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ABSTRACT

Mercury is one of the most harmful heavy metals, present in many aquatic
media. This study was aimed to determine the acute toxicity of mercury-II-
chloride and behavioral changes in Leuciscus cephalus (L., 1758). Leuciscus
cephalus were selected for the bioassays experiments and caught in Kirmir branch
of Sakarya river. Behavioral changes at each mercury-II-chloride concentration
were recorded. The experiments were repeated 3 times. Water temperature was
regulated at 22+1°C. The 96-h LCs, value of mercury-II-chloride (HgCl,.H,0) on
Leuciscus cephalus was found to be 0.55 mg/L (0.53-0.57) according to Probit
Analysis. There were significant changes observed in the behavior of the fish as
the concentration of the toxic compound increased.
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CiVA-II-KLORUR’UN TATLISU KEFALI Leuciscus cephalus (L., 1758) UZERINDEKI

1. GIiRiS

AKUT TOKSIK ETKILERININ ARASTIRILMASI

OZET

Civa bir¢cok su ortaminda bulunan en zararli agir metallerden biridir. Bu
calisma, civa-II-kloriir’lin tatlisu kefali (Leuciscus cephalus) bireylerindeki akut
toksisitesi ve davranig degisimlerinin  belirlenmesini  amaglamaktadir.
Denemelerde kullanilmak {izere tatlisu kefali baliklart se¢ilmis ve Sakarya nehri
Kirmir cayindan yakalanmistir. Her bir civa-II-kloriir konsantrasyonundaki
davranig degisimleri kaydedilmistir. Deneyler 3 defa tekrarlanmigtir. Denemeler
siiresince su sicakligi 22+1°C’de sabit tutulmustur. Civa-II-kloriir’iin 96 saatlik
LCs degeri Leuciscus cephalus bireylerinde probit analiz yontemine gore 0,55
mg/L  (0,53-0,57) bulunmustur. Toksik maddenin konsantrasyonu arttikca
baliklarin davranislarinda 6nemli degisimler oldugu goézlemlenmistir.

Anahtar Kelimeler: Leuciscus cephalus; Civa-II-kloriir; Lethal konsantrasyon;
Biyodeney

1. INTRODUCTION

Doga igin en 6nemli kirliliklerden biri agir metaller
tarafindan meydana getirilmektedir. Bugiin sanayide
40’dan fazla metal ve alasimin kullanildig1 bilinmektedir.
Agir metaller tarafindan meydana getirilen kirlilik insan
sagligini tehdit eder bir seviyeye ulagsmstir (1).

Bu agir metallerden biri olan civa (Hg) pek ¢ok akuatik
alanda toksik bir agir metal olarak bulunur. Kloralkali
endiistrisi, maden ¢ikarma ve civa tiirevlerinin kullanimi
civa kontaminasyonunun ana antropojenik kaynaklaridir
(2). Cop firinlart ve fosil yakitlarindan kaynaklanan
atmosferik tortu akuatik ortamlarin kontaminasyonuna
katkida bulunur (3).

Civa akuatik sistemlerde esasen inorganik civa ve

One of the most serious pollution for nature is the one
caused by the heavy metals. There are more than 40
metals and metal alloys used in the industry today. The
pollution caused by heavy metals reached health
threatening proportions (1).

Mercury (Hg), one of the most harmful heavy metals, is
present in many aquatic media. The biggest sources of
mercury pollution are chloride-alkaline industry, mining
and use of mercury derivatives (2). The atmospheric
residues coming from garbage burning and fossil fuels
also contribute to this pollution (3).

Mercury is present mainly as inorganic mercury
compounds or methylmercury (CH;Hg") in aquatic media.



54

G.U. J. Sci., 17(4):53-58 (2004)/ Ali GUL, Mehmet YILMAZ, Mahmut SELVI*

organik metilciva (CH3Hg") olarak bulunur. Civanin
biyolojik elde edilebilirligi pH, ¢6zliinmiis karbon ve suyun
sicakligr gibi fizikokimyasal faktorlerden etkilenir (3, 4).

Akuatik tliketici organizmalarda civanin biyolojik
birikimi direkt maruz kalma (suda bulunan metal) trofik
maruz kalma (besinlerde bulunan metal) seklinde iki
kontaminasyon kaynaginin kombinasyonundan meydana
gelir  (5). Akuatik sistemlerde bulunan dogal ve
antropojenik kaynakli bir¢ok civa bilesigi deri, solungag
epiteli ve sindirim sistemi duvarlari gibi organizmanin ig
ortamimi dig ortamdan ayiran biyolojik bariyerleri asan,
farkli kapasitelere sahiptir (6).

Civa en ¢ok solungaglarda, en az karaciger, bobrekler,
kaslar ve mukusta birikir (7). Civa baliklarda en ¢ok metil
formunda bulunur ve ¢esitli dokularda  siilfidril
proteinlerine baglanir (8).

Birgok  balik  populasyonlarinda  goriilen  civa
konsantrasyonlarmm  etkileri  erginlerin  sagliginda
onemsizdir. Bununla beraber embriyo veya larva gibi
hayat safhalar1 genellikle daha sonraki hayat safhalarina
gore kontaminantlara daha duyarlidir (9).

Civa oliime, zayif gelismeye ve baliklarin embriyo,
larva, ve geng donemlerinde, biiyiimenin azalmasina sebep
olabilir (9-12).

Baligin embriyonik doneminde, hiicre béliinmesinin
erken safhalar1 civa toksisitesine ¢ok hassastir ve
metilciva, inorganik civadan daha toksiktir (13).

Tatlisu ortamlarindaki canli gruplant ig¢in toksik
maddelerin lethal ve sublethal dozlari her bir canli grubu
icin ayr1 ayri diizenlenen biyodeneylerle saglanmaktadir
(14). Bu arastirmada, civanin ¢oziinebilen inorganik
tuzlarindan olan Civa-Il Kloriiriin Leuciscus cephalus
bireylerinde LCsy degerinin tespiti ve davranislarda
meydana gelen degisimlerin tespiti amaglanmustir.

2. MATERYAL VE METOD

Sakarya Nehri Kirmir Cayi’ndan avlanan Leuciscus
cephalus bireyleri su dolu akvaryumlara konulmus, 30
giin boyunca ortama uyumlar1 saglanmistir. Biyodeneyin
baslama tarihinden iki giin énce yemlemeye son verilmis
ve bu siirede 6liim oraninin %S5’den fazla olmamasina
dikkat edilmistir (15). Her bir 100 L’lik akvaryuma
(boyutlar1 45X34.5X100 cm) ortalama agirligi 18 g ve
ortalama boyu (catal boy) 120£13.5  (S.D. £1.98) mm.
olan bireylerden 10’ar adet konulmustur. Akvaryumlarda
dinlendirilmis sehir suyu kullamilmistir (pH 7.240.2,
sertlik 201 FS°, ¢dziinmiis oksijen 6.8+1 mg/L, iletkenlik
205-245 mS, ve sicaklik 22+1°C). Kontrol grubu olarak
ayrilan akvaryumdaki baliklarda 6lim oraninm %10’u
gegmemesine ve %90’min saglikli gériinimde olmasina
dikkat edilmistir (15).

Biyodeneylerde zehirli madde olarak metal tuzlarindan
Civa-II Kloriir (HgCl, H,O) kullanilmistir. Denemelerde 8
akvaryuma 0.44, 0.47, 0.50, 0.53, 0.56, 0.59, 0.62 ve 0.65
mg/L’lik konsantrasyonlarda Civa-II Kloriir verilmistir.
Uygulanan konsantrasyonlarin etkisinde 96 saatlik siire
dikkate alinmigtir (16). Bu siire igerisinde 6len baliklar
akvaryumdan hemen uzaklastirilmistir. Biyodeneyde 96

The biological presence of mercury in aquatic media is
dependent upon chemical and physical factors such as pH,
dissolved oxygen and temperature of water (3, 4).

The biological accumulation of mercury in aquatic
organisms is the result of direct (by the metal present in
water) and tropic exposures (by the metal in food) (5).
Most of the mercury compounds natural or anthropogenic
in origin have various capacities in crossing the barriers
separating the internal part of the organisms from the
outside world such as skin, epithelium of gills and walls of
the digestive system (6).

Mercury is predominantly accumulated in gills of fish.
It is also deposited in liver, muscles and mucus to a small
extent (7). Mercury is mainly present in its methyl form in
fish which attaches to sulfhidryl proteins in various tissues

(8).

Mercury contamination observed in many fish
populations does not cause a significant harm on the
adults. However the early forms of life such as embryo
and larvae are much more sensitive and susceptible to it
than the other contaminants (9).

Mercury may cause death or retardation of growth of
fish in early forms of life (9-12).

The early stages of cell break up in embryological stage
of fish are more sensitive to mercury toxicity. Methyl
mercury is much more toxic than its inorganic forms (13).

The lethal and sublethal doses of the toxic compounds
for fresh water organisms are determined separately for
each organism (14). This study is concerned with the
determination of acute LCsy value of a soluble inorganic
salt of mercury-Il-chloride upon Leuciscus cephalus
individuals and the behavioral changes it causes on them.

2. MATERIALS AND METHODS

The Leuciscus cephalus individuals caught in the
Kirmir branch of Sakarya River were put in aquaria filled
with water conditioned for 30 days. The feeding was
terminated two day before the bio-experiments and care
was taken to keep the mortality rate below 5% during this
period (15). Each 100 L-capacity aquaria (dimensions
45X34.5X100 cm) was stocked with 10 fish with an
average weight of 18 g and an average length (fork length)
of 120£13.5 (S.D. £1.98) mm. The aquaria were filled
with conditioned tap water (pH 7.2+0.2, French hardness
2041 FS° dissolved oxygen 6.8+1 mg/L, conductivity
205-245 mS, and temperature 22+1°C). Care was taken to
keep the mortality rate of the control group below 10 %
(15).

Mercury-II-chloride (HgCl, H,O), the toxic compound
used in the bio-experiments, was administered at
concentrations of 0.44, 0.47, 0.50, 0.53, 0.56, 0.59, 0.62
and 0.65 mg/L to the aquaria. The effect of the compound
was determined in a period of 96 hours (16). The dead fish
were immediately removed from the aquaria. At the end of
96 hours the numbers of dead and surviving fish in each
aquarium were recorded. LCsy and 95% confidence limits
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saat sonunda her akvaryumda olen ve canli kalan balik
adedi tespit edilmistir. LCsy ve %95 giliven sinirlart bir
bilgisayar programu ile tespit edilmistir (17).

3. SONUCLAR

Civa-II Kloriir’iin 96 saatlik akut LCs, degeri (%95
giiven sinirlar1), probit analiz metodu kullanilarak statik
biyodeney sistemi uygulanarak geng Leuciscus cephalus
bireyleri iizerinde 0.55 mg/L (0.53-0.57) bulunmustur
(18). Kontrol grubunda hi¢ 6lim olmamustir. Sonuglar
civa-Il kloriir'iin baliklara yiiksek miktarda toksik
oldugunu gostermektedir. Sonuglar Cizelge 1 ve Sekil
1’de verilmistir.

Kontrol grubundaki davranis degisimleri ve ¢esitli civa-
II kloriir dozlarma maruz kalan Leuciscus cephalus
bireyleri deney siiresince birbirleriyle karsilastirilmigtir.
Deneme siiresince kontrol grubu normal davranig
gostermistir. Davranis degisimleri dozlama yapildiktan 1
saat sonra goriilmeye baglamistir. En diisiik konsantrasyon
(0.44 mg/L) kontrol grubu ile benzer davranislara sahip
oldugu goriilmiistir. 0.47 mg/L dozdan sonra baliklar
denge bozukluklari, ani irkilme hareketleri, solunum

giicliikleri gibi davramis farklhiliklar1  gdstermeye
baglamistir. 0.53 mg/L’den itibaren titreme, artmis
solunum giicliikkleri, dikey ve bas asagt ylizme
gorilmiistiir.

En yiiksek konsantrasyon olan 0.65 mg/L’ de denge
bozukluklari, titreme, artmis solunum giigliikleri, dikey ve
bas asagi ylizme ani irkilme hareketleri gibi baliklarin
davranis anormallikleri maksimuma ulagmigtir.

were calculated by a computer program (17).

3. RESULTS

The calculated 96-h acute LCs, value (95% confidence
limits) of mercury-Il-chloride, using a static bioassay
system to adult Leuciscus cephalus individuals was 0.55
mg/L (0.53-0.57) by the use of Probit Analysis (18).
Control mortality was zero. The results show that
mercury-II-chloride is highly toxic to fish. Results are in
Table 1 and Figure 1.

The behavioral changes of the control group and
Leuciscus cephalus exposed to various doses of HgCl,
were compared with each other during the experiments.
The control group showed normal behaviour during the
test period. The changes in behavioral response started 1 h
after dosing. The lowest concentration (0.44 mg/L) had
similar behaviour with the control group. From the dose of
0.47 mg/L the fish started to show behavioral disorders
such as loss of equilibrium, sudden startling and
respiratory difficulties. From 0.53 mg/L onwards, there
were shivering, increased difficulty in respiration and
swimming in capsized manner.

At the highest concentration of 0.65 mg/L the
behavioral abnormalities of the fish such as, the loss of
equilibrium, shivering, increased difficulty in respiration,
swimming in capsized manner and sudden startling,
reached to maximum.

Table 1. Acute 96-h toxicity of mercury-II- chloride in Leuciscus cephalus
Cizelge 1. Civa-II kloriir’iin Leuciscus cephalus bireylerindeki 96 saatlik akut toksisitesi.

. Concentration (mg/L)/ | 95% Confidence limits/ | Slope + SE/ Egim + SH | Intercept = SE/ Intersept + SH
Point/ Nokta -
Konsantrasyon %095 Giiven sinirlari

LC 1.00 0.43 0.37-0.46 21.16 +£3.95 10.47 +1.03
LC5.00 0.46 0.41-0.49

LC 10.00 0.48 0.44-0.50

LC 15.00 0.49 0.46-0.52

LC 50.00 0.55 0.53-0.57

LC 85.00 0.62 0.59-0.67

LC 90.00 0.63 0.60-0.70

LC 95.00 0.66 0.62-0.74

LC 99.00 0.71 0.66-0.83

Theoretical Spontaneous Response Rate = 0.0000 / Teorik Spontan Cevap Orani = 0.0000
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Figure 1. Plot of adjusted probits and predicted regression line for mercury-II-chloride to Leuciscus cephalus
Sekil 1. Leuciscus cephalus bireylerine civa-1I kloriir i¢in hesaplanan probit degerleri ve regresyon grafigi

4. TARTISMA

Baliklardaki davranis degisiklikleri sucul ortamdaki
kirlenmenin en 6nemli gostergesi oldugu belirtilmektedir
(19).

Baliklardaki civa ile ilgili toksikoloji ¢alismalari
Tiirkiye’de ve diger iilkelerde oldukg¢a smirlidir. Gonen
(20), Ankara piyasasinda satilan kefal baliginda Hg
birikimi 0,052 ppm bulmustur. Wobeser (21), Gokkusagi
alabaliginda (Oncorhynchus mykiss) 10°C’de 96 saatlik

4. DISCUSSION

The behavioral changes in fish are regarded as one of
the most important indicators of contamination in aquatic
media (19).

The studies on mercuric toxicology on fish in Turkey
or in other countries are rather limited. Gonen (20) found
the Hg accumulation of Leuciscus cephalus (based on wet
weight) sold in Ankara fish markets as 0.052 ppm.
Wobeser (21) on the other hand found the 48-hour LCs, of
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LCsy degerini 280ug/L olarak bulmustur. Matida ve
arkadaslar1 (22), Gokkusagi alabaligi iizerinde HgCl, tin
toksik etkisini arasturmuglar ve 48 saatlik LCsy degerini
0,21 mg/L olarak tespit etmislerdir. Leblond ve Hontela
(23), Gokkusagi alabalig1 (Oncorhynchus mykiss) tizerinde
yapmis olduklar1 ¢alismada HgCl,iin LCsy degerini 199
1M olarak tespit etmislerdir. Duncan ve Klaverkamp (24),
Catostomus commersoni izerinde HgCl,iin toksik etkisini
aragtirarak LCsy  degerini 0,687 mg/L  olarak
saptamiglardir.

Ayni tiir lizerinde yapilan ¢aligmalarda, LCs, degerinin
farkli bulunabilecegi, LCsy degeri lizerinde suyun sertligi,
sicaklik, deneyde kullanilan bireylerin biiyiikligii, gelisme
donemi ve hatta baliklarin genotiplerinin etkili olabilecegi
belirtilmektedir (25).

Yapilan ¢aligmalarda; civanin baliklarin sinir sistemini,
bobreklerini, solungaglarini ve ozmoregiilatér gorevlerini
bozdugu, karaciger ve kaslardaki enzim sentezini
etkiledigi saptanmustir (26).

Yaz mevsiminde su sicakligindaki yiikselme civanin
sudaki ¢oziinlirligiini arttirmakta ve baliklardaki civa
konsantrasyonunun artmasina etkili olmaktadir. Bu
nedenle deneylerde kullanilan baliklarin  avlanma
mevsimleri de LCs, degerinin tespitinde etkili olacaktir.

Akarsu, gol ve denizlerdeki metal kirlilikleri aym
ekosistemde yasayan canlilara yansiyarak besin zinciri
boyunca birikebildigi siirece dogal denge ve insan sagligi
yoniinden tehlikeli olabilir. Dogal sulardan elde edilen su
driinlerinin  insan sagligi yoniinden dogurabilecegi
sakincalarin degerlendirilebilmesi igin sularin igerdikleri
metal kirliliklerinin bilinmesi Onem tasimaktadir. Bu
nedenle sucul ortamlardaki besin kaynaklarinin basinda
gelen baliklarda metal birikiminin insan ve diger canlilar
icin letal etki limitlerinin periyodik olarak tespiti
gerekmektedir.
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