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Abstract. Different fish species (benthivore and piscivofi@m the Channel System Danube -
Tisza - Danube in Yugoslavia have been analysetbéaly trace metal burden with an aim to
establish freshwater metal pollution biomonitorirdew Metal Pollution Index (MPI) which
distinguishes polluted from unpolluted ecosystesgroposed, based on acquired knowledge on
metal bioavailability, bioconcentration and bioateulation patterns. This simple mathematical
model is calculated upon logarithmically transfodmalues of metal concentrations in fish tissue,
in order to achieve normal distribution of the edgrnvalues and to diminish the more than
thousand-fold differences between the least andrthst abundant elements. MPI is the simplest
way which enables presentation of all results ftbenmetal concentrations as one value, by using a
normalizer (reference values for lower part of Br@nube Basin) to account for biological variation
in non-polluted areas. Since no biomagnificationthimi fish trophic chain has been observed,
benthic fish seem to be, due to the highest metaldn, more suitable for evaluation. Furthermore,
Carassius auratus gibeljobeing presently one of the most abundant speidiesbiting the
Yugoslav part of the Danube watershed is beinggseg as sentinel organism.
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Introduction Trace metal accumulation patterns in aquatic
biota, along with bioconcentration and biomagni-

International waters, particularly large waterfication processes have been excessively studied in
sheds as the Danube river basin is, are subjeotedthe Danube Basin (Salankt al. 1982, Pujinet al.
both huge amounts of waste water input and diftered990, Wachs 1991, Maletiet al. 1992). Some
legislative and enforcement measures. Thereforealuable attempts have been made (Wachs 1992/93)
there is a need to establish internationallyn introducing the classifications of freshwater
standardised methods for freshwater monitoringgcosystems according to fish muscle metal burden.
which seems not to be a problem when considerirfuch evaluations have even been applied for the
chemical analysis of sediments, waters and wast¥ugoslav part of the Danube watershed (Maletin
waters. However, biological monitoring (usingal. 1996, Djukicet al. 1998a), with an idea that fish
bioindicators) is highly dependent on biodiversitymuscle metal burden could be more reliable water
and species richness within the region. Theretbee, quality indicator than chemical analysis of water-
objective of this paper is to contribute to findittgg column and sediment. Fish tissue metal content has
most appropriate model and applicable sentingllso been successfully used in estimations of trace
organisms for trace metal pollution monitoring with metal input into large European and American rivers
the lower part of the Danube river basin. (Allen-Gil and Martynov 1995, Chevreuigt al.
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1995, Saikiet al. 1995, Carriet al. 1996). However, sexes (Scharenberg al. 1994), this parameter was
the cited literature reviled extremely diversenot included in the data handling. The availabl@ada
approaches to choosing the most appropriate fighumber of samples) are too few to allow the anslys
group, species and tissue for these kind of mangor of age/size/weight dependence. However, grand scale
studies. Considering that fish tissue preparatiostudies (Striget al. 1990, Spry et Wiener 1991, Dietz
methods and analytical methods for metaét al. 1996) showed that concentrations of metals
determinations as well have been standardisedrso faithin a fish population (with exemption of Hg) do
(APHA 1989, U.S. EPA 1991), the attempt hereimot typically increase with increasing age or body
has been made in finding the most suitable specisge. Consequently, these parameters were also
and tissues for bioaccumulation studies andmitted in the data handling.

particularly the simplest mathematical model for The results presented in Figures 1-5 show
evaluation and comparison of results, at leastiwithtissue/organ distribution pattern of metal accumul-

the region. ation in wels. Generally, the patterns in othercgge
are quite similar, although the sites for accunmoiat
Material and methods vary with route of uptake and are, to a certaireett

species-specific. The highest concentrations of Cd
The fish for this study was caught in spring(0.82 mg/kg wet wt.) were detected in kidneys, then
1997, in irrigation channel Danube - Tisza - Danub liver (0.19 mg/kg. wet wt.) which is in accordan
at the dam in Becej (separating Tisza from thwith previous findings (Kraalet al. 1995, Allen
channel) and in microreservoir “Moharac” which,1995, Djukic et al. 1998b). Cu, Pb, and Zn accumu-
due to its position (remote from industry, urban

zones and major roads) served as reference sige. Th [ muscle
sample consisted of piscivoreSiurus glanis(from I gills
25 4 * ] liver

both locations),Tinca tinca (from the channel) and
Carassius auratus gibeliand Abramis brama(from
the microreservoir). Investigated tissues included
muscle, gills, liver and kidney. Tissue digestioma 15 |
sample preparation was done according to standard &
procedure (U.S. EPA 1991) and Perkin Elmer AAS 2 10 |
(=
N

I kidney

(lame and graphite furnace with background
correction) was used for Cd, Zn, Cu, NI, Cr, Pb and 5 |
Al determinations (APHA 1989). All results are
presented on a wet weight basis, as mg/kg, but 0

recalculation factors from wet to dry weight baeise

presented for comparative purposes: muscle 5; liver

2.6 and kldney 5.5. Meanis_SD are phqgen in the Fig. 1 Distribution of Zn in the tissues of welsorft DTD
presentation of data, statistical significance WaSydrosystem (sampling site Becej dam). Values e
assigned at0.05 after one way ANOVA analysis. mearSD (n=10); * -significant differences0.05

In all statistical analyses, values bellow the cide

limits were replaced by half of the detection limit

Fish muscle metal burden has been used for 121
environmental evaluation (Teodorovit al. 1998). *
Metal Pollution Index (MPI) has been introduced and 1.0+ L muscle
calculated for the chosen site, yet the calculatidh o 05 5 ails
be explained further in the text. —\é ' B kidney
£ 06
Results and Discussion g,
Three species from reference site (microreservoir 024
“Moharac”) with total number of 25 specimens, and
two species from the chosen site of the Danube - 0.0

Tisza - Danube (Becej dam) Channel with 20

specimens in total, were analysed on metal body

bgrden. As the literature I'evea|8d_ very fewrig. 2 Distribution of Pb in the tissues of welsrfr DTD
differences in heavy metal concentrations betweetydrosystem (for legends see Fig. 1)
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Fig. 3 Distribution of Cu in the tissues of welorfr DTD

Hydrosystem (for legends see Fig. 1)
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Fig. 4 Distribution of Cd in the tissues of welorfr DTD

Hydrosystem (for legends see Fig. 1)

1 muscle
Il gils
L1 liver
I kidney

*
60 | T
40
20
J T
]

80 1

Al mg/kg

Fig. 5 Distribution of Al in the tissues of welsofn DTD

Hydrosystem (for legends see Fig. 1)
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lated chiefly in liver, (8.01, 0.87, and 24.2 mgikgt

wt. respectively) which is also reported to be the
pattern. (Salankiet al. 1982, Pujinet al. 1990,
Jorgensen and Pedersen 1994).

The highest Al concentrations were found in gills
(76 mg/kg wet wt.) and these findings support the
existing theory (Poleet al. 1997) that fish exposed
to aqueous Al (both in laboratory and field) regdil
accumulate the metal in and on the gill, and that
concentrations of the analyte are much less inthloo
and internal organs. According to our results, raisc
proved to be the tissue with low metal burden 6f al
analytes, which supports the thesis that metal
contamination of fish, particularly with cadmiumadan
lead, generally need not to be considered as a
significant health risk to human consumers (Spiy an
Wiener 1991).

Comparison of muscle metal burden in piscivore
(wels) and benthivore (tench) is shown in Fig. § Zn
Cd, Al and Ni content was slightly while Pb
concentration was significantly higher in tench.

[ piscivore
Il bentivore

mg/kg w.w.
&

Fig. 6 Muscle metal burden in piscivore (wels) dwhthivore
(tench) from the DTD Channel. Values represent m8&n(n=10
for piscivore and 15 for benthivore); * -signifidadifference
p<0.05

Essential micronutrients Cu and Cr were
detected in higher concentrations in wels, which
could be explained by species-specific requests and
regulation of these elements. These results lead to
conclusion, which stands in accordance with
previously published data (Scharenbetgal. 1994,
Carru et al. 1996, Djukic et al. 1998b), that no
biomagnification within the fish trophic chain cdul
be observed Consequently, benthivore fish muscle
metal content has been used for environmental
evaluation.

According to Wachs (1991, 1992/1993), metal
concentrations in freshwater fish muscle could be
used in hydroecosystem classification. Consequently
the cited author introduces an environmental
classification of freshwater ecosystems into 7seas
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based on muscle metal burden of the Danube fisthat Pb concentration in tench from the mentioned
with no specification of species. In previouslylocation exceeds Yugoslav food limits for ediblghfi
published papers (Djukiet al. 1998c, Teodoroviet tissue (1 mg/kg wet wt).
al. 1998) we slightly revised the mentioned However, there are many problems with
classification and suggested a new one, more $eitalimplementation of this classification. First of ,ailh
for the lower part of the Danube. Moreover, outotal score, it treats highly toxic (Cd, Pb) and
opinion is that this newly proposed classificatmin essential metals (Zn, Cu) equally. Further on, it
freshwater ecosystems (also based on fish musaeesn't represent the actual state of the chosen
metal content) more precisely takes into accoumcosystem as it is made on muscle burden basis,
standard detection limits for chosen metals, infage although it has been showed that other tissuesr(liv
of locallregional geochemistry and food standar#lidneys and gills) could be basically refereed $o0 a
limits within the region. Basically, detection limi( “target zones”. (Figs 1-5). Moreover, it doesn’t
APHA, 1989, US EPA, 1990) are set as an ambientlculate for biological variability, since the exa
standard for | class waters. Ranges for I-ll classentinel species hasn't been chosen.
waters are set to cover minimal detected Cu, Cr and Therefore, we made an attempt in introducing
Zn concentrations (0.33. 0.1 and 5 mg/kg wet wtMetal Pollution Index (MPI) as a mathematical
respectively) in fish muscle from unpollutedmodel which could solve some of the highlighted
reference site (Moharac microreservoirs)problems. MPI has been calculated to enable
(Teodorovicet al. 1998). These values represent th@resentation of all results from the metal
lowest concentrations measured after analysing mocencentrations (Cd, Cu, Zn, Pb and Al) as one value
than 20 locations within the Yugoslav part of thef possible, yet overcoming the difficulties wittoti
Danube basin. (Pujiet al. 1990, Maletiret al. 1992, application and understanding of demanding
Maletin et al. 1996, Djukic et al. 1998a, b, c, statistical analysis. According to Jorgensen and
Teodorovic 1997, Teodorovicet al. 1998). Pedersen (1994), this implies that the five metal
Therefore, microreservoir Moharac has been choseoncentrations must be normalised to make it
as a reference site to provide information on raturpossible to sum up and average the different metal
metal levels in non-contaminated fish, from noneoncentrations into one value. We have chosen the
polluted areas located within Yugoslav (e.g. loweaverage values of fish tissue burden (liver for D,
part of the Danube River Basin). National foocand Pb, gills for Al and kidney for Cd) from the
standard limits for edible fish tissues (Cd - 0d/kg reference site. (Moharac microreservoir) Such
wet wt. and Pb - 1 mg/kg wet wt. - Anon. 1992) aremormaliser is used to account for the biological
set as upper ambient standard values for Ill classriation in a non-polluted area. Since no sigaifitc
waters. difference  has been found between metal
Table 1, therefore, represents the environmentabncentration in wels, prussian carp and bream from
evaluation of Danube - Tisza - Danube Channehe reference site, (Teodorovic 1997, Teodorovic
(sampling site Becej) based on tench muscle metd®98 - unpublished) the sample has been pooled so
burden. Such classification could be useful in humathe reference values represent the mean of 25
health risk evaluation, providing it deals only lwit specimens. (Table 2). Furthermore, the data were
edible fish tissue metal load. It should be poirdetl logarithmically transformed to achieve normal

Table 1. Ecosystem classification based on fishcleusetal burden and environmental evaluation ob@hannel (at Becej dam)

class Cd Cu Ni Cr Pb zn

| <0.015 <0.3 <0.03 <0.1 <0.01 <5

I-1l 0.015-0.02 | 0.3-0.5 0.03-0.1 0.1-0.5 0.01-0.05 5-10

Il 0.02-0.05 0.5-1 0.1-0.4 0.5-1 0.05-0.1 10-15

1I-111 0.05-0.08 1-2 0.4-1 1-1.5 0.1-0.5 15-20

11l 0.08-0.1 2-3 1-2.5 1.5-3 0.5-1 20-25

-1v 0.1-0.5 3-5 2.5-4 3-5 1-2 25-35

\Y >0.5 >5 >4 >5 >2 >35

muscle content |0.020.005 | 1.0%0.5 0.230.1 1.990.1 1.780.12 10.141 TOTAL
tench

meanrSD

n=10

class -1l 11-111 Il 1l -1Iv | 1-111
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Table 2. Metal Concentrations in wels and tencduts; Reference values and MPI

tissue wels (x) - tench reference value (ref.)| x/ref.
mg/kg wet wt. mg/kg wet wt
Mean (n=10¢SD mean (n=10¥SD
Zn liver 242+ 1 34+ 9* 20 1.7
Cu liver 8+0.6 13.7+ 2.5* 2 6.85
Pb liver 0.87+0.3 3+ 0.6* 0.2 15
Cd kidney 0.82+0.3 0.9+ 0.2 0.1 9
Al gills 7611 85+ 3* 20 4.25
b2 36.8
MPI= log = 1.57

*p<0.05 - significantly different from wels; referenealues mean (n=25) concentrations in pooled safmmih Moharac reservoir

distribution of the element values and, what isenorOECD and ICES agreed upon using trace metal
important, to diminish the more than thousand-foldoncentrations in stationary fish as possible
difference between the least and the most abundantlicators in areas affected by human activities.
elements. Without such transformation, the leagflorgensen and Pedersen 1994). As benthivore fish
abundant elements would be without influence on thgroved to accumulate higher amounts of trace metals

results. (Julshamn and Grahl-Nielsen 1996). than piscivores, our opinion is that adequate sehti
species could be chosen from this group. To avoid
MPI has been calculated as: possible species-specific differences, our suggesti
n=5 [X] is thatCarassius auratus gibeljavhich, according to
MPI = IogZ— recently published data (Jankovic 1994, Maledtn
i ref, al. 1997) makes up to 50% out of total catch in

where ref represents a normalizer, or a referenc¥ugoslav part of the Danube Basin, could
value for each of five chosen metals (Cd, Cu, Rb, Zsuccessfully serve as sentinel species. Besides, to
and Al) in selected tissues, while x representsrmeaiminish possible age/size influence on trace metal
value (1210, SD up to 30%) of metal concentrationcontent, our suggestion is that only specimens
in the same tissues from the chosen samplinglite.belonging to same age group must be used in MPI
calculated as proposed, MPI distinguishes ,pollutedcalculations. Moreover, as seasonal variations in
from ,non-polluted” ecosystem: if this combinedmetal content has been observed (Balegal. 1985,
index is above 1 the concentrations of trace meta®ck et al. 1996), the sampling has to be undertaken
would be considered elevated and ecosystem couivays within the same season, at precisely thesam
be regarded as ,polluted”. location. Our opinion is that MPI, calculated as
Table 2 presents the liver, kidney and gillproposed, with all applied constrains, could seiwe,
concentrations of Zn, Cu, Pb, Cd and Al in wels antuture, for time trend analysis of metal pollution
tench from Channel Danube — Tisza — Danubwithin the region. In spite of indisputable importa
(location Becej) and the reference values from uref established chemical, biochemical and biological
polluted site. As all metal concentration in sedelct methods, our stingiest belief is that MPI might be
tissues were higher in tench than in wels (allfout included in complex freshwater monitoring
Cd significantly), tench metal load has been used programmes since it could produce some additional
MPI calculation. Also, the values of x/ref. raticea information on metal bioavailability, bioconcentrat
presented and MPI is calculated. According to itn and metal input into the environment.
value (1.57) location Becej could be regarded as
Jpolluted” when trace metals are concerned. As it iAcknowledgements
obvious from the Table 2, the main component of the
index is the Pb concentration, followed by Cd. The The research is part of the large-scale project
rest of the concentrations (essential and in timeesa ,Ecological Investigations of the Danube River
time the most abundant metals) tend to contribuite Basin”, grant No 03E29 - Republic of Serbia,
a smaller extent. Our opinion is that this is tiinp Ministry of Science and Technology
where the muscle metal burden - based classifitatio
failed, while MPI succeeded: the most toxic andReferences
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to this combined index. Allen P. (1995). Accumulation profiles of lead aoddmium in
Although fish do not fulfil all requirements for the edible tissues of Orepchroms aureus duringteacu
indicator organism (e.g., they are not sedentary) ©XPosure.Journalof Fish Biology7,559-568

TISCIA 32 59



Allen-Gil, S.M., Martynov, V.G. (1995). Heavy métaurdens in  Kraal, M. H., Kraak, M.H. , de Groot, C., Davids, (1995).

nine species of freshwater and anadromous fish filoen Uptake and Tissue Distribution of Dietary and Aqueo
Pechora river, Northern Russia. Sci. Total Envira60: Cadmium by carp Qyprinus carpi9, Ecotoxicology and
653-659. Environmental Safet§1, 179-183.

Anon. (1992). Pravilnik o kolicinama pesticida, alat i  Maletin, S., Djukic, N., Miljanovic, B. (1992). Hep Metal
metaloida i drugih otrovnih supstancija, hemioteraika, Content in Fish from "Backwater Tisza (Biser Island).
anabolika i drugih supstancija koje se mogu nalazit Tiscia26, 25-28.
namirnicama. Sluzbeni list SRJ, broj 5, str. 67-@an 8. Maletin, S., Djukic, N., Obradovic, S., lvanc, Mjljanovic, B.,

APHA American Public Health Association, Americanataf Pujin, V. and Zhehjun, S. (1996). Heavy metal cohtef
Works Association and Water Pollution Control Fedien. fish communities inhabiting the Yugoslav sectionRafer
(1989). Standard Methods for Examination of Wated a Danube, Arch. Hydrobiol. Suppl13 Large Rivers 10, 1-4,
Wastewater, 1% ed., Washington, DC, American Public 535-540.

Health Association. Maletin, S., Djukic, N., Miljanovic, B., Ivanc, A.Pujin, V.

Balogh, K.V. (1985). Seasonal and local variatianthe heavy (1997a). Evaluation of water quality in hydroecadsys
metal concentration in animals of lake Balaton. Bgsia Danube - Tisa - Danube according to composition and
Biologica Hungaric29, 119-139. structure of fish communities. Annual National Genehce

Carru, AM., Teil, M.J., Blanchard, M., Chevreuil\., “Zastita voda ‘97", Conference proceedings, 367;372
Chesterikoff, A. (1996). Evaluation of the RoadRufilus (abstract in English)
rutilus) and the Perch Perca fluviatilig for the  Poleo, A.B.S., Ostbye, K., Oxnevad, S.A., Andersem, Heibo,
Biomonitoring of Metal Pollution, J. Environ. Sdilealth, E and Vollestad, L.A. (1997). Toxicity of acid alimum-
A31(5), 1149-1158. rich water to seven freshwater fish species: a ewatjve

Chevreuil, M., Carru, A.M., Chesterikoff, A., Bod?,, Tales e., laboratory study. Environmental Polluti®g, 2, 129-139.
Allardi, J. (1995). Contamination of fish from défent areas  Pujin, V., Djukic, N., Maletin, S., Obradovic, SKostic, D.
of the river Seine (France) by organic (PCB andigiegs) (1990). Content of heavy metals in some fish seii the
and metallic (Cd, Cr, Cu, Fe, Mn, Pb and Zn) section of the Danube flowing through Vojvodina. t\\&ci.
micropollutants. The Science of the Total Environir62 Tech. 22, 5, 79-86.

31-42. Saiki, M.K., Castleberry, D.T., May, T.W., MartiB,A., Bullard,

Dietz, R., Riget, F., Johansen, P. (1996). Leaddn@am, F.N. (1995). Copper, Cadmium and Zinc Concentration
mercury and selenium in Greenland marine animae T Agquatic Food Chains from the Upper Sacramento River
Science of the Total Environmeh86, 67-93. (California) and Selected Tributaries. Arch. Enwiro

Djukic, N., Maletin, S., Teodorovic, . Miljanovi®&., Vujosevic, Contam. Toxicol29, 484-491.

Z. (1998a). Trace metal content in fish as possibleSalanki, J., Balogh, K., Berta, E. (1982). Heavytatsein animals
environmental indicator in DTD Channel monitoring. of Lake Balaton. Water Red.6, 1147.

Annual National Conference “Zastita voda’98”, Kqtdune  Scharenberg, W., Gramann, P., Pfeiffer, W. H. (3994
1998, Conference proceedings: 283-290, (abstract in  Bioaccumulation of heavy metals and organochlorinea

English). lake ecosystem with special reference to breaAdramis
Djukic, N, Maletin, S., Teodorovic, I. Miljanovic .BObradovic, bramal.), The Science of the Total Environmerg5, 187-

S. (1998b). Heavy Metal accumulation in freshwdteh 197.

from Yugoslav part of the Danube river basin® 1 Spry, D. J. and Wiener, J.G. (1991). Metal bioalkility and

International Conference of the Chemical Societéghe toxicity to fish in low - alkalinity lakes: a crital review,

south-east European countries: Chemical Science and Environ. Pollut.71, 243-304.
Industry. Halkidiki, Greece, June 1998, Book of #bsts I,  Strip, R.A., Heit, M., Bogen, D.C., Bidanset, Jrombetta, L.

PO 788. (1990). Trace element accumulation in the tissufefish
Djukic, N., Teodorovic, I., Maletin, S., Miljanovi®., Vujosevic, from lakes with different pH values. Water, Air asbil
Z. (1998c). Trace Metal Accumulation in Fish fromet Pollution51, 75-87.
Danube Wetlands. "2 International Congress on the Teodorovic, I., Djukic, N., Maletin, S., Miljanovid., Vujosevic,
Biodiversity, Ecology and Conservation of the Balka Z. (1998). Trace Metal Accumulation in Fish frometh
Fauna, Ohrid, Macedonia, Septembre, 1998., Oral Danube Wetlands. Mac. His. Sci. Mus. Spec. Edit. (i
presentation abstracts: 73 press).
Jankovic D. (1994). Ichtyofauna (Chapter V). Frarhe Danube Teodorovic, |. (1997). Sadrzaj metala u tkivima aritkao
in Yugoslavia - contamination, protection and eiplion. pokazatelj kvaliteta vode. Student seminar “Zastittne
Jorgensen L.A., Pedersen, B. (1994). Trace MetaBish used sredine” , Petnica, Yugoslavia, June, 1997
for Time Trend Analysis and as Environmental Inthcs,  U.S. EPA. (1991). National Environmental PublicatipMethods
Marine Pollution Bulletir28, 4, 235-243. for Determination of Metals in Environmental Sangple
Julshamn, K. And Grahl-Nielsen, O. (1996). Disttibn of Trace U.S. Environmental Protection Agency, WashingtorG, D
Elements from Industrial Discharges in the Hardafjoel, EPA/600/4-91-010, http://www.epa.gov-bin/claritgw
Norway: A Multivariate Data Analysis of Saithe, Blder  Wachs, B. (1991). Okobewertung der Schwermetakiefey von
and Blue Mussel as Sentinel Organisms. Marien Baofiu Fliesgewassern. Munchener Beitrage zur Abwasser-,
Bulletin 32, 7, 564-571. Fisherai- und Flusbiologi45, 295-336.
Kock, G., Triendl M., Hofer, R. (1996). Seasonaltpans of Wachs, B. (1992/1993). Akkumulation von Blei, Chramd
metal accumulation in Arctic cha8élvelinus alpinusfrom Nickel in Flusfishen. German Lournal of Applied Zogy,
an oligotrophic Alpine lake related to temperatuan. J. 79, 154-176.

Fish. Aquat. Sci53, 780-786.

60 TISCIA 32



