Med Pregl 2004; LVII (11-12): 523-535. Novi Sad: novembar-decembar.

ORIGINALNI NAUCNI RADOVI
ORIGINAL STUDIES

Originalni naucni rad
Criginal study
LDk 504.05:632.95

[nstitut za zastitu zdravlja, Novi Sad

ZIVOTNA SREDINA [ PESTICIDI
PESTICIDES AND THE ENVIRONMENT

Miroslava KRISTOFOROVIC-ILIC

Sazetak - U periodu 1981 - 2000, godine vrena su istra?ivanjs sadriaja ostutaka organohlornih insekticida (CHI) U Fivotnoj sredin
| niihovog uticaja na zdravlje stanovniitva, Analize su obuhvatale pijacu 1 povriinsku vodu, vazduh, namirnice, gotove obroke, hu-
mani serum 1 obdukeioni humani materijal. U vodi za piée poreklom iz velikih distnbutiviih sistema u Vojvoding (predidéena | kon-
dicionara voda) najéedte nije wtvrdeno prisustvo ostataka OHI, dok se u subariefkim bunarima povremeno nalaze ostaci HUH o
aldrina PovrSinska voda reke Dunav, prema kvantificiramim ostacima OHI pripada zahtevanoy klasi, izuzev za HCH 1990/%1 . kada
ic bila svrstana u HI-1V klasu. Vazduh je kontrelisan u Novom Sadu, Zrenjaninu, Kikindi, Beodinu i Apatinu, U Zrenjaninu se re-
dovno prate | 1996-2000) ostaci OHI: najécice je bio detektovan ostatak HCH (37.83% uzoraka), petom lindana (21.72% uzoraka),
hepiahlora (17.60% uzoraka) a rede DDT i aldrina u Novom Sadu izuzetno retko je utvrden aldrin ("u tragu”), heptahlor 1 HCH; v
Kikindi je takode retko bio utvrden heptahlor. lindan | HCH Po&to OHI imaju afinitet prema masmim tkivima, njihovi ostaci sc 1
nalaze prvenstveno u namirmicama ammalnog porekla. Termitkom obradom oni se ne elimim3u, $to je potvrdeno analizom ostataka
u kompozitmim dijetama ohroka iz predikolskib objekata, omladinskih domova 1 gerontoloskih ustanova: najéedée je bio detektovan
izomer p.p' DDE, rede p.p' DDT: potom, HCH i rede lindan, | pored zabrane koriséenja OHIL svojom dugom perzistencijom o Zivol-
no| sredint. nalaze se u humanim tkivima 5to je i potvrdeno analizama humanog seruma. Analize humanog obdukcionog materijala
su pokarale redovno nalaZenje metabolita DDTa - p.p'DDE kao 1 indana v svim uzorcima (mozak, jetra, masno 1 tumorozno tkivo)
Kljutne redi: Pesticidi + toksiCnost: Insckticidi; Zivoina sredina; Zdravlje fivotne sredine; Stetne supstance: Rezidue pesticida

Summary - In the period 1981-2000, an investigation was conducted on organochiorine insecticide ((OCT) residues in the emviron-
meni and their effects on human health. The analvses encompassed drinking and surface waters, air. foodstuffs, readv-made meals,
fiuman serum and human mitopsy matertal. OC! residuess were not detected in drinking water originating from greal distributive
systems i Vojvoeding (purified and conditioned water) but in some sub-artesian wells there were HOH and aldrin residues. OC!
residues were guantified in surfoce water of the river Danube which is in the required growp, except for HCH in 1990:°9), when i
was i the IV group Air was analvzed in Novi Sad, Drenjanin, Kikinda, Beodin and Apadin. OC] residues are regularly tested in
Lrenpamin (1996-2000) the most frequently detected are’ HCH residues (37 83% samples). lindane (21 72% samples), heptachlor
(17 6% samples) and rarely DTD and aidrin; aldrein (in traces), heptachlor and HCH were detected in Novit Sad. Heptachlor, (in-
dane and HOH were also rarely determined in Kikinda ©QC! have an affinity for fat tissues and their residues can be found particu-
larlv in foodstuffs originating from animals. They are not eliminated by thermal processing and 1t was estabiished in pre-school
inshitutions, student restaurants and homes for the aging. most frequently detected was p.p DDE isomer, rarelv p.p ' DDT as well as
HCH and rarely lindane  Although use of OC! is forbidden, due to their long persistence in the environment, they can be found in
Mcman tissues, which was proved by human serum analyses. Analyses of human awtopsy materiad indicated presence af DOT me-
tabalue - pp DDE as well ws Hindane (v all analvzed samples (hrain, liver, far and tumorous tissies),
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Uvod Introduction

Pesticidi su heterogena grupa hemijskih jedinje-
nja, neorganske i organske strukture, razli¢itih he-
mijskih, fizicko-hemijskih i bioloskih osobina, Na-
menjent su prevenciji, uni$tavanju, suzbijanju ili

Pesticides are a heterogeneous group of chemi-
cals of organic and inorganic origin, having differ-
ent chemical, physical-chemical and biological cha-

smanjenju  koliéine Insekata, miSeva, nematoda,
ljiva, korova i drugih biologkih formi oznacenih
a0 Stetoéine. Visoko su rezistentni u prirodi: poka-
zuju potencijalno prolongirano delovanje; rezisten-
tnt su na fizicku, hemijsku i mikrobiolosku degrada-

Napomena: Skracena verzija pristupne besede za vanrednog &la-
na Akademije medicinskih nauka 51D u Beogradu, odrkane 17,
marta 2003

racteristics, They are intended for prevention, elimi-
nation, control or reduction of insects, rodents, fun-
gi, weeds and other biological forms known as
pests. These compounds are highly resistant in na-
ture and might have a prolonged activity. They are
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Anotation: A short version of a speech delivered upon becoming
a member of the Academy of Medical Sciences of the Serbian
Medical Association on martch 17, 2003,
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Skracenice

HU'TE - heksahloreiklolicksan

1[7Y] - diklorditemlinhloretan

Al - prilivallpiv dneym

AMH - prihvatlpy mesedéni

MDD - feoretski inaksimalnt dnevint

ciju; visoke biokumulativnosti, potencijalne kance-
rogenosti | genotoksicnosti, dobro rastvorlpva o
mastima. uljima. organskim rastvara¢ima. a rela-
tivno slabo rastvorljiva u vodi | 1-8].

Posto)i vise razhicitth podela pesticida: prema bi-
oloskoj aktivnosti, prema stepenu otrovnosty. prema
hancerogenosti, prema mutagenosti, teratogenosti,
itd. [8-111

Znacanost pesticida se ogleda ne samo u njiho-
vy primeni | vasnosti po Coveka, nego i u pojavi
nezeljenih efekata: otrovnost, mutagenost, terato-
genost i kancerogenost. Sve navedene nezeljene po-
jave su uplivisane pulevima unosa u organizam,
dozom i vremenom trajanja ekspozicije. dijemog
nivoa (kod ingestije) u inierakclji sa elementima
doba, pola i stanja ubranjenosti vsobe,

Putevi ulaska i transpovta u
ljudskom organizmu

U Tjudski orgamizam pesticidi despevaju putem
koze. ingestije 1li inhalacije: preko osnovmh fizic-
kih osobina - difuzijom, osmozom i aktivnim trans-
portom 1 podlezu zakonima biohemije otrova u po-
%lcdll rransporia, distribucije. depozicije, biotrans-
ormacije 1 eliminacije iz organizma.

Transport liposolubilnih pesticida v ljudskom or-
ganizmu se odvija putem lipoproteina, a ostalih pu-
lem plazma-proteina: retko ﬂan kompleksi sa organ-
skim kiselinama u plazmi. Biolosko poluvreme ap-
sorbovanih pesticida je razlicito; ipohlna jedinjenja
se deponuju u masnom tkive i tkivima bogatim
lipidima, jetr1 1 manje v ostalim. Hemijskom trans-
formacijom pocetnih molekula pesticida moze doci
do njihove bicaktivacije ili detoksikacije (kada jedi-
njenje gubi toksic¢nost ili se ona smanjuje). Mehani-
ram toksicnosti se ogleda delovanjem: na genetski
materijal 1 deobu L‘-.:ﬁj-:: nterferencijom sa DNA
RMNA ifzmenom tercijame strukture ovih molekula:
na hiperprodukeiju slobodnih radikala. lipidnih pe-
roksida i drugih prooksidanata: na strukturu celij-
skih zidova 1| membrana hidrolizom 1 precipitacijom
specilicnih lipida i proteina; remecenjem proizvod-
nje cnergije blokadom oksidativne fosforilacije |
ometanjem formiranya ATP; specifitno inhibitormo
dejstvo na aktiviosti enzima holinesteraze i trans-
misiju acetilholina: itd. [8,12-18].

Pesticidi u Zivotnoj sredini

U svetu se danas koristi vise od 1500 hemijskih
Judinjenja, na bazi kojih je izradeno vise hiljada
razhcitih preparata, ¢ija godisnja proizvodnja pre-
masuje vise stotina miliona tona [3,19-23].
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Abbreviations

HUH = hexachlorocvelohexane

[ MY - dhchlorodiphenylinchlorcthanc
ADL - acceptable dinly intuke

AMIE - aceeptable monthly intike

I'MP = theoretical masiumim daly fnlake

resistant to physical, chemical and nucrobiological
degradation and are characterized Iy high hioaccu-
mulation potennial carcinogenic activily and geno-
toxicity and are well soluble in fats, oils. organic
solvents but are relatively insoluble in water | 1-8].

There are varous classificanions of pesticides:
by their biological activity, level of toxicity. carci-
nogenicity, mutagenicity and teratogenicity ete. [8-
1]

The importance of pesticides is manifested not
only due to their apphication and significance for
human beings, but also due 1o their si;ﬁ: effects: tox-
icity, mutagenicity, leratogenicity and carcinogenic-
ity. All mentioned adverse effects depend on way of
intake, dose and length of exposure, dictetic level
and are interactive with age, gender and nutritional
status,

Ways in which pesticides enter the body
(ways of transport)

Pesticides enter the human bedy through the
skin, by ingestion or inhalation; through basic phy-
sical processes: diffusion, osmosis and active trans-
port and they also follow the rules of biochemistry
al toxins concerning {transport, distribution, deposi-
lion, biotransformation and elimination from the
body.

In human body liposoluble chlich:h:s- are trans-
ported through hpoproteins of plasma and for others
- through plasma proteins and rarely as complexes
with organic acids in plasma. Biological halftime of
absorbed pesticides is different: lipophilic com-

ounds accumulate m [atty tissues and tissues rich
in hipds. liver and rarely in others. Chemical trans-
formation of inttial pesticide molecules can result in
their bioactivation or detoxication {when compound
loses toxicity or when it is decreased). The toxicity
mechanism affects the following: genetic material
and cell division by interference from DNA and
RNA by changing the tertiary structure of these
molecules; hyperproduction of free radicals, lipid
peroxides and other pro-oxidants; the structure of
cellular barriers and membranes by hyvdrolysis and
precipitation of specific lipids and proteins; energy
production by blocking oxidative phospherylation
and formation of ATP; inhibiting enzyme cholines-
E;r;]iiet:;ﬁth'it}- and acetylcholine transmission; etc.

Pesticides in the environment

l'oday. more than 1500 chemical compounds are
used worldwide as well as thousands of various
preparations, with annual production over hundreds
of mullions of tons [3.19-23)].
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Posching zacajan stepen zagadivanja prirodnih
resursa nastaje primenom pesticida, bududi da oko
30%, primenjenih pesticida pada na poviinu koja se
tretira. Ostatak odlazi v atmosferu, pada na zemlju
il v vodu van tretirane povrdite. a vetrom moze bitl
odnesen na udaljene ckosisteme. posebno ako sc
vezu za Cestice pradine u vazduhu. Deo ovih hemij-
skih sredstava isparava, spira se kisom il na drug)
na¢in odnosi sa mesta tretiranja, $to uslovljava da
na ciljanim mestima ostaje manje od 1% primenje-
nill kolicing. Do zagadivanja ekosistema dolazi |
zbog prosipanja preostalih pesticida nakon zavrse-
nog tretiranja useva. neadekvatnog postupka s am-
balazom u kojoj se nalazio pesticid, kao 1 preko ot-
padnih voda nakon pranja uredaja koriscemh za
primenu pesticida. Lancem ishrane u &ijem sredistu
se nalazi - Govek postaje ugrozen [9,12,13,21-29].

l7 humanog organizma uneti pesticidi se gube
ekskrecijom u obliku origmalnih molckula, 1l v
obliku primarnih i sekundarnih metabolita putem di-
gestivnog, urinarnog | respiratornog trakta kao |
putem Zlezda (mleko, znaj) itd, [8-10].

Ova grupa hemijskih jedinjenja je svrstana u
crupu “perzistentnih toksicnih hemikalija® (POPs),
Sto nas kao potpisnike Stokholmske deklaracije oba-
vezuje na odredene aktiviosti u smislu eliminisan)a
iz upotrebe. Navode se: pesticidi - dieldrin 1 aldrin.
endrin. hlodran i heptahlor, DDT. toksafen. mireks,
heksahlorbenzen: - industrijska jedinjenja: polihlo-
rovani bifenili (PCB); - sporedni prowzvodi: poli-
hlorovani dibenzodioksim i furani (PCDDF) | 29].

Nesio deralirije o organohlormim insekticidima

Organchlornt insektieidt su dobijem uvodenjem
nekoliko atoma hlora v molekule alifatskib 1 aro-
matskih ugljovodomka. Time se pojacava neuro-
rropno delovanje, sto se¢ odrazava depresijom CNS |
opstim anestetickim delovanjem. PoloZa) supstitu-
enta u molekulu je veoma vazan 1 supstitucija u para
polozaju daje najtoksiénije produkie.

Organohlorna jedimjenya se upotrebljavaju inten-
zivno od 1943, godine kao insckticadi, akaricidi i fu-
miganti. Istorijsku ulogu u suzbijanju vektora ma-
laryje 1 tifusa imala je primena vpravo organohlormh
msekticida, ¢ime su nestale ove epidemye |8.18-
20].

Dihlordifenilirthloretan (DDT) metoksihlor 1 ro-
tan ili TDE (DDE) pripadaju grupt derivata ¢tana a
dejstvo im je prvenstveno vezano za molorna | sci-
zorna nervna vlakna. Jetra je jedini organ koj je
Znacajno napadnut.

Prasinom i vadom se prenosi na udaljenost pre-
ko hiljade kilometara (naden je 1 na antarktichom
snegu, Akumulira se progresivio (u ribama je za
10,000 puta ve¢a koncentracija no u okolno) vodi)
[7.12.22-24]. Od | januara 1972, godine je njegova
upotreba zabranjena. Moze se jedino upotrebiti
vanrednim  uslovima  odbrane suma od  najezde
oidredenih insekata (ne u cetimarskim Sumama, zbog
visohe perzistentnosti uiglicama Setinara) [25-27].

h
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Pollution of patural resources is particularly sig-
nificant due to pesticides, because around 0% of
applied pesticide covers the treated aren. [he resd
enters the atmosphere. soil or water. and s (rans-
ferred 1o distant ecosystems by wind. especially dust
particles in the air. A part of these chenmicals 1y
washed away with the rain or in other way Is lrans-
ferred (rom the treated location. because at the target
places remains less than 1% of applied pesticides.
Ecosystems are polluted by the remaming pesticides
after treament of crops, inadequate managing of
pesticide waste and packaging as well as of waste
waters alter washing the equipment for pesticide ap-
plication. he food chain is in danger, and so are hu-
mans. being in its center |9,12.13.21-29].

Pesticides are excreted from the body as original
molecules or as primary and secondary metabolites
through the digestive. urinary and respiratory tract,
as well as through elands (milk, sweat) ewe. [8B- 14,

his group of chemical compounds belongs 10 a
eroup of "persistent toxic chemicals” (POPs) and as
a signatory country 1o the Stockholm Convention,
we are obliged to take measures and climinate the
following chemicals from use: pesticides - dieldrin
and aldrin, endrin, chlordane and  heprachlorine,
DDT, toxafen, mirex. hexachlorbenzene: industrial
compounds - polvehlorinated hiphenyl (PCB) sec-
ondary products - polychlornated  dibenzodioxins
and turans (PCDD/F) 29

Some details on organic - cilorine pesticides

Organochlorine insecticides are made from chio
rine atoms and molecules of aliphatic and aromatic
hydrocarbons. In this way neurotrophic activity in-
creases, which causes UNS depression and general
anesthetic activity. Position of substituent m o mole-
cule is very important and substitution in para posi-
Lion results with toxieny.

Organochlorine compounds  have been  inten-
sively used since 1943 as nsecthicides, acaricides
and fumizants. In control of malara and typhus vee-
tors organochlorine inseenicides plaved a historical
role and epidemics were stopped [8.18-20]

DDT (dichlorodiphenyltnichloroethane), metho-
vichlorine and rothane or TDE (DDE) belong to the
group of ethane derivates and their effects are pri-
marily related 1o motor and sensor nervous [ibers,
Liver is the only organ that can be significantly
damaged.

Pesticides can be transferred over great distances
even 1000 km (they were lound i the Antarctic
snow), They accumulate progressively (concenira-
tion is 10000 times higher in fish than in the sur-
roundimg water) [7.12.22-24] Since _lummr:. LY
their use s forbidden. They can only be wused m
emergency situations when extraordinary measures
sl Ll‘rr;: Laken to protect woods from insect invasim
(nat in coniler woods due to high persistence in
conifer needles).



LInet u organizam veoma brzo dospava u cirku-
laciju: jedan deo se izlucuje nepromenjen: drugi se
nalazi u mokraci 2-4 dara kao DDA; jedan deo se
posle konjugacije sa aminokiselinama izlucuje pu-
tem zuct a najveci deo se tzdvajanjem HCI de-
hidrohlorinacijom prevodi u liposolubilni DDE koji
s¢ potom akumulira o masnom (kivy, Poluzivot
DDTa je 6-12 mesect, a metoksihlora 7-14 dana,
AL za DT (ukupne 1zomere) 1znosi 0005 ma'ke
TM (FACQYWHO) [9.14,18-21.24].

Iz grupe derivata cikloheksana najvazniji je hek-
sahlorcikloheksan (HCH). kop kao tehnicki preparat
dolazi u formi smese 8 izomera. Smatra se da su
alta 1 gama 1zomert HCH konvulzivni otrovi, dok su
beta 1 delta izomeri depresori NS, Ako se gama
izomer (lindan) nade rastvoren u organskim rast-
viracima. iskazuje povecanu toksiénost.

Lindan [4-6.28-32] je organohlorni insekticid i
fumigant, te se koristi protiv insekata koji borave u
tly i hrane se hiljkama (fitofagn). Koristi se u ¢ilju
sastile semena od Stetoéina iz tla &t drvo: 0t
proizvode u skladiStima: znacajan je u borbi protiv
oboljenja Koje prenose insekti na ljude Koristi se
takode u losionima, kremama i samponima protiv
skabiesa. Ul prodaji se nalazi v vidu suspenzije,
L‘mul?.ijlc._ praska, pudera i ULV (udira-low volumen)
tecnostl.

Pormat je po svojo) akutnoj {inhalacioni i der-
malni putevi unosenja) i hroniénoj toksiénosti (no
ahserver effect > 2 godine); dejstva na CNS: uzro-
kuje mentalna | motorna oiteéenja, uslovljava po-
javu toménih 1 Klonicnih gréeva, pluéni edem i sl..
ostecenja jetre pri ADI od 5 mg/kg/dan: oiteéenje
pankreasa. testisa | membrane nazalne mukoze kod
ekspenimentalnih Zivotinja, kao i imunog sistema,
(premda su za ovu konstataciju neophodna duge-
sodidnja prospektivna istrazivanja!).

Teratogeni efekti - Uticaj na reproduktivae efek-
te se jos uvek istrazuje na laboratorijskim zivotinja-
ma.

Mutageni efekti - Na kulturi humanih limfocita
(3-10 ppm) Iindan indukuje promene na hromo-
somimma (premda su neka osteéenja hromozoma
uocena i pri mizim koncentraciji hindana - od |
ppm).

 Kancerogeni efekti - Dostupni podaci raznih stu-
dija su uglavnom kontradiktorni: pocev od izvestaja
da izomeri beta, gama i deita HCH u dozi od 64
me/kg/dan nisu proizveli tumorozme promene kod
200 miSeva, do toga da je samo alfa izomer identifi-
kovan kod 100% ispitivanih mieva!

Putevi transporta i eliminacije - Nakon unoenja
u organizam veoma je brza njegova distribucija i
ehiminacija u formi tri i tetrahlorfenola i konjugovan
sa sullatima ili glukoronidima: ili se eliminge u vidu
merkapturata (urinom). Poznato je "uskladistenje”
pama HCH u masnom tkivu (vide nego ostali izo-
meri HCH!). za §ta je potrebno 2-7 dana (eksperi-
memtalno, kod pacova),

[Ekoloski efekti - Lindan perzistira visoko u tlu i
vodama sa poluzivotom oko 15 meseci (ako je

Kristoforovié-Ilic M. Zivotna sredina i pesticidi

Pesticides are absorbed in the body rather
quicklv: one part i1s excreted unchanged: the other
stays m the urine 2-4 davs - like DDAC after conu-
gation with amino-acids one part 1s excreted through
the gall: by HCL dechlorination, the greatest pan
becomes liposoluble DDE, which later accumulares
in fat tissues. Half-life of DDT is 6-12 months and
7- 14 days of methovchlorine, ADI for DDT (total
isomers) is 0,005 mg/kg BW (FAQ/WHO) [9,14,18-
21,24).

In the group of ¢velohexane derivatives the most
important 15 technical  hexachlorocvelohexane
(HCH) which 1s a mixture of 8 isomers. It is consid-
ered that HCH alpha and gamma i1somers are con-
vulsive toxins. while beta and delta isomers are CNS
depressants. If gamma 1somer (lindane) is dissolved
in arganic solvents it shows increased toxicity,

Lindane [4-6.28-32] is an organochlorime insecti-
cide and a fumigant which is used on a wide range
of soil-dwelling and plant eating (phytophages) in-
sects. It is used in seed treatment in wood protec-
tion: in warchouses: it is important against diseases
transferred from insects o humans, It s alse used in
lotions, creams and shampoos against lice and mites
(scabies). In the market, it can be found in the form
of suspension. emulsion, powder and ULY (ultra-
low volume) liguid.

Lindane is known for its acute (oral and dermal
exposure) and chronic toxicity ("no observer effect”
> 1 vears); effects on CNS; causes motor and mental
Impairment, lonic, clonic convulsions, edema et ;
liver damage at ADI of 5 mg/ke/day: pancreas and
testis injuries, nasal mucous membrane injuries in
experimental animals as well as immune system
damage (although long-term prospective investiga-
Lions are necessary ),

Teratogenic effects of lindane are still investi-
gated in laboratory animals, Mutagenic effects: in
human lymphocytes (5-10 ppm) it induces chromo-
somal changes (some chromosomal changes were
noticed in lower concentrations of lindane as well -
from | ppm). Carcinogenic effects: available data
from various studies are mainly contradictorv: from
reports that isomers beta, gamma and delta HCH in
b4mg/kg/day have not produced tumorous changes
in 20 mice, to the fact that alpha isomers were iden-
tilted i 100% mice,

Ways of lindane transport and elimination: after
entering the body, its distribution and elimination is
very fast in the form of conjugated tri and tetrachlo-
rophenol with sulfates or glucuronides: it is elimi-
nated n the form of mercapturate (bv urine).
Accumulation of gamma HCH in fat tissues is well
known (more than other HCH isomers) which takes
2-7 days (experimentally in rats).



Med Pregl 2004; LVII (11-12): 523-535. Novi Sad: novembar-decembar. 527

dispozicija povrinija, poluvreme Zivota je zpatno
krace), pokazuje slab afinitet pri inkorporaciji sa
zemljistem; moze se kretati kroz tlo debro navla-
zeno kisnicom. Ovo stvara rizik kontaminacije po-
vrsinskih veda (manje od | mikrograma/lL u po-
vrdiskim vodama ltalije, Amerike itd.). Stabilan je
kako u slanim tako i u slatkim vodama. MElahﬂHi—

zam lindana u biljkama je dosta nepoznat. Biljke

mogu da ga "pokupe” ne samo direktnom aplikaci-
Jom nego 1 putem vode | gasne faze. Perzistencija u
biljkama je vidna kada one sadrze dosta masnih
Komponenti; vie ga ima npr. u Sargarepi (gde je
poluzivot =10 nedelja, a u zelenoj salati samo 3-4
dana.

Primena | potrosnja

Pesticidi se primenjuju u gotovo svim pndruc":ljh
ma proizvodnje hrane 1 1zloZzeno im je gotovo celo-
kupno stanovnistvo $to ih &ini polutantom od glo-
balnog znacaja. Veliki broj ﬂviE supstancija zado-
voljava stroge toksikeloske kriterijume.

Posle drugog svetskog rata potroinja pesticida
raste 1 u Jugoslaviji i dostize maksimum [9835.
godine kada je iznosila 15 396 tona, sa kasnijom
tendencijom opadanja. Poslednjih decenija proslog
veka raste primena herbicida, posebno triazina u
grupi insekticida karbamata. lzomer HCH (lindan)
Je u intenzivnoj primeni u naSoj zemlji, dok je uku-
pan HCH kao i DDT van primene od 1. | 1972,
godine [1-3,8,12,13.23.24.30-33].

Tako je 1999. godine utreseno 3 411 tona pesti-
¢ida, od toga 2607 tona u preduzecima i zadrugama,
a 804 tone u individualno poljoprivrednoj proizvod-
nji. Prema podacima za 1999, podinu u nasoj zemlji
se koristilo 673 rcgislrnvaniﬁ preparata [Jurmull-
sanih od 235 aktivnih materija i 84 kombinacije
dveju | vise aktivnih materija; a 2002. godine u
nasoj zemlji se konstio 641 pesticidni preparat sa
242 aktivne supstancije [8.20.3 1-33(}.

Ispitivanja perzistencije ovih jedinjenja u zemlji
su pokazala da je procenat pesticida 20 godina
nakon tretiranja bio slede¢i: Toksafen 43%, Hep-
tahlor 35%, Aldrin, Dieldrin 1 Endrin 12.8% i Hlor-
dan 7,7%. Od ove kolid¢ine rezidua 60-75% DDT-a i
90-95% Toksafena je bilo na dubmi od 30 cm.
Poluzivot za Toksafen iznosi oko 10 godina, za
DDT od 3 do 10 godina, Dieldrin 1-17 godina a
Heptahlor 7-12 godina [31-40],

Ekotoksikoloska procena se vrdi na osnovu vise
parametara: akutne (oksi¢nosti za organizme (per-
natu divljaC, péele i dr. artropode, ribe dafnije i
alge); toksiénosti za zemljiSne gliste i mikroorga-
nizme, rezistentnosti u zivotnoj sredini. biodegrada-
ciji i bioakumulaciji u organizmu [8).

Na osnovu procene uslova ekspozicije, ekotok-
sikolo3kih svojstava i sudbine u spoljasnjoj sredini.
a imajuci u vidu namenu hemikalije, procenjuje se
ckoloski rizik, vrdi klasifikacija i predvidaju mere
prevencije radi umanjenja ili izbegavanja Stetnih
uticaja. Istrazivanja bioakumulacije su od posebnog

Ecological effects: lindane is lighly persistent in
soils and waters with a half-life of around 15
months (on the surface the half-life 15 much shorter
than when incorporated into the soil); it shows fow
affinity for soil binding: it may be mobile in soils
with rainfall. It may pose a risk of groundwater con-
tamination (less than | microgram/l in groundwater
in ltaly, America etc). It is very stable in salty and in
fresh waters as well. Lindane metabolism in plants
is not well understood. Plants may pick up residues
from not only direct application, but through water
and vapor phases. Persistence is seen when planis
are rich in lipid contnt, and corps like cauliflower
and spinach will build up less residue than crops
like carrots (half-life in carrots = 10 weeks and in
lettuce of only 3-4 days).

Application and utilization

Pesticides are used in nearly all areas of food
production and practically complete population is
exposed, which makes it a pollutant of global con-
cern. A great number of these substances satisfies
very strict toxicological criteria.

After the World War |1 utilization of pesticides
has increased in Yugoslavia and has reached its
maximum in 1985, when it reached 15.396 tons with
a decreasing tendency. In last decades of the previ-
ous century application of herbicides has increased,
particularly of triazine, from the group of carbamate
msecticides. y isomer HCH (lindane) is used in our
country while total HCH as well as DDT are banned
since January 1, 1972 [1-3,8,12.13,23,24 30-33].

In 1999, around 3411 tons of pesticides were
used, out of which 2607 tons by collective farming
and B804 tons by individnal agricultural producers.
According 1o the data from 1999, in our country
there were 675 registered preparations composed of
235 active substances and 84 combinations of two
or more active substances; in 2002 there were 64|
pesticide preparations with 242 active substances
18,20,31-33].

Persistence investigations in our country indi-
cated that a persistence 20 years after treatment was
as follows: Toxaphene 45%, Heptachlorine 35%.
Aldrin, Dieldrin and Endrin 12.8% and Chlordane
7.7 Y. Out of this, 60-75% DDT and 90-95% Tox-
afene residues were found ai 30 cm depth. The half-
life of Toxaphene is around 10 years, of DDT 3-7
years, of Dieldrine 1-17 years and of Heptachlorine
7-12 years [31-40].

The ecotoxicological estimation is made on the
basis of several parameters: acute toxicity to organ-
1sms (game birds, bees and other arthropods, daph-
nia and algae); toxicity to soil worms and micro-
organisms, environmental resistance, bio-degrada-
tion and bicaccumulation in organisms [8].
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smacaja za zadtitu populacije i zajednica na vrhu
rroficke piramide. ukljucujuci i oveka

Prema sadasnjim saznanjima polazi se od
prihvatljivog dnevnog unosa (ADI) uz utvrdivanje
pomoénih parametara kao 5to su: teoretshi maksi-
malni dnevni unos i medunarodno  procenjent
dnevni umos, §to treba da prate rezultati ispitivanja.
ADI predstavlja kolicinu aditiva hrane i rezidue pes-
ticida koji se moze unositi dnevno putem hrane u
toku zivota bez rizika i zasniva se na telesnoj masi
To je inate i osnova za utvrdivanje tolerancije |
karenci. Pored ADI uvodi se i pribvatljiv mesecn
unos - AMI [35-40], Da bi se rizici od unosa
toksicnih/opasnih supstancija prisutnih u hram ;
vodi sveli na minimum. a time osigurala bezbednost
potrodaca i kvalitet proizvoda, preduzimaju se raz-
licite preventivae | kontrolne mere. Time se omo-
sucava prikupljanje relevaninih kvantitativnih poda-
taka 7a procenu 0 izlozenosti ¢oveka. Ove aktivnosti
se sprovode kako u Evropskoj uniji tako 1 u SAD.
Cilj ovih kontrola je provera realizacije zakonskih
propisa koji regulisu nadin primene | MDE pojedi-
nih pesticida v primarnim 1 prerademm poljopriv-
rednim proizvodima (EU: sveze vole, povrce i Zi-
tarice: SAD: sveze i preradeno voce i povrée, mle-
ko, soja, sirup od kukuruza - u 1988, godim) [40].
Programi monitoringa zagadivata se sprovode u
Evopi na nacionalnom nivou vec tridesetak godina.
a celoviti pristup monitoringa od 1990. godine a od
1996. postoji koordinisano objedinjeni pristup (naz-
van "uskladenom vezbom™) [40].

Prema sadadnjim saznanjima polazi se od prih-
vatljivog dnevnog unosa (ADI) (Tabela 1) uz ut
vrdivanje pomoénih parametara kao §to su: teoretski
maksimalni dnevni unos i medunarodno procenjent
dnevni unos, $to treba da prate rezultati ispitivanja.

Radi izucavanja ostataka pojedinih organohlor-
nih insekticida u eko-sredinama 1 humanom tkivu
pristupilo se njihovim analizama, a na bazi reali-
zacije cetiri visegodiinje nauéne teme finansirane
delom od Ministarstva za nauku Republike Srbije.

Navode se hronoloskim redosledom istraZivanja.
nazivi nauénih tema:

|. Tema l=ucavanje sadrzaja pesticida u vodi,

2. Tema lzucavanje sadriaja pesticida u namir-
nicama animainog porekla;

3, Tema lzucavanje sadriaja organohlornih in-
sekticida w serumu osoba sa razlicitim nivoima
lipopratein

. Tema Ispitivanje sadrzaja organohlornil in-
sekticida n Zivomaoj sreding | nfihoveg wticaia nua
sdravije stanovnisia,

Materijal i metode

Poznavajuéi karakteristike organohlornih insekti-
cida, a na bazi vazecih zakonskih propisa kod nas |
u svetu i propisane/preporucene metodologije rada.
vriene su analize ostataka OHI kao i interpretacija
dobijenih rezultata [26.37-45].

Kristoforovic-1lic M. Zivotna sredina i pesticidi

Based on exposition. ecotoxicological character-
istics and effects (o the environment. having in mind
the purpose of chemicals. the ecological risk 1% esti-
mated and classified and preventive measures arc
planned to decrease and avoid harmful effects. In-
vestigations of bioaccumulation are of specific im-
portance for protection of pepulation and commu-
nities at the top of the tropic pyramid. including hu-
man beings.

According 1o present Knowledue. acceptable
daily intake (ADI) is the starting point followed by
determination of other parameters such as: theoreti-
cal maximum daily intake and international esti-
mated daily intake. ADI is defined as the food
additives and pesticide residues, that can be -
gested daily in the diet without the risk and 15 ex-
pressed on a body weight basis. Apart from ADI,
aceeptable monthly intake is also introduced - AMI
(33-40). In order to decrease risks of intake of
roxic/harmful substances present i food and water
to minimum and in that way to assure safety and
guality. preventive and conirol measures dare taken.
ln this way. relevant qualitative data collection is
performed to estimate of human exposure. These
aclivities are carried out in the Furopean L'nion and
in USA as well. The aim ol these measures is to
check il law regulations concerning Maximum Ac-
ceptable Concentrations (MAC) of particular pesti-
cides in primary and processed agricultural products
are enforced (EU: fresh fruit, vegetable and cereals;
USA: fresh and processed froil and vegetables,
milk. soybean. maize svrup - in 1988) [40]. National
monitoring network for pollutants in Europe has
been maintained for over 30 vears, general monitor-
ing since 1990, and coordinated monitoring since
1996 [40].

The aim of this paper was 10 investigate or-
ganochlorine residues in ecosystems and human tis-
sues. based on four long-term scientific studies
partially financed by the Republic Ministry of Sci-
ence ol Serbia

The studies are listed chronologically

|. Pesticides in walter

2. Pesticides in food of animal arigin

3. Organochlorine insecticides i serum of per-
sons with different levels of lipoproteins

4, Organochlorine insecticides in the enviran-
ment and their impact on population health.

Material and methods

Knowing the characteristics of organochlorine
insecticides and regulations concerning their use in
our country and abroad, we have analyzed OCI resi-
dues in the environment [26.37-45].
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Tabela 1. Ostact OHT w vodi Bunava kod Novoy Sada
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Table I, Urganocliorine residue in the Dangibe river near Nevi Sad
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Rezultati

CIstact organollormih msekticida w vodi

Kontrola je vriena svakog meseca u periodu od
1986. do1994, godine, a rezultati analiza ostataka
OL u vodi reke Dunav ne beleze uéestalost i redov-
nost nalazenja. Lltvrdeni su najéesce ostaci: HCH.
lindana, heptahlorepoksida, aldrina i ukupnog DDT.
Utvrdene koncentracije nisu hile van vrednosti za-
htevanog boniteta 1 klase, 1zuzev 1990, 1 [99], go-
dine za HCH (Tabela 2). Nalazi ostalil autora [46,
47] takode wdu u prilog detekcije ostataka OIl u
povriinskim vodama.

Analize ostataka OH! u pijacim vodama Voj-
vodine 1z velikih distributivimh sistema (Novi Sad.
Sombor. Subotica, Zrenjanin, Panéevo | Sremska
Mitrovica). nisu pokazala pozitivan nalaz.

Ll vodama 1z pojedimih subarte3kih bunara re-
giona Vojvodine tokom 998, godine (N=12) ul-
vrdeni su ostaci u 4 vzorka HCH (prosek 0,004 ppb:
maksimum 0,0072; SD (L00228) i aldrina (prosck:
0.0006 ppb: maksimum 0,0052; SD 0.00189). U
1.6% uzoraka utvrdeni su ostaci HCH "u tragovi-
ma". Lokaliteti ovih bunara su u oblasti najvece pri-
r;1_::m: pesticida u poljoprivredno] delatnosti Vojvo-
ame,

Chstact erganohlornily insekticida u

vazduhu konnmalne sredine

Analiziran je kvalitet vazduha u nekoliko vojvo-
danskih urbanth mesta: Zrenjanin, Novi Sad, Kikin-
da, Apatin 1 Beocin.

Zastupljenost pojedinih organohlornih insekiici-
da u vazduhu komunalne sredine Zrenjanina tokom
1995/6. godine ukazuju na dominantnost ostataka
HCH, lindana i heptahlora. | u periodu 1996-2000.
takode su dominantni ostaci alfa, beta 1 deita HCH
(u 22.27%) i hindan (u 10,71% uzoraka)., Gratiko-
nom | prikazane su utvrdene maksimalne Koncen-
tracije ostataka hindana i HCH (alfa. beta i delta) u
Zrenjaninu tokom 1996-2000. godine,

Results

(reancehforine insecticide residues in water

Controls have been performed on a monthly ba-
sis in the period 1986-1994, and results ol analyses
show that OCI residues in the river Danube are nei-
ther frequent nor regular. The most frequent resi-
dues are as follows: HCH. lindane. heptachlore-
poxide. aldnn and total DDT. The established con-
centrations have not exceeded the recommended
limits. except for HCH in 1990 and 1991 (table 1).
Results of other authors [46.47] are in agreement
with ours concerning OCI residues m surface
waters.

OCT residues have not been detected in drinking
water of Vojvodina water systems of Novi Sad,
Sombor. Subotica. Zrenjanin, Pancevo and Sremska
Mitrovica.

During 1998 in 4 samples from sub-artesian
wells i the region of Vojvodina HCH residues
were detected (N=12) (average 0.0040 ppb: maxi-
mum 0.0072: SD 0.00228) as well as aldrine (aver-
age: 0,0006 ppb: maximum 0,0052; SD 0,00189),
Traces of HCH residues were found in 1.6% of
samples. These wells are in the arca where pesti-
cides are used n agriculture in Vojvodina.

Organochlorine insecticide residues in

comimunal air

Air quality was analyzed at several urban loca-
tions in Vojvodina: Zrenjanin. Novi Sad, Kikinda.
Apatin and Beodin.

Some organochlorine insecticides were detected
in ambient arr in Zrenjanin during 1995/6, mostly
HCH. lindane and heptachlor residues. In the period
1996-2000, residues of alpha, beta and delta HCH
(in 22.27%) and lindane were detected (in 10.71%
ol samples).



Tokom 1997. godine sezonskim pracenjem kva-
liteta vazduha u pogledu detekeije OHI pokazala su
uglavnom negativan nalaz u Novom Sadu (20 uzo-
raka meseéno sa razlicitih lokaliteta) 1 Kikindi (4
meseéna uzorka sa razlicitih lokaliteta). Kontrola
kvaliteta vazduha septembra meseca iste godine u
Apatinu (sa 4 lokaliteta), pokazala je negativne na-
laze.

LI periodu Ijanuar - decembar |998. podine anali-
¢a ostataka OHI u vazduhu Novog Sada vriena je sa
20 memih mesta u vidu kompozitnih mese¢nih uzo-
raka (12 uzoraka godisnje) 1 u Kikindi sa 4 merna
mesta u vidu kompozitnih meseénih uzoraka (12
uzoraka godisnje). Beocin se ukljuéuje u analizu
pracenja ostataka OHI od 1999, godine na 1sti nacin,
sa ukupno 12 uroraka godisnje. Ostaci HCH se regi-
struju tokom 1998, godine u Novom Sadu od "tra-
ga" do 0.0054 ppb; a u Kikindi od "traga" do 0,0033
ppb. Ostaci lindana su verifikovani u jednom uzorku
vazduha v Kikindi u koncentracyi 0,0007 ppb: a
aldrina u “tragu” u vazduhu Novog Sada. Nisu ut-
vrdeni ostaci heptahlora | heptahlorepoksida.

Podaci WHO [15] 1 Bearda [36] idu u prilog
Enﬂstatﬂciji prisutnosti OHI u ambijentalnom vaz-

uhu,

Ostaci organohlornth insekticida u hrani

Nasa prva sprovedena pilot istraZivanja odnosila
su se na istrazivanja ostataka OHI v mleku 1 mled-
nim proizvodima razlicitih proizvodaca 1z SFRJ,
kada smo ustanovili da je u 54,5% uzoraka bio iden-
tifikovan p,p’DDE. Na osnovu ankete ishrane sta-
novni§tva Vojvodine sprovedene 1997, godine |
utvrdenih ostataka pojedinih OHI v pregledamm
namirnicama sa trzista, pristupili smo odredivanju
ADI i TMDI (1abele 3 i 4).

Nadalje, analize 28 namirmica razhéitog porekla
na ostatke OHI, pokazale su da ni u jednom uzorku
namirnica utvrdene vrednosti rezidua pesticida nisu
bile >MDK, ali je bilo znacajno da su utvrdene u
koli¢inama od "u tragu” pa do mogucih numerickih
kvantifikacija (znacajnih za utvrdivanje potencial-
nih zdravstvenih rizika),

Na osnovu utvrdenih koncentracija rezidua OHI
u navedenim namirnicama kao i na osnovu polros-
nje istih u ishrani stanovnistva Vojvodine za 1977,
sodine, izratunat je dnevni unos rezidua putem
navedenih namirnica i to: indana 2,251 107" mge; o-
HCH od 2,279 - 10" mg; B-HCH od 2,069 107, &-
HCH od 1,859 10" mg; DDE od 2.052 <10 mg i
DDT od 2,052 - 107 mg.

Analize ostatka organohlornih insekticida u

dnevnim dijetama iz objekata drustvene ishrane

Analize ostataka OHI u celodnevnim dijetama
drustvene ishrane su vriene iz objekata predskolske
ustanove, srednjoSkolskih internata, studentskih re-
storana i gerontoloskih centara u Movom Sadu [48],

Termickom obradom insekticidi se ne eliminisu,
sto je potvrdeno analizom ostataka u kompozitnim
dijetama obroka iz navedenih ustanova.

Kristoforovié-flic M. Zivotna sredina i pesticidi

During 1997, air quality in regard o OCl were
negative in Novi Sad (20 samples monthly from
various localities) and Kikinda (4 samples monthly
from various localities). Air quality control in Sep-
tember of the same year in Apatin (from 4 locali-
ties), indicated negative results, |

In the period January - December 1998, air sam-
ples were taken in Novi Sad from 20 localities in
composite manthly samples (12 samples per year}
and in Kikinda from 4 localities in composite
monthly samples (12 samples per vear). In the same
way, Beodin was included in the investigation of
OCT residues since 1999, with 12 samples per year.
Traces of HCH residues were detected during 1998
in Novi Sad, up to 0.0054 ppb: in Kikinda up to
0.0053 ppb. Lindane residues were confirmed in
one air sample m Kikinda in 0.0007 th and traces
of aldrin in the air of Novi Sad. Heptachlor and
heptachlorepoxide residues were not confirmed.

Data of WHO [15] and Beard [36] also confirm
presence of OCI in ambient air.

Organochlorine insecticide residues in food

Our first pilot study investigated presence of
OCI residues in milk and dairy products of various
producers in Yugoslavia. p’p’DDE was identified in
54.5% of samples. cx

Based on the poll conducted in 1997 on nutrition
of population of Vojovdina and confirmed presence
of some OCI residues in analvzed foodstuffs from
the the market, we determined ADI and TMDI (ta-
bles 2,3).

Furthermore, analysis of 28 loodstuffs of animal
and plant origin for OCI residues indicated that
none of the food samples contained pesticide resi-
due values > MAC, but they were confirmed in
traces up to numerical quantifications (important in
confirmation of potential health risks). |

Based on confirmed concentrations of OCI res-
dues in mentioned foodstuffs, as well as based on
their consumption in Vojvodina in 1997, the daily
intake of residue was calculated as follows: lindane
2,251 -10° mg; ¢-HCH from 2,279 - 10" mg; B-HCH
od 2,069 -107, 8-HCH from 1,859 10" mg: DDE
from 2,052 - 107 mg i DDT from 2.052 -10° meg.

Evaluation of daily dietary intuke of organo-
chiorine insecticide residues in variouws public
mstiufiony

Evaluations of daily dietary intake of OCI resi-
dues were conducted in pre-school institutions,
boarding schools, student restaurants and homes for
old people in Novi Sad [48].

Thermal treatment does not eliminate insectides
and it was confirmed by OCI analvsis in composite
diet samples from abovementioned institutions.

During 1995-96, in pre-school institutions, sec-
ondary boarding schools, student restaurants and
homes for old people, HCH was identified most fre-
quently (from traces to 0.0020 ppb in 3 samples).
Lindane residues were confirmed in meals from
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U kompozitnim obrocima celodnevnih dijeta to-
kom 1995-96. godine poreklom iz predskolskih us-
tanova, srednjoskolskih internata, studentskih resto-
rana i gerontoloskih centara, najéesée je bio identi-
fikovan HCH (ed "traga" do 0,0020 ppb u 3 uzor-
ka). Ostaci lindana su bili verifikovani u obrocima
iz tri obdanista (0,0016 pph). Ostaci heptahlora nisu
bili utvrdeni. Aldrin i IEEplilhiﬂrepuksid su bili ut-
vrdeni u po gednﬂm uzorku (0,0012 1. 0,001 ] ppb};
dieldrin je bio utvrden u dva kompozitna uzorka
(0.0052; 0,0073 ppb). U identifikaciji dominira
DDT sa svojim derivatima (min. 0.0019: max:
0,0083 ppb). Tabelom 5 prikazana je uestalost
nalaza ostataka OHI u dnevnim dijetama.

sSprovedena istrazivanja u 1997, godini u celo-
dnevnoj dijeti uCenika u domovima, utvrdila su da
masnoce ¢ine u proseku 32,88% KJ §to je na gorn-
joi granici preporuka. U 23% celodnevnih dijeta
(obroka n= 43) nije utvrdeno prisustvo ostataka
OHI. Prema najcescoj ucestalosti pojavljivanja is-
iée se p.p' DDE (53.58%); lindan, podjednako alfa i
delta EICri]-i (14.28%). potom p.p'DDT (7,14%), dok
beta HCH nije utvrden. Tabelom 6 prikazane su nu-
mericke vrednosti pojedinih ostataka OHI u kom-
pozitnim uzorcima celodnevne dijete.

Tabela 3. Teoretski maksimalni unos ostataka OHI 1okom
konzumiranja namirnica animalnog porekla mg/mn.j. 1 1990

Table 3. The Theoretical Maximum Daily Tntake (TMDI of
CCT during consumption of food of animal arigin e 9970

nj.

OHLEH Thi ADI meke T AD-WHIC
in kit oy e kg HAS
in [ il | 0.7
N HCH 0o |Gt % 10 g s 5,70
BHCH 0.0 ? is
Aldon Afefrine i 0 0
Testal DOT - (15 ] (1-134%0

Osiact organohfornih insekiicida u

humeanom serumu

Prva istraZivanja (1990.) obuhvatala su analizu
ostataka OHI kod 13 muSkaraca i 14 Zena (tabele
6,7), pacijenata Dispanzera za bolesti ishrane i dija-
betes Instituta za zastilu zdravlja u Novom Sadu.
Kvantitativni sadrzaji ostataka OHI su odredeni gas-
ml:;r&gmmamgraﬁjnm uz primenu kapilarnih kolona
i ECD.

Tabela 4, Ulestalost pojedinih ostataka OHI o celodnevmim
dijetama pejedinih Kategorijs stanovnidtva (obroka N= #4)
tokom 1995- 996,

Table 4. Occrirrence of some OC] residue in wholeday dipt of
certam popilation calegories (meals N=84) during [995-
1996,

Nalaz/Hesules pp'DDE pp'DDT Lindone alfa  beta  delia

(%a) HCH HCH HCH
Pozitivan

Posirive 3358 T.14 1428 14253 / 14,28
Megativan

Negative d6,42 92 86 B3, 72 B5T72 160 R5.72

Tabela 2. Uhvrdeni ADD ostataka OHI tokom konzumirania
namirnica amimalnog porekla mg/ng u 1990

Table 2. Acceprable dafly mtake (AIM) of O during con-
sumpleon of food of animal orig meon g in 990,

Hirauwi Degwtie unos ®widstr Ukopn  oHCH HCH - Alden
Farkl prrdan'p.| s [T I Y T
e Py ke Jisiat
Ll Fax
Adlekaihdils 00 12 (4 ik 0T L by
ST o 2,31 159 TR 0 T 0
Budes/ Huider 0,1 21 LH] 1] Q
Fetra!f iver 243 15 E! - ' *
Jetrena paiiety
Liver ptetyr 4.1 41 ] . # Gl

Ribbp konzerva
[ arneedd fiah 53 I35 R L] p L]
* 1gpod phmmee dtekene under the weteotime limi

three kindergartens (0.0016 ppb). Heptachlor resi-
dues were not found. Aldrin and heptachlorepoxide
were confirmed in one sample each (0.0012 ie.
0.0011 ppb). Dieldrin was confirmed in two com-
nosite samples (0.0052; 0.0073 ppb). DDT with its
derivatives was most dominant (min. 0.0019: max
0.0083 ppb). Table 4, represents the occurrence of
OCI residues in daily diet.

Investigations undertaken in 1997, considering
the whole-day diet of pupils in boarding schools,
confirmed that fats make up 32.88% KJ on average,
which 1s the upper recommended |imit. In 25% of
whole-day diets (meals n=45) presence of OCI resi-
dues was not confirmed. Concerning the most fre-

uent appearance, p'p'DDE (53.58%) is the most
requent; then lindane, alpha and delta HCH
(14.28%), p'p'DDT (7.14%)., while beta HCH was
not confirmed. Table 5. presents the numerical val-
ues of particular OCI residues in composite samples
of whole-day diets.

Chrganachloride insecticide residues in

human serum

The first investigations (1990) included evalua-
tion of OCI residues in 13 males and 14 females
(Table 6), who were patients of Nutritional Dispen-
sary and Diabetes, Institute of Public Health Novi
Sad. The quantitative analysis of OCI residues was
done using gas chromatography, and capillary col-
umns and Electron Capture Detector (ECD),

Additional investigations of OCI residues in

human serium

A group of 100 patients of the Nutritional Dis-
pensary and Diabetes, Institute of Public Health
Novi Sad was included in this investigation during
1996/7: their average age - females 60.8 and males
31.2. Their anthropometric status was determined to
be 1deal (IBM - females 54.1 kg: males 65.75 kg) as
well as the relative body mass (RBM - females
132.91% and males 118.29%) and the BMI (females
- 29.06 and males 26.68). p'p’ DDE. p'p’'DDT



531

Potonja istrazivanju ostataka OHD u

fuenictinony serymn

(dabrana je grupa od 100 pacijenata ispanzera
sa bolesti ishrane 1 dijabetes Instituta za zadtitu
sdravlja u Novom Sadu koji su tokom 1996/7 doshi
na proveru svog sdravstvenog stanja, proseéne sti-
rosti zena 60,8 wodina | mudkaraca 51.2. L7 okviru
antropometrijskog  statusa. kod svilh Je utvrdena
idealna (ITM - 1 grupi zena 54.1 Kg 1 muskaraca
63.75 kg) i relativna telesna masa (RTM - u grupu
rena 132.91% | muskaraca 118.29%) Kao 1 indeks
telesne mase (BMI - u grupi zena 29,06 1 muskaraca
26.68), Bichemijske - hpidske karakteristike kod
ispitanika, prikazane su Tabelom 8 U serumuy
vecine ispitanika (93.2%) bio je utvrden p.p DDE,
potom p. p- DDT (46.3%) 1 lindan (0.41%).

Ostact organohlormih msekecida w dragin

finemim  ikivima

Zahvaljujuci kolegama iz Sremske Kamenice. In-
stituta za pulmologiju - Odeljenja za patologiju. ik~
liugenih u ova istrazivanja. uspelo se prici istra-
Zivanjima ostataka OHI v humanom obdukcionom
materijalu (mozak, jetra. masno i lWmorozno thivi
(n=241). Najcesce dijagnoze smrti su bile: Ca mi-
crocelinlarae. Adenocarcinona i Ca epidermaoides

Nakon ckstrakeije i obrade uzorka, analize osta-
taka OHI vréene su na aparatu Varian 3400; kolona
ov-101 30 m duzine x 0.32 x 1.5 uz temperaturni
program 1 ECD. Detekeija je isla v praveu dijag-
nostike ostataka HCH («HCH, BHCTH 1 yHCH), me-
tabolita DD Ta: p.p’ DDE ig.p‘I]I.TI" kao i aldrina.

Identifikacija ostataka OHI iz humanog obduk-
cionog materijal je pokazala redovno nalazenje me-
tabolita DDTa - p.p’DDE Kao 1 lindana u Sy
uzorcima {mozak, jetra. masno i wmorozno thivo).

Detaljnije; Metabolit p.p'DDT je detektovan u
svim tzorcima humanog thiva. LI 1Kive mozga ut-
vrdeni su najnizi sadrzaji koji su se kretali od mini-
mum 2.2 pe/ke do maksimum 3.6 pekg. Tkivo jetre
je sadrzavalo vede honcentracije ovog metabolita
(min. 13.3; max, 37.9 pe/kg). dok su najvece ulvr
dene u masnom tkivo (min. 213,20 max. 3832
nehat),

U svim uzorcima tumoroznog tkiva utvedeni su
ostaci DDTa - izomer p.p DDLE (prosek: 1727
pg/ke: min, 1,33 max. 33,01 pe/kg).

Najveéi sadrzaji p.p’DDE utvrdeni su u masnom
tkivi (prosek 279.78 pg/kg) potom u jetr (prosek
22 86 pe/kg), Mozak je sadrzavao najnize kolicine
(prosck 3.88 pp/kg). U 31.25% uzoraka humanog
thiva, utvrdeni su ostact izomera p.p DT (prosek
8.35 pg/ka; min.-u "tragu": max. 13.06 pgke).

Lindan (yHCH) je bio utvrden u jednom uzorku
tumoroznog tkiva (140 pa/ka), U SVIMT 12OrCima
masnog tkiva i jetre lindan je bio prisutan (mini-
mum 0.90 pe/ke u jetri; maksmum 12,41 pgike o
masnom thivu),

U svim uzorcima masnog tkiva pored lindana je
hio prisutan (max. 0.0030 ppm) i p.p DEE (max:
0,0065 ppm).

Kristoforovic-1li¢ M. Zivotna sredina i pesticidi

(46.3%) and lindane (0 41%) were conlirmed in the
serum of most of analyzed patients (95.2%).

( Jr,s:;mr;dn’urhrr fnsecticide residues m

otfter fnoman fissues

Colleagues from the Institute of Lung Diseases.
Sremska Kamenica, Department ol Pathalogy. also
ook part in this investigation and human autopsy
tissues (brain, liver. [at and tumor tissue (n=24)
were analyzed for OCI residues. The most frequent
catses of deaths were: microcellular carcinoma.
adenocarcinoma and epidermoidal carcioma.

After extraction and sample preparation. OCI
residues were measured usimg Vartan 34002 column
ov-101 30 m. length x 0.32 x 1.5 followed by tem-
perature program and ECD (electron caplure detec-
tor). Evaluation of the content of HCH residues (1
HOH. B HCH and ¥ HCH). DDT metabolites:
p'p’DDE and pp DDIT as w ell as aldnn was
performed.

O residues were detected in autopsy samples:
DDT metabolites - p'p DDE as well as lindane wn all
samples (brain. liver, fat and tumor tissue),

Tahela 5. Ostaen pojedinih OHT u kompoziinmm Wsorcin ve-
lndnevne dijete { 1997 g (45 obreka) o phy
Table 5. (9C1] restdues e whole-duy diets tduring 9975 (43

a N i Rl

L Feioncs r||:.'|1:.‘!'\;|1:!| | H bt T T wreibip st Slaksmminm S0

o Tl e e oeriree virim & b

HLT i E 1 ip 157 (TR
L rewdeens d derodame ] L ihinl
lepalifor fepeachilor 122 o + B CF
AL S e 1 {155 177
F et lilirepedesuit v sadin Odier g ol 0 i LR

Evieldinn: f Meshdkun ii T

Description: Metabolite p'p’DDT was detected
i all human tissue samples. The lowest values werd
confirmed in brain tissue ranging from minimal 2.2
we/kg to maximum of 5.6 pefkg. The liver fissue
contained greater concentrations of this metabolite
(min. 13.3; max. 37.9 pa/kg).

DDT residues - p'p DDE isomer (average value:
17.27 pe/ke: min. 153 max, pg'kg) were conlirmed
in all tumor tssue samples,

The greatest concentration of p'p’DDLE was con-
firmed in fat tissue (average value: 279.78 pg/kg).
and in the liver (average value: 22.86 pa'kg). The
lowest concentrations were measured in the brain
(average value: 3.88 pg/kg) In 31.25% of human
tissue samples p'p DDT isomer residues were de-
tected (average value: 8,35 pe/kg: min. - in trace:
max. 13,66 pe/ke),

However, lindane (y HCH) was confirmed in one
sample of tumor tissue (140 pekg). Lindane was
detected i all samples of fat tissue and Tiver (min,
0.90 pg/kg i hivers max, 1241 pe/kg in fat tissuel,
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Tabela 6. Prikazr ostataka OHL o serimy grope muskaraca (N=1 374 Zenu (N= 1 {pyd] seruma)

Table 6. Survey of OC T residues (i seram-of females (5

f3) and moles (N

{4} {gey | sertem)

Listact UH] o) Resedees Broy nsoba s pozitiviime malaram: N of persons with pagitive restilts  Srednpavicdniost A verage valne 50

M i Nt Z M2
el 'H ! f TRE (21 u2
fiHCH 3 5 L3 209 W33 258
THUH {F 7 {12 23 TRER B
Ukupno TTOH Fedad HCH L T (137 R 06t 2ol
4 pt N 13 |4 446 557 14 428
A4p LOD 7 | (L35 U3l 5l -
44 p DD 3 {24 - i hes
24 p DT I3 4 i3] 46 il R3
440 DI 13 14 076 8 035 (3%
Lk upmas DT Fotal D07 I3 14 5.98 f. 56 36 47
Likupoas OUEQCT Total 3 14 fr. 35 876 T4 X

Legendi /- 1spod gramcy detekege metode!/ Legerd

- tenider tlie deteoiion fimit

cHCH 1+ fHCH nmisu bili utvrdent ni u jednom
ana-hziranom uzorku thiva.

Samo je u jednom uzorku tumoroznog tkiva ut-
viden ostatak aldrina o Kolicini od 0,0033 ppm.
Ostiaci aldina v ostalim tkivima, bili su utvedeni o
18.73% uzoraka (v masnom tkivu prvenstveno, a
rede u tkivu jetre 1 mozga).

Studije na humanom materijalu nisu Ceste u
svetu. Podact iz Indije ukazuju na sledece: od 1|LL||'.I-
nog broja pregledanih osoba (2,205) u vise od 80%
uzoraka detektovane su rezidue DDT-a, alfa HCH.
beta 1ICH, gama HCH i defta HCH (Aprea at all),
Novosadsha grupa na ¢elu sa Pavkov S. Vukavic T,
Ronéevic N. 1 saradmicima utvrdila je v wzorcima
venskog sistema seruma negravidnih 1 gravidnih
zena, porodilja, serumu pupéanika, kolostrumu i
zrelom humanom mleku rezidue organohlornih kon-
tami- nanata:. o, {5 1y HCH; o,p' DDE: p.p’ DDE i
p.p DDT 12, 13.25.29.43].

Lakljucak

Dobijent preliminari rezultatn visegodisnieg 15
trazivanja ostataka OHI v Zzivotno) sredini prikazani
U ovom radu, vkazuju na vgrozenost ljudskoe zdrav-
lja. Sto je 1 potvrdeno nalazom ostataka pojedinih
CHIE o humanim thivima,

Besides lindane {(max. 0.0030 ppm), p'p DEE
was also measured (max. L0065 ppm) o all samples
of far ussue.

t-HCH and B-HCLI were not detected in any of
the analvzed tissue samples.

Aldrin residue was confirmed only in one sample
of wmor tissue 0.0035 ppm. In other tissues Aldrin
ceandiies were confirmed in 18.75% of samples {pri-
marily in fat tissue and rarely in liver and brain
rissuc)

Investigations on human tissues are not frequent
worldwide. Data from India indicate the following:
m total number of examined persons (2.203) resi-
dues of DIYT. alpha HCH, beta HCLI. gamma IICH
and delta HCH [A rea ¢ all) were detected.
group from Novi Sad - Pavkov 5. Vukavié ']
Roncevié N, and others, has confirmed residues of
anannchh:ninc contaminants - «. B and vy HCH:
o.p’ DDE: p.p’ DDE and pp” DDT in samples of
vein syvstem serum of non-pregnant and pregnant
women, child-bearing women, umbilical cord serum,
colostrum and human malk [12.13.25.29.43| in more
than 80% of samples.

Conclusion

The preliminary results of a long-term study of
OCI residues in the human environment indicate
that they have harmful effects on human healih
which has been confirmed by their presence in hu-
man 1ssues.
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Crizinalni naudéng rad
(dreteinal sty
UDK 6148027 2673 6037 16

UCESTALOST POVREDA NA RADU U ODNOSU NA ZDRAVSTVENO STANIJE
RADNIKA

FREQUENCY QF OQCCUPATIONAL INJURIES AND THE HEA LI STATUS OF WORKERS

Zavod za zdravstvenu zastito radnika Njé
K linicéki cemar Mis Klinika za hirugyu

Jovica JOVANOVIC' i Milan JOVANOVIC?

Sa¥etak - Svrha rada je analiza uéestalost povreda na radu v odnesa na sdravstveno stanje mdiika spitivany Lrupy je Sinto 3 Tl
radnika sa poremecajima zdravsivenog stunja a kontrodny | 801 edravib radnika r._.‘rb: prupe =i hile pr!_hltmu iste strukture u odnivsu
na prisustvo ostalih fakiora koji mogu uticats na pastajange povreda i radd. Radniel sa neurozami. ?sﬂmmamrmm | senzomotornim
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Uvod

Povrede na radu su redovpa | prateca pojava
svake ljudske delatnosti i jedan od glavnih zdravst-
venih, ekonomskih | privrednih problema modernog
drustva. Njihove posledice ne pogadaju samo pov-
redenog radnika veé i njegovu porodicu, radng or-
ganizaciju i celokupno drustvo, Oftedenja zdravija,
umanjenje ili gubitak radne sposobnosti, materijulni
troskovi zbog nadoknade bolovanja. le¢enja. reha-
bilitacije, invalidnosti. umanjenje Zivotnih aktiv-
nosti, poremecaji u porodici, ometanje radnog pro-
cesa, opadanje produktivoosti | kvaliteta rada 1za-
zvane povredama na radu ¢ine problem profesional-
nog traumatizma veoma aktuelnim [ 1-3],

Rad je imao za cilj da se ispita ucestalost
povreda na radu u odnosu na zdravstveno stanje
radnika.

Materijal i metode

Obavljeni su preventivni zdravstvent pregledi
3330 radnika metalopreradivacke industrije. Rad-
nike su pregledali specijahista medicine rada, oftal-
molog. psiholog. neuropsihyjatar, otorinolaringolog
| internista primenom raspolozivih dijagnostckih
testova | metoda neophodnih za otkrivanje pore-
mecaja zdravstvenog stanja. Od svih radmka su uzi-
mani podact o godinama starosti. radnom stazu,
skolskoj spremi, braénom stanju, radna. licna. po-
rodiéna 1 socijalna anamneza. obavljena su aniro-
pometrijska merenja i 1zraCunavanje indeksa uhra-
njenosti, Stepen uhranjenosu je procenjivan na os-
novu indeksa uhranjenosti po formuls: )

Indeks telesne mase= tezina (kg)/visina (m)

Vrednosti indeksa ispod 18,4 su obelezje pot-
hranjenih:

Vrednosti indeksa od 18,5 do 249 su obelezje
normalnoe uhranjenih;

Vrednosti indeksa iznad 25 su obelezja gojaznih.

Sve radnike je pregledao multidisciplinarni tim
Obavljeno je psiholoiko testiranje. merenje brzime
reakcije na akusticku i vizuelnu draz pomocu elek-
tronskog reakciometra. snimljen je elekirokardio-
gram. audiogram | spirogram a po potrebi je radena
recencefalogralija i clektromioneurogralija

[spitivanu grupu je ¢inilo 3 750 radnika kod ko-
jih je na pregledu utvedeno prisustvo bolesti il po-
remecaja zdravsivenog stanja. Kontrolou grupu je
cinilo 1 800 zdravih radnika, Pracene su povrede na
radu kod ovih radonika tokom 2002, godine. [zvor
podataka za pracenje povreda na radu je bio obrazac
prijave povrede na radu koji se popunjava za svaku
povredu koja se dogodr na radnom mestu, na putu
od kuce do posla i obrnuto 1l na sluzbenom putu u
slucaju da j¢ prouzrokovala gubitak radne sposob-
nosti. nagmanje jedan dan privremene nesposobnost|
#a rad 1li smrt. Analizirana je stopa incidencije
povreda. mesto 1 nadin povredivanja, tezina povre-
de. broj izegubljenth radnih dana po jednom pov-
redenom radniku wispitivanol 1 kontrolno) gropi o
odnosu na pol. bradno stanje, skolsku spremu, ste-
pen uhranjenosti, U ispitivano] grupi su ovi para-
metri izratunavani i u odnosu na pojedine bales.
Stopa mcidencije povreda je izraCunavana po for-
muli [4]:

Stopa incidencije = broj povredenth radnika x
100/ broj eksponiranih radnika.

Tezina povreda je procenjivana na osnovu broja
pepubljenih radmh dana. na osnovu procene o
pstecenju vaznog dela tela il organa, opasnosti po
zivot | neophodnosti bolnickog letenja, Statisticka
znacainost razbika ovih parametara je 1zracunavana
primenom %~ 1 Studentovog 1-testa.

Rezultati
Ispitivanu grupu su ¢inili radnict sa oboljenjima |

poremecajima zdravstvenog stanja a u kontrolno)
orupi nije bilo obolelih radnika. Analizom strukiure
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