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Purpose. Identification and analysis of the content of organochlorine pesticides (OCP) in organs
and tissues of benthivorous and predatory fish species of the Kiliya delta of the Danube (Eastern
mouth) and their comparison with previous years.

Methodology. The analysis of the samples of aquatic organisms for the content of residual
organochlorine pesticides was carried out by gas-liquid chromatography (GLH) based on a unified
methodology. The chromatographic analysis was carried out on the gas chromatograph "Color 5"
with electron capture detector at the Institute of Hydrobiology of the National Academy of Sciences of
Ukraine.

Findings. The effect of stable organochlorine pesticides on aquatic organisms is characterized by
marked persistence in the environment and by high ability for migration and accumulation on
different levels of food chains in aquatic ecosystems.

The continuous presence of OCP in all investigated organs and tissues of selected species with
the presence of a certain amount of fat and consequently, the fixation of residual organochlorine
pesticides. Among benthivorous fishes, the content of OCP in organs and tissues (total) is as follows:
vimba - roach = wild carp = bream - gibel carp. Among the predators: asp - perch - European
catfish = pikeperch.

Originality. Recently, a significant number of scientists all around the world returns to the
problem of the accumulation and distribution (redistribution) of OCP in the components of aquatic
ecosystems. This is associated with certain threats to the environment and human health, that could
lead to negative consequences as a result of the consumption of fish as the highest trophic level in
fresh waters of Ukraine.

Practical value. The obtained data indicate that the major commercial fish species of the Kiliya delta
of the Danube river contains residual quantities of pesticides. This indicates to the need for continuous
hygienic and toxicological monitoring of fish caught and sold. There is a tendency that smaller amounts of
OCP are accumulated in less active species benthivorous (bream, gibel carp) compared to active ones
(vimba, roach, wild carp), and these patterns are confirmed to the current study.

Keywords: pollution, organochlorine pesticides (OCP), DDT and its metabolites, a- and y-isomers
of HCH.

PROBLEM STATEMENT AND ANALYSIS
OF LAST ACHIEVEMENTS AND PUBLICATIONS

The Danube is the largest river in the Central and South-Eastern Europe, which
belongs to the Black Sea basin. By its length and catchment area, the Danube is the
second river in Europe after the Volga. Only small part of the Danube River (169 km)
goes across the territory of Ukraine — from Reni to its mouth. Approaching the Black
Sea, the river, upstream Romanian city Tulcha, is divided into three branches:
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Kiliyskyi, Sulynkyi, and Georgiivs’kyi. Water volume in the Danube delta is divided as
follows: Kiliyskyi branch — 58%, Sulinskiy branch — 19%, Georgiivskyi branch —
23%. The most high water of them, Kiliyskyi branch (129 km?*/year), goes along the
border territory of Romania and Ukraine [1].

Lately, high number of scientists all over the world turns again to the studies the
problem of organochlorine pesticide (OCP) accumulation and distribution
(redistribution) in the components of aquatic ecosystems [6—8].

HIGHLIGHT OF THE EARLIER UNRESOLVED PARTS
OF THE GENERAL PROBLEM. AIM OF THE STUDY

For a long enough period of time, especially in 1980-1990-ies, scientific circles
and general public of Ukraine artificially supported the idea that the problems of
organochlorine pollutants for the environment does not exist anymore and applied
pesticides disintegrated virtually completely. First studies of the content of DDT and its
metabolites in the mouth part of the Danube were carried out in May 1972 by scientists
of the Department of Radiation and Chemical Biology of the Institute of the Biology of
South Seas of the National Academy of Sciences of Ukraine [9]. In 1970-80-ies, DDT
was the main pollutant of the Danube, while its quantity significantly decreased in
1990-ies. At the same time, there was an increase in HCH concentrations [2, 5].

The results of studies carried out at the of XX and beginning of XXI centuries
showed that the part of water samples in the Danube contained the residues of
organochlorine pesticide or the products of their decomposition — metabolites, at
quantities significantly lower than the maximum allowable concentrations, but virtually
all the time. E.g., the concentration of a-HCH in the Danube water varied from 0 to
0.000141 mg/dm’, y-HCH — from 0 to 0.000117 mg/dm’, DDT — from 0 to
0.000672 mg/dm?, DDE — from 0 to 0.00008 mg/dm’. At the same time, no pesticide
content was detected in 62-69.4% of samples [3].

OCP is a problem of the pollution of virtually all rivers both small and large. Last
studies carried out in the Dnieper River basin found stable organochlorine pesticides
and their metabolites in all examined samples of organs and tissues of aquatic
invertebrates and fish [4].

The levels of OCP accumulation are different for different aquatic species and
different types of hydroecosystems, however, they are recorded everywhere and did not
disintegrated or degraded at all and are continuously redistributed along
hydroecosystem components by accumulating in fish as the highest trophic component
in freshwaters of Ukraine [10].

It is known [5] that the residues of pesticides in aquatic organisms can act both
directly and cause remote toxic consequences (genetic, teratogenic, etc.). If threshold
concentrations of pesticides are present in fish, their cumulative actions with heavy
metals, other toxic and radioactive substances can have severe effects. During spawning
period, as a result of the mobilization of fat depots, earlier accumulated OCPs will pass
to blood that will lead to the intoxication of fish and their offspring. The presence of
pesticides in fish as food products of humans can result in negative effects on health.
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SanPiN 42-123-4540-87 currently acting on the territory of Ukraine regulates the
sanitary norms of pesticide content in food products. According to them, the total
content of hexachlorocyclohexane isomers should not exceed 0.03 mg/kg for freshwater
fish, while for DDT and its metabolites — 0.3 mg/kg.

MATERIALS AND METHODS

The work is based on the results of field studies, which were carried out by the
Institute of Hydrobiology of Ukraine of the National Academy of Sciences and Institute
of Fisheries of the National Academy of Agrarian Sciences in the Kiliya delta of the
Danube. Samples were taken in summer period of 2003 and 2005, in particular in the
Eastern mouth. In total, 205 samples of fish organs and tissues were taken. The analysis
of fish samples for the content of residual OCPs was carried out using gas-liquid
chromatography (GLC) according the unified technique. GLC is based on the recovery
of OCPs from biological samples by the extraction with organic solvents and following
refining of the obtained extracts depending on the content of extracting substances. In
the case of the high content of the latters, refining was carried out using sulfuric acid
saturated with anhydrous sodium sulfate. We used the chromatography with aluminum
oxide or ACK silica gel columns, the chromatographic analysis was carried on gas
chromatograph “Color-5” with electrone capture detector at the Institute of
Hydrobiology. Detection sensitivity for the biosubstrate was 1x10~° mg/kg of wet
weight.

STUDY RESULTS AND THEIR DISCUSSION

Stable organochlorine pesticides (OCP), which pass to water bodies, ultimately
accumulate in different components of aquatic ecosystems but mainly concentrate in
hydrobionts, especially in fish. They become the carriers of stable toxicants and at the
same time the biomonitors of the state of the water body. For assessing the ecological-
toxicological situation, determining the content of stables pesticides, which migrate in
aquatic environment, the degree of their effects on aquatic organisms, it is important to
know the levels of their accumulation in different components of aquatic ecosystem,
their distribution in the tissues and organs hydrobiont and especially fish. The
accumulation of stable pesticides in the organs and tissues of hydrobionts and the
tendency of their transfer across throphic chains is an additional factor, which increases
the ecological risk of water pollution.

Stable pesticides were found in all samples of different fish species and other
hydrobionts. Stable organochlorine pesticides in the examined samples were
represented by DDT and its metabolites 0.n.1 — DDE and n.n.1 — DDE; o.n.1 — DDE
and n.n.1 — DDD; o.n.1 — DDT and nnl — DDT; (a- and y-isomers of
hexachlorocyclohexane (HCH), the contents of which are represented as a total amount.
The prevalence of metabolites indicates on the fact that there is a DDT degradation
process, while the presence of HCH is related to the continued use of it in agriculture of
some countries of the Danube basin [6, 7].

Figures 1-8 show the results of the studies carried out on the Eastern mouth of the
Kiliya delta of the Danube river (one of the Starostambul mouth located east to the
Black Sea) in August 2003 [6, 7].
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Fig. 1. OCP content in the organs
and tissues of gibel carp
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Fig. 3. OCP content in the organs
and tissues of wild carp

omuscles Qliver @mbrain

DDT DDD DDE o-HCH y-HCH

Fig. 5. OCP content in the organs
and tissues of vimba
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Fig. 7. OCP content in the organs
and tissues of pikeperch
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Fig. 2. OCP content in the organs
and tissues of bream
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Fig. 4. OCP content in the organs
and tissues of roach
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Fig. 6. OCP content in the organs
and tissues of European catfish
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Fig. 8. OCP content in the organs
and tissues of asp
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By the level of accumulation of stable toxicants, the first top position is occupied
by predators — pikeperch, pike, perch, asp. There is no legalized normative values of
OCP content in fish from the point of view of their biological hazard for fish.
Experimental works and observations during mass kill of fish in the Dnieper reservoirs
[5] show that such accumulation in stress situations (e.g., in temperature extremes,
spawning, etc.) can result in fish intoxication and kill, while chronic contamination —
in gradual reduction in the level of metabolic processes, increases in parasite
infestations and infectious diseases.

The provided data show that the main commercial fish species of the Kiliya delta
of the Danube contain high enough residual quantities of organochlorine pesticides. It
indicates on the necessity for continued hygienic and toxicological monitoring of fish
caught and sold. The carried out studies allow providing insight into current ecological-
toxicological situation of the Kiliya delta of the Danube. Currently, there is a clear
picture of the pollution of the studied aquatic ecosystems with stable pesticides (OCP)
resulting in the accumulation of toxicants in aquatic biota, especially in spring—summer
period.

The materials of the study allow attesting continuous presence of OCP in all
examined fish tissues. The typical sign of the examined tissues is the presence of certain
amount of fat (muscles, liver). Vimba has especially high fat content in all tissues and
as a result we observed the highest quantities of OCP in this species. As a whole, there
is tendency of OCP content for all studied species: muscles > liver > brain > internal fat
(with some exceptions). The same tendencies were described earlier by some authors
[2,5, 10].

Among benthivorous fish (Fig. 1-5), the following tendency for OCP content in
fish tissues and organs is observed (pooled values): vimba — roach — wild carp —
bream — gibel carp. Among predators (Fig. 6-—8): asp — perch — European catfish —
pikeperch. Perch were the youngest and smallest fish examined. Earlier [2], a tendency
was observed that lower OCP levels accumulate in less active benthivorous fish (bream,
gibel carp) compared to more active ones (vimba, roach, wild carp). The results of our
studies of 2005 (Table 1) confirms these tendencies.

In 2005, the studies were continued. Tables 1 and 2 show the results of the studies
carried out in the Eastern mouth of the Kiliya delta of the Danube in August 2005.

Table 1. OCP content in organs and tissues of benthivorous fish of the Kiliya
delta of the Danube river (Eastern mouth), 20.08-25.08.2005, M, n = 4, mg/kg of
wet weight

Species Organs or tissues DDT | DDD | DDE | a-HCH | y-HCH
Muscles 0.07 0.10 0.03 0.45 0.08
Gibel carp Liver 0.12 0.25 0.07 0.60 0.10
Brain 0.40 0.60 0.25 0.75 0.25
Muscles 0.12 0.25 0.08 0.52 0.07
Bream Liver 0.32 0.30 0.15 0.61 0.24
Brain 0.53 0.55 0.21 0.80 0.42
Muscles 0.20 0.36 0.14 0.74 0.15
Wild carp Liver 0.19 0.43 0.25 0.52 0.12
Brain 0.46 0.49 0.17 0.75 0.14
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Continued table 1

Species Organs or tissues DDT DDD DDE a-HCH y-HCH
Muscles 0.20 0.32 0.15 0.54 0.40
Roach Liver 0.34 0.89 0.28 0.68 0.16
Brain 0.80 0.79 0.32 0.91 0.20

Table 2. OCP content in organs and tissues of predatory fish of the Kiliya delta
of the Danube river (Eastern mouth), 20.08-25.08.2005, M, n = 4, mg/kg of wet
weigh

Species Organs or tissues DDT | DDD DDE a-HCH y-HCH
Perch Muscles 0.40 0.65 0.32 1.16 0.20
Muscles 0.35 0.45 0.13 0.83 0.14

Pikeperch Liver 0.56 0.63 0.21 0.87 0.18
Brain 0.45 0.72 0.12 0.57 0.16

Muscles 0.45 0.59 0.13 0.70 0.15

E‘;;ct’zses” Liver 0.82 0.69 0.19 0.85 0.36
Brain 0.64 0.79 0.21 0.25 0.16

Comparing the obtained results with the previous ones (Fig. 1-8) [6, 7], we can say
that that the OCP contents did not change significantly for such a short period of time.

CONCLUSION AND PERSPECTIVES OF FURTHER DEVELOPMENT

The results of the performed studies indicate on the continuous presence and
circulation of OCPs in the components of the hydroecosystem of the Ukrainian part of
the Danube river, including Kiliya delta. The organs and tissues of all examined fish
contained OCPs. The same as in previous years, the highest OCP content was observed
in fat-containing organs and tissues. The tendency of their distribution in fish did not
change.

The analysis of scientific literature and materials of own investigations allows
drawing a conclusion that the most toxic stable organochlorine pesticides for
hydrobionts are those, which are characterized by the highest persistence in the
environment and high ability to migrate and accumulate in the different links of the
food web of aquatic ecosystems.
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X/TOPOPTAHIYHI NMECTULUMNAN
Y PUBAX KININCbKOI AENbTU OYHAIO (2003-2005 PP.)

0. M. CuTHUK, sytnik yu@ukr.net, IHcTuTyT rigpobionorii HAH Ykpainu, m. Kuis

M. I. Mappgapesud, m_miroslaw@YAHOO.com, IHCTUTYT rigpobionorii HAH YKpaiHu,
m. Knis

T. O. bepcaH, tatyana _bersan@mail.ru, IHcTUTYT prbHoro rocnogapcrea HAAH, m. Knis

Mema. Bu3HayeHHs ma aHaniz emicmy xnaopopeaHiyHux necmuyudie (XOf) y opeaHax ma
mKaHuHax 6eHmodazie ma xuxcux eudie pub Kinilicokoi denomu fyHato (2upsno BocmoyHe) ma
MOPIBHAHHSA iX 3 pe3yabmamamu rnornepeoHix Pokis.

Memooduka. [posedeHHA aHanizie npob 2idpobioHMie Ha 8Micm 3GAUWKOBUX XA0POP2AHIYHUX
necmuyuodis Npo8oousnu 3a 00MoM0o20t0 2a30pidUHHOT xpomamozpadii (FPX) 3a eOuHOK MemoduKoio.
XpomamoepagiyHuli aHaniz nposodusca Ha 2a3oeomy xpomamoepadi «Ljeem-5» 3 eneKmpoHHo-
3ax0n1108a1bHUM 0emeKkmopom 8 IHcmumymi 2idpobionoeii HayioHanbHoT akademii HayK YKpaiHu.

Pe3yaomamu. Cmiliki  xnopopeaHiyHi necmuyuou, 8supi3HArOMbCA 8UPAHEHOI
nepcucmMeHMHICMI0 y HABKOAUWHLOMY cepedosuWi i XapaKmepu3ymsCa 8UCOKOK 30amHicmio 00
Mi2pauii ma HaAKOMUYeHHSA y Pi3HUX GHKAX MPOogiYHUX AAHU02i8 800HUX eKocucmem.

Y docnidmcysaHux opaaHax i mKaHuHax eidibpaHux eudie pub, 3a HaAABHOCMI NeeHoI Kinbkocmi
Hupy — ¢hikcauia 3aaUwWKoeoi KinbKocmi XxaopopeaHiyHux necmuyudie. Ceped beHmodpazie 3a
emicmom XOI1 8 opaaHax i MKAHUHAX (CymapHo) pAd eu2nadae HACMYMNHUM YUHOM (y MopAoKy
3pocmaHHA): pubeyb —» MAPaHbL - casaH —» AAW —» Kapacs cpibaacmull. Ceped xuxcakie: b6inusHa
(cepex) = OKyHb > COM —> CYOaK.

Haykoea Hosu3Ha. B ocmaHHIi poku 6azamo s4eHuUx y 8CbomMy c8imi 3Hosy rnosepmaemeocsa 00
8UBYEHHA MPobaemu HAKoMu4yeHHA ma po3nodiny (nepepo3nodiny) XOI y KommoHeHmMax 800HUX
ekocucmem. Lle nos’a3aHo 3 HAABHICMIO resHUX 3a2p03 0414 008KinaAA Mma 300pos’a AOUHU, WO
MoOXce rnpuzsecmu 00 HeaaMmuBHUX HACAIOKI8 y pe3ysbmami CrioxUusaHHA pubu Ak suw,oi mpogiyHoi
/AIGHKU MPICHOBOOHUX eKocucmem YKpaiHu.

MpakmuyHa 3Hayumicme. OmpumaHi OaHi cg8iduams MNPo me, W0 OCHOBHI NMPOMUCA08I 8UOU
pub Kinilicekoi denemu [yHaro Micmsame 30AUWKO8Y Kinbkicmb necmuyudis. Lle 8Kasye Ha
HeobxiOHicmb nposedeHHA MoCMIliHO20 2i2iEHIYHO20 MA MOKCUKO102iYHO20 KOHMPOA pubu, wo
8U/108/1I0EMbCA MA peasnizyemocs. BiomiveHa 3aKOHOMIPHICMb HUMXY020 pieHA Hakonu4yeHHA XOI y
MeHW pyxausux eudie beHmodgpazie (naw, kapace cpibascmuli) nopieHAHO i3 akmueHiwumu (pubeys,
mapaHs, ca3aH), NidmeepoHyemoca OGHUMU Ub020 O0CAIOH(EHHS.

Kntoyoei cnosa: 3a6pyoHeHHs, xnopopaaHiyHi necmuyudu (XOI), AAT ma lozo memabonimu,
a- i y-izomepu MXUr.

XNOPOPrAHUYECKUE MECTULUMAbI
B PbIBAX KUIMMCKOW AENbLTbI AYHAA (2003-2005 IT.)

0. M. CbITHUK, sytnik yu@ukr.net, UHcTUTYT rugpobuonorum HAH YkpauHsl, r. Kues
M. T. MapgapeBuy, m_miroslaw@YAHOO.com, UHcTuTyT ruapobuonorum HAH
YKpauHbl, r. Kues

T. A. BepcaH, tatyana_bersan@mail.ru, MIHcTUTYT pbiGHOro xo3actea HAAH, r. Kues

Llens. OnpedeneHue u aHAAU3 COOEPHAHUSA Xa0popaaHudeckux necmuyudos (XOI) e opeaHax u
MKaHAX 6eHmMogaz08 u xuujHolx 8udos pbuib Kunulickol deabmel AyHas (ycmee BocmouHoe) u
CpasHeHuUe Ux ¢ pe3yabmamamu npedsidyusux nem.

Memooduka. [lposedeHue aHaAU308 Mpob 2udpobUOHMOB HA COOepHaHUE OCMAMOYHbIX
X/10POP2AHUYECKUX Mecmuyudos nposodusu ¢ MoMowblo 2a3oxudKocmHol xpomamoepaguu (MHKX)
no eduHol memoduKe. Xpomamozpaguyeckuli aHanu3 npoeooduscas HA 2a3080M Xpomamozpddge

ISSN-L 2075-1508 PUBOT'OCIIOJJAPCBKA HAYKA VKPAIHH * Ne 3/2015



ORGANOCHLORINE PESTICIDES IN FISH OF THE KILIYA DELTA OF THE DANUBE (2003-2005)

«ligem-5» ¢ 3nekmpoHHO-3ax8aMbIBAOUUM OemeKkmopom 8 UWHcmumyme audpobuonoauu
HayuoHaneHoU akademuu HayK YKPAUH®bI.

Pe3synomamel. Cmolikue Xxsn0popeaHuU4eckue necmuyudsl, OomauYaroWUecs 8bipaxceHHoU
nepcucmeHmMHoOCMbIO 8 OKpyxcaoweli cpede, XapaKmepusyromcsa 8bICOKOU CnocobHOCMbIO K
MU2PAUUU U HaKOM/AEHUIO 8 PA3HbIX 38EHbAX MPOPUYECKUX Uerneli B00HbIX IKOCUCMEM.

B uccnedyembix Oop2aHax U MKAHAX 0mMOBPAHHbLIX 8U008 pbib, Npu Haau4yuu onpedeseHHo20
Kosuyecmsa upa — PUKCAyUs OCMAMOYHO20 KOAUYecmsd X/A0popeaHuUYecKux necmuyudos.
Cpedu b6eHmodgpazos no codepxaHuto XOIl 8 opaaHaX U MKAHAX (CYMMApHO) pAd eelenadum
cnedyrowum obpasom (8 nopsaoKe 803pACMAHUSA): pbibey = MapaHb = ca3aH = aew, —» cepebpaHoil
Kapace. Cpedu XUWHUKo8: benusHa (Hepex) = OKyHb = COM —> CYOaK.

HayyHaa Hoeu3Ha. B nocnedHue 2006l MHOMXECmeo y4eHblX 60 B8CEM Mupe CHOsd
8038pawatomcs K usy4eHuro npobaemsl HaKonAeHUA u pacnpedeneHus (nepepacnpedeneHus) XOI e
KOMMOHEHMax B00HbIX 3KOocucmem. 3mMO CB8A3AHO C HAAU4YUeM ornpeoesnieHHbIX yepo3 014
oKpyxcaroujeli cpedsl U 300p0B8bA Yes108eKa, YUMo MOXem npusecmu K He2amueHbIM M0CAeOCMBUAM,
8 pesynbmame nompebseHus poibbl KOK 8biCLIE20 MPOPUHECKO20 38€HA MPECHOBOOHbIX IKOCUCMEM
YKpaunsl.

Mpakmuyeckaa 3Hayumocme. [losnyvyeHHble OQHHblE ceudemenbcmeyrom o Mmom, 4Ymo
OCHOBHble rpombicaossie 8udbl pblb6 Kunulickoli deabmeol  [lyHaa codepxam ocmamo4yHoe
Koauyecmeo necmuyudos. 3mo yKasbleaem HA Heobxo0umocmos posedeHus [NOCMOAHHO20
2U2UEHUYECKo20 U MOKCUKOM02UYECKO20 KOHMPOAA 8blaasausaemoli U peanuszyemoli polbbl.
OmmeYyeHHas 3aKOHOMepHOCMmb — MeHbwue Koaudyecmea XOI1 Hakanausaromcs y MeHee
MoosuMCHbIX 8UA08 beHMogazoe (new, Kapace cepebpucmsili) MO0 CPABHEHUIO C aKMUBHbLIMU (pbibed,
mapaHs, cazaH) — nodmaeepucoaemcs OaHHbIMU HACMOAW,e20 UCCe008aHUS.

Kntoueesble cnoea: 3az2pA3HeHUe, Xsao0popaaHudyeckue necmuyuodsi (XOrM), AAT u eeo
memaboaumel, a- u y-uzomepoi FXUT.
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