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ABSTRACT

Two separate studies were carried out; (1) a 
'''p,iTdtv:;studŷ t̂:â e>fceittift'e May/- tO^:;d^y>^Mr£al)il£ty^d,n : blood 
serum DDE and DDT levels in six subjects and to examine 
factors which might affect this variability and (2 ) a 
study to compare the blood serum DDE and DDT levels of 
milk drinkers and non-milk drinkers 6

The pilot study established that serum samples 
could be stored frozen for six days without affecting DDE 
and DDT levels« Samples collected after a meal were not 
found to be significantly different from fasting samples. 
The variability between subjects was found to be enough 
greater than variability due to time course or chemical 
analysis so that individuals could be distinguished with 
few samples. A correlation between serum DDE and DDT
levels was seen«

The milk.consumption qtudy showed that Arizona 
milk drinkers did not have significantly different serum 
DDE and DDT. levels, than non-milk drinkers 0 Rural 
residents were found to have' higher levels than urban 
residents 9 and Occupationally exposed individuals were 
much higher than the general population. No trend in 
serum DDE and DDT levels with age was. seen.

vii -



INTRODUCTION

Since the development of DDT [2,2-bis-(p-chToro- 
phenyl)-lsl si=trichloroethane] as an insecticide, in the 
early 1940fs a great deal of research has been centered . 
around this -compound. Host of the : early work was 
concerned with its toxicity and metabolism in insects and 
mammals« More recent research has dealt with the site and 
details of its metabolism^ short and long range effects of 
low level exposure to DDT upon the general population 5 and 
the, development of sensitive and selective analytical 
methods for trace amounts of DDT.

Residues of DDT and its metabolites have been 
found in animals and vegetation in even the most remote 
areas of the world. These residues exist because DDT and 
related chlorinated hydrocarbon- compounds are quite 
stablei once applied to an area they persist and are 
carried by wind and water to other areas as well.

The widespread presence of DDT and its metabo
lites has become a matter of concern to public health 
officials because the general population consumes DDT 
residues in every meal. Studies, comparing different 
sources of DDT intake in the human population indicate 
that diet is probably the major contributor. Other
■ f  ■ : ■ :v': 1



sources such as respiratory inhalation and absorption 
through the skin are secondary 6 .

Because DDT is preferentially soluble in lipid 9 

foods containing substantial amounts of lipid usually 
,have greater residues than those with negligible lipid 
content 6 Some principal dietary constituents in the 
former category are meats s poultry $, eggs and dairy 
products. Of these j, milk has received particular 
attention and considerable adverse publicity because it 
forms a substantial part of the diet of infants $, 
children § the infirm and aged.

However$ no studies have been carried out to 
examine milk consumption in relation to human pesticide 
levels, The main purpose of this study was to compare 
the blood levels of DDT and its metabolites of milk 
drinkers and non-milk drinkers* occupationally exposed 
and h oh-occupati on a 1 Ty exposed individuals.



REVIEW OF LITERATURE

This review was restricted to a discussion of DDT 
metabolism* dietary intake of DDT by the human population* 
body content of DDT and its metabolites * and methods 
available for the analysis of DDT and its metabolites in 
blood.

Metabolism.
Speculations concerning reaction sequences in

volved in DDT metabolism began in 1945 when White and 
Sweeney (28) identified DDA [2,2-bis-(p-chlorophenyl)- 
acetic acid] in the urine of DDT fed rabbits. These 
authors suggested a four step reaction pathway including 
DDE [2*2"-bis-(p-chlorophenyl)-l*l-dichloroethylene] as an 
intermediate compound in the breakdown of DDT to DDA,
This postulated sequence of White and Sweeney (28) was 
refuted in 1946 by Smith et al, (25) who found that DDA 
was not present in the urine of DDE fed rats and rabbits. 

In 1964 a reaction sequence was postulated by 
Peterson and Robison (22) to account for the DDT to DDA 
conversion (see Fig, 1), They found that rats given DDT 
by stomach tube had large amounts of DDD [2$2-bis-(p- 
chlorophenyD-lsl-dichloroethane] present in their



4

DDMU DDMS

DDOHDDNU

Intermediate
H O — C =  0

Figure 1.. Biodegradation of DDT to DDA as postulated by Peterson 
and Robison (22).



; ' . . ' ; ■■■• _  ' ' . ■ . ' ‘ ' . 
liverso When DDD was fed to rats the compound designated
as DDMU [2 $ 2-o-bis-Cp— chlorophenyl)--l-chloroethylene] was 
detected in the liver homogenates, Similarly.DDMU fed 
rats led to the production of DDKS' [2 $2-bis(p~chloro~ 
phenyl)-l-dichloroethane] while DDMS treated rats in turn 
produced DDNU [Ijl-bis-(p-chlorophenyl)-ethylene]/ Three 
days after the rats were fed DDNU the compound DDOH [2,2- 
bis-(p-chlorophenyl)-ethanol] was detected in liver 
homogenates and DDA was found in the urine«

■ The possible site or sites of these reactions has 
been the subject of several other papers. Barker and 
MOrrison (1) found, .that a microorganism in mouse in
testines , Proteus vulgaris, was capable of converting DDT 
to DDD. This microorganism was also found to be capable 
of further metabolizing the DDD to DDMS, DDNU and DDNS [1s 
T=bis-(p-ehlorophenyl)-ethane]. These authors (1 ) with 
Whitaker (2) suggested that the compounds found by 
Peterson and Robison (22) were produced after death when 
Proteus vulgaris invaded the animalf s tissue.,

Mandel and Walton (18) also worked with micro
organisms and reported that Aerdfaactor aerogenes and' 
’Escherichia coli isolated from rat feces could convert 
DDT to DDD. They also found that when, rats were dosed 
intraperitoneally with DDT, so that the possibility of 
DDT being metabolized by intestinal microorganisms was
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excluded» no DDT or DDT metabolites were found in the 
feces. However* when:rats were dosed orally with DDTs 
they found DDD present as the major DDT breakdown product.. 
They concluded that intestinal microorganisms are the 
principal agents involved in the conversion of DDT to DDD 
and that this occurs in the live animal.

Other authors such as. Ecobichon and Saschen- 
brepker (1 0 ) propose that the dechlorination of DDT to 
DDD is a simple chemical redox reaction aided by reduced, 
coenzymes and porphyrins. The conversion of DDT to DDE 
has been established as a separate pathway with the DDE 
not being further-metabolized (25).

DDT Residues in the Human Diet
Early residue analysts dealt only with individual 

diet components. As extraction and detection methods 
became more sophisticated., total diet studies were 
attempted and the relationship of the DDT residues in 
the individual components were, examined. This section 
will Concern itself with. the. reports, of DDT residues in 
milk and the importance of milk in relation to the total 
diet,

Howell et al.(16) in 1948 were the first to 
report DDT in milk.destined for human consumption. They 
fdund that animals which had been sprayed with DDT 
emulsions $ for fly controls had levels of up to 33. 6  ppm
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DDT in their milk, DDT was detected in the milk for as 
long as 19 weeks after spraying 9 a possible indication of 
body storage„

A number of subsequent studies such as Claborn 
et all (3) established that residues in milk following 
barn spraying were not due to epidermal absorption. The 
residues resulted from oral ingestion of DDT when the 
cows licked;themselves Or drank contaminated water.

One of the early studies in which DDT residues in 
milk resulted from contaminated feed was that of Wilson 
et al. (29), They noted that cows fed for 24 days on 
pea vine silage containing 135 ppm DDT excreted 15 ppm 
DDT in their milk.

Residues in Arizona milk 9 particularly DDT and 
its,metabolitess have'been a serious problem because of 
the nature of the agricultural practices involved. 
Spraying of cotton fields has led to the contamination 
of nearby forage crops.growing in the vicinity. When 
this forage is consumed by dairy herds increased levels 
of DDT and its metabolites are observed in milk. Witt 
et alt (30 ): discuss this problem in detail. Figure 2 
shows the total pesticide 'in' Arizona milk fat for' the 
last six years. DDT and .its metabolites are the major 
constituents. Figure 2 indicates that residue levels 
have decreased’considerably since 19635 but are still.
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: 9
not generally below the FDA established tolerance levels 
of 1,25 ppm DDT or metabolites in milk fat (0.05 ppm on a 
fluid milk basis)«

One of the early reports on DDT content of total 
diet was reported in 1954 by Walker et al. (27). In this 
study 18 hotel meals and seven meals obtained from a 
correctional institution were analyzed for DDT and DDE 
content. The average daily DDT.intake from these meals 
was calculated to be 184 u g .

The most comprehensive diet study to date has 
been conducted by the Food and Drug Administration in 
1964-1966 and is presented in reports by Duggan and 
Dawson (7) and Duggan and Weatherwax (8 ). Food repre
senting the diet of 16-1.9 year olds for 644 days was 
collected in five areas of the country. The samples 
wefe composited according to food class, prepared for 
consumptions extracted and analyzed for 50 pesticides.
The average daily, intake of DDT and its metabolites 
during the first half of the study was found to be 62 ug. 
DDT represented. 31 ug. while DDE and DDD were present.at 
levels of 18 and 13 ug. respectively. Dairy products 
contributed 2 ug. of DDTS 4. ug. of DDE and 1 ug. of DDD 
daily 9 for a total of 7 ug. This represents about 10% 
of the complete daily intake of DDT and its metabolites.
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The meats fish and poultry class was the largest 
contributor 9 with 28 ug. of DDT and its metabolites.

DDT Storage in Mans .
Early papers about human DDT storage dealt only, 

-with fats the tissue which coritains the greatest eortcen- . 
trations of the insecticide and its metabolites.» The 
first report of DDT in human tissue was by Howell (15) in 
1948 $ who noted 17 ppm in the fat of an occupationally 
exposed man. In 1952 Pearce et al. (.20) demonstrated 
that DDE as well as DDT was present in human fat,

Hayes et al. (13) in 1958 reported DDT and DDE 
Values of 4,9 and 6.1 ppm in the fat of the general 
population. They found that meat abstainers stored in 
their fat only about half as much DDE and DDT as the 
general population. Agricultural applicators stored 
much higher levelss averaging 14 ppm. DDT and 19 ppm DDE, 

Hoffman at al. (14) in 1964 found average DDT 
and DDE values of. .2 .9 and 7,4 ppm in the fat of the 

:. general public, They compared their data with that 
^from •aar-lier- studies and concluded that no 

increase in storage, could be seen from 1951 to 1964,
With the advent of. gas chromatography 9 a greater 

sensitivity was available and chlorinated hydrocarbon 
blood levels of the general population could be measured. 
Several methods for blood, analysis were introduced in the



early 1960*s. The method of Richardson et al. (23) is 
re a, son ably simple but uses alkaline saponification and 
DDT is converted to DDE in this process so- that no 
differentiation between the two can be made in analysis« 
In the method of Schmidt êt. a l , (24) it is difficult to 
eliminate reagent contamination which prevents accurate 
peak determination« Kadis and Jonasson (17) report a 
method which is complicated for routine work. In 1966 $ 
Dale» Curley and Cueto (4) presented a simple hexane 
extraction for serum in which reagent contamination is 
minimal« This method was judged to be the best now 
, ayailable, for,vroutine sample analysis .

There, is some evidence that DDT levels in blood 
reflect, the degree of poisoning. O ’Brien and Hatsumura 
(19) and Dale, Gaines and Hayes (6 ) have shown that the 
apparent principal site of action is the brain and that 
levels, of unmetabolized DDT in brain correspond to the 
severity of poisoning symptoms. Dale 5 Gaines and Hayes 
(5) have indicated in work with rats that plasma DDT 
levels follow' the. same pattern as brain with respect to 
symptoms, Thus blood analysis should be.a good method 
of monitoring the general population and occupational 

; exposure groups in respect to pesticide exposure.



MATERIALS AND METHODS

Pilot Study Sample Collection
Blood samples, were collected fpom■ six subjects

(three males and three females) for six consecutive, days.
Blood was drawn from an intravenous puncture into
disposable polyethylene syringes with disposable 1  inch,

120 gauge needles and collected in, vacutainer tubes. The 
samples were alternately postprandial and fasting. On 
days one, three and five, blood was drawn 9.0 minutes 
after breakfast; on days two, four and six, morning 
fasting samples were, collected. This order was reversed 
for one subject, P.

. After collection, blood samples were centrifuged 
for 20 minutes at 2000 rpm to obtain the serum. Aliquots 

, of serum were removed to 16 x 1 0 0  mm. centrifuge tubes with 
teflon-lined caps for lipid and pesticide analysis. One 
2  ml.sample of serum was extracted immediately for 
pesticide analysis and a duplicate of each sample was 
frozen for later extraction. The frozen sera were 
extracted according to the following schedule. Samples 
from day one were frozen one day before analysis,

1. Becton, Dickinson and Company, Rutherford,
New;Jersey.



Samples from each succeeding day were held frozen one 
day longer before analysis* so that.serum from day six 
was stored frozen for six days and then analyzed 6

Milk Study Sample Collection 
Blood .samples from 7 8  subjects were obtained for 

the> study o .. fPhey consisted of urban residents living in . 
Tucson and rural residents in the Marana area. Question
naires were issued to each subject to determine milk 
drinking habits, A sample questionnaire is shown in 
Figure 3, Subjects who stated that they only occasionally 
drank milk .(< 1 , 0  glass per day) were classified as non- 

- drinkers since milk usually did not significantly con
tribute to their daily pesticide intake.

Individuals in the Tucson and Phoenix areas 
occupationally exposed to pesticides were also sampled. 
These people were not included in the milk data; their 
serum DDE and DDT levels were determined to serve as a 
CQmparispn with the unexposed group.

Blood samples for the milk groujp were drawn/ from 
May to November of 1967, Collection and centrifugation 
procedures were the same as those employed in the pilot 
study. Serum samples were stored frozen at -5 C until 
analysis.



CONFIDENTIAL INFORMATION

THE UNIVERSITY OF ARIZONA 
. COMMUNITY PESTICIDE PROJECT.

' .QUESTIONNAIRE

1. • Name ' ' ‘    ' ' '
2 . Address ' ’ —

3. Phone _________
4„ Ages Under 2  5 r

25 to 50
Oyer 50 '

- 5.6 Sex ; Male Female
6 , Occupation ■ ' • , : ' ........ .

?o Location; Urban or Suburban . Rural
8 „ 'Any excessive exposure to pesticides? ___
9,, How many years have you lived in Arizona?

10. Do you eat meat several times, a week? __
11. How many.glasses of whole milk do you drink in

a day? ,

Figure 3,. Sample questionnaire used in-milk study.
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Pesticide Analysis 
All glassware used in pesticide analysis was 

given special care to insure a minimum of contamination«
'Centrifuge tubes and pipettes were cleaned with chrom- 
sulfuric acid; then rinsed with acetone$ ether and 
hexane from squirt bottles immediately before using« 
Capillary pipettes of the disposable type were rinsed 
with distilled waters acetone $ ether and hexane prior to 
use 6 Periodic glassware checks and routine reagent 
blanks were run to be sure that contamination.was 
minimal. Standards containing known amounts of DDT and 
DDE were extracted and analyzed with each set of samples 
to check recovery.

The extraction method was a modification of the 
procedure of Dale at al, (4). as follows:

Five ml, of redistilled hexane was added to each 
2 , 0  ml, sample of serum. Samples were shaken for three 
minutess then centrifuged for five minutes to equili
brate the layers. The lower aqueous layer was removed 
with a disposable capillary pipette, A small amount of 
prerinsed sodium sulfate w a s .added from the tip of a . 
spatula and samples were shaken, ; A  4,0 ml, aliquot was 
removed by pipette and transferred to a glass stoppered 
centrifuge tube. Samples were then evaporated to 1,0 ml, 
for analysis.
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The extracts were analyzed,on a Microtek 220 gas 

chromatograph with a tritium foil electron capture 
detector. Machine parameters•for the pilot study were;

Column: 6  foot length, 1/8 inch internal diameter
Column packing: Chromasorb W 60/80 mesh
Cdlumn eoating: 10% Dow 11, 15% QF-1
Inlet temperature: 2  30 C
Column,temperature: 205 C
Deteotor temperature: 195 C
Polarizing .voltage: 12
Nitrogen flow: 90 cc/minute-.

. ia.Kamet^s- . fpr ;,all,, ptber:, hlppd.:.>samples, were : .
Column: 8  foot.length, 1/4 inch internal diameter •
Column packing: Chromasorb W 60/80 mesh
Column coating: 10% OV-17, 15% QF-1
Inlet temperature: 2 30 C
Column temperature: 205 C
Detector temperature: 195 C
Polarizing voltage: 12
Nitrogen flow: 160 cc/minute

TPtai lipids were determined in the following 
manner according to a modified Folch et al, (11). .pro
cedure: To 0,5 ml, serum in a centrifuge tube with
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tefIpn~ 1 ined cap were added 3C5.ml, methanol. Samples; 
were, mixed and 7,0 ml, chloroform added to each. After 
shaking for one minute the extracts were filtered through 
folded filter paper in a long, stem funnel. Eight ml, of 
filtrate were collected from each in a 1 0  ml, graduated 
cylinder and transferred to a clean screw capped tube.
To the filtrate was added 1,6 ml, of distilled water.
Each tube was: inverted four times to mix and centrifuged 
five minutes to equilibrate layers. The upper layer was 
discarded, . To each tube was added 1,5 ml, of 3:48:47 
chloroform:methanol:water so that the layers were not 
mixed. The, upper layer was. removed again and another
1,5 ml, of the above mixture was added. The lower layer 
was transferred to a preweighed ten ml. beaker. Beakers 
Were evacuated to constant weight in a dessicator and 
weighed to- determine lipid.

The data were analyzed for variance and, based on 
the error variances for the separate analyses $ a 
statistical test of difference between treatments was 
made (26).



RESULTS AND DISCUSSION

The results and discussion have been divided into 
two; parts. The first part deals with a pilot.gtpdy to 
determine the daily variation of blood pesticide levels 
in the general population and factors which might con
tribute to these variations. The second part is concerned 
with the pesticide blood levels encountered in the milk 
consumption study.

Pilot Study
Serum DDTs DDE* and lipid values obtained in the 

pilot study are shown in Table 1. Plots of these data in 
Figures 4 through 6 show the fluctuations that existed in 
the subjects’ DDE and DDT levels from day to day. For 
example$ one subject$ H S had an average DDE value of 
2 3.33 ppb for the six day period with a standard devi
ation of 7.74. The average DDE value of another subject8 
K $ was 9,66 ppb$ with a standard deviation of 2,88,
These values were within the limits of those reported by 
Dale et aJL. (4), who found from 5.5 to 47, 5 ppb DDE in 
the serum of 10 people without known occupational 
exposure to pesticides. The DDT values found in this 
study (Figure 4) were consistently lower than those for: ■; . ..



 ̂ Table 1, Percent lipid and parts per .billion 
Day 1 Day 2 Day 3

)ject Lipid DDE DDT Lipid . DDE DDT Lipid DDE DDT
ANALYZED

M 0,77 39 9.0 20 3.9 0,72 22 3.9
S 0.52 13 2,9 0.50 12 3. 3 0,55 6.8 1,3
T 0,44 25 5.9 0,49 23 . 3.7 0.52 13 2.6

L 0.52 36 4.1 0.52 40 .5,3 0.52 19 2.7
P 0.66. 27 6.5 0.85 25 5,7 0.69 9.4 3.1
K 0,69 7.6 2.2 0.6 3 . 12 . 2.6 0.77 7.1 2.1
R-PM 0.14 . 14 4.4 0,99 10 3,9 0. 74 7,8 2.4

ANALYZED AFTER
M 43 9,1 2 3 4.7 17 4.4
S' 13 3,7 5.8 2.4 8.4 2.7
T 30 6.1 18 5.3 18 5.5

L : 32 3.7 29 4.2 24 4,2
p . 24 5,1 13 2.7 10 1. 8
R

1 2  ; 3.1 10 3.6 5.4 1.5
R-RM 13 3.5 10 4.1 6,8. 1 e 8

19

pesticide, in blood serum from; pilot study subjects.
Day 4.

Lipid DDE DDT

IMMEDIATELY
0,66 16 4,0
0,58 9.2 3,7
0.44 17 4.3

0.50 31 4.9
0,64 8,2 3.0
0.69 7.8 3.1
0.74 11 5.2

FROZEN STORAGE 
> 16 3.8

8.3 2.9
1-6 3.6

22 3.2
13 3,3
11 ' 3.3
9,0. 3.2

Day 5 
Lipid DDE DDT

0.83 26 6,4
0.55 6,3 3,5
0.47 20 5 , 3

0.5 8 26 5,4
0.74 8.2 2.7
0.58 4.9 2,0
0.74 5.5 1.8

29 6,9
6.2 3.1
11 3,4

27 2,4
9.6 2,6
5.3 2.2
7.9 2,5

Day 6 
Lipid DDE DDT

0.66 17 3.5
0.50 9,1 2,7
0.47 14 2.6

0.44 21 3,0
0.72 13 3.6
0.62 9,3 2.5

19 5,1
8.9 3.0
2 3 5.3

21 2.8 
15 3.4
9.5 2.3
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DDE. Subject M averaged S.18 ppb DDT while subject R fs 
average was 2.42 ppb. Dale gt̂  al« (4) also found lower 
amounts of DDT than DDE with DDT values ranging from 4.2 • 
to 29 ppb. '

In order to study the effects of freezing samples 
and storing before analysis Si three paired comparison tests 
were made. Samples stored at -5- C for one to two days 8 
three to four days $ and five to six days were compared 
with their counterparts which had been analyzed immediately 
after collection. The results of this trial are shown in 
Table 2 i In no case were the differences between fresh 
. and . frozen,, samples, found to be significant (p>0. 05)« For 
examples the average DDE value from immediately analyzed 
samples on days five to six was 14.04 ppb$ while the 
frozen samples averaged 14.65. It can thus be concluded 
that storage lip to six days has no effect on serum DDE 
and DDT levels. There is no reason to believe that longer 
storage would cause’ significant changes even though no 
proof for this is Offered".

- Variations in pesticide and lipid levels because of, 
diet Were examined ih a paired comparison test % using 
pairs of serum samples from days one and two* three and 
four, and five and six for each subject. Average values 
for postprandial and fasting DDE. in serum were 17,8 and 
16.8 ppb respectively, with no significant difference.



T^ble 2 Effect of frozen storage on serum DDE and DDT levels 6

DDE / .......DDT

Sample No* of Mean and p No* of Mean and ■ p .
Group' . Samples: Std* Dev* Value Samples Std. Dev* Value

Days. 1 and 2 
Analyzed
Immediately 14 - 21,7 >  10*5 14 4,5 1*8

>0*05 • >0*05'
Days 1 and 2 
Analyzed After 
1 and 2 Days
Storage 14 19 ,7 t  10,3 14 4,4 1* 6
Days 3 and 4- 
Analyzed
Immediately 14 13*2 t 6*8 14 3.3 1,0

>0,05 >0.05-
Days 3 and 4 
Analyzed After 
3 and 4 Days
Storage 14 13.2 + 5.5 14 3.2 + 1 . 0
Days 5 and 6 
Analyzed
Immediately 13 14*0 + 7*0 12 3*3 + 1*4

>0,05. >0.05
Days 5 and 6
Analyzed After •
5 and 6 Days .. , ̂   ̂ ^



(p>Q> 05) between the two values.. Serum DDT values were 
also not significantly different. Postprandial serum DDT 
.values averaged "3.99 ppb and fasting samples averaged 
3,62 ppb. These values are shown in Table 3.

The average lipid values for postprandial and 
fasting serum samples were significantly dif ferent (p<0 ,05) $•. 
with average means of 0 . 62 and 0 .59. percent 9 respectively ,; 
While these means are statistically differents the physi
ological significance of this small difference is 
questionable.

Serum DDE values were paired with serum lipid 
values from identical samples in a linear correlation test 
to determine whether any relationship between the two 
could be detected. The correlation coefficient for the 
test was found to be 0,04g indicating no correlation. In 
a similar test with serum DDT and lipid values a corre
lation coefficient of 0.22 was,obtained; also suggesting 
a lack of correlation.

Serum DDE values were paired with DDT values from 
the same sample in a linear correlation test to determine 
the relationship between the two, A significant corre
lation coefficient (p<0.05) of 0.82 was found* indicating 
a positive correlation between DDE and.DDT, A regression 
equation which defines the DDE/DDT relationship in a 
linear manner was calculated. This regression equation •



Table 3, Effect of prior meal consumption on serum DDE% DDT and lipid levels.

■ ' ;DDE : DDT Lipid
Sample
Group

No. of . Mean 
Samples Std.

and p - 
Dev. Value

No. of Mean and p 
Samples Std. Dev. Value

No. of 
Samples

Mean and p 
Std, Dev, Value

Post-r-
prandial 18 17.8 t 1,0.0 18 4.0 + 1 . 9 18 0,62 4 0,12

>0.05 >0.05 <0.05

Fasting 18 16.8 t  8.7 18 3.5 + 1.1 18 0 . 5 9 + 0 , 1 0

ND
CD
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(DDT = 1,6 ■■+ 0.13 DDE) and a plot of DDE versus DDT 
values' are shown in Figure 7, While there was a definite 
re Tat iohship between DDE and DDT it was not felt that 
this was significant enough to permit analysis for one 

„̂ Sn.d..;.:6alcul,at idh 1 of .':T;haibthe.zi.
A classical variance analysis was used to examine; 

the pilot study data (26), The sources of variation in 
DDE and DDT values considered were chemical analysis s days 
per subject and subjects per day.. Table 4 shows the popu
lation variances and standard deviations obtained for the 
three sources Of variation. It can be seen that the 
variance figures for subjects are larger than the. variance 
figures for chemical analysis and time. The F values of 

; 5, 3 ; for DDT and. 11,2 for DDE. were both significant. This 
indicates that individual differences between subjects 
are large enough to be detected despite smaller variations 
due to time and chemical analysis. ; DDE is more character
istic of ah individual than DDT,

The statistical results of the study suggest 
several things, Since no significant changes in pesticide 
levels were observed with storage s serum samples could be 
stored for at least a week at -5 C before extraction. This 
allows samples to be extracted in groups rather than 
singly as they arrive, With a group extraction^variation in
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Table Results of pilot study variance analysis'e

.DDT. ODE .

Sources of 
Variation.:-

Population . 
Variance . Std. Dev. Value

Population
Variance Std. Dev.

E , 
Value

Chemical
analysis 0.8 0.9 11. 3 3.4
Days per 
subject O 00 0.9 26.5 5,1 • .
Subjects 
per day 1.5 1.2 5.3 68.5 11.2

CO
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reagent contamination■can be better controlled and time 
is more efficiently utilized.

The lack of significant difference between 
fasting and postprandial samples suggests that a prior 

. meal is not 'a: ‘ma^r'Tabtor' :in .variation" of - serum: DDE /and 
DDT levels $ provideds of course ̂ that this prior meal was 
not significantly higher in pesticide content than normal. 
Average serum lipid was only slightly higher in post- 
prandial samples than in fasting samples $ so the experi
ment did not show the variations in pesticide levels that 
might be obtained with a large lipid increase. It did 
represent normal diet conditions for the six subjects. 
Considering the above $, it was felt that fasting samples 
would not be imperative for the milk drinking study.

The results of the analysis of variance estab
lished that individual differences among subjects were 

. greater than variations due to time or chemical analysis $ 
and that only a few samples were necessary to establish 
these differences.

The relationship between DDE and DDT was un
doubtedly affected by a number of factors such as dietary 

■ intake s, absorption$ metabolisms excretion$ and fat 
mob 11 ization«. Duggan and Weatherwax (8) found a daily 
intake of 62 ug, of DDT and metabolites for the general 
population in 196 4 and 1965, Of this total the greatest
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amount9 31 ug., was DDT, Although DDT was the chief 
contaminant in food g the preponderant DDT derivative in 
blood serum is DDE, This change in proportion could be 
caused by breakdown of DDT to DDD in the intestine or 
"Other areas and the selective removal of DDD from the 
blood stream and eventual excretion as DDA,. It. could also 
be caused by the conversion of DDT to DDE, Perhaps both 
mechanisms are operable, The linear relationship between. 
DDE and DDT is more difficult to explain. It may be an 
indication of a fairly constant ratio between DDT and 
DDE intake,

Milk Consumption Study 
Values for serum DDE and DDT in 78 subjects are 

given in Tables 5 and 6. These.data were divided into 
several groups for statistical analysis. Milk drinkers 
were compared with non-milk drinkers and urban residents 
with rural residents. The subjects were compared according 
to age on the basis of three groups« Finally the whole 
group was examined in relation to occupationally exposed 
individuals. Results of these group comparison tests are 
shown in Tables 6 through 9,

The results of the group comparison.test of 52. 
milk drinkers and 26 non-milk drinkers^showed no signifi
cant differences between the two groups in either serum 
DDE or DDT levels (p>0.05), This can be seen in Table 6,
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Table 5, Serum pesticide levels in milk.consumption 
study subjects.

Milk Drinkers • ■ • Non-milk Drinkers

Subject ppb 
. .DDE .

ppb
. . DDT . . . .

Subject ppb 
. DDE

ppb
DDT

1 11,0 2.6 5 3 6.4 2.6
2 21.0 3.0 54 9.6 9.6
3 7.5 6.0 55 31.0 6.0
4 . 9.1 2.8 56 15.0 2. 3
5 3.8 . 2.0 57 6,0 3,9
G : 27.0 6.4 5 8 37.0 4.4
7 15.0 1.9 59 15.0 2.5
8 12.2 .. 1,6 60 25.0 2,8
9 6.8 1.4 61 14,0 1.9

10 41.0 6.6 62 7.9 1.9
11 24.0 9.2 63 7.5 1.4
12 2 0. 0 1.8 64 4.7 1.0
13 4.3 1.8 6 5 30.0 2.8
14 5.9 1.6 6 6 38.0 5.9
15 8,1 2.3 . 67 21.0 11,2
16 14.0 1,7 6 8 21.0 6.8
17 6.0 3.2 69 32.0 3.7
18 7.1 2.0 70 12.0 3.8
19 10.0 6.6 71 11.0 ... 2.2
20 10.0 1.0 72 16.0 5,5
21 1. 3 1.7 73 49.0 8.0
22 5.6 1.0 74 12.0 3.0
23 8.2 1.1 75 62.0 . 9.5
24 48.0 5,3 76 10.0 6.1
25 40.0 5.9 77 17.0 11.4
26 17.0 2,1 78 10.0 2,8
27 8.7 2.2
28 . 55,0 10.0
29 19,0 . 7.1
30 6*0 0.9
31 . 14.0 1.0
32 8,0 1.4
33 9.0 6.4
34 11.0 13.5
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Table 5 Continued

Milk Drinkers Non-milk Drinkers

.. .Subject ppb ppb -Subject ppb ppb
DDE .... D D T  . DDE .   DDT

/

35 3.0 3.3
36 19.0 3.7
37 19.0 4.1
38 11.0 2.1
39 16.0 2.7
40 17.0 4.2
41 21.0 4.6
42 20.0 2.0
43 32.0 10.5
44 59.0 19 .9
45 16.0 3.0
46 19. 0 2.0
47 16.0 2.3
48 15.0 4.3
49 25 . 0 8. 0
50 11.0 2 .7
51 14.0 3.7
52 46.0 5.5



Table 6» Effect of m i l k .drinking=on serum DDE and DDT Values.

, DDE ■ DDT
Sample No, of Mean, and ' p No,: of :. Mean and . p
Group , . Samples, Std. Dev, ■ Value . . .Samples Std, :Dev* Value

Milk
drinkers 52 17.2 + 13,1 52 4.9 t 2,3

>0,05 • >0,05
Non-milk
drinkers 26 20.0 + 14.0 26. 4.7 +; 3.0



Table 7 „ Effect o f : environment, on serum DDE and ,EE)T values „

DDE DDT

Group
No, of ■ Me an- and ' . p

Std, Dev, Value
No, of , Mean add . p 
.Samples Std. Dev, Value

Urban '■ 
residents 5,6 16,3 + 12,0 56 3.8 * 2,8

<0.05 <0,05
Rural
residents 22 22,7 + 16,0 22 5,6 + 4.2



Table■8y Effect of age on serum DDE and DDT levels«

DDE ; DDT
Sample No. of Mean and p No. of Mean Mnd ' . P •
Group Samples ' Sid. Dev., Value Samples' Sfd.1 Dev. ■ Value

Under 25 years 24 19.1 12.8 24 . 4. 7 4.4
>0.05 : >0.05

28-50 years 44 16.2 + X3.0 44 4.4 + 3 . 6
>0.05 ■ >0.05

Over 50 years 10 24.0 + 15.0 10 4.0 + 2.5



Table 9„ Effect df occupational exposure to pesticides on 
serum DDE. and DDT levels«

. DDE DDT
Sample
Group

No. of 
Samples

■Mean and p 
Std. Dev. 'Value ■'

No, of 
Samples •

Mean 
: Std,

arid .. p '" : 
Dev, Value

Occupationally
exposed
individuals 35 44,2 4 31,2 35 22,9 4 21.7

Non^
occupationally
exposed

<0.0005 <0,0005

individuals 78 18.3 4 13,4 78 4.3 4 3.4 '
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. The average DDE value for milk drinkers was 17,2 ppb, 
while non-milk drinkers averaged a slightly higher 
20,0 ppb, DDT was 4,9 ppb for milk drinkers$ 4,7 ppb for 
non-drinkers,

-Table 7 shows the difference in serum pesticide 
levels, between 56.urban and 22 rural residents. It can 
be seen that the rural residents have significantly 
higher (p<0,05) values for both DDE and DDT* DDE levels 
averaged 22,7 ppb for rural residents as opposed to 16,3 
ppb for the urban group. Rural dwellers showed 5,6 ppb 
•DDT$ while urban residents averaged 3,8 ppb.

Samples were divided into three age groups; under 
25 @ 26-50 „ and over 50; with 24 subjects in the first 
groupj, 44 in the second and 10 in- the third. No definite 
trend in pesticide levels in relation to age was seen. 
There were no significant differences between adjacent age 
groups. Values for the age comparisons may be seen in 

‘ Table 8,
Comparison tests for serum DDE and DDT levels in 

occupationally and non-occupationally exposed groups show 
a very significant'difference 1fpr both compounds, The 
average. DDE level for the former group was 44,2 ppb
while that for the latter averaged 18,3 ppb, DDT

' '■ ' ' ' '• ' ; . ’ <  ■ " '. differences were equally noticeable; with the exposed
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group having 22.9 ppb and the; general population 4,3 ppb. 
Table 9 illustrates these results.

The results of this study tend to remove any 
possible stigma connected with the importance of. Arizona 
milk as a Significant contributor to total dietary pesti- 
.cide levels. If. one accepts serum pesticide levels as an 
indication, of toxic effect$ milk drinkers are probably at 
least as safe as non-drinkers from excess exposure to 
DDT, Rural residence i n .an area where pesticides are 
sprayed appears to be a much greater source of intake 
than milk drinking. Occupational exposure almost 
certainly contributes much more to serum DDE and DDT 
levels than milk consumption.

The negligible effect, of milk consumption upon 
serum pesticide levels is not surprising when one 
considers the values found by Duggan and Weatherwax (8)
.in their total diet study. Their figures showed that 
dairy products were responsible for only about 10 percent 
of DDE and DDT intake in the average diet during the 
first year of their study, A portion of. this 10 percent ' 
would be contributed by dairy products other than milk9 
such as butter, and cheese.
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