Arh. hig. rada, 24 (1973) 381.
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A survey is given of the studies performed on pesticide residues
in food and human fatty tissue in Yugoslavia. Out of 800 samples
analysed in Yugoslav laboratories during the period of 1969—1971,
578 were food products and 222 human fatty tissue samples.

The findings can be summarized as follows: (1) Food of animal
origin was contaminated by organochlorine insecticides. DDT re-
sidues in milk ranged between 0.0035 to 0.025 ppm. (2) The residue
levels of OC-insecticides in animal fat varied considerably in dif-
ferent Yugoslav laboratories, the mean value for DDT being 0.404
ppm. (3) OC residues in fruits and vegetables were found within
the tolerance limits. (4) OC insecticide residues were found in all
samples of human fatty tissue, with significant differences bet-
ween geographical regions, as well as between age groups. (5) Or-
ganophosphorus insecticide residues were found in 19 percent of
samples of plant origin. All values were within tolerance limits.
(6) Arsenic was found in 52 percent of apple samples.

A more serious investigation of the contamination of foodstuffs by
pesticides was started about the year 1948 (26). After in the U.S.A. the
regulations governing tolerance levels of pesticide residues in foodstuffs
had been made, the investigation of pesticide residues in foodstuffs was
undertaken on a larger scale since 1961 (19). According to the report
from the Laboratory for Pesticides in Florida (14), during the period of
1963—1966 the number of samples containing excessive amounts of pesti-
cides increased from 4.9 percent in 1963 to 10.0 percent in 1966. Canadian
reports from 1966 (22) state that 6.3 percent out of the total of 3167
samples of domestic foodstuffs were unacceptable with regard to the
content of pesticides, while out of 461 samples of imported food 3.0
percent did not meet tolerance requirements. Egan et al. (12) and Ham-
mence (16) investigated pesticide residues in meat, milk products and
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vegetables marketed in Great Britain. Except in sheep tallow, in most
of the other foods very small amounts of organochlorine insecticide re-
sidues were found.

In US.S.R. Stenberg et al. (13) and Baratov et al. (7) reported on the
results of the investigation of foodstuffs for pesticide residues. DDT re-
sidues were rather high. In 1967 Engst et al. (13) reported on the results
of the investigation of milk and butter in East Germany where 14 percent
samples of milk and 34 percent samples of butter contained pesticide
residues. Denes (11) investigated DDT residues and other organochlorine
insecticides in foods marketed in Hungary. On the average the amount
of DDT residues was above the tolerance limit of 1.0 ppm.

Although the investigation of pesticide residues in foods has been con-
ducted practically since 1962 in the laboratories for pesticides at the
Institute of Public Health in Zagreb and Beograd, a relatively small
amount of data from this field has been published.

Adamovic et al. (2) conducted investigation of pesticide residues in
powdered milk, cow milk and mother milk. All the samples contained
one or more organochlorine insecticides. Adamovicé et al. (3) proved that
the amounts of DDT residues and its metabolites had been increasing
since 1966, until they reached five times higher values in 1969.

Bacic¢ (5) has conducted a small scale investigation of residues of or-
ganochlorine insecticides in milk and butter supplied by Yugoslav dairy
plants. In most cases the samples contained larger amounts of pesticide
residues than allowed by our legislation on the maximum tolerance
levels of pesticide residues in food (21).

The use of pesticides, DDT in the first place, and other organo-
chlorine insecticides, resulted inevitably in their accumulation in humans,
mostly in their fatty tissue. In U.S.A. as early as in 1942 Hayes et al. (17)
investigated 10 samples of human fatty tissue, but failed to discover stor-
age of organochlorine insecticides. In 1950 Lang et al. (29) found DDT
residues in 75 samples of human fatty tissue. Subsequent work in this
field has shown that the amounts of DDT residues in the American po-
pulation have been increasing constantly (till the year 1961 — Edits.
comment). In 1958 and 1959 Maier-Bode (20) analysed samples of fatty
tissue and discovered that an average German had stored less DDT than
an American.

The largest amount of the accumulated DDT was registered in the pop-
ulation of India (10). The levels registered in Israel (25) and Roumania
(15), though, differ from those normally found elsewhere.

The first investigation of DDT and other organochlorine insecticide re-
sidues in human tissue in this country were conducted by Adamovié et
al. (1, 2, 3, 4). All the investigations in this field have been isolated and
did not yield a picture of the contamination of food and human fatty
tissue that would pertain to the whole of Yugoslavia. Having this in mind
and wishing to join the efforts made by individual laboratories in the
same period we have set as our task to perform the following studies:
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1) to establish which pesticides and in what concentrations appear as
residues on or in food that is commonly consumed by the Yugoslav
population;

2) to evaluate the level of contamination of human fatty tisuse by pes-
ticide residues.

MATERIAL AND METHODS

With the purpose of examining food and human fatty tissue for pesti-
cide content 800 samples were analysed during 1969—1971, of which 70
percent were food samples and 30 percent human fat tissue. About half
the samples were analysed in 1970, and the other half in 1971. The total
number of analysed samples of human fatty tissue was 222. They were
taken from abdomen during surgical operations on people who suffered
from diseases the nature of which, it was assumed, would not affect the
changes in the process of accumulation of insecticides. No preservers
were used. The samples were accompanied by the data on sex, age, oc-
cupation, domicile and kind of disease that led to the operation.

Residues of organochlorine, organophosphorus insecticides and arsenic
were determined by standard methods (7, 8).

Among organochlorine insecticides the following were determined:
Alpha and gama HCD, pp’DDE, pp’DDD, pp’DDT, op’DDT and dieldrin.
Terminal fraction of each sample in which organochlorine insecticides
were determined was examined by gas and thin layer chromatography.
The results applied only to those insecticides or their degradation pro-
ducts which were identified and proved by both methods.

The analysis for organophosphorus insecticides was limited by the
equipment which was not uniform. Therefore, vegetable, fruit and bread
samples were analysed only for the presence of organophosphorus in-
secticides which were determined by the total phosphorus content (17).
In some cases both identification and determination was performed.

Arsenic in apples was determined spectrophotometrically (7).

THE RESULTS AND DISCUSSION

Residues of organochlorine insecticides in food

During the 1969—1971 a total of 139 milk samples from the Yugoslav
market were analysed in our laboratories. The results of the investiga-
tion of organochlorine insecticide residues in food of animal origin, bread
and fruits for the above period for Yugoslavia are shown in Table 1
indicating the mean values of organochlorine insecticide content.
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The mean values of organochlorine insecticides in the food of animal
origin show that in milk and animal fat samples tolerance limits were
exceeded with respect to the recommendations of WHO and FAO. Gama
HCH in milk was found to have a 20 times higher concentration than the
maximum tolerance. The total amount of DDT in milk was below the
tolerance limit (0.005 ppm), but the established values exceeded three
times the tolerance limit according to our regulations. Judging by the
amount of organochlorine insecticide residues in milk determined by in-
dividual laboratories, it is evident that the amount of the total DDT
found in milk samples in almost all laboratories, with the exception of
Zagreb, exceeded the maximum tolerance level.

A higher amount of total DDT in milk indicates that animal feed and
soil were contaminated by organochlorine insecticides.

The residues of organochlorine insecticides in animal fatty tissue
(swine and cattle) are shown in Table 1. The samples of swine fat con-
tained alpha and gama HCH, para of DDT form and dieldrin in measur-
able amounts. The values for total DDT in the Belgrade and Skopje la-
boratories were 6—38 times higher than the values found in other labor-
atories, what can be accounted for by differences in the feeding of swine
and cattle.

Animal feed produced in the country is not subject to any control of
pesticide content and no tolerance limits have been prescribed for it.

Obviously urgent steps have to be taken to establish maximum toler-
ance limits for organochlorine and organophosphorus insecticides in
animal feed, and to introduce a stricter control.

The data on organochlorine insecticides in vegetables are presented in
Table 2. The largest average amount of organochlorine insecticides was
found in the samples of potato and carrot. The mean value of the total
DDT in potato was 0.5374 ppm and in carrot 0.1701 ppm: i.e. near the
maximum tolerance (1.0 ppm), they added considerably to the mean value
and pp’DDT can be accounted for primarily by the potato and carrot
samples, taken from private farmers selling on the markets in Sarajevo.
With the exception of these samples, the values of pp’'DDE, pp’'DDT and
total DDT go for potato on the average far below the tolerance limit.

The amounts of organochlorine insecticide residues in fruits are shown
in Table 1. Almost all average values for Yugoslavia are below maximum
tolerance limits.

In grape samples the highest amount of total DDT was found in the
laboratories in Skopje and Sarajevo, and the lowest in the laboratory in
Belgrade, The highest values of total DDT were found in apple samples
in the laboratory in Sarajevo. Although these findings were below the
maximum tolerance (1,0 ppm), they added considerably to the mean value

of the total DDT in apples for Yugoslavia. -
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Organophosphorus insecticides in food

The food examined for the presence of organophosphorus insecticides
by determining total phosphorus is shown in Table 3. Out of the total
of 232 samples of vegetables, fruits, bread and oil, 44 samples were found
to contain phosphorus.

In the laboratories in Belgrade and Zagreb individual organophospho-
rus insecticides (Sevin, Lebaycid, Zolone, Gusation, Fosdrin, Diazinon, Di-
metron) in vegetables and fruits and edible oil are below tolerance li-
mits recommended by WHO and FAO, as well as by the Yugoslav re-
gulation on maximum amounts of pesticide residues in food.

Arsenic residues in apples

Table 4 shows findings of arsenic residues in apples. Out of 25 apple
samples, 13 contained arsenic (529/o).

Storage of organochlorine insecticides in human fatty tissue

The findings of organochlorine insecticide residues in fatty tissue of
the Yugoslav population are shown in Tables 5—7.

The number of samples was approximately proportionate to the popu-
lation in the areas around the research laboratories.

The results of analyses performed in the laboratories are shown in
Table 5, by sex in Table 6, and by age in Table 7.

Regional similarities and differences displayed by the data furnished
by the laboratories indicate that:

a) Alpha HCH was found in exceptionally small amounts in fatty tissue
in the population of Croatia, and Bosnia and Herzegovina; gama HCH is
relatively uniform except in the findings of the Zagreb laboratory.

b) Accumulated DDT and its derivatives display a heterogenous pic-
ture.

The lowest level (2.22 ppm) of the total DDT was found in Croatia,
while other findings range from 4.96 ppm in Bosnia and Herzegovina
to 13.45 ppm in Macedonia.

The total DDT value found for the whole of Yugoslavia is 7.06 ppm.

c) Dieldrin level is considerably lower in this country than in the pop-
ulation of Western Europe, with a markedly low level in the population
of Croatia and Bosnia and Herzegovina.

Table 6 shows the distribution of accumulation of organochlorine in-
secticides in fatty tissue by sex.

The level of total DDT in women (7.21 ppm) is not significantly higher
than in men (6.92 ppm).

Table 7 shows the results of the analysis by sex and age.

Total DDT in both sexes, with the exception of the group of 10—19
years of age, iIs maintained at the level of 5.—10.4 ppm.
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Table 3
Organophosphorus insecticide residues in food in Yugoslavia, 1969—1971.
Laboratories - k-_v
Beograd { Zagreb | Skoplje l Sarajevo | Ljubljana

Oliveoii — o 1 g 5 8 8
Plant Qil

b 7 0 0 0 0

n 13 6 3 7 3

Carrot a 0 0 0 1 0

b 13 6 3 6 0

n 14 6 3 9 4

Potato a 0 0 0 2 0

b 14 6 3 8 4

n 10 6 2 3 —_

Onions a 0 0 0 1 —

b 10 6 2 2 =

n 5 6 3 5 3

Cabbage a 0 0 0 2 0

b 5 6 3 3 3

n 3 o — 3 —

Spinach a 0 — — 2 —

3 - — 1 -

B n S — — 2 a -

Lettuce a 0 — — 2 e

b 5 —_ — 0 —

n 10 6 2 - 3

Cherries a 2 0 0 0 1

b 8 6 2 4 2

n 10 6 — 3 3

Apricots a 10 3 — 0 0

b 0 3 == 3 0

n 10 6 2 4 3

Apples a 0 4 0 1 2

b 10 2 2 3 1

n 10 6 2 3 —

Grapes a 5 0 0 0 —

b 5 6 2 3 —

n — Number of samples
a — Contains organophosphorus insecticides (number)
b — No organophosphorus insecticides (number)
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Table 4
Arsenic residues in apples, 1969—1971.

As calculated into lead arsenate

Laboratories Number Contain I Mean arith.
of samples As average
Beograd 10 10 6,600
Zagreb ' 6 = —
Sarajevo 4 1 0,670
Skopje 2 2 13,70
3 = =

Ljubljana

Age group of 0—9 years has a considerably high average level of 8.01
ppm of total DDT, which is contrary to the data in literature.

Differences between the first two age groups are presumably due to a
different number of samples within the groups and between them.

CONCLUSIONS

The investigation of the contamination of food and human fatty tissue
by pesticide residues in Yugoslavia in the 1969—1971 period yielded the
following results:

1) Food of animal origin, primarily milk, is contaminated by organo-
chlorine insecticides. Residues of total DDT in milk samples ranged from

0.0035 ppm to 0.0250 ppm.

2) Animal fatty tissue used in nutrition is also contaminated by all in-
vestigated organochlorine insecticides in measurable amounts. The va-
lues of total DDT in lard samples greatly varied from laboratory to lab-
oratory, and in Skopje and Belgrade they were 6—8 times higher than
those found in the samples analysed in Zagreb. The average value of
total DDT in lard in Yugoslavia is 0.4041 ppm.

3) In the foods of plant origin (fruits and vegetables) the values were
within the tolerance limits.

4) 19 percent fruit, vegetable and oil samples were proved to contain
organophosphorus insecticides. The found values were below maximum
tolerance.

5) Arsenic was discovered in 529/y of apple samples.

6) Organochlorine insecticide residues were found in all samples of
human fatty tissue. Differences by territories were significant, while
those by sex were not. Values by age displayed significant variations.
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Sazetak

KONTAMINACIJA HRANE I MASNOG TKIVA LIUDI REZIDUIMA
PESTICIDA U JUGOSLAVIJI (1969—1971)

Prikazani su rezultati analiza pesticidnih rezidua u hrani i masnom tkivu

ljudi izvrSenih u pojedinim laboratorijima Jugoslavije u vremenu od 1961. do
1971. godine. Od 800 uzoraka, 578 odnosilo se na hranu a 222 na masno tkivo

ljudi dobiveno biopsijom.
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Nalazi bi se mogli sazeti ovako:
1) Hrana animalnog porijekla kontaminirana je organoklornim insekticidi-
ma. Rezidua DDT-ja u mlijeku bila su od 0,0035 do 0,025 ppm.

2) Razina rezidua organoklornih insekticida izmjerenih u zivotinjskoj masti
znatno je varirala od jednog do drugog laboratorija, sa srednjom vrijednoscu
za DDT od 0,404 ppm.

3) Rezidue organoklornih insekticida u vocu i povrcu bile su u dopustenim
granicama.

4) Organoklorni insekticidi nadeni su u svim uzorcima masnog tkiva ljudi,
sa znaajnim razlikama zavisno od kraja i zZivotne dobi.

5) U 199/s uzoraka hrane biljnog porijekla nadeni su organofosforni insekti-
cidi, no sve su vrijednosti bile unutar maksimalno dopustenih koncentracija.

6) Arsenik je naden u 52°/ uzoraka jabuka.

Institut za higijenu i socijalnu medicinu,
Medicinski fakultet, Sarajevo,

Zavod za zaStitu zdravlja

SR Srbije, Beograd,

Zavod za zaStitu zdravlja

SR Hrvatske, Zagreb,

i Zavod za zdravstveno varstvo,
Ljubljana



