD and DDT present at a ratio of 

1:1 to 1:3 DDD to DDT in the liver, while the rats which were dosed with 

DDT by the intraperitoneal route had DDT present in the liver as the 

major product with trace amounts of DDD and possibly DDE. The ratio of 

DDD to DDT was 1:2U to 1:60. The authors conclude that the normal flora 

of the gastrointestinal tract must be the major agent responsible for 

the conversion of p,p'-DDT to p,p'-DDD in rats and indicates that the 

conversion takes place during the life of the animal which disputes the 

claim of Barker et al. (3) who suggested that DDD arises as a post 

mortem artifact due to tissue decomposition by invading microorganisms. 

Castro (9) and Miskus et al. (35) found that dilute solutions of 

iron (II) porphyrin complexes could carry out the reduction of DDT to 

DDD and the resulting iron (ill) halides (hemins) in vitro. Also Fleck 

and Haller (19) reported the dehydrochlorination of DDT by trace amounts 

of iron, chromium and aluminum salts. This is in agreement with findings 

in this laboratory in that p,p'-DDT may be degraded to DDD or DDE in the 

analytical detection step in electron capture analysis if a steel or 

iron injection liner is used in place of a glass insert. 

Wedemeyer (58) postulated that the microbial dechlorination of 

DDT might be explained as a process involving the cytochromes of the 

respiratory chain in which the absence of oxygen serves to keep the 

cytochromes in the reduced Fe(ll) state. Cell-free systems of Aero-

bactor aerogenes were used and under anaerobic conditions the conversion 

of DDT to DDD ranged up to 80%. The anaerobic conditions markedly 
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improved the conversion of DDT to DDD as compared to aerobic conditions. 

A small amount of DDE was also formed, both in the experimental systems 

and in the controls. Antimycin A, cyanide, carbon monoxide, 0.001M 

nitrate, ferricyanide and malonate all inhibited the dechlorination of 

DDT. The authors concluded that reduced cytochrome oxidase is probably 

the cellular agent involved in the reductive dechlorination of DDT to 

DDD. This refutes the suggestion of Castro (9) that the oxidation of 

Fe(ll) in the respiratory chain is the mechanism of DDT toxicity, assum

ing that DDT does not keep the cytochromes in the oxidized state in the 

presence of oxygen. 

Ecobichon and Saschenbrecker (IT) found that avian blood can de-

chlorinate DDT to DDD and DDE. They postulated that tissues and micro

organisms which contain large quantities of reduced coenzymes, porphyrins 

and other metalloproteins can carry out these degradations by a simple 

chemical redox reaction. 

In summary it has been reported that p,p'-DDT, when administered 

to mammalian organisms, can be converted to DDE, DDD and DDA and excreted 

in the urine as DDA. Other unidentified metabolites have also been re

ported in the urine. The several reports of excretion as unchanged DDT 

in the urine have been questioned and are possibly due to feces contami

nation. 

A complete analysis of urine excreted from DDT-treated mammals 

by analytical methods, which will distinguish between many of the 

possible metabolic products, has not been conducted. 



MATERIALS AND METHODS 

This study was carried out at the University of Arizona in the 

Toxicology Laboratory of the Department of Entomology. 

Experimental Animals 

Two strains of mice were used in the study. White female mice 

(Mus muscuius) of the University of Arizona colony were obtained from 

the Department of Pharmacology and were used in the initial phases of 

the research. Offspring of a special strain of DDT-resistant mice (Mus 

mus cuius domesticus L.), developed by Ozburn and Morrison (1*0,1*1) of 

McGill University, were obtained from the Department of Zoology, Ohio 

State University. 

White laboratory Sprague-Dawley strain rats (Rattus rattus) were 

obtained from the Department of Pharmacology at the University of 

Arizona. 

White female New Zealand rabbits (Oryctolagus cuniculis) were 

purchased from a local source. 

Human (Homo sapiens) adult male volunteers were utilized in con

trol dosing experiments. 

Dosing Compounds 

The p,p'-DDT was obtained from two sources. Purified p,p"-DDT 

(99.3$) was provided by Geigy Chemical Corporation (m.p. 108 - 109 C) and 

was found to be free of contaminants by gas chromatographic analysis. 

2b 
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Chromatographically pure p,p'-DDT (m.p. 108 - 108.5 C) supplied 

by the Pesticide Repository of the United States Public Health Service 

at Perrine, Florida was also utilized. 

The p,p'-DDD was supplied by Geigy Chemical Corporation. It was 

recrystallized three times from 95% ethanol to a constant melting point 

of 109 - 110 C and its purity established by gas chromatography. 

The p,p'-DDE was obtained from two sources. Pure DDE was pre

pared according to a modification of the procedure of White and Sweeney 

(59) by the dehydrohalogenation of DDT as follows: 

Twenty-five gm. of Geigy reference DDT and 300 ml. of 30% 

K0H in ethanol was placed into a 500 ml. round bottom flask. 

The flask was connected to a reflux column and the solution 

refluxed at 60 C for three hours. The solution was cooled 

and HgO was added slowly to the alkaline-ethanol solution to 

a volume of ca. 1 liter. The DDE precipitated out and was 

filtered off. The H2O solution was extracted with 500 ml. 

of ethyl ether to remove the remaining DDE. The ether was 

evaporated, leaving DDE and impurities. This was combined 

with the filtered product, was redissolved in 200 ml., ethyl 

ether and washed twice with ca. 100 ml. distilled H2O. The 

product was obtained by evaporating the ether and recrystal-

lizing the product four times from 95% ethanol to a constant 

melting point of 88.5 C after decolorizing with norite. The 

yield was 12.8 gm., or 65% of the theoretical yield. The 

sample of DDE was analyzed by gas chromatography and found 

to be free of contaminants. 



A second sample of DDE from the Pesticide Repository at Perrine, 

Florida was utilized. It had a melting point of 88.0 - 89.0 C and was 

chromatographically pure. 

The p,p'-DDA was obtained from three sources. Pure DDA was pre

pared according to a modification of the method of Grummitt et al. (20) 

by dechlorination of DDE as follows: 

Seven gm. of purified DDE were placed in a 500 ml. round 

bottom flask and 300 ml. of 30% K0H in ethylene glycol was 

added. The solution was refluxed at l60 - 170 C for 10 

hours. After cooling, the reaction mixture was poured into 

ca. 1,000 ml. of distilled H2O and acidified with 9 N HgSOlj. 

The DDA precipitated out and was filtered off. The crude 

DDA was dissolved in 200 ml. of ethyl ether and the ether 

layer washed three times with 0.5 N HgSOl̂ . The ether was 

then evaporated and the product taken up and recrystaliized 

four times from 95% ethanol following decolorization with 

norite. The product had a melting point of 166 - 166.5 C 

but had an impurity of 2.5$ DDE. (This was determined when 

the gas chromatographic method for DDA was developed). Re-

crystallization from 95% ethanol for three additional times 

effectively removed the impurity and gave k.6 gm. of gas 

chromatographically pure p,p'-DDA. 

A small sample of p,p'-DDA was donated by the Geigy Chemical 

Corporation. It had a melting point of l6U - 166 C and was chromato

graphically pure. 



A third sample of p,p'-DDA was obtained from the Pesticide Re

pository in Perrine, Florida. It had a melting point of 165 - 166 C and 

was analytically pure. 

The p,p'-DDMU was obtained from two sources. A sample of DDMU 

was prepared by a modification of the procedure of Peterson and Robison 

(42) by the dehydrochlorination of DDD as follows: 

Ten gm. of Geigy reference grade DDD was placed in a 500 ml. 

round bottom flask and 200 ml. of 10% NaOH in ethyl alcohol 

was added. The solution was refluxed at 50 - 60 C for six 

hours. The solution was cooled and poured into TOO ml. of 

distilled H2O. The DDMU precipitated out and was filtered 

off and dried. The crude product was redissolved in 200 ml. 

of ethyl ether, washed three times with HgO and then puri

fied by recrystallization from 95% ethanol. Five recrystal-

lizations gave a constant melting point of 6k - 65 C and its 

purity was verified by gas chromatographic analysis. The 

yield of product was 57$ of theoretical. 

A pure sample of p,p'-DDMU was also obtained from the Pesticide 

Repository at Perrine, Florida. 

Chromatographically pure samples of o,p'-DDT (m.p. 73.5 - 7̂ .5 C), 

o,p'-DDD (m.p. 76 - 77 C) and o,p'-DDE (m.p. 78.0 -'78.8 C) were obtained 

from the Pesticide Repository at Perrine, Florida. 

A sample of DBP [2,2-bis-(p-chlorophenyl)-ketone] was obtained 

from Geigy Chemical Corporation. Its purity was verified by gas chroma

tography and its melting point was 1̂ 6 - lU8 C. 
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Kelthane [2,2-bis-(p-chlorophenyl)-1,1,1-trichloro-2-hydroxy-

ethane] was obtained from Rohm and Haas Chemical Corporation. It had a 

melting point of 75 - 75-5 C and was chromatographically pure. 

Administration of Compounds 

Oral doses of the compounds were administered to mice in olive 

or peanut oil at such concentration that 0.25 to 0.50 ml. of solution 

was given by use of a 1" #20 gauge stainless steel needle, with a 

spherical bead end attached to a 1.0 ml. syringe. The dose was given 

orally by inserting the needle through the animal's mouth and working 

it down the throat into the esophagus to the base of the animal's 

stomach and slowly expelling the contents from the syringe. 

The compounds were administered orally to rats and rabbits as 

for the mice except that 0.5 to 1.0 ml. of solution was given by a #l6 

gauge, 3" curved stainless steel needle with a rounded bead end. 

The human volunteers swallowed 1.5-ml. gelatin capsules contain

ing the p,p'-DDT in olive oil solution. 

The mice were dosed intraperitoneally with a DDT emulsion by 

injecting up to one ml. of the solution into the peritoneal cavity with 

a 1" #25 gauge needle. The emulsion was prepared as follows: 

The p,p'-DDT was dissolved in a small amount of acetone 

(ca. 1 ml.), then 15.0 ml. of peanut oil added. To this 

was added 15.0 ml. of Atlox 180 (Atlas Chemical Company) and 

the solution mixed well. The following were then weighed 

into a separate beaker: 1.2 gm. lecithin (Nutritional Bio

chemical Corporation), 0.1 gm. sodium cholate (Matheson, 
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Coleman and Bell), and 0.8 gm. NaCl. Sixty ml. of H2O was 

added to dissolve these compounds, they were then added to 

the DDT/oil/Atlox solution with stirring and the mixture 

diluted to 100 ml. and mixed well. 

Sample Collection and Storage 

The experimental animals were reared in plastic laboratory 

cages and maintained on Wayne Labblox Chow and HgO ad libitum. Dosing 

experiments were carried out for one to five days consecutively and 

during the course of these dosing experiments the animals were main

tained singly (rats and rabbits) or up to three animals (mice) at a 

time in metabolism cage units which were capable of separating the 

urine from the feces. Delmar Model DS-7000 glass units and Econo Lab 

Plastic Model No. 110 were used for the rats and rabbits. A Delmar 

Model DS-7010 individual glass metabolism unit or Econo Lab Model No. 

110 was used to house the mice during treatment and collection. The 

urine and feces samples were collected daily and frozen immediately at 

-5 C until ready for extraction and analysis. 

The human urine samples were collected at intervals dictated by 

nature and kept refrigerated until they reached the laboratory where 

they were frozen until ready for analysis, at which time they were 

thawed and pooled prior to extraction. 

To collect tissue samples, the animals were stunned by a sharp 

blow to the head. They were then immediately decapitated and the 

desired tissue was dissected out and placed in a screw cap glass jar. 

The samples were frozen until ready for extraction and analysis. 
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Extraction and Cleanup of Samples 

For urinary analysis of DDA as the free acid, an aliquot of the 

pooled urine (10 to 25 ml.) was acidified to a pH of 2 or lower by the 

addition of 10 ml. of 9 N The urine was then extracted three 

times with 25 ml. portions of ethyl ether in a 250 ml. separatory 

flannel. The ethyl ether was shaken with the urine for one minute and 

any emulsions that formed were broken by the addition of 3 to 5 ml. of 

ethyl alcohol. The ether extracts were combined and extracted three 

times with 25 ml. of 2% NaOH to extract any acidic components in the 

urine extract. The ether phase after NaOH extraction was filtered, 

evaporated and cleaned up by elution through an activated florisil 

column with 200 ml. of 10% ether/pentane. 

The 2% NaOH extracts were pooled, acidified with 9 N H2SOI1 and 

extracted three times with half volumes of ethyl ether. The ether ex

tracts were pooled, filtered through anhydrous Na2S0i|., evaporated and 

cleaned up by eluting through a HgSOl̂ -treated silicic acid-celite column 

with 100 ml. of 5% ethyl acetate/pentane. This silicic acid-celite 

column was prepared by the method of Peterson and Robison [k2) as 

follows: 

The finely-powdered Si02xH20 was treated with 0.5 ml. of 

0.5 N aqueous H2SOI4. in five ml. of acetone for each gm. of 

silicic acid. The mixture was slurried and ground at 

frequent intervals as the acetone and water evaporated. 

When the treated silicic acid was dry and free flowing, it 

was mixed intimately with an equal weight of celite. The 

mixture was then packed in chromatographic columns with 
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mechanical tamping. One inch of anhydrous Wa2SÔ  was added 

to the column, followed by four inches of silicic acid-

celite mixture and one inch of l̂ SÔ  on top. This column 

was necessary as a cleanup step in preference to the flori-

sil column commonly used for DDT, DDE and DDD, as the free 

DDA does not readily pass through a florisil column. 

The urine from the initial extraction with ethyl ether was 

further acidified with 10 ml. of 9 N Ĥ SOij and hydrolyzed at 

80 - 90 C for 8-16 hours to break any conjugates which may 

be present. Following hydrolysis the urine was extracted as 

above into an ether soluble and aqueous alkali soluble 

fraction and cleaned up on the florisil or silicic acid-

celite column respectively. 
> 

The extraction of the human urine samples was carried out 

with larger volume samples. A composited 500 ml. sample of 

urine was acidified to approximately pH 2 by the addition of 

65 ml. of 9 N Î SOi,.. The urine was then extracted three 

times with 150 ml. of ethyl ether. Any emulsions that 

formed during the extraction were broken by the addition of 

5 to 20 ml. of ethyl alcohol. The aqueous urine fraction 

was saved for a later hydrolysis. The ether portion was 

extracted three times with 150 ml. of 2̂  NaOH to extract any 

acidic components from the ether extract. The ether frac

tion was filtered, evaporated, and columned on activated 

florisil. The aqueous alkaline fraction was acidified and 

extracted with 150 ml. of ethyl ether three times to 



re-extract the acidic materials. The alkali soluble ether 

extracts were then filtered, evaporated, and subjected to 

the silicic acid cleanup. The aqueous urine from the first 

ether extract was refluxed for 8 - 16 hours at 80 - 90 C to 

break any conjugates present. The hydrolyzed urine was then 

extracted and partitioned as above into a neutral ether 

fraction and ah aqueous alkali fraction and the fractions 

cleaned up on the florisil or silicic acid column respec

tively prior to analysis. 

For analysis of DDA as its methyl ester, 10 to 25 ml. of the 

mouse urine was diluted to 100 ml. by the addition of distilled H2O and 

20 ml. of 9 U H2S01). was added to give a pH of 2 or lower. The solution 

was then refluxed in a 250 ml. erlenmeyer flask for h - 8 hours to break 

any conjugates that may be present. The urine sample was cooled and 

then transferred to a 250 ml. separatory funnel. Fifty ml. of ethyl 

ether was added to the separatory funnel and it was shaken vigorously 

for one minute (caution is required here as the pressure due to the 

ether has to be released several times by opening the stopcock while 

the funnel is inverted during the shaking procedure). The ether-urine 

layers were allowed to separate. If an emulsion formed it was broken 

by the addition of four to five ml. of ethyl alcohol. After the two 

layers had separated, the lower aqueous layer was drained into the 

250 ml. erlenmeyer flask and the ether layer drained into a clean 

beaker. The aqueous layer was transferred back into the separatory 

funnel and re-extracted twice more with 50 ml. portions of ethyl ether. 



The ethyl ether fractions were combined and transferred to the separatory 

funnel. The combined ether extract was washed once with 75 ml. of dis

tilled H2O. The aqueous fraction.was drained and discarded. One hundred 

ml. of saturated aqueous NagSOÎ  solution was added to the ether solution 

in the separatory funnel. The funnel was inverted gently six times and 

then the Na2S0lj. solution was drained and discarded. The ethyl ether 

extract was filtered through anhydrous Na2S01|. which had been placed in a 

filter funnel with a glass wool plug. The separatory funnel was rinsed 

twice with 10 ml. portions of ethyl ether and also filtered through the 

Na2S01).. The dried ethyl ether extract was collected in a clean 250 ml. 

beaker or erlenmeyer flask. The volume of the ether extract was reduced 

to 0.5 ml. or less on a 60 C steam bath under a current of dry air. 

The methylation step was carried out in a fume hood as diazo-

methane is highly toxic. The methylation step was carried out by adding 

two to three ml. of diazomethane/ether solution to the beaker or erlen

meyer flask containing the ether extract and swirling gently. The 

beaker was allowed to stand for 10 minutes with occasional swirling and 

then reduced in volume to 0.5 ml. or less to insure complete evaporation 

of all unreacted diazomethane. (if a concentrated solution of DDA was 

encountered, it was necessary to add an additional two to three ml. of 

diazomethane/ether solution until the yellow color of diazomethane 

persisted). 

The methylated ether extract was then cleaned up on a florisil 

column (activated at 130 C for eight hours or longer) using 200 ml. of 

15$ ethyl ether/pentane as the eluting mixture. The elute was collected 

in a clean 250 ml. beaker, reduced in volume on a steam bath under a dry 
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air current, transferred to a clean centrifuge tube and adjusted to 

volume for analysis. 

This extraction and cleanup procedure is also applicable to 

p,p'-(DDT, DDD, DDE, DDMU, DBP) and the o,p'-isomers of DDT, DDD and 

DDE, as the methylation step does not alter their identity or interfere 

with their cleanup and analysis. 

The fecal samples were thawed and air dried for 8 - 2k hours in 

a hood. A representative sample was then pulverized with a large mortar 

and pestle and the sample weighed into a 250 ml. erlynmeyer flask. The 

sample (0.5 to 5-0 gm.) was then refluxed with 80 ml. of distilled H2O 

and 20 ml. of 9 N for 8 - 16 hours. The sample was cooled and 

filtered through a glass wool plug into a 250 ml. separatory funnel. 

The solution was then extracted three times with 50 ml. portions of 

ethyl ether as in the urine extraction. The ether extract was methy

lated and cleaned up as above prior to analysis. 

The tissue samples were weighed into a Duall 30 ml* glass tissue 

grinder and up to 1.5 gm. of the tissue was extracted with 5 ml. pentane, 

5 ml. ethyl ether and 5 ml. ethyl alcohol by grinding with a glass or 

teflon pestle until the tissue was completely mascerated. The solvent 

extract was then transferred into a 250 ml. separatory funnel and washed 

with 50 ml. of distilled H20. The sample extract was then filtered 

through anhydrous WagSÔ  and methylated with diazomethane. A florisil 

column was used to clean up the extract prior to analysis. The H20 

washing of the tissue sample was saved and acidified to a pH of 2 or 

lower by the addition of 9 N H2S0ij. and refluxed for four hours to break 

any conjugates present. The sample was then cooled and extracted twice 
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with 50 ml. portions of ethyl ether. The ethyl ether extracts were com

bined and washed with 100 ml. of distilled H2O followed by 100 ml. of 

saturated aqueous Itê SOip The aqueous layers were discarded and the 

ether extract was filtered through anhydrous Na2S0̂ , methylated and 

subjected to a florisil column cleanup. 

Analysis 

The analytical detection of the chemical compounds was carried 

out by electron capture gas chromatography, microcoulometric gas chroma

tography, one dimensional paper chromatography and infra-red spectro

scopy. 

Several types of electron capture instruments were utilized in 

the study (Wilken Aerograph 350, MicroTek DDS-171 and MicroTek 220). 

The MicroTek 220 with Dorhman C-300, T-300 microcoulometric unit and a 

Perkin-Elmer Model 137 infra-red spectrophotometer with 0.5 mm. die for 

KBr pellets were also used in other phases of the analysis. 

A number of different operating conditions were used for the 

analysis of the compounds, but typical operating conditions are given 

for the instruments as follows: 

Electron Capture Gas Chromatography 

Instrument: MicroTek 220 

Attenuation: 8 

Output Sensitivity: 10̂  

Gas Flow Rate: 50 ml/min. Ng 

Column: 6' x 1/8" Glass Column 

Column Packing: 5% Dow 11 on Fe free Chromosorb W 60/80 Mesh 
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Temperatures: 

Injector: 205 C 

Column Oven: 185 C 

Detector: 200 C 

Microcoulometric Gas Chromatography 

Instrument: MicroTek 220 with Dorhman C-300 Coulometer and 

T-300 Cell 

Range: 800 ohms 

Column: 6' x 1/U" Glass Column 

Column Packing: 5% Dow 11 on Fe free Chromosorb W 60/80 Mesh 

Flow Rate: 50 ml/min. W2 

Temperatures: 

Combustion Furnace: 850 C 

Column Oven: 190 C 

Column Inlet: 200 C 

Perkin-Elmer Infrared Spectrophotometer 

Scan Speed: Slow 

Slit: 7 

Cell Path: 10 cm. 

Cell Type: Microcell 0.5 mm. die 

Sample Carrier: KBr 



EESULTS AND DISCUSSION 

This discussion is divided into three parts. The first part 

deals with the development of a suitable method for the analysis of DDT 

and its metabolites in the urine of mammals. The second part deals with 

the dosing experiments conducted with DDT and its metabolites. Six dif

ferent compounds were used in the dosing studies and the urinary excre

tion patterns resulting are compared. The third part deals with the 

application of the DDA method to the monitoring of DDT exposure in 

humans. 

Method Development 

The initial problem encountered in this study was to obtain a 

suitable method for DDA analysis. Previous quantitative work on DDA 

analysis had utilized the Schechter-Haller (̂ 5) colorimetric method, 

which is time-consuming, has a lower limit of sensitivity of 0.02 ppm in 

urine and necessitates splitting the sample in order to carry out both 

colorimetric and gas chromatographic or other analytical procedures 

(paper chromatography and radiometric procedures). 

It had been suggested by Durham et al. (15) that gas chroma

tography methods might prove of value in the analysis of DDA. It should 

provide an increase in sensitivity over that provided by colorimetric 

methods and might be utilized for a study of the general population. 

It was found that separation of carboxylic acids by gas chroma

tography has usually required prior conversion of the acids to their 

3T 



methyl esters (6,63,610 because the free carboxylic acid is often ioniz-

able and either produces tailings so severe as to preclude quantitative 

work, or produces an irreversible absorption such that the compound is 

not chromatographed. It has been shown however that free fatty acids of 

a relatively short chain length can be suitably chromatographed without 

esterification and some workers have shown chromatographic separation of 

various types of free carboxylic acids (23,2̂ ). It was expected that it 

would be necessary to esterify the carboxylic acid, DDA, prior to its 

analysis by gas chromatography. However, a trial elution of a standard 

sample of DDA, prepared in the laboratory on a 5% Dow 11 column gave a 

response which indicated that the free acid was susceptible to elution 

by gas chromatography. Since it was surprising to find that this free 

carboxylic acid was readily susceptible to gas chromatography, the 

question arose as to whether the response was due to the DDA itself or 

due to an impurity. This is an important question because the sensitiv

ity of DDA to electron capture detection is low while the sensitivity of 

some of the possible impurities is high. Fig. 3 shows the DDA as it was 

originally prepared; it contains about 2.5% of DDE as impurity. It can 

be seen that this small amount of impurity actually appears to be the 

primary compound present. This is due to the greater electrophilic 

nature of DDE as compared to DDA. This preparation of DDA was then 

further purified by extraction into an aqueous alkaline solution, acidi

fied and re-extracted with a suitable organic solvent that eliminated 

the remaining 2.5% DDE impurity and gave the single acidic compound DDA 

which is shown in Fig. U. Whether or not this is truly DDA that was 

chromatographed rests on the following facts: 
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1. The DDA was synthesized by the method given by Grummet et_ al. 

(20) based on saponification of DDE. A similar method has 

also been used by earlier workers dating from White and Sweeney 

(59) in 19̂ 5. 

2. It is an acidic compound as manifested by its property of being 

extractable by aqueous alkaline solution and re-extractable 

from this solution upon acidification. 

3. The compound has a melting point of 165 - 166 C which is in 

agreement with the melting point given in the literature (59) 

for DDA. The most likely alternate acidic compound would be 

chlorobenzoic acid which has a melting point of 2̂ 2 - 2k3 C. 

U. Its Rf value (0.95) in paper chromatography was that which was 

expected for a polar compound [method of Mills (3*0]. 

5. The compound prepared in this laboratory compared identically 

in all of the above respects with a sample of authentic DDA 

received from the Geigy Chemical Corporation. 

6. The infrared spectra are identical to that reported in the 

literature (h) for DDA. 

Whether or not analysis of DDA by electron capture gas chroma

tography is a suitable technique for use in biological situations de

pends not only on the capability to elute the compound through a gas 

chromatograph, but several other properties including the specific sen

sitivity of the method. DDA is about 1/100 as sensitive as DDT to 

analysis by electron capture detection. 

Fig. 5 presents the reference curves for DDT and its common 

metabolites, DDE, DDD and DDA; Fig. 6 shows their relative retention 



200 

100 -

Instrument: W-350 
DDE Column: 5% Dow 11 on 

Chromosorb 60/80 
H' x 1/8" Pyrex 

Temperature: 190° C 

DDA-Me 

50 _ 

25 -

15 " 

10 

0.02 0.10 
Amount of compound in nanograms. 

0.50 5.0 10.0 20 .0  

Figure 5« Reference curves for DDA, DDE, DDD, DDT and DDA-Me. 



Instrument: W-350 
5$ Dow 11 on 
Chromosorb W 6O/8O 

V x 1/8" Pyrex 
Temperature: 200° C 

Column: 

DDD 

•H 

DDT 
DDA-Me 

20 
DDA 

DDE 

•H 

6 8 k 10 11 9 7 3 5 2 0 1 
Retention time in minutes. 

Figure 6. Relative retention times of DDA, DDE, DDD, DDT and DDA-Me. 

•tr 
U) 



times. Although it is not really a metabolite of DDT, the methyl ester 

of DDA (DDA-Me) is also included. The scale is presented in logarithms 

so that the insensitivity of DDA is compressed in relation to DDT. It 

can be seen that the method is about 100 times more sensitive for DDT 

than for DDA. It is worth noting that the method is about twofold more 

sensitive for the methyl ester of DDA than for DDA. Whether or not the 

lower sensitivity for DDA, as compared to DDT, DDD and DDE, renders this 

approach an effective method depends upon the relative abundance of 

these products, and most importantly on the capability of removing ex

traneous impurities prior to the actual analysis. 

It was found that DDA could not be cleaned up by the use of the 

activated florisil column which is in common use for the cleanup of DDT, 

DDD and DDE prior to electron capture gas chromatography detection. The 

DDA could only be removed from this column by the use of an eluent as 

strong as 100% ethyl ether rather than the 6 to 10% ethyl ether/pentane 

commonly used. With this strength eluent the cleanup was not as effec

tive because sufficient impurities were carried through the column along 

with the DDA so as to render the detection of DDA difficult by electron 

capture gas chromatography. An alternate cleanup method for DDA used by 

Jensen et al. (25) to clean up DDA extracted from urine prior to the 

Schechter-Haller (h5) colorimetric analysis was tried. This involves 

the use of an absorption column packed with celite which has been 

treated with glacial acetic acid. Although this method has been a sat

isfactory cleanup method prior to the Schechter-Haller (U5) colorimetric 

analysis, it was not satisfactory prior to electron capture gas chroma

tography analysis, as too many unidentified compounds were eluted from 
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the column which interferred with the detection, including one unknown 

at distinctly the same retention time as DDA. A cleanup method utilizing 

a sulfuric acid-treated silicic acid column, following the method of 

Peterson and Robison (̂ 2), was also tried. This cleanup method was 

superior to the other two and was used in a study of metabolic products 

in the urine. The recoveries from the SiĈ /Celite/Î SOlj. column are 

shown in Table 1. 

Table 1. Recovery of DDA from the SiOg/Celite/Ĥ SÔ  column. 

Quantity of 
DDA added (ug.) 

DDA 
Recovered (ug.) Percent Recovery* 

2 2.06 103 

2 1.2̂  62 

2 1.38 69 

2 1.9U 97 

5 U.80 96 

10 8.70 87 

10 9.10 91 

*Using 100 ml. of 5% ethyl acetate in pentane as the eluent 

For the gas chromatographic method to give the desired increase 

in sensitivity for the analysis of DDA it would be necessary either to 

increase the sensitivity of the detection step, or to increase the effi

ciency of the cleanup. One attempt was made to increase the sensitivity 

of DDA toward electron capture detection by carrying it through the 

first part of the Schechter-Haller (̂ 5) analysis, that is, by formation 

of the tetra-nitro derivative formed from nitration of DDA. The nitro 



group is strongly electrophilic and it was expected that the addition of 

the four nitro groups, to the benzene rings would greatly increase the 

electron affinity of this compound and consequently its sensitivity to 

detection. A brief trial of this method indicates that there is little 

if any increase in sensitivity; this was not enough to compensate for the 

problems encountered during the nitration procedure. 

It would be well to note at this point that in the gas chroma

tographic analysis of the free carboxylic acid DDA, there is a special 

analytical problem of contamination. It is so fundamental to gas chro

matography that it scarcely needs to be mentioned. The syringe must be 

thoroughly rinsed several times with solvent between injections into the 

instrument in order to avoid carrying a portion of material from one in

jection into another and thus have cross contamination between analyses. 

However, the normal rinsing procedure which is adequate for all the com

pounds commonly used is not sufficient between analyses of DDA. This is 

illustrated in Fig. 7-

Part A (Fig. 7) shows a shot of DDA carrying the 2.5$ impurity 

of DDE. Part B (Fig. 7) shows a shot of hexane solvent following the 

normal multiple rinsing of the syringe with clean hexane solvent. Note 

that there is no contamination from DDE but there is a distinct contami

nation of DDA, which is approximately 30% as great as the response from 

the original shot. When the syringe was rinsed in 0.1% aqueous NaOH 

solution, followed by a rinse in 0.05$ HC1, followed by a rinse in 

water, then acetone and then a multiple rinsing in hexane, this cross-

contamination was considerably reduced, but not completely eliminated 

as shown by the response in Part C (Fig. 7)- This peak could then be 
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further reduced "by going through another whole succession of these mul

tiple rinses. This cross-contamination, as stated, does not occur with 

DDE or any of the other metabolites which are commonly encountered. 

This indicates that the free carboxylic acid DDA absorbs quite strongly 

onto the glass or metal plunger of the syringe and that it cannot be 

removed by solvent action alone. 

The question arose as to whether or not DDA itself was passing 

through the column, because of the comparative retention times of DDA, 

DDT, DDE and DDD on the non-polar Dow 11 column. It was thought that 

DDA might possibly be decarboxylated as Hofflnan and White (2k) had shown 

that some dicarboxylic acids can be chromatographed by virtue of their 

being thermally decarboxylated to a mobile product during gas chroma

tography. This was partially confirmed by showing that DDA has the same 

retention time as p,p'-dichlorobenzophenone (DBP). To confirm this 

further, the products DDA and DBP were injected separately into a Micro-

Tek 220 gas chromatograph equipped with a splitter (ratio 1-100), the 

effluent products trapped and infrared spectra obtained on them. The 

results are shown in Pigs. 8, 9 and 10. While there are a number of 

identical absorption bands in DDA and DBP, there are notable differences 

in that: (l) DDA has a strong band at 1222 cm--*- and DBP lacks this 

band, (2) DBP has a strong band at 850 cm"-'- and DDA has none, (3) DDA 

has a doublet at 822/810 cm-1 and DBP has none, but does have a strong 

single band at 830 cm"1, and (k) DDA has a doublet at 755/7̂ 0 cm"-'- and 

DBP has a single band at 752 cm"1. The concurrence of the spectra of 

the effluent product of DDA with that of DBP is excellent for all major 

absorption bands and this, coupled with the coincidence of retention 
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times on both polar and non-polar chromatographic columns indicated that 

the free DDA can he chromatographed, hut it is thermally decarboxylated 

to DBP and is detected as this breakdown product in the analysis. 

After determining that DDA could be chromatographed and re

covered from extraction and cleanup procedures, urine samples from 

several experimental animals were analyzed using electron capture gas 

chromatography. 

While DDA can be analyzed by gas chromatography, it was thought 

that there must be improvements made in the technique, because of the 

serious drawbacks to the method, which are: 

1. It is not extremely sensitive to electron "Capture gas chroma

tography. 

2. There is difficulty in the cleanup of the sample extract to 

remove interfering impurities which hinder its analysis by 

electron capture gas chromatography. 

3. The difficulty involved in the cross-contamination of preceding 

shots in the analysis due to the adsorption of DDA onto the 

syringe or column. 

U. DDA is labile and degrades to a breakdown product DBP. 

It was decided to evaluate a means of esterifying the DDA to its methyl 

ester in order to overcome some of the difficulties encountered in the 

analysis of the free DDA. 

Several methods of esterification were evaluated. A 

methanol system, which is utilized in the methylation of fatty acids 

(32) for gas chromatography, was tried with poor and variable results. 
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A BF2 in methanol reagent system, utilized for the esterification of 

2,k-D and 2,U,5-T (63,6k) was also tried with similar results. 

With the use of diazomethane in ether as the methylating agent, 

good results were obtained in the conversion of DDA to its methyl ester. 

Using this diazomethane method, the conversion of DDA to DDA-Me was 

highly efficient and reproducible as shown in Table 2. 

Table 2. Conversion of DDA to DDA-Me by reaction with diazomethane 

pg. DDA Used Ug. DDA Recovered Percent Recovery 

0.10 0.09 90.0 

0.10 0.12 120.0 

0.10 0.11 110.0 

O.56 0.51* 96.0 

0.56 0.57 102.0 

1.00 0.96 96.0 

1.00 0.87 87.0 

5.60 5.30 9U.0 

5.60 5.70 102.0 

10.00 9.80 98.0 

10.00 9.80 98.0 

100.00 9̂ .20 9b .2  

100.00 97.16 97.2 

The conversion ranged from 87 to 120% with an average of 97-3%. The 

reaction was complete in 10 minutes or less, there was no adsorption 

problem onto the syringe or column with the DDA-Me, and there was over 
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a twofold increase in sensitivity to electron capture detection with the 

DDA-Me over DDA. 

Another advantage to the use of the methylated product was found 

in the cleanup procedure. The common3.y-used florisil column cleanup 

method, which is used for DDT and its metabolites, DDD and DDE can also 

be used for DDA-Me by using an eluting mixture of 15% ethyl ether/pen-

tane. Table 3 shows the recoveries of DDA-Me through the florisil 

column using 200 ml. of the eluent. 

The final validation step for the method was to add a known 

amount of DDA to substrate material and carry this through the entire 

analytical procedure. To test this, known amounts of DDA were added to 

100 ml. human urine samples and the results of this are shown in Table U. 

The lower limit of sensitivity for the method is 0.0056 ppm 

which is an improvement over Cueto's (12) method as used by Durham (15), 

which achieved a lower limit of 0.02 ppm. However, if Durham's (15) 

estimate that the general population excretes DDA at 0.003 ppm or less 

is correct, this method is not adequate for a study of the general popu

lation. In attempting to improve the sensitivity of this method, 

several factors were considered. The factors which limit the relative 

sensitivity (i.e., sensitivity of a method toward a compound in the 

presence of various amounts of substrate) of a method are: (l) the 

absolute sensitivity, or the least amount of actual compound which can 

be detected under any circumstances, (2) the control response which is 

the response of untreated substrate in a manner which simulates the re

sponse of the compound being sought, and (3) the reagent blank, or that 
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Table 3. Recovery of DDA-Me through a florisil column. 

DDA-Me Used yg. DDA-Me Recovered Percent Recovery 

1.0 0.81 81.0 

1.0 1.04 104.0 

1.0 1.08 108.0 

5.0 5.05 101.0 

5.0 4.70 94.0 

5.0 4.35 87.0 

6.0 5.52 92.0 

6.0 5.34 89.0 

10.0 9.20 92.0 

10.0 9.TO 97.0 

10.0 10.90 109.0 

12.0 10.44 87.O 

100.0 96.30 96.3 

100.0 91.47 91.5 
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Table 4. Recovery of DDA from human urine - analysis by electron 
capture gas chromatography as DDA-Me. 

Quantity of 
DDA added (lig.) 

PPM DDA 
in Urine 

PPM DDA 
Detected 

Percent 
Recovery 

28.0 0.28 0.253 90 

28.0 0.28 0.26H 9b 

11.2 0.112 0.093 83 

5.6 0.056 0.05̂ 2 97 

5-6 0.056 0.0668 119 

5.6 0.056 0.0829 1U8 

1.12 0.0112 0.0099 89 

1.12 0.0112 0.017̂  156 

0.56 0.0056 o.ooi+6 82 

O.56 0.0056 0.00U8 86 



portion of the control response which is due to the reagents rather than 

the substrate. The relative sensitivity is shown in Table U, and the 

absolute sensitivity is shown in Fig. 5* The control response cannot be 

demonstrated as clearly as desired because of the ubiquity of DDT in 

human food and the subsequent probability that there is actually DDA in 

all urine, as well as interfering compounds which respond to the ana

lytical method in a manner similar to DDA. In the absence of true 

control urine, these latter two types of responses cannot be segregated. 

The response from an example of "control" urine is shown in Fig. 11. 

The response from a reagent blank is shown in Fig. 12. 

In order to increase the relative sensitivity of the method for 

DDA analysis, one of the three factors mentioned above must be utilized. 

The microcoulometric gas chromatograph was evaluated because, although 

it has a decreased absolute sensitivity (near 1.0 nanograms as opposed 

to less than 0.1 nanograms for electron capture gas chromatography), it 

has a more specific detection capability. The loss in absolute sensi

tivity should be offset by the decreased responsiveness to reagent blank 

and extraneous substrate material which could result in an overall in

crease in relative sensitivity. . . 

By use of the same extraction and cleanup procedures, but ana

lysis by microcoulometric gas chromatography, the recoveries of DDA 

added to urine are shown in Table 5* 

The method was used for DDA-dosed samples at a level of 0.00056 

ppm and could detect 0.000̂  ppm in a control sample. This is a tenfold 

improvement over the 0.0056 ppm limit which could be achieved by electron 
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l I I 

0 1 2 3 h 
Retention time in minutes. 

10 

Figure 12. Electron capture response from a reagent blank in DDA urinary 
analysis. 

v/i 
vo 



6o 

Table 5« Recovery of DDA from human urine "by microcoulometric gas 
chromatography analysis as DDA-Me. 

Quantity of 
DDA Added (yg.) 

PPM DDA 
in Urine 

PPM DDA 
Detected 

Percent 
Recovery 

1.12 0.0112 0.0132 118 

1.12 0.0112 0.0162 1̂ 5 

0.56 O.OO56 0.0053 9h 

O.56 0.0056 0.006l 110 

O.56 O.OO56 0.0082 li+T 

0.28 0.0028 0.0035 12 k 

0.28 0.0028 0.0019 67 

0.28 0.0028 0.0035 12k 

0.112 0.00112 0.0009 82 

0.112 0.00112 0.0012 109 

0.112 0.00112 0.00113 103 

0.056 0.00056 0.00052 92 

0.056 0.00056 0.00051 91 

0.000 0.00000 0.0019* 

0.000 0.00000 0.0016* 

0.000 0.00000 0.0008* 

0.000 0.00000 0.0005* 

0.000 0.00000 O.OOOil* 

*These values represent the DDA present in normal human urine. 
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capture detection, and a considerable improvement over the 0.02 ppm by 

the colorimetric procedure (12). 

The recovery values average over 100%, hut this is attributed to 

the DDA which is normally present in the urine prior to the addition of 

known amounts of DDA. This method was used for DDA analysis in a 

majority of the studies as noted. 

Metabolic Studies of DDT Excretion 

Initial tests were carried out to evaluate techniques and avail

able equipment to see which experimental animals would be most suitable 

for a study of this type, and to see what metabolites could be identi

fied in the urine. These preliminary experiments were carried out on 

four species of mammals. 

A single dose of Geigy reference p,p'-DDT was administered 

orally in olive oil to two female laboratory mice of the University of 

Arizona strain. The mice were housed in separate metabolic cages and 

the urine collected for U8 hours following the administration of DDT. 

The urine samples were extracted and analyzed by electron capture gas 

chromatography. The results of this analysis are shown in Table 6. 

These tests were conducted before the analytical method for DDA 

was worked out, and therefore, no values for DDA were available. The 

three neutral compounds, DDT, DDD and DDE, were detected but at low 

levels - less than 1% of the administered dose. This was interesting 

because there had been much controversy in the literature as to whether 

DDT or any of the other neutral metabolites are excreted in the urine 

of mammals. 



Table 6. DDT and metabolites detected in the urine of mice given p,p'-DDT orally in a single dose. 

Animal 
Number 

p ,p1-DDT 
Administered 

Dosage 
mg/kg. 

Urine 
Collected 

Compounds 
Detected 

US* 
Detected 

Equivalent 
PPM 

Percent 
of Dose 

1 0.80 mg. 25.0 5.2 ml. DDT 0.8U 0.16 0.10 

DDD 0.k6 0.0 9 0.0 6 

DDE 3.50 0.67 O.UU 

I k.8 6 0.92 0.62 

2 0.90 mg. 25.0 7.5 ml. DDT 0.31 o.oU 0.03 

DDD Tr. — — 

DDE 5-72 0.76 0.63 

E 6.03 0.80 0.66 

ON 
ro 
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In order to see if these neutral metabolites, or any other metab

olites of DDT, could be detected in other species an oral dosing study-

was carried out on laboratory rats. Single and multiple doses of 

p,p'-DDT were administered to white female laboratory rats of the 

University of Arizona colony. The results from the single exposure 

study are shown in Table 7• 

Table 8 shows the results o.f the five-day exposure study. In 

this experiment three white rats were dosed orally @ 25 mg/kg. body 

weight with p,p'-DDT for five consecutive days. The urine was collected 

for the five days of exposure and three additional days post treatment 

for an eight-day total collection period as opposed to a U8 - 96-hour 

post treatment collection period for the single exposure. 

Low levels of the neutral metabolites DDT, DDD and DDE were de

tected in the urine of the rats, which agrees with the findings in the 

mice. Two other metabolites were also detected in the urine at retention 

times 1.57 and 2.32 relative to DDT. Figs. 13 and iV-show the chroma

tographic response of the rat urine neutral fraction before and after 

acid hydrolysis. It was assumed that the two components at Rt. 1.57 and 

2.32 were conjugated products of DDT or a DDT metabolite. It was found 

that DDT and the unidentified metabolite at Rt. 1.57 appeared in greater 

quantity than did DDE as opposed to the experiments conducted with mice 

where DDE appears in greater quantity than DDT. To check the possibility 

that the two products at Rt. 1.57 and 2.32 might be conjugates, the 

neutral extract was hydrolyzed in aqueous solution at a pH of 2 for 

eight hours, and re-extracted and analyzed. There was an increase in 

DDT and DDE content and the peak at Rt. 2.32 disappeared, but the large 



Table 7. DDT and its metabolites detected in the urine of DDT-dosed rats (single exposure). 

DDT 
mg/rat 

Dose 
mg/kg. 

Collection 
Period (Days) 

Extraction 
Fraction 

Compounds 
Found 

yg. 
Detected 

Equivalent 
PPM 

Percent 
of Dose 

3.9 25.0 2 Neutral DDA N.A. 

DDT 2.20 0.122 0.0560 

DDD 0.20 0.012 0.0051 

DDE 0.02 0.001 0.0006 

Totals 2.1*2 0.135 0.0617 

5.2 25-0 b Neutral DDA N.A. 

DDT 0.22 0.005 0.00̂  

DDD <.09 — — 

DDE <•05 — — 

Totals <.36 0.005 O.OOit 

CT\ 
fr 



Table 8. DDT and metabolites detected in the urine of DDT-dosed rats (five-day exposure study). 

Composite 
Daily Total Urine 

Animal 
Number 

Dose 
mg. 

Dose 
mg. 

Extraction 
Fraction 

Compounds 
Found 

yg-
Detected 

Equivalent 
PPM 

Percent 
of Dose 

1 5.40 27.00 Neutral DDT 2.30 0.0190 0.0026 

2 6.28 31.40 DDD 0.31 0.0025 0.0003 

3 6.20 31.00 DDE 0.30 0.0024 0.0003 

Total IT. 88 89.1*0 *Rt. 1.57 4.85 0.0390 0.005̂  

*Rt. 2.32 1.20 0.0100 0.0013 

Totals 8.96 0 .0539  0.0099 

Hydrolyzed DDT 1.92 0.0160 0.0022 
Neutral 

DDD 0.43 0.0035 0.0004 

DDE 2.32 0.0190 0.0026 

*Rt. 1.57 3.10 0.0250 0.0031 

Totals 7-77 0.0630 0.0083 

Aq. Alkali DDA 6.010 1+9-2 6.73 

Hydrolyzed 
0.5̂  0.074 Aq. Alkali DDA 66.0 0.5̂  0.074 

Calculated as DDT assuming sensitivity equal to DDT. Retention time based on DDT = 1.0 
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peak at Rt. 1.57 "was unaffected by the acid hydrolysis as shown in Fig. 

15. 

The rat and mice-dosing experiments showed that these neutral 

metabolites, which appear in the urine, occur at low levels of less than 

1% of the administered dose, and do not appear to be a major excretory 

route for DDT via the kidney. 

In the five-day exposure study (Table 8), the urine was analyzed 

for DDA using the Î SOlj/silic acid/celite cleanup and electron capture 

detection. Fig. 16 shows the response for DDA in the aqueous alkaline 

extract of the rat urine. The major metabolite present in the urine was 

shown to be DDA. It accounts for over 99% of the total urinary metabo

lites and also accounts for 6 to "J% of the administered dose of DDT 

which agrees with previous work (26,̂ 9). 

The possibility of fecal contamination of the urine was recog

nized in the rat experiments as well as in the initial mice experiments, 

as uncatheterized urine was collected. Attempts were unsuccessful at 

external catheterization of the rats and surgical catheterization was 

decided against as this would put the animals under a stress condition, 

which could alter the metabolism and excretion pattern. In lieu of 

collecting urine samples by catheter the experiments were carried out in 

metabolism cages designed to separate urine and feces. 

The separation appeared to be good, but a test was made to check 

the possibility that the low levels of the metabolites found were due to 

leaching of the feces by urine. Fifty ml. of pretreat rat urine which 

had previously been analyzed for DDA, DDT, DDD, or DDE by gas chroma

tography, was allowed to percolate or drip through a 10 gm. sample of 
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post treat fecal material, which was collected from a metabolic cage 

following exposure of the animal to DDT. The urine dripped through the 

fecal material in 10 to 15 minutes and was collected, extracted and 

analyzed. The results of this percolation are shown in Table 9. 

Table 9- Percolation of urine through feces to check amount of leaching 
by urine. 

Metabolites Found (yig.) 
DDA DDE DDD DDT 

Urine Analysis 
Before Percolation <0.1 <.02 <.03 <.03 

Urine Analysis 
Following Percolation <0.1 <.02 <.03 0.05 

The results in Table 9 would indicate that the metabolites found in the 

urine are truly excreted in the urine and do not arise from fecal con

tamination. 

The next species of mammal evaluated as an experimental animal 

was a female New Zealand rabbit. The rabbit was dosed for five consec

utive days with p,p'-DDT and analysis was performed on an eight-day 

urine collection as in the rat experiment. The urine was extracted, 

partitioned and analyzed by electron capture gas chromatography with the 

results shown in Table 10. The results obtained with the single rabbit 

appear to be quite similar to those obtained with the rats. Low level 

amounts of DDE, DDD, and DDT are present with the unchanged DDT appearing 

in larger amounts than the other two. The major urinary metabolite is 

DDA which appears at a level of Q% of the dose. The excretion of DDA in 

the urine of DDT-dosed rabbits at levels of under 10$ of the administered 

dose compares favorably with previous work (50,59). 
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Table 10. DDT and metabolites detected in the urine of a DDT-dosed 
rabbit (five-day exposure). 

Total 
Dosage Rate Dose 
mg/kg. mg/day mg. 

Extraction Compounds yg. 
PPM 
in Percent 

Fraction Found Detected Urine of Dose 

2 5 . 0  19.5 97-5 Aq. Alkali DDA 7800.0 7. C
O

 
C

X
) 

8. 0 

Hydrolyzed 
Aq. Alkali DDA Tr. — — 

Neutral DDE 1.U6 0 .  002 0 .  002 

DDD 0.8l 0 .  001 0 .  001 

DDT 6.ko 0 .  0
 

0
 

-
J

 

0 .  007 

Totals 8.67 0 .  010 0 .  010 

Hydrolyzed 
Neutral DDE 1.39 0 .  001 0 .  001 

DDD 0.7̂  0 .  001 0 .  001 

DDT l.Ul 0 .  001 0 .  001 

Totals 3.5̂  0 .  003 0 .  003 
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The urine was collected in this experiment from metabolic cages, 

as attempt̂  to externally catheter the rabbit were not successful. Pigs. 

17 and 18 show the gas chromatography responses from the aqueous alkali 

extraction and the neutral fraction respectively for the rabbit urine 

samples. 

In order to completely eliminate the possibility of fecal con

tamination, two adult, male, human volunteers were utilized. In this 

experiment they ingested a gelatin capsule containing p,p'-DDT in vege

table oil solution at a dose level of 0.5 mg/kg. body weight daily for 

five consecutive days. Urine samples were collected during the five-day 

ingestion period and for three subsequent days to give a total eight-day 

collection period. The urine was pooled and an aliquot analyzed by the 

electron capture method, with the results shown in Table 11. Fig. 19 

shows the chromatogram of the neutral fraction extract of the human 

urine. 

Although DDT and DDE were found in the human urine in small 

amounts, along with the major metabolic product DDA, they are to be con

sidered in relation to the values obtained for them in the analysis of 

the predosed baseline urine as shown in Table 12. 

The DDT and DDE were present in the post treat urine, but they 

were present at lower levels than found in the pretreat urine in which 

DDD was also found. Thus, there does not seem to be a clear-cut increase 

in the amount of DDT, DDD, and DDE in the human urine following exposure 

to DDT as there was for the other three species. However, one must re

member that the dosage level on a mg/kg. body weight basis was 50 times 

smaller in the human species as compared to the other three species, i.e. 
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Table 11. DDT and metabolites detected in human urine following DDT exposure 

Sub.i ect 
Dosage Rate 

mg/kg. mg/day 
Total 
Dose 

Extraction 
Fraction 

Compounds 
Detected 

yg-
Detected 

Equivalent 
PPM 

Percent 
of Dose 

#1 0.5 36.7 183.5 

#2 0.5 5̂.5 227.5 

Total 82.2 1*11.0 

Aq. Alkali DDA 9,100 1.33 2.21 

Hydrolyzed 
Aq. Alkali None 

Neutral DDA 

DDT 

DDE 

DDD 

1,600 

0.88 

0.37 

0.21 

0.00011 

0.00005 

0.39 

0.0002 

0.0001 

Hydrolyzed 
Neutral None 
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Table 12. Comparison of pretreat and post treat PPM values in human 
urine 

DDA DDE DDD DDT 

Predosing Value (PPM) .0060 0.0001 0.0013 0.0070 

Post Dosing Value (PPM) 1-5̂  0.00005 0.00011 
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0.5 mg/kg. for humans as compared to 25 mg/kg. for the others. By com

paring the relative percent of dose of DDA excreted in the urine, it is 

found that the human subjects were the lowest of the three.species 

measured. This could again be a direct result of the lower dosage level. 

Although limited by the relative size of dose which can safely 

be administered to the human species, it can be said that they would 

make an ideal laboratory test animal on which to conduct urinary metabo

lism studies in that the chance of fecal contamination of the urine 

would not be a problem. The finding of DDT and DDE (DDD in the pretreat) 

in human urine seems to substantiate their true excretion in the urine 

of the other species studied. 

Representative data obtained from the four species of animals 

tested is compared in Table 13. 

Table 13. Comparison of products excreted in urine. 

DDT DDE DDD DDA 

Species Dose Rate Days 
Percent 
of Dose 

Percent 
of Dose 

Percent 
of Dose 

Percent 
of Dose 

Rat 25 mg/kg. 5 0.005 0.003 0.001 7.8 

Rabbit 25 mg/kg. 5 0.007 0.003 0.002 8.0 

Mouse 25 mg/kg. 1 0.10 o.Uo 0.06 N.A. 

Human 0.5 mg/kg. 5 — —  2.1 

The DDT, DDE, and DDD are excreted in very small quantities along with 

the major metabolite DDA, which may account for up to 10% of the dose in 

short-term exposure situations. In addition to these four metabolites 

there appears to be at least two more metabolites present in amounts 



similar to those for DDT or DDE. These two unidentified metabolites 

however were found in the rat urine only. There seems to be a slight 

species difference as manifested by the mouse excreting slightly more 

DDE than DDT. 

Other differences may appear with long-term dosing when equilib

rium is established, the increasing rate of storage is not a factor, and 

excretion rate of the insecticide reaches a maximum. Also, the changes 

in rate of metabolism in response to DDT activation of the microsomal 

enzyme systems could account for or cause a difference in excretion 

routes between the various species. 

Since data for DDA in mouse urine was not obtained in the initial 

study, a series of five-day exposure studies was conducted on mice. The 

finding of larger amounts of DDE in the initial mouse studies was 

thought to reflect metabolic activity at a higher level than in the other 

species and thus the DDA data should be obtained to see if it would be 

possible to determine if two pathways of detoxification could be oper

able; one through DDE, and one through DDD to DDA. 

The urine from this mouse study and for the following studies was 

analyzed by a simple extraction of the acidified, hydrolyzed urine. The 

urine was not partitioned into neutral and alkaline soluble fractions. 

The analysis was carried out on microcoulometric gas chromatography, so 

the lower limit of sensitivity for the neutral metabolites was higher 

than that obtainable by electron capture analysis, and they were not 

quantitated unless present in sufficient quantity. 

Table lU shows the results from the analysis of the urine from a 

five-day exposure study of three female mice of the Ozburn, Morrison (Ul) 



81 

resistant strain. They were dosed at a 25 mg/kg. level by oral admini

stration for five consecutive days, and an eight-day urine collection 

was made and composited for analysis. 

Table lH. DDT and metabolites detected in mouse urine from p,p'-DDT 
oral administration for five consecutive days. 

Animal 
Number 

Daily 
Dose (mg.) 

Total 
Dose (mg.) 

*Compounds 
Detected 

yg. 
Detected 

Percent 
of Dose 

1 0.50 2.50 DDA 1080 13.it 

2 0.52 2.60 DDE 2 . 1  .03U 

3 0.59 2.95 DDD Trace 

Total 1.6l 8.05 DDT Trace 

*Composite urine sample 

The three neutral metabolites were again detected at low levels 

of less than 1% of the administered dose. The DDA in the urine accounts 

for 13.h% of the administered dose and the urine analyzed on the last 

day of collection accounted for 1.3$ of the dose. It can therefore be 

assumed that DDA is still being excreted in the urine and that a long-

term collection of urine from an exposed animal could account for up to 

20% of the dose or more as being excreted by the kidney. Wo metabolites 

or conjugates were detected in the urine at Rt. 1.57 or 2.32 as had been 

found in the rat urine. 

The feces were also analyzed and DDD and DDT were detected at 

low levels. Neither DDA nor DDE were found as had been previously re

ported (13,30). The DDD and DDT in the feces accounts for O.U7 and 

0.12$ of the dose respectively, and indicated that the kidney may play 

a major role in the excretion of DDT. 
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To see if any other metabolites could be detected, or if DDA ex

cretion levels remained constant, a higher dosage level was tried. A 

dose of 100 mg/kg. p,p'-DDT in olive oil was administered orally for 

three days on alternate days to three female mice. One day between 

doses was allowed so that the possibility of a toxic dose would be mini

mized. 

The three neutral compounds DDD, DDE and DDT were again detected 

at levels of 1% of dose or less from an eight-day urine collection, but 

no other minor metabolites were detected by microcoulometric analysis. 

The major metabolite DDA analyzed as its methyl ester was found to 

account for *J.5% of the dose in the females, as 1,̂ 30 pg. of DDA calcu

lated as DDT equivalent was detected. This was from a total dose of 

2h mg. of administered DDT. 

Three male mice of the Ozburn, Morrison (Ul) strain were also 

dosed orally with p,p'-DDT at a level of 100 mg/kg. on alternate days 

for three administrations. One day between doses was again allowed to 

minimize the possibility of a toxic dose being administered, but one of 

the animals died following the first dose. 

The three neutral metabolites DDD, DDT and DDE were detected at 

low levels in the urine and no evidence of other neutral metabolites was 

obtained. The DDA was found at a level of h.8% of dose as 1,030 yg. of 

DDA was detected out of a total dose of 21.3 mg. 

It seems from this study that the females possibly metabolize 

the DDT at a faster rate, or at least excrete more DDA, than males. In 

the dosing experiments at 100 mg/kg. body weight only 7.5% or less of 
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the dose is found in the urine in eight days as compared to over 13% for 

a similar time when dosed at 25 mg/kg. However the urinary excretion of 

DDA by the mice seems to "be in the same range as for the other species, 

about 5 to 15$ of the administered dose in eight days following the 

initial exposure. 

It was found in studying the above four species that the micro-

coulometric analytical method for DDA could be a suitable method for 

assessing DDT exposure. Studies were then carried out to check the pro

posed in vivo degradation sequence postulated by Peterson and Robison 

{b2) for DDT metabolism. Resistant mice of the Ozburn, Morrison (4l) 

strain were used in the studies. Dosing experiments at 25 mg/kg. levels 

of DDE, DDD and DDMU were administered separately in turn to test animals 

and the urine collected, extracted and analyzed for metabolites. The 

DDA level in the urine was used as the main indicator for the degradation 

sequence of the DDT metabolites as it should increase in the urine of 

mice receiving a metabolite nearer DDA in the biodegradation sequence, 

assuming that DDT metabolites are transformed when endogenously formed 

as when exogenously administered at a comparable reaction rate. 

Three mice were dosed orally with DDE at a 25 mg/kg. level for 

five consecutive days. The urine was collected for a total of eight 

days as in the earlier studies. The urine was pooled, acidified, re-

fluxed and extracted with ether. The urine extract was not partitioned 

to separate the neutral metabolites, but was methylated directly. 

The urine from the DDE-dosed mice was analyzed and no DDA was 

found. This is in agreement with the sequence postulated by Peterson and 

Robison (42) that DDE is not an intermediate in the transformation of DDT 



to DDA. The only metabolite detected in the urine was DDE at a level of 

1.̂ 9 ppm and accounted for 0.29% of the administered dose. The feces 

was also analyzed and only DDE was found at a level of 3̂ .0 ppm, or 

2.95$ of the administered dose. This, coupled with the finding of DDE 

in the urine of the DDT-dosing studies on all of the above species, 

would indicate that DDE is an end detoxification product of DDT and is 

not further metabolized when it itself is exogenously administered. It 

is, however, excreted at low levels and therefore may be stored at 

higher levels in the body fat and excreted slowly over a period of time. 

It would appear that the DDT to DDE conversion may be a minor route of 

detoxification as compared to the DDT to DDA conversion, especially in 

cases of acute or high exposure, but could play a major role in detoxi

fication of DDT from low level exposures. 

To follow the sequence of DDT metabolism in the mice, dosing 

with DDD was carried out. Three female mice of the resistant Ozburn, 

Morrison (in) strain were dosed orally at a 25 mg/kg. level for five con

secutive days. DDD was detected at a level of less than 1I and a trace 

of DDE was found in the urine. The DDD was assumed to arise from the 

DDD administered while the low levels of DDE could reflect low level DDT 

or DDE exposure in the food of the animal. The dry Purina lab chow was 

analyzed and it was found that the three neutral metabolites, DDT, DDD 

and DDE, were present as shown in Table 15. 

The major metabolite found in the urine of the DDD-dosed mice 

was again DDA. It was found at a level of 126 ppm and accounted for 

22.3$ of the administered dose as 2,150 pg. was detected in the eight-

day collection of urine. This is in agreement with work conducted by 
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Table 15. DDT and metabolites found in laboratory chow used to maintain 
study animals. 

Product 

Weight 
Analyzed 
(ff*-) 

Products 
Detected 

(yg.) 
Found 

Equivalent 
PPM 

Purina Laboratory 
Chow 5.0 DDT 

DDD 

DDE 

0.07 

0.18 

0.11 

0.01U 

0.036 

0.022 
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Jensen et al. (25) on dogs and also supports the postulated sequence of 

Peterson and Robison (h2) for DDT conversion. The 22.3% of dose found 

in the urine from DDD administration was higher than that found in any 

of the DDT-dosing experiments on the four species evaluated. 

The feces of the DDD-dosed animals were also analyzed and DDT 

and DDD were found. The DDT was found at a level of 0.031% of dose and 

DDD was present at ca. a tenfold higher level, i.e. 0.30% of dose. It 

is interesting to note that no DDA was found in the feces, nor was it 

found in fecal material analyzed from earlier dosing experiments with 

DDT. This does not agree with earlier findings (8,13,25,26) which 

reported that DDA may be the major metabolite present in the feces from 

DDT administration. 

The metabolite following DDD in the proposed DDT degradation 

sequence is DDMU. Three female mice of the resistant Ozburn, Morrison 

(Ul) strain were dosed for five consecutive days at a 25 mg/kg. level 

by oral administration. The urine was collected for 12 days and divided 

into two samples. The first represented the initial seven days, and the 

second fraction represented the 7 to 12-day collection of urine. The 

analysis of Fraction I showed that DDA was the major metabolite present 

at 33.T ppm. A trace of DDMU was also present. The second fraction 

contained only 69 yg. of DDA which represented a 1.5 ppm level in the 

urine. The total 12-day urine collection accounted for 5.22% of the 

administered dose with k.65% of this being present in Fraction I. The 

DDMU seemed to be metabolized quite rapidly by the mice to its end 

product DDA, but the low percent of dose of DDA in the urine, as com

pared to that for DDD, may mean that it was not absorbed as rapidly as 
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the DDD. Another possibility is that since DDMU has a structure similar 

to DDE, it may be stored in the fat depots of the anima.l to a much 

higher degree than DDD. The excretion of DDA could then be spread out 

over a long period of time reflecting the slow mobilization of DDMU from 

the fat stores. The other possibility is that DDMU may not be involved 

in the biodegradation sequence of DDT to DDA, but when administered to 

an animal can be metabolized to DDA as an excretory end product. 

The next metabolites in the proposed sequence, DDMS, DDNU and 

DDOH, were not obtainable from commercial sources and attempts to syn

thesize them were not successful. The only remaining metabolite in the 

sequence is the end detoxification product DDA. 

Dosing studies with DDA were carried out on three female, re

sistant strain mice (hi) at a 25 mg/kg. level. The DDA was administered 

orally in olive oil for five consecutive days. The urine was collected 

for eight days, acidified, refluxed and extracted with DDA being the 

only metabolite found in the urine. It was present at a level of 100 

ppm, which represented 3̂ .5% of the dose. 

At the conclusion of the eight-day study, the animals were 

sacrificed and liver, kidney and fat samples taken to determine the 

distribution of DDA in the tissues, and to determine what percentage of 

this DDA was conjugated or free. The tissues were extracted before and 

following acid hydrolysis for four hours to determine the amount of con

jugation of DDA in the tissues. The results of the tissue analysis are 

shown in Tables 16 and 17. The amount of DDA found in each tissue for 

the individual animals is listed along with the amount found in a control 

animal which received no DDA. The fat samples are not included in the 
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Table l6. Analysis of liver samples for DDA from DDA-dosed mice. 

Animal 
Number 

Wt. of Tissue 
Extracted (gm.) 

Extraction 
Fraction 

DDA 
Found (yg.) 

Equivalent 
PPM 

1 0.90 Unhydrolyzed 3.0 3.33 

1 0.90 Hydrolyzed •̂9 5.85 

2 1.30 Unhydrolyzed 6.3 U.8U 

2 1.30 Hydrolyzed 12.0 9.21 

3 1.30 Unhydrolyzed 0.9 0.69 

3 1.30 Hydrolyzed 12.9 9-90 

*k 1.10 Unhydrolyzed <0.01 

1.10 Hydrolyzed <0.01 

^Control undosed animal tissues. 
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Table IT- Analysis of kidney samples for DDA from DDA-dosed mice. 

Animal 
Number 

Wt. of Tissue 
Extracted (gm.) 

Extraction 
Fraction 

DDA 
Found (vk.) 

Equivalent 
PPM 

1 O.k Unhydrolyzed O.U 1.00 

1 O.k Hydrolyzed 2.1 5-25 

2 O.k Unhydrolyzed O.k 1.00 

2 O.k Hydrolyzed 3.2 8.00 

3 O.k Unhydrolyzed <0.3 <0.75 

3 O.k Hydrolyzed 2.6 6.50 

O.k Unhydrolyzed <0.01 

*1̂  O.k 
, 1 

Hydrolyzed <0.01 

^Control undosed animal tissues. 



tables as only traces of DDA were found. A comparison of the relative 

amounts found in the kidneys and liver is shown in Table 18. As can be 

seen, the liver contained over three times as much DDA as the kidney. 

Assuming that the DDA found following hydrolysis is a conjugated product 

and the DDA found prior to hydrolysis is free, the ratio of free to con

jugated DDA is higher in the liver, as 87.8% of the DDA found in the 

kidney is in the conjugated form. It would be difficult to draw any 

conclusion as to the site at which conjugation of DDA is effected from 

this data. 

This portion of the study has shown that DDA is the major metab

olite of DDT that is excreted in the urine; also it is the major urinary 

metabolite of DDD, DDMU and of DDA itself. No DDA is formed from DDE 

administration which agrees with the postulated mechanism of" Peterson and 

Robison (U2). However, administration of DDMU did not lead to an in

crease in the urinary excretion of DDA over that resulting from DDT or 

DDD administration. This does not agree with the postulated degradation 

sequence (̂ 2) as the DDMU or any later metabolites, i.e., DDMS, DDNU or 

DDOH would be expected to lead to an increased excretion of DDA in the 

urine, assuming absorption of the metabolites is comparable. In order 

to check out this sequence more fully, the metabolites DDMU, DDMS, DDMJ 

and DDOH could be administered sequentially and a rate study done on the 

resulting excretion of DDA to verify the biodegradation sequence. 

Another question which remains unanswered concerns the site of 

transformation of DDT to DDA. Reports in the literature (3,27,58) have 

suggested that the conversion may be taking place in the intestines due 

to bacterial action rather than by cellular enzymes in the liver or 



Table 18. Comparison of DDA found in liver and kidney samples of DDA-dosed mice. 

Animal 
Number 

Extraction 
Fraction 

Liver 
DDA (yK.) 

Percent of Total 
in Fraction 

Kidney 
DDA (yg.) 

Percent of Total 
in Fraction 

Ratio 
Liver/Kidney 

1 Unhydrolyzed 3.0 29 0.4 4 7-5 

Hydrolyzed 4.9 47 2.1 20 4.7 

Total 7-9 76 2.5 24 3.2 

2 Unhydrolyzed 6.3 29 0.4 2 1.6 

Hydrolyzed 12.0 55 3.2 111 3.7 

Total 18.3 84 3.6 16 5.0 

3 Unhydrolyzed 0.9 1 < .3 < 1 <3.0 

Hydrolyzed 12.9 82 2.6 16 b.9 

Total 13.8 83 <2.9 <17 

C
O

 V
 

Average Unhydrolyzed 3.4 21 < .4 < 2 <8.5 

Hydrolyzed 9.9 6l 2.6 l6 3.8 

Total 13.3 82 <3.0 <18 <4.4 

vo 
H 



other organs. By orally dosing animals with DDT, it was shown that DDA 

is excreted in the urine as the major product. However, the degradation 

of DDT could be taking place in the intestines, in the cellular compart

ments of the internal organs, the blood, or fat depots. 

In order to bypass the intestines and determine if breakdown is 

occurring in the liver or sites other than the intestines, a group of 

mice were dosed with p,p'-DDT by intraperitoneal injection. Three mice 

of the resistant strain (Ul) were dosed for five days with a p,p'-DDT 

emulsion by intraperitoneal injection and the urine was collected for 

eight days. The urine showed only DDA present at a level of 75 ppm, 

which accounted for 3.1$ of the DDT administered. This is less than one 

fourth as much DDA as that found from the oral dosing route for DDT. The 

absorption of DDT should be better for the intraperitoneal injection than 

for the oral injection, so if all the metabolism is taking place in the 

liver, one would have expected to find a larger amount of DDA in the 

urine from the intraperitoneal dosing. This would indicate that some 

breakdown of DDT, and possibly a major portion of it, is taking place in 

the intestines. To see if only the initial degradation step (DDT to DDD) 

is taking place in the intestines, a comparison of DDA in urine shotlld 

be made between oral and intraperitoneal dosing of animals with the me

tabolites DDD, DDMU and the further metabolites DDMS, DDNU and DDOH if 

obtainable. 

The above studies have used p,p'-DDA in the urine as an indicator 

of metabolic activity or of the biodegradation of DDT (or one of its 

metabolites) which yield DDA as an end product. Using this same end 

point, i.e. DDA in urine, it was thought the postulate of Klein et al. 



93 

(28) that the isomeric conversion of o,p'-DDT to p,p'-DDT could occur in 

the fat stores of rats might be evaluated. It can be reasoned that if 

this conversion is taking place, the p,p'-DDT formed will be mobilized 

from the fat stores and metabolized either to DDE or to DDA by one of 

the two reaction sequences discussed earlier. If the metabolism occurs 

via the DDA route, then p,p'-DDA should be detected in the urine from 

o,p'-DDT administration. 

To test this possibility, three mice were dosed orally at a 25 

mg/kg. level for five consecutive days with o,p'-DDT. The urine was 

collected for eight days as in the earlier studies and analyzed for me

tabolites present. The results of this analysis showed no p,p'-DDA 

present, but showed 13̂  micrograms of a product tentatively identified 

as o,p'-DDA. The product was calculated assuming a sensitivity response 

equal to that of p,p'-DDA. The retention time was 0.79 for the compound 

using p,p'-DDA as 1.0 on a 6' glass column of 10% OV-lJ/15% QF-1 on 

Chromosorb W 60/80 mesh. The analysis was carried out on a MicroTek 220 

with microcoulometric detection, and a column temperature of 210 C. The 

retention time data fits well with that expected for o,p'-DDA-Me. This 

is illustrated by using the data of Burke and Holswade (7) who show the 

retention time ratio of o,p' to p,p'-isomers in Table 19• The 0.79 

figure for the methyl ester of o,p'-DDA as compared to p,p'-DDA-Me would 

therefore be a reasonable value. Since the analysis was carried out by 

microcoulometric detection, the sensitivity of the o,p' and p,p'-isomers 

should be identical because both contain the same amount of chlorine. 

Fig. 20 shows the response from the compound and Fig. 21 shows the com

pound response along with an added amount of p,p'-DDA-Me. 



Table 19. Ratio of retention times for o,p' to p,p'-isomers for DDT and 
possible metabolites. 

Compound 

DDE 

DDD 

DDT 

DDMU 

DDMS 

Retention Ratio 
o,p'-/p,p'-

0 .78  

0 .75  

0 .76  

0 .75  

0 .79  

Calculations based on data of Burke and Holswade (7 ) .  



Instrument: MicroTek 220 with 
Dorhman Microcoulometer 

Column: 10% OV-17/15# QF-1 on 
Chromosor'b W 60/80 

Temperature: 190° C 

o,p'-DDA-Me 

20 

.10 

0 1  2 3 1 * 5 6 7 8  9 1 0 1 1 1 2  
Retention time in minutes. 

Figure 20. Products in the hydrolyzed urine of mice dosed orally with Ojp'-DDT. 
vo 



Instrument: MicroTek 220 vith 
Dorhman Microcoulometer 

Column: 1035 OV-17/15* qf-1 on 
Chromosorb W 60/80 

Temperature: 190° C 

p,p'-DDA-Me 

o,p'-DDA-Me 

_L _L I I 
0 1 2 3 k 

Retention time in minutes. 
10 11 12 13 5  6  7 : 8  9  

Figure 21. Urinary product from mice dosed vith o,p'-DDT vith added p,p'-DDA-Me. 
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Liver, kidney and fat samples were also taken from the dosed 

animals and analyzed for metabolites of DDT. Wo p,p'-isomers were found 

in the samples, hut low levels of three o,p'-isomers were detected. The 

o,p'-DDT was present at levels up to 6.0 ppm. while o,p'-DDE and o,p'-DDD 

were present at low levels of 2.0 ppm or less in all tissues. The 

largest amount of o,p'-DDE was found in the fat sample. Table 20 shows 

the average ppm values found in the tissues of the three animals. 

Table 20. Metabolites of o,p'-DDT detected in mouse liver, kidney and 
fat samples. 

Metabolites Found 
PPM PPM PPM PPM 

Tissue o ,p'-DDT o,p'-DDD o ,p' -DDE o ,p-DDA 

Liver 6.0 0.6 1.6 

Kidney 2.1 Tr. 0.3 

Fat 1.1 Tr. 1.9 

The feces were also analyzed and no p,p'-DDT isomers were de

tected. The only products found were o,p'-DDD and o,p'-DDT. These were 

present at O.W and 0.13% of dose respectively. No o,p'-DDE or o,p'-DDA 

was detected in the feces. The product distribution in the feces result

ing from o,p'-DDT administration parallels that found in the fecal anal

ysis from p,pf-DDT administration in that no DDE or DDA was detected, 

and the DDD and DDT levels were very low. 

Since the work of Klein et al. (28) was done on rats, and the 

above findings were on mice, it was decided to try a similar study on 

rats to see if there was a species difference in their ability to metab

olize o,p'-DDT. Two rats were given o,p'-DDT at a 10 mg/kg. level 
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orally in a single administered dose. The urine was collected for 11 

days and composited in two fractions, 1 to 5 days and 6 to 11 days post 

administration. The results of the urinary analysis are shown in Table 

21. 

Table 21. Metabolites in urine of o,p'-DDT-dosed rats. 

Metabolites Found (ug.) 
Sample Fraction o,p'-DDA o,p'-DDE o,p'-DDT 

1 - 5 Days 1600 6.U 2.5 

6 - 1 1  D a y s  89 Tr. Tr. 

The urine samples were hydrolyzed, extracted and analyzed without parti

tioning. The Ojp'-DDA was again calculated as for the o,p'-DDA in the 

previous mouse study. Fig. 22 shows the microcoulometric gas chromato-

graph of the urinary analysis. Pigs. 23 and 2k show the infrared spectra 

of the compound detected in the rat urine and of a standard sample of 

p,p'-DDA-Me. The concurrence of the two spectra is very good, except 

p,p'-DDA-Me has a strong band at 770 cm-1 and the urine product has none, 

but does have a strong band at 755 cm"-'-. The p,p'-DDA-Me has two absorp

tion bands at U98 and 525 cm-1 and the urinary product has neither. 

Liver, kidney and fat samples also showed only o,p'-isomers of 

DDD, DDE and DDT present at levels of 3.0 ppm or less. There was no 

evidence of p,p'-isomers and if present, they were at levels below 0.1 

ppm. This does not agree with the data obtained by Klein eb al. (28) 

that o,p'-DDT is converted to p,p'-DDT in the rat. 

The studies of urinary excretion of DDA by the various animals 

following dosing by DDT or its analogues are summarized in Table 22. 



Instrument: 

Column: 

•Temperature: 

MicroTek 220 with 
Dorhman Microcoulometer 
10# 0V-1T/15# QF-1 on 
Chromosorb W 60/80 
6' x 1/V Pyrex 
190° C 

o,p'-DDA-Me 

0 1 2 3 k 5 6 7 ' 8 9 10 11 12 
Retention time in minutes. 

Figure 22.. Urinary product from o,p'-DDT dosed rats. 



.10 

.20 

.30 

• 50 

.60 

.70 
.80 
.90 
1.0 

Rat urinary product 
Pure p,p'-DDA-Me 

1500 2000 3000 1 2500 
Frequency (cm-1) 

Figure 23. Infra-red spectra of urinary rat product and standard p,p'-DDA-Me. (3200-1̂ 00 cm-̂ ) 
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Figure 2h. Infra-red spectra of urinary rat product and standard p,p'-DDA-Me (1300-600 cm"1) 



Table 22. Summary of DDA excreted in the urine of dosed animals. 

Test 
Animal 

Route of 
Administration 

Compound 
Used 

Dosage 
Rate 

Length of 
Administration 

P̂ercent of Dose 
Excreted in the Urine 

Rat Oral DDT 25 mg/kg. 5 days 7.8 

Rabbit Oral DDT 25 mg/kg. 5 days 8.0 

Human Oral DDT 25 mg/kg. 5 days 2.1 

Mouse Oral DDT 25 mg/kg. 5 days 13. b 

Mouse I.P. DDT 25 mg/kg. 5 days 3.1 

Mouse Oral DDE 25 mg/kg. 5 days 0.0 

Mouse Oral DDD 25 mg/kg. 5 days 22.2 

Mouse Oral DDMU 25 mg/kg. 5 days •̂7 

Mouse Oral DDA 25 mg/kg. 5 days 3̂ .5 

Mouse Oral o,p'-DDT 25 mg/kg. 5 days l.U** 

*A11 of the percent figures represent the excretion of DDA found in an eight-day period 
following the start of the dosing regimen, except DDMU which is from a twelve-day urine 
collection. 

**This represents o,p'-DDA based on sensitivity equal to p,p'-DDA. 
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Analysis of PDA in Human Urine 

The next objective of the study was to apply the method of 

analysis for DDA to human urine to see if it could "be used to monitor 

DDT exposure. Durham et al. (15) has stated that "jb% of the general pop

ulation excrete less than 0.030 mg. of DDA per day. Based on an average 

intake of 0.18H mg. of DDT per day reported "by Walker et al. (55), this 

would be an excretion of 16% or less of the DDT intake being excreted as 

DDA, which would seem reasonable. To see if DDA could be detected in a 

control population, random urine samples were collected from a general 

population group thought not to have any excessive exposure to DDT. The 

urine was analyzed for DDA by the diazomethane esterification method. 

The results of the analysis are shown in Table 23. The average ppb 

value found for the control samples was 8.7 which is a daily excretion 

of ca. 13 pg. of DDA per day, based on an output of 1,500 ml. of urine 

per day. 

This value was used for comparison with a group of occupationally-

exposed people (pest control operators) who were thought to have a 

higher incidence of DDT exposure by virtue of their occupational handling 

of insecticides. A group of these people contributed urine samples and 

the results for these analyses are shown in Table 2k. The average value 

for the DDA content in the urine of these persons was 33.3 ppb. This is 

considerably higher than that for the control group and is significant 

at the 0.02 level. The results show that the analysis for DDA in urine 

might be used to indicate DDT exposure; however, a considerable number 

of samples would have to be run under controlled conditions in order to 



Table 23. Analysis of control human urine for DDA. 
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Sample ]ig. DDA/100 ml. PPB-DDA 
Number Urine in Urine 

1 0.19 1.9 

2 0.34 3.4 

3 0.36 3.6 

4 0.43 4.3 

5 0.50 5.0 

6 0.50 5-0 

7 0.55 5.5 

8 0.57 5-7 

9 0.65 - 6.5 

10 0.68 6.8 

11 0.75 7.5 

12 0.85 8.5 

13 0.90 9-0 

14 0.90 9-0 

15 0.94 9.4 

16 0.95 9.5 

17 1.12 11.2 

18 1.12 11.2 

19 1.19 11.9 

20 1.57 15.7 

21 1.85 18.5 

22 2.24 22.4 
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Table 2k. DDA in urine of occupationally-exposed people. 

Sample 
Number 

yg. DDA/100 ml. 
Urine 

PPB-DDA 
in Urine 

1 0.310 3.1 

2 0.1*82 4.8 

3 0.970 9-7 

k 1.100 11.0 

5 1.180 11.8 

6 1.273 12.7 

7 1.830 18.3 

8 2.180 21.8 

9 2.730 27.3 

10 2.780 27.8 

11 2.830 28.3 

12 2.867 28.7 

13 3.310 33.1 

Ik 3.510 35.1 

15 3.510 35-1 

16 3.575 35.8 

17 3.600 36.0 

18 4.800 48.0 

5.720 57-2 

20 7.500 75.0 

21 13.800 138.0 



correlate the exposure to DDT with the rate arid duration of DDA excre

tion in the urine. 

These values were all based on analysis of samples following 

acid hydrolysis for eight hours. Since there was some question as to 

the extent of conjugation of the excreted DDA, a short study was run on 

the human urine samples to ascertain the amount of DDA excreted as a 

conjugated product. A series of samples were extracted initially and 

then hydrolyzed for eight hours, and re-extracted to obtain the DDA 

which was conjugated. The results of this study are shown in Table 25. 

Table 25- DDA in human urine before and after acid hydrolysis. 

Sample 
Number 

yg. DDA/100 ml. 
before 
Hydrolysis 

Percent 
of Total 

yg. DDA/100 ml. 
following 
Hydrolysis 

Percent 
of Total 

Total yg. 
Present 

1 ,0k6 7.0 1.05 93.0 1.516 

2 .Okl 2.2 1.80 97.8 I.8U1 

3 .075 U.O 1.78 96.0 1.855 

k .063 3.8 1.12 96.2 1.6U2 

5 .096 7-8 1.11 92.2 1.206 

6 .188 11.6 l.kk 88.k 1.628 

Results show that from 2 - 12# of the DDA is extracted prior to hydrol

ysis. This would indicate that over 90# of the DDA excreted is in the 

conjugated form. This is based on a low level of exposure to DDT and 

could vary considerably if there was an acute or high level exposure. 

This is shown in the animal experiments and also the studies on the 

human volunteers where an extraction prior to hydrolysis resulted in 
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recovering a majority of the DDA (presumably free and unconjugated). 

This could mean that when the body is flooded with DDA, the mechanism 

for conjugation of DDA is incapable of keeping pace and free DDA in the 

blood exceeds the kidney reabsorption threshold and it is excreted free 

in the urine. 

J 



SUMMARY 

A method for the analysis of DDA in urine has been worked out. 

The free DDA can he extracted by organic solvent and analyzed by elec

tron capture gas chromatography. The method has several drawbacks due 

to syringe or column contamination by adsorption of the free acid. The 

DDA is also degraded in the detection step to DBP. This initial method 

was further refined by adding an esterification step, using diazomethane 

to produce the methyl ester of DDA. The DDA-Me formed can then be ana

lyzed by either electron capture or microcoulometric gas chromatography. 

The microcoulometric detection gives a better relative sensitivity for 

DDA in biological samples than electron capture analysis, even though it 

has a lower specific sensitivity to the compound. This is due to the 

more specific nature of the detector which eliminates extraneous control 

or reagent interference. The analysis of DDA (as DDA-Me) by microcoulo

metric analysis was applied to the detection of urinary metabolites in 

several dosing studies and also applied to human urine samples as an 

indicator of DDT exposure. 

Dosing studies with DDT were carried out on several species of 

mammals to check the excretion pattern of DDT and metabolites. Further 

dosing studies were carried out with some DDT metabolites on mice. Oral 

dosing studies were carried out with p,p'-(DDT, DDD, DDMU, DDE and DDA) 

on mice for five consecutive days at a 25 mg/kg. level. 

.108 
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It was found that: 

1. DDT, DDD, DDMU and DDA lead to the excretion of DDA as the 

principal urinary metabolite. 

2. DDE does not lead to DDA production in the urine. 

3. DDT, DDD and DDA respectively lead to increasing production of 

DDA in the urine. 

k. DDMU leads to DDA in the urine hut at a lower level than for 

DDD. 

These observations lead to the possible conclusion that DDE is 

not involved in the biodegradation of DDT to DDA, DDD is involved in the 

pathway as it leads to an increase in urinary DDA production. The DDMU 

leads to DDA as a urinary end product but at lower levels than for DDD, 

and it is not clearly demonstrated that it is an intermediate in the 

production of DDA from DDT as postulated in the literature. 

Oral and intraperitoneal dosing of mice with p,p'-DDT was com

pared in order to ascertain if possible the major sites of metabolism. 

The intraperitoneal dosing led to DDA as the principal urinary metabolite 

but at a level of ca. 25% of the DDA found from the oral dosing regimen. 

This would indicate that the intestines could play a major role in the 

breakdown or degradation of DDT to DDA. 

An oral dosing study with o,p'-DDT was carried out on mice and 

rats. The analysis of the urine showed no p,p'-DDA present, but did show 

a compound tentatively identified as o,p'-DDA to be present. Tentative 

identification of the compound is based on retention time data and infra

red spectra of its methyl ester derivative. These data refute the report 
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in the literature that o,p'-DDT is converted to p,p'-DDT in the adipose 

tissues of rats. 

The analysis of DDA (as DDA-Me) in the urine was applied to a 

group of control human subjects and their urinary DDA levels were com

pared to those of a group of pest control operators, who were thought 

to have a higher level of DDT exposure by virtue of their occupational 

exposure to DDT. The urinary levels of DDA from the control group were 

significantly lower than those of the pest control operators, indicating 

that this method might be utilized to monitor DDT exposure in the human 

population. In analyzing the human urine it was found that ca. 90% of 

the DDA is excreted in a conjugated form, but by refluxing for U - 8 

hours in acid solution (pH of 2 or lower by addition of 9 N Î SOl,.) the 

conjugate can bê  hydrolyzed. 

This study indicates that further dosing experiments with DDMU, 

DDMS, DDNU and DDOH should be carried out by both oral and intraperi

toneal, intravenous or intramuscular injection. A rate study should also 

be run on the production of metabolites in order to verify the postulated 

biodegradation sequence of DDT to DDA. 



LITERATURE CITED 

1. Barker, P. S. and F. 0. Morrison. 
Breakdown of DDT to DDD in Mouse Tissue. Canadian Journal 
of Zoology. h3}32k (196*0. 

2. Barker, P. S. and F. 0. Morrison. 
The Metabolism of TDE "by Proteus Vulgaris. Canadian Journal 
of Zoology. U3_:652 (1965). 

3. Barker, P. S., Morrison, F. 0. and R. S. Whitaker. 
Conversion of DDT to DDD by Proteus Vulgaris, a Bacterium 
Isolated from the Intestinal Flora of a Mouse. Nature. 
205:621 (1965). 

i*. Blinn, R. C. and F. A. Gunther. 
The Promising Utility of Infra-red Assay of Pesticides and 
Their Residues. Stanford Research Institute Pesticide 
Research Bulletin. 2_:1 (1962). 

5. Brown, W. H., Witt, J. M., Whiting, F. M. and J. W. Stull. 
Secretion of DDT in Milk by Fresh Cows. Bulletin of 
Experimental Contamination & Toxicology. .1:21 (1966). 

6. Burchfield, H. P. and E. E. Storrs. 
Biochemical Applications of Gas Chromatography. Academic 
Press, New York, 267 (19627". 

7• Burke, J. A.. and W. Holswade. 
A Gas Chromatographic Column for Pesticide Residue Analysis: 
Retention Times and Response Data. Journal of the A.O.A.C. 
9̂:37̂  (1966). 

8. Burns, E. C., Dahm, P. A. and D. A. Lindquist. 
Secretion of DDT Metabolites in the Bile of Rats. The 
Journal of Pharmacology and Experimental Therapeutics. 
121:55 (1957). 

9. Castro, C. E. 
The Rapid Oxidation of Iron (il) Porphyrins by Alkyl Halides. 
A Possible Mode of Intoxication of Organisms by Alkyl Halides. 
J. Amer. Chem. Soc. 86:2310 (196*0. 

Ill 



112 

10. Clifford, P. A. 
Pesticide Residues in Fluid Market Milk. Public Health 
Reports. 72:729 (1957). 

11. Clifford, P. A., Bassen, J. L., and P. A. Mills. 
Chlorinated Pesticide Residues in Fluid Milk. Public 
Health Reports. 7̂ .: 1109 (1959) 

12. Cueto, C., Barnes, A. G. and A. M. Mattson. 
Determination of DDA in Urine Using an Ion Exchange 
Resin. Journal of Agricultural and Food Chemistry. 
:9̂ +3 (1956). 

13. Dale, W. E., Gaines, T. B. and W. J. Hayes, Jr. 
Storage and Excretion of DDT in Starved Rats. Toxicology 
and Applied Pharmacology. 89 (1962). 

lh. Datta, P. R., Laug, E. P. and A. K. Klein. 
Conversion of p,p'-DDT to p,p'-DDD in the Liver of the 
Rat. Science. 1*15:1052 (1951*). 

15. Durham, W. F., Armstrong, J. F. and G. E. Quimby. 
DDA Excretion Levels. Archives of Environmental Health. 
n_:76 (1965). 

16. Durham, W. F., Ortega, P. and W. J. Hayes, Jr. 
The Effect of Various Dietary Levels of DDT on Liver 
Function, Cell Morphology, and DDT storage in the Rhesus 
Monkey. Archives of Internal Pharmacodynamics. lUlrlll 
(1963). 

17. Ecobichon, D. J. and P. W. Saschenbrecker. 
Dechlorination of DDT in Frozen Blood. Science. 156:663 
(1967). 

18. Finnegan, J. K., Haag, H. B. and P. S. Larson. 
Tissue Distribution and Elimination of DDD and DDT 
Following Oral Administration to Dogs and Rats. Proceed
ings of the Society of Experimental Biology, New York. 
72:357 (19̂ 9). 

19. Fleck, E. E. and H. L. Haller. 
Stability of DDT and Related Compounds. J. Amer. Chem. 
Soc. 68:lU2 (19̂ 6). 

20. Grummitt, 0., Allen, B. and R. Egan. 
Organic Synthesis, Collective Vol. III. E. C. Horning 
(Editor). John Wiley and Sons, Inc., New York (1955). 



113 

21. Hayes, W. J., Jr. 
Review of the Metabolism of Chlorinated Hydrocarbon Insec
ticides Especially in Mammals. Annual Review of Pharma
cology. 5.: 27 (1965). 

22. Hayes, W. J., Jr., Durham, W. P. and C. Cueto, Jr. 
The Effect of Known Repeated Oral Doses of Chlorophenothane 
(DDT) in Man. The Journal of the American Medical Associ
ation. 162:890 (1956). 

23. Hill, J. R. and I. A. Hill. 
Gas Chromatography of Free Amino Acids. Analytical 
Chemistry. 36:250U (196*0. 

2k. Hoffman, N. E. and I. R. White. 
Gas Chromatographic Analysis of Malonic Acids. Analytical 
Chemistry. 37:15^1 (1965). 

25- Jensen, J. A., Cueto, C., Dale, W. E., Rothe, C. P., 
Pearce, G. W. and A. M. Mattson. 
DDT Metabolites in Feces and Bile of Rats. Journal of 
Agricultural and Food Chemistry. 5_:919 (1957). 

26. Judah, J. D. 
Studies on the Metabolism and Mode of Action of DDT. The 
British Journal of Pharmacology. ^:120 (19U9). 

27. Kallman, B. J. and A. K. Andrews. 
Reductive Dechlorination of DDT to DDD by Yeast. Science. 
1*H:1050 (1963). 

28. Klein, A. K., Laug, E. P., Datta, P. R., Watts, J. 0. and 
J. T. Chen. 
Metabolites: Reductive Dechlorination of DDT and DDD and 
Isomeric Transformation of o,p'-DDT to p,p'-DDT 

29. Laug, E. P. 
A Biological Assay Method for Determining 2,2-Bis-(p-Chloro-
phenyl)-l,l,1-Trichloroethane (DDT). The Journal of 
Pharmacology and Experimental Therapeutics. 86_:32l| (19U6). 

30. Laug, E. P. 
2,2-Bis-(p-Chlorophenyl)-l,l,l-Trichloroethane (DDT) in 
the Tissues, Body Fluids and Excreta of the Rabbit Following 
Oral Administration. The Journal of Pharmacology and 
Experimental Therapeutics. 86:332 (19̂ 6). 

31. Laug, E. P., Kunze, F. M. and C. S. Prickett. 
Occurrence of DDT in Human Fat and Milk. Archives of 
Industrial Hygiene and Occupational Medicine. 3.: 2̂ 5 (1951 )• 



n4 

32. Luddy, F. E., Barford, R. A. and R. W. Riemenschneider. 
Direct Conversion of Lipid Components to Their Fatty-
Acid Methyl Esters. J. Am. Oil Chemists' Soc. 37.:447 
(I960). 

33. Mendel, J. L. and M. S. Walton. 
Conversion of p,p'-DDT to p,p'-DDD "by Intestinal Flora 
of the Rat. Science. 151:1527 (l966). 

34. Mills, P. A. 
Detection and Semiquantitative Estimation of Chlorinated 
Organic Pesticide Residues in Food "by Paper Chromatography. 
Journal of the A.O.A.C. 42.: 734 (1959). 

35. Miskus, R. P., Blair, D. P. and J. E. Casida. 
Conversion of DDT to DDD by Bovine Rumen Fluid, Lake Water, 
and Reduced Porphyrins. Journal of Agricultural and Food 
Chemistry. 13.:48l (1965). 

36. Neal, P. A., Sweeney, T. R., Spicer, S. S. and W. F. von 
Oettingen. 
The Excretion of DDT [2,2-Bis-(p-Chlorophenyl)-l,1,1-Tri-
chloroethane] in Man, Together with Clinical Observations. 
U. S. Public Health Reports. 61:403 (1946). 

37. Ofner, R. F. and H. 0. Calvery. 
Determination of DDT [2,2-Bis-(p-Chlorophenyl)-l,l,l-
Trichloroethane] and Its Metabolites in Biological 
Materials by use of the Schechter-Haller Method. The 
Journal of Pharmacology and Experimental Therapeutics. 
85:363 (1945). 

38. Ofner, R. F., Calvery, H. 0. and G. Woodard. 
Studies on the Metabolism of DDT. Federal Proceedings. 
4:132 (1945). 

39. Ortlee, M. F. 
Study of Men with Prolonged Intensive Occupational Exposure 
to DDT. A.M.A. Archives of Industrial Health. 18:433 (1958), 

40. Ozburn, G. W. and F. 0. Morrison. 
Development of a DDT-tolerant Strain of Laboratory Mice. 
Nature. 196:1009 (1962). 

41. Ozburn, G. W. and F. 0. Morrison. 
The Selection of a DDT-tolerant Strain of Mice and Some 
Characteristics of That Strain. Canadian Journal of 
Zoology. 42:519 (1964). 



115 

1+2. Peterson, J. E. and W. H. Robison. 
Metabolic Products of p,p'-DDT in the Rat. The Journal of 
Toxicology and Applied Pharmacology. 6_:321 (191+6). 

1+3. Pinto, J. F., Camien, M. N. and M. S. Dunn. 
Metabolic Fate of p,p'-DDT [l,l,l-Trichloro-2,2-Bis-(p-Chloro-
phenyl)-ethane] in Rats. Journal of Biological Chemistry. 
2l+0:2ll+8 (1965). 

Rothe, C. F. , Mattson, A. M. , Nueslein, R. M. and W. J. Hayes, Jr. 
Metabolism of Chlorophenothane (DDT). A.M.A. Archives of 
Industrial Health. 16:82(1957). 

1+5. Schechter, M. S. and H. L. Haller. 
Colorimetric Tests for DDT and Related Compounds. J. Amer. 
Chem. Soc. 66:2129 (19̂ ). 

1+6. Schechter, M. S., Haller, H. L. and M. A. Pogorelskin. 
Colorimetric Determination of DDT in Milk. Agricultural 
Chemicals. 1:27 (19^+6). 

1+7- Schechter, M. S. , Soloway, S. B., Hayes, R. A., and H. L. 
Haller. 
Colorimetric Determination of DDT. Industrial and Engineering 
Chemistry. 17_:70l+ (191+5). 

1+8. Smith, M. I. 
Accidental Ingestion of DDT, With a Note on Its Metabolism 
in Man. The Journal of the American Medical Society. 
131:519 (19̂ 6). 

1+9. Smith, M. I., Bauer, H. , Stohlman, E. F. and R. D. Lillie. 
The Pharmacologic Action of Certain Analogues and Derivatives 
of DDT. The Journal of Pharmacology and Experimental 
Therapeutics. 88:359 (19̂ 6). 

50. Smith, M. E. and E. F. Stohlman. 
The Pharmacologic Action of 2,2-Bis-(p-Chlorophenyl)-l,l,l-
Trichloroethane and Its Estimation in the Tissues and Body 
Fluids. Public Health Reports. j>£:981+ (191+1+). 

51. Stiff, H. A. and J. C. Castillo. 
•A Colorimetric Method for the Micro-determination of 2,2-Bis-
(p-Chlorophenyl)-l,l,l-Trichloroethane (DDT). Science. 
101:1+1+0 (19^5) • 

52. Stiff, H. A. and J. C. Castillo. 
The Determination of 2,2-Bis-(p-Chlorophenyl)-l,l,l-Trichloro-
ethane (DDT) in Organs and Body Fluids after Oral Administra
tion. Journal of Biological Chemistry. 159:5̂ 5 (19̂ +5) • 



116 

53. Stohlman, E. F. 
Preliminary Report on the Identification of 2,2-Bis-(p-Chloro-
phenyl)-l,l,l-Trichloroethane (DDT) in the Excreta of Poisoned 
Rabbits. Public Health Reports. 60:350 (19̂ 5). 

5̂ . Stohlman, E. F. and M. I. Smith. 
The Isolation of Di-(p-Chlorophenyl)-Acetic Acid (DDA) from 
the Urine of Rabbits Poisoned with 2,2-Bis-(p-Chlorophenyl)-l, 
1,1-Trichloroethane (DDT). The Journal of Pharmacology and 
Experimental Therapeutics. 8U:375 (19̂ -5). 

55- Walker, K. C., Goettle, M. D., and G. S. Batchelor. 
Dichlorodiphenyltrichloroethane and Dichlorodiphenyldichloro-
ethylene Content of Prepared Meals. Journal of Agricultural 
and Food Chemistry. 2_:103U (195̂ )-

56. Wasicky, R. and 0. Unti. 
Dicloro-difenil-trichloro-etano (DDT) Ulteriores Pesquisas 
Sobre as Suas Propriedades e Aplicacoes. Archives de 
Higiene E Saude Publica. 10_:̂ 9 (19̂ +5). 

57- Wasicky, R. and 0. Unti. 
Cinco Anos de Observacoes Sobre a Toxides Do DDT. Ann. Fac. 
Farm Onontol, Sao Paulo. J_:b9 (1951). 

58. Wedemeyer, G. 
Dechlorination of DDT by Aerobactor aerogenes. Science. 
152:6Vf (1966). 

59- White, W. C. and T. R. Sweeney. 
The Metabolism of 2,2-Bis-(p-Chlorophenyl)-l,l,l-Trichloro-
ethane (DDT). I. A Metabolite from Rabbit Urine, Di-(p-Chloro-
phenyl)-Acetic Acid; Its Isolation, Identification and 
Synthesis. Public Health Reports. 60:1 (19̂ 5). 

60. Winteringham, F. P. W., Harrison, A., Jones, C. R., McGirr, J. L. 
and W. H. Templeton. 
The Fate of Labeled Insecticide Residues in Food Products. 
I. Studies with a Radioactive Bromine Analogue of DDT. 
Journal of Science and Food Agriculture. 3j21̂  (1950). 

61. Witt, J. M., Whiting, F. M., Brown, W. H. and J. W. Stull. 
Contamination of Milk from Different Routes of Animal Exposure 
to DDT. Journal of Dairy Science. |*9_:370 (1966). 

62. Woodard, G., Ofner, R. R. and C. M. Montgomery. 
Accumulation of DDT in the Body Fat and Its Appearance in the 
Milk of Dogs. Science. 102:177 (19̂ 5). 



117 

63. Yip, G. 
Determination of 2,U-D and Other Chlorinated Phenoxy Alkyl 
Acids. Journal of the A.O.A.C. U|?:366 (1962). 

6k. Zweig, G. 
Herbicides, Vol. Analytical Methods for Pesticides Plant 
Growth Regulators and Food Additives. Academic Press, New 
York (19610. 


