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Chlorinated hydrocarbon residues were identified in the fatty tissue
of roe deer from two different populations, inhabiting respectively forest
and field, and an attempt made to define carbaryl level in samples
taken from the brain, lungs and testes. One of the purposes of the
study was to define insecticide residue in roe deer tissues depending
on the amount of plant protection preparations introduced into the
habitats in which these animals live. In samples of fatty tissue the
combined concentration of DDD and metabolites, and of different
metabolites, is many times higher in roe deer Iivin? in fields than in
those in forests. No significant differences were found in the total
concentration of DDT and metabolites and DDE in the fatty tissue of
individuals of different sex, but originating from the same habitat. The
significantly higher concentration of %/-HCH in the fatty tissue of field-
living roe deer in comparison with forest-living roe deer is a charac-
teristic phenomenon. The cumulation of y-HCH in the organisms of
field-living roe deer is the manifestation of the very general use of this
pesticide for plant protection. Traces only of DMDT residue were found
in only certain to the roe deer tissues examined from both field- and
forest-living roe deer. Despite the general use of preparations contain-
ing carbaryl for plant protection no residue of this insecticide was found
in roe deer tissue. All the concentrations of insecticide residues found
in roe deer tissue are far below the levels laid down by FAO/WHO
requirements for food substances.

[Warsaw Agric. Univ., Dept. Animal. Sci.,, 02-766 Warszawa, Nowo-
ursynowska 166 (AK, AD, MD), Polish Hunting Association, Research
Station, 62-055 Czempin, Poland (JK), Poznan Agric. Acad., Inst. Forest
Protection, Wojska Polskiego 71d, 60-625 Poznan, Poland (Lt)]

1. INTRODUCTION

Insecticides, including chlorinated hydrocarbons and carbamates, have
been used in modern agricultural and forest management for many-
years now. The wide use of these chemical compounds, primarily for
plant protection in natural habitats, is also reflected in reproduction
processes (Jaskowski, 1976; Szukiel, 1969; Ware, 1975). Several studies
on contamination by insecticides of tissues in wild animals have been
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made (Joficzyk et al., 1970; Ortwein, 1972; Dzilinski, 1974, 1976; Delak
et al, 1979; Frank et al., 1979; Osborn, 1980). There are no data in
Polish literature on contamination of roe-deer tissues by insecticides
from the group of chlorinated hydrocarbons and carbamates. In relation
to studies on the trophic links of roe deer with a forest or field habitat
it is also useful to determine possible differences in the contamination
by insecticides of tissues in these animals. This question acquires a
special significance when diametrically different amounts of insecticides
are used in these habitats.

The present study, in addition to its purpose of fact-finding and
recording the level of insecticides in roe deer tissues, depending on the
amount of plant protection preparations used in the given habitat, may
also facilitate differentiation between field-living and forest-living roe
deer from the aspect of their food links with the place in which they
live.

2. MATERIAL AND METHODS

The study material was obtained from the experimental area of the Polish
Hunting Association Research Station at Czempin, and also from the forests of
the "Zielonka" Hunting Experimental Centre of the Forest Protection Institute,
Poznafi Agricultural Academy.

The experimental area of the Station at Czempin occupies 15000 ha, 14,000 ha
of which is cultivated land, and is thus a typical agricultural habitat. The majo-
rity of the fields are under large-scale cultivation and form 70% of this area
(Kaluzifiski & Pielowski, 1976). Modern methods are applied in agricultural ma-
nagement there, with extensive use of machines and chemical preparations. A large
roe deer population lives in this area, average density from 1977—79 being 12 in-
dividuals per 100 ha (Kaluzifiski, 1982). The Hunting Experimental Centre at
Zielonka, .8,000 ha iri extent, consists of a dense stretch of wooded land, with
a small proportion of cultivated fields. Average density of roe deer in this area
from 1977—79 was 15 individuals per 100 ha <Fruzinski et al., 1982). The animals
were obtained for the studies by shooting, and samples were taken from both
does and bucks. The latter were obtained in both areas during the spring-summer
period and does during the autumn-winter period. In the field area roe deer were
obtained evenly over the whole experimental area, but in wooded land from its
central part, situated at least 1000 m from cultivated fields.

Appropriate people were questioned in order to obtain data on the degree of
use of chemical preparations in the field and forest habitats in 1978 (Table 1).
Identification of chlorinated hydrocarbons and metabolites y-HCH — yj — 1, 2,
3, 4, 5, 6, hexachlorocyclohexane; p, p' DDE — 2,2, — di-(p-chlorophenylo) — 11
— dichloroethylene, p, p' DDD and TDE — 2,2 — di-(p-chlorophenyl); -1-1 dichloro-
ethane; DDT — 2,2 — di-(p-chlorophenyl); — 1, 1, I, — trichloroethane; DMDT —
2,2-di-(p-methoxyphenyl); 1, 1, 1 — trichloroethane was carried out on fat samples
from the fatty bursa enclosing the kidneys, taking fat samples from 22 forest-
living and 49 field-living roe deer.

Endeavour was made to identify carbaryl (Union Carbide — Sevin) — (N-methy-
locarbamate; — 1-naphthyl) residue in 70 brain, 80 lung and 56 testis samples
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from field-living roe deer and 22 samples from the same organs, taken from
forest-living deer.

Samples of tissue were taken approximately 1—2 hours after the individual was
shot. Until identification was carried out the tissues were kept frozen in polythylene
packages at a temperature of —20°C. Fat samples were prepared for analysis and
extraction of insecticides in accordance with the method given by Dzilinski et al.,
(1974). ldentification of chlorinated hydrocarbons in roe deer fat was made by
means of gas chromatography in a Pye-Unicam apparatus. Tissue samples, taken
to discover carbaryl residue, were homogenized and extracted, then identification
made by the thin-layer chromatography method, following the instructions given
by Juszkiewicz et al. (1976) and Sokotowski et al. (1977).

Table 1

Chemical preparations used for plant protection at the Polish Hunting Association
Research Station at Czempin in 1978.

Kind of Chemicals Protected Per On the whole, Regoanngen-
culture used area, ha 1 ha kg/ltr elpp*y
Spring corn Chwastox 1985 4 7940 35
Aminopielik 111 4 333 3
Rape Enolofos 200 1 200 0.75—1
Mgtawik 600 7 4200 6—8
Gamametox 200 7 1400 to 20
Gamakarbatox 50 11 550 to 20
Sugar beet Venzar 350 1 350 0.75—1.25
Bi-58 560 0.6 336 0.6 —0.8
Pyramin 4 150 4 600 4—5
Metation 200 1 200 0.9
Tinox 50 78 0.7 55 0.3 —0.75
Maize Gesaprin 50 1800 3 5400 2—3
Simazin 80 WP 678 3 2034 19
Pea Aretit 69 5 345 4—6
Afalon 180 15 270 15 —2
Potatoes® Gamakarbatox 250 2 500 1
Afalon 100 4 400 2
Endofos 50 552 2 1044 0.75

! Preparation applied twice, * IPP — Institute of Plant Protection

Statistical calculations were made by the variance analysis method in the two-
directional system (Oktaba, 1966). The Fischer-Snedecor F test value for significance
of differences was found for the following: 1 — between sexesj, 2 — between
habitats, 3 — for the combined effect of sex and habitat. When F test revealed
significant differences in the effect examined, the smallest significant difference
(NIR) was calculated in accordance with the equation {tXSr),where t is the tabular
value of the Student t distribution with level of significance — 0.01, and Sr —
average difference error.

3. RESULTS

Among the plant protection preparations used for cultivated plants
on the Polish Hunting Association Research Station at Czempin in 1978
9 — Acta Theriologica
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were preparations containing y-HCH, DMDT and carbamates, these
substances being included in such preparations at Mgiawik, Gamametox
and Gamakarbatox (Table 1). Preparations containing y-HCII, carba-
mates and DMDT were used chiedly in rape and potato fields. Accord-
ing to official information obtained from the agricultural service in the
experimental part of the Station no preparations containing DDT were
used in 1978 or for several years previous to that. The total dose of
chemical preparations with which plants were treated over a combined
area of 8083 ha was 26 157 kg, but this amount contains only 2450 kg
of insecticides subject to cumulation in the animals' organisms (Table 1).

Table 2

Average concentration of polychloride insecticides in ppm/mg/kg in the fatty tissue
of roe deer from field and forest habitats.

Items y-HCH p.p' — DDE p.p' — DDD  DDT+metabolites
Forest  Field Forest Field Forest Field  Forest Field

Males 0.071 0.104 0.046 0.352 0.033 0.135 0.056 0.603

n 14 20 14 20 14 18 14 20

Females 0.096 0.505 0.060 0.363 0.028 0.037 0.069 0.598

n 8 27 7 29 8 29 8 29

NIR! 0.100 0.070 0.030 0.086

NIR? 0.100 0.070 0.030 0.086

NIR® 0.160 0.090 0.050 0.120

Forest — forest-living roe deer, Field — field-living roe deer, n — number of

individuals, NIR — smallest proved difference (tXSr), NIR' for sex, NIR* for
territory, NIR® for cooperation of sex and territory.

Chemical preparations for plant protection were used only to a very
slight degree in the wooded area of the "Zielonka"™ Experimental Centre.
Small amounts of insecticides and herbicides were used in a small
number of enclosed experimental plots several ares in extent, to which
roe deer had no access.

Data obtained on the average concentration of chlorinated hydro-
carbons in roe deer fatty tissue showed that both combined DDD and
metabolites concentration, and that of different metabolites, is many
times greater in field-living roe deer, whether bucks or does, than in
forest-living roe deer. No significant differences were found in the total
concentrations od DDT and metabolites, or of DDE, in the fatty tissue
of individuals of different sex but originating from the same habitats.
It was only in the case of DDD that significantly higher concentration
was found in field-living roebucks as compared with does (Table 2).
It is characteristics fact that the percentage of the concentration of
DDE and DDD metabolites in the total pool of combined DDT and
metabolites is fairly considerable, in the tissues of both forest-living
and field-living roe deer.
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V-HCIi concentration found in the fat of the field-living does is
significantly higher when compared with relevant data for individuals
of the same sex from the forest population. When the concentration of
this insecticide in the field population is considered, it is evident that
the levels of y-HCH are significantly higher in does than in bucks. In
the groups of males the level of y-HCH concentration was found to be
higher in bucks from fields than from wooded land, but the difference
proved to be statistically insignificant (Table 2).

Studies were also made in order to discover DMDT contamination
in the tissues of roe deer from fields and wooded land. A joint total
of twenty two samples from eight does and fourteen bucks were taken
from the forest population. No traces of this insecticide were found in
the fatty tissue of females, whereas in twelve samples of male tissues
the average DMDT concentration was 0.045 ppm, with a range from
0.011—0.120 ppm. DMDT contamination of fatty tissue in roe deer from
fields was as follows. In not a single case out of twenty samples taken
from bucks were any traces of this insecticide found. Among twenty nine
samples of fatty tissue taken from does DMDT was found in eighteen
cases, while average concentration was 0.018 ppm, with a range from
0.006—0.052 ppm.

The relatively low DMDT concentration found for field-living and
forest-living roe deer made it impossible to carry out statistical analysis.

Endeavour was made to identify carbaryl content in samples taken
from the lungs, brain and tests in roe deer from both the field and
forest populations. No perceptible carbaryl residue was found in any
of above organs from individuals from either the forest and field
population.

4. DISCUSSION

The results obtained point to a very much higher level of chlorinated
hydrocarbons in the fatty tissue of roe deer living in a field habitat
as compared with a forest habitat. Although DDT has ceased to be
used for several years in agrotechnical operations, DDT and metabolite
residues were discovered in roe deer fatty tissue. In view of the lack
of other Polish studies on DDT level in roe deer fatty tissue it is dif-
ficult to estimate variation dynamics in this concentration in time. From
1973—75 similar studies were carried out in Croatia, but the level of
DDT concentration found in roe deer fatty tissue was from 0.009—
0.292 ppm (Delak et al., 1979), and was thus similar to the result
obtained in the present study. Similar DDT concentration has been
found in other herbivorous animals. In the fatty tissue of horses average
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concentration of total DDT and metabolites is 0.573 ppm (Kosmala,
1972). In the European hare, depending on age and sex, the total amour.t
of DDT varied from 0.34—1.23 ppm (Dzilinski et al, 1974; 1976). The
total concentrations presented above for roe deer and other herbivorous
animals are, however, far lower than is envisaged by foodstuff standards
established by FAO/WHO recommendations (7 mg/kg — Dzilinski et al.,
1974) and 1.25 mg DDT/kg for a food product with over 8% fat content
— Nikonorow, 1980).

Roe deer living in fields, unlike those living in forests, are character-
ized by a significantly higher y-HCH concentration in fatty tissue. Cu-
mulation of this compound in the field-living roe deer's organism is the
manifestation of the greater use of this pesticide in the habitat of
cultivated fields. In recent years the use of DDT has been abandoned
in favour of y-HCH. According to earlier unpublished data obtained
at the Research Station at Czempin (for the period 1972—73) y-HCH
concentration in perirenal fat in roe deer varied over a range from
0.010—0.179, but in 1978 in individuals from the same population the
average figure for bucks was 0.104 ppm and for does as much as
0.505 ppm. These data give a good picture of the process in increasingly
wide use of y-HCH for plant protection in field areas. A similar level
of y-HCH concentration of approx. 0.46 ppm in the fatty tissue of
partridges was found by JoAczyk et al (1970). A far lower average
concentration of 0.0186 ppm was found by Dzilinski et al (1976) in
the hare.

None of the y-HCH residues presented above exceed the practical
limit, which for meat for food purposes is 1.00 mg/kg, calculated for
fat (Nikonorow, 1980).

The problem of significantly higher y-HCH concentration in the fatty
tissues of does than in bucks among roe deer living in fields is surpri-
sing. The cause of this difference may lie in the fact that the males
and females from which samples were obtained were shot at different
periods, since bucks were obtained during the spring-summer months,
and does during the autumn-winter months. Bucks thus consume insect-
icides from a contaminated habitat for a shorter time, since these pre-
parations are particularly intensively used in spring and summer. This
same phenomenon has been recorded for wooded land, but the lower
level of contamination of this habitat directly results in differences in
the level of y-HCH residue found in males and females not being
statistically significant.

Traces of DMDT were found only in some of the samples of roe deer
fatty tissue examined. Similar observations on this subject have been
made by other authors in examining the fat of game animals (Dzilinski
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et al., 1974, 1976; Frank et al., 1979). This is a known phenomenon,
caused by the lower degree of accumulation of this insecticide in com-
parison with, say, DDT (Reynolds et al, 1976).

Despite the general use of preparation containing carbaryl, in partic-
ular for potato protection in field areas, no residues of these preparations
were found in the fatty tissue of the roe deer. This fact may be explain-
ed by the relatively rapid decomposition of carbamates in animal
organisms, followed by their complete excretion. Results similar to the
above were obtained by Bias et al., 1976; Juszkiewicz et al., 1976;
White-Stevenson, 1977. In this connection it may be assumed that
carbaryl derivatives used for plant protection as pesticides are not of any
great significance in contamination of roe deer tissues.

In the light of the results obtained it may be said that roe deer
obtained from an agricultural habitat are continuously tied to the place
in which they live for a considerable time, and the degree of conta-
mination of their tissues is a reflection of the fact that they feed on
field plants treated with various plant protection preparations. This
is confirmed by Katuzinski's studies (1982) on the basis of which it is
known that 66% of the food of field-living roe deer consists of culti-
vated plants. Forest-living roe deer, on the other hand, on the principle
of the same relations as above, due to the far lower level of insecticide
residues, have close trophic contacts with the habitat in which they
were shot.
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OCEUA SKAZEN SARN ZAMIESZKUJACYCH TERENY LESNE | POLNE
INSEKTYCYDAMI Z GRUPY CHLOROWANYCH WEGLOWODOROW
| KARBAMINIANOW

Streszczenie

Powszechne stosowanie chlorowanych weglowodoréw i karbaminianéw w ochro-
nie roslin znajduje swoje odzwierciedlenie w stezeniu pozostatosci tych zwigzkéw
chemicznych w tkankach zwierzat wolnozyjgcych. Celem niniejszej pracy byto poz-
nanie poziomu insektycydéw w tkankach sarn, pozyskanych z populacji le$nej i pol-
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nej. Srodowisko polne rézni sie miedzy innymi od lesnego ilosciami stosowanych
srodkéw ochrony roslin, co znalazto swoje odzwierciedlenie w stezeniu insekty-
cydow w tkankach sarn. Uzyskane wyniki stezenia sumy DDD i metabolitow sg
wielokrotnie wyzsze u sarn polnych niz u leSnych. Nie stwierdzono istotnych rdznic
w stezeniu sumy DDT i metabolitéow oraz DDE w tkance ttuszczowej samcow
i samic pochodzacych z tych samych populacji. Kumulacja >-HCH w organizmach
sarn polnych jest wyktadnikiem coraz powszechniejszego stosowania tego pesty-
cydu w ochronie ro$lin oraz czasokresu stykania sie z tym preparatem. DMDT
stwierdzono tylko u niektdrych osobnikdéw z populacji polnej i lesnej i to tylko
w $ladowych ilosciach.

Pomimo powszechnego uzycia preparatow zawierajagcych karbaryl w ochronie
roslin nie stwierdzono pozostatosci tego insektycydu w tkankach sarn polnych
i lesnych. Fakt ten ttumaczy¢ mozna szybkim catkowitym wydalaniem tych zwiaz-
kéw przez organizmy sarn. Wszystkie stwierdzone w niniejszej pracy stezenia po-
zostatosci insektycydéw w tkankach sarn polnych i leSnych znajduja sie znacznie
ponizej pozioméw przyjetych ustaleniami FAO/WHO dla $rodkéw spozywczych.

W S$wietle uzyskanych danych stwierdzi¢ mozna, ze sarny pozyskane na polach
lub w lesie od diuzszego czasu miaty Scisty, trwaty kontakt ze Srodowiskiem, w kto-
rym zostaty pozyskane.



