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 Abstract.- Emet Stream is one of the most important branches of Uluabat Lake (Ramsar area) and also one of 
Turkey's most important river systems. In addition to the geologic structure of the basin, Eti Silver Mine is a 
significance source of silver for the basin. In this study, water, sediment and fish samples (Squalius cii (Richardson, 
1857); Capoeta tinca (Heckel, 1843); Barbus oligolepis Battalgil, 1941) were collected from 8 stations (1 of them is 
on the Kınık Stream and 1 of them is on the Dursunbey Stream) from Emet Stream Basin seasonally between 
November 2010 – August 2011 to determine the Ag levels in biotic and abiotic components of Emet Stream Basin. 
Cluster Analysis was applied to the results to classify the stations according to the contents of silver by using the Past 
package program and also One Way Anova Test was applied to the results to determine the significant differences of 
silver accumulations by using the SPSS 17 package program. According to data, silver accumulations in abiotic 
components of Emet Stream Basin were determined as sediment > water and in biotic components (fish tissues) of 
Emet Stream were determined as kidney > liver > gill > muscle for S. cii, liver > gill > kidney > muscle for C.tinca 
and gill > liver > kidney > muscle for B. oligolepis, respectively. 
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INTRODUCTION 
 

 Silver, as ionic Ag+, is one of the most toxic 
metals known to aquatic organisms. Water 
concentrations of 0.0012–0.0049 mg/L killed 
sensitive species, although large industrial losses to 
the aquatic environment are probably infrequent 
because of its economic value as a recoverable 
resource (EPA, 1980; Nebeker et al., 1983; Bulh 
and Hamilton, 1991; Bryan and Langston, 1992). 
However, silver is of concern in various aquatic 
ecosystems because of the severity of silver 
contamination in the water, sediment and biota 
(Rivera-Duarte and Flegal, 1993). Silver that occurs 
naturally in the earth's crust is a relatively rare metal 
and found in the environment combined with other 
elements such as sulfide, chloride, and nitrate. The 
natural wearing down of silver – bearing rocks and 
soil by the wind and rain releases large amounts of  
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silver into the environment. It is also released to the 
environment from various industrial sources and 
may be carried long distances in water (ATSDR, 
1990).  
 Emet Stream is one of the most important 
branches of Uluabat Lake and also one of Turkey's 
most important river system. Eti Silver Mine is the 
most important source of silver not only for the 
immediate operating area but also for all around the 
Kütahya region and also Emet Stream Basin. It is 
the only mine in Turkey that produces direct silver 
from ore and has 21,5 million ton reserves. Eti 
Silver Mine that covers 1% of world’s and 45% of 
Turkey’s silver production is located on the 33 km 
northwest of Kütahya and approximately 50 km far 
away from Emet Stream (www.etigumus.com.tr; 
www.mta.gov.tr)  
 The aim of this study is to determine the Ag 
levels in biotic (muscle, gill, liver and kidney) 
tissues of Squalius cii (Richardson, 1857), Capoeta 
tinca (Heckel, 1843) and Barbus oligolepis 
(Battalgil, 1941) and abiotic (water and sediment) 
components of Emet Stream Basin. 
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MATERIALS AND METHODS 
 
Study area and collection of samples 
 Sampling stations on the Emet Stream Basin 
were given in the map (Fig. 1). Sediment and water 
samples were collected seasonally between 
November 2010 – August 2011 from all stations by 
using sediment dipper and suitable containers. Fish 
samples were collected in winter season from four 
stations (E2, E4, E7, E8 stations) where were most 
suitable to get fishes by using Honda generator.  
 

 
 

Fig. 1. Study area (Tokatlı et al., 2012) 
 
 
Chemical analysis 
 The procedure adopted for chemical analysis 
has been the same as reported earlier (Tokatli et al., 
2012). 
 
Statistical analysis 
 Cluster Analysis according to Bray Curtis, 
Boxplot deviation and Matrixplot distribution 

diagrams were applied to the results by using the 
Past package program. One Way Test according to 
Tukey were applied to the results by using the SPSS 
17 package program and the graphics of water, 
sediment and tissues of fishes were made by using 
the Microsoft Office 2007 package program. 
 

RESULTS AND DISCUSSION 
 
 Seasonally Ag levels determined in water and 
sediment of Emet Stream Basin and seasonal 
variations were given in Figure 2. The highest Ag 
level in water was determined at station E4 (0.00141 
mg/L) in spring season and the lowest Ag level in 
water was determined at station E1 (0.00035 mg/L) 
in autumn season. The highest Ag level in sediment 
was determined in station E4 (0.733 mg/kg) in 
autumn season and the lowest Ag level in sediment 
was determined at station E5 (0.273 mg/kg) in 
spring season.  
 It is known that, silver is usually found in 
extremely low concentrations in natural waters 
because of its low crustal abundance and low 
mobility in water (EPA, 1980). One of the highest 
silver concentrations recorded in fresh water, 0.038 
mg/L, occurred in the Colorado River at Loma, 
Colorado, downstream of an abandoned gold – 
copper – silver mine, an oil shale extraction plant, a 
gasoline and coke refinery and an uranium 
processing facility (EPA, 1980). According to data 
 

 
 

 Fig. 2. Seasonal variations of Ag levels in 
water and sediment. 

 
obtained in the present study, although an active 
silver mine is located in the Emet Stream Basin, Ag 
accumulations in water were not as much as 
Colarado River. So it can be thought to be that, Eti 
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Silver Mine may not affect the system directly and it 
may affect the system indirectly by groundwater 
line. The bottom and surface water samples of 
Alpine lake (Colorado) contained silver at 
concentrations ranging between 0.00022 and 
0.00031 mg/L in 1973 and between 0.00044 and 
0.00071 mg/L in 1974 where the silver iodide (43 
kg), equivalent to 19,7 kg silver, released into 
system from local cloud-seeding practices between 
1963 and 1973 (Freeman, 1979). If we compare the 
results of this study with Alpine Lake (known to be 
contaminated), Ag accumulations in Emet Stream 
Basin even the source regions with the lowest Ag 
accumulations of system were much higher than 
Alpine Lake. Environmental interactions with the 
geological structure of the Emet Stream Basin can 
cause a significant increasing of silver levels in 
water.  
 Aquatic system’s sediments that receive 
metals, mining wastes or sewage usually have 
higher silver concentrations (> 0.1 mg/kg) than 
noncontaminated sediments (Bryan and Langston, 
1992). In the present study, Ag accumulations in 
sediment of Emet Stream Basin (even source 
stations) have extremely (4 – 7 times) exceed the 
limit value specified by sediment by Bryan and 
Langston. So the sediments of Emet Stream Basin 
can be classified as contaminated sediment 
according to this classification. 
 According to the results of One Way Anova 
Test determined by using Ag accumulations of 
water and sediment, E4 station shows a statistically 
significance differences from E1, E2, E3, E5 and E7 
stations according to water; E4 and E8 stations show 
a statistically significance differences from E1, E2, 
E3, E5 and E7 stations according to sediment (p < 
0.05). It can be understood from the data that, 
system is being affected from environmental 
interactions and also Eti Silver Mine by especially 
groundwater line around E4 and E8 stations. 
 According to seasonal variations of silver 
levels in water and sediment, significant increases of 
Ag accumulations in water in spring season and in 
sediment in autumn season were determined. Rain 
washes silver compounds out of many soils so that it 
eventually moves into the surface and groundwater 
(ATSDR, 1990). In spring season, more rainfall in 
Emet Stream Basin may explains the sudden rise of 

silver in water and also the Ag content of water is 
transported directly into the Uluabat Lake, before 
accumulated on the sediment especially in this 
season. According to Arslan et al. (2009), the 
pressure of silver reduces the water quality of 
Uluabat Lake and they predicted that, water quality 
in Uluabat Lake will be reduced more in the future. 
 Ag levels of fish tissues and the results of 
One Way ANOVA Test that compares the Ag 
bioaccumulations of fishes are given in Table II. 
The Ag accumulations in tissues of S. cii follow as, 
kidney > liver > gill > muscle; in tissues of C. tinca 
follow as, liver > gill > kidney > muscle; in tissues 
of B. oligolepis follow as gill > liver > kidney > 
muscle respectively. The highest Ag level of tissues 
was determined in E4 station (0.765 mg/kg) in liver 
of C. tinca and the lowest Ag level of tissues was 
determined in E7 station (0.175 mg/kg) in muscle of 
B. oligolepis. 
 In general, the higher metal accumulations in 
fish tissues were determined in liver and kidney 
tissues and the lover accumulation was in muscle 
tissues. The metals (non – lethal concentrations) are 
accumulating in metabolically active tissues (Kargın 
and Erdem, 1992). In this study, the lowest Ag 
levels were determined in muscle tissues of all fish 
species and the highest Ag levels were determined 
in kidney tissues of S. cii, liver tissues of C. tinca 
and gill tissues of B. oligolepis. The higher 
accumulation in liver and kidney may alter the 
levels of various biochemical parameters in these 
tissues. This may also cause severe liver and kidney 
damage and a primary impact on the health of fish 
(Ferguson, 1989; Mayers and Hendricks, 1984).  
 If we evaluate the Ag bioaccumulations of 
fish tissues on human health, Ag contents of muscle 
tissues were not seen as dangerous. It can conclude 
that silver does not apparently pose a health threat in 
view of its concentration levels in the fish tissues 
investigated. But as it is known that, food chain 
biomagnification of silver in aquatic systems is 
unlikely at silver concentrations normally 
encountered in the environment (Connell et al., 
1991), although regular ingestion of fish from 
contaminated waters may significantly affect dietary 
silver intake in humans (EPA, 1980). 
 According to the literature, freshwater fishes 
are the most sensitive vertebrates to dissolved silver,  
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Table I.- Some metric characteristics of fishes. 
 
 E2 E4 E7 E8 
 Weight 

(g) 
Total length 

(mm) 
Weight 

(g) 
Total length 

(mm) 
Weight 

(g) 
Total length 

(mm) 
Weight 

(g) 
Total length 

(mm) 
         
S. cii (n=36)         
 Minimum 16,00 121,00 14,00 113,00 14,00 114,00 34,00 149,00 
 Maximum 84,00 196,00 115,00 215,00 76,00 193,00 131,00 225,00 
 Mean 48,00 161,33 58,78 170,78 41,63 153,50 69,80 180,00 
 SD 19,68 22,02 31,18 32,31 23,47 29,09 28,63 21,41 
         
C. tinca (n=35)         
 Minimum 14,00 118,00 10,00 102,00 20,00 121,00 14,00 114,00 
 Maximum 114,00 223,00 168,00 245,00 72,00 193,00 132,00 229,00 
 Mean 51,56 165,44 62,67 170,00 37,89 155,56 52,00 166,88 
 SD 34,30 36,71 49,26 44,74 15,95 23,42 39,08 36,74 
         
B. oligolepis (n=21)         
 Minimum 9,00 94,00 9,00 98,00 8,00 95,00 8,00 103,00 
 Maximum 42,00 169,00 91,00 212,00 51,00 181,00 45,00 159,00 
 Mean 18,40 123,00 36,40 142,40 20,20 129,20 22,17 128,17 
 SD 13,72 28,13 33,22 45,11 18,27 34,80 14,19 22,66 
         
n: number of samples; min: minimum; max; maximum; mean; average values; SD; standard deviation 
 
Table II.- Ag levels of fish tissues. 
 

Stations Fish tissues 
E2 (mg/kg±SE) E4 (mg/kg±SE)  E7 (mg/kg±SE) E8 (mg/kg±SE) 

Stational average* 
(mg/kg) 

      
S.cii      
 Muscle 0,243±0,0533 0,255±0,045 0,242±0,0575 0,265±0,045 0,25125m 
 Gill 0,551±0,1033 0,465±0,055 0,385±0,0975 0,396±0,0666 0,44925g 
 Liver 0,747±0,13 0,742±0,115 0,635±0,0825 0,716±0,13 0,71L 
 Kidney 0,746±0,0366 0,751±0,2 0,677±0,09 0,742±0,09 0,729K 
      
C. tinca      
 Muscle 0,243±0,0313 0,243±0,04 0,213±0,045 0,225±0,035 0,231m 
 Gill 0,592±0,135 0,565±0,125 0,435±0,075 0,513±0,12 0,52625g 
 Liver 0,695±0,125 0,765±0,09 0,574±0,02 0,714±0,11 0,687L 
 Kidney 0,514±0,16 0,533±0,08 0,434±0,1 0,542±0,05 0,50575k 
      
B. oligolepis      
 Muscle 0,332±0,08 0,224±0,01 0,175±0,09 0,253±0,045 0,246m 
 Gill 0,618±0,13 0,603±0,13 0,412±0,12 0,474±0,085 0,52675g 
 Liver 0,526±0,05 0,531±0,03 0,454±0,08 0,538±0,06 0,51225l 
 Kidney 0,485±0,09 0,512±0,1 0,425±0,08 0,547±0,12 0,49225k 
      
*: The values marked with uppercases and lowercases according to initial letters of tissues are statistically different (p < 0,05) 
 

although relatively tolerant species exist. In fish 
toxicity tests with 22 metals and metalloids, silver 
was the most toxic tested element as judged by 
acute LC50 values (Birge and Zuiderveen, 1995; 
Ratte, 1999). In general, the detoxification 

mechanisms of fishes are the same and the metals 
are primarily linked to the metallothionein protein in 
the liver and the kidney is also the secondary 
gateway for heavy metal detoxification in body and 
reduces the effects of metals (Vinodhini and 
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Narayanan, 2008). But as reported in many studies, 
the types of fishes and different physiological 
structures may affect to accumulate metals in 
different organs in different levels (Canli and Kalay, 
1998; Cid et al., 2001; Karadede et al., 2004; 
Mendil and Uluözlü, 2007; Al-Weher, 2008; Sen et 
al., 2011). 
 According to the results of One Way Anova 
Test determined by using Ag bioaccumulations of 
fish tissues (Table II), S. cii and C. tinca show a 
statistically significance differences from B. 
oligolepis according to liver tissues; S. cii shows a 
statistically significance differences from C. tinca 
and B. oligolepis according to kidney tissues 
(p<0.05). Metal accumulation in muscle and gill is 
not related with the physiology of fishes, but it is 
directly related with the accumulations of metals in 
water and the physiology of fishes impacts the 
activities of liver and kidney tissues more than 
accumulations of metals in water. So observing no 
significant differences between muscle and gill 
tissues of fishes and observing significant 
differences between liver and kidney tissues of 
fishes according to bioaccumulation of silver were 
expected results. If a fish species, which is exposed 
to a toxic metal at the same rate with other fish 
species, accumulates that metal in liver and kidney 
tissues more than other fishes, this may mean that, 
this species is more sensitive to this metal than the 
others. In a study performed on Ag accumulations 
of Oncorhynchus clarki (cutthroat trout), which is 
clearly known to be very sensitive to inorganic 
pollution (NRCS 2007), Ag accumulation in liver 
tissue of O. clarki (2,3 mg/kg) was reported 
extremely higher than the Ag content of muscle 
tissue (0.1 mg/kg) (Freeman, 1979). If we compare 
this study with the present study, although O. clarki 
was exposed to silver much less than the present 
study, the accumulation of Ag in liver tissue of 
cutthroat trout was extremely higher than the 
accumulations of Ag in liver tissues of S. cii, C. 
tinca and B. oligolepis.  
 S. cii is only found on Lesbos and in the 
streams flowing into the northern Aegean in Turkey. 
The species is locally threatened by pollution, water 
abstraction and drought. The species only survives 
in a few narrow areas with limited populations due 
to heavy industrial pollution. Although, these threats 

are not thought to cause the species to qualify for a 
threatened or near threatened category, populations 
of S. cii are decreasing day by day because of 
especially inorganic pollution (IUCN, 2011). 
According to data, the accumulations of Ag in liver 
and kidney tissues of S. cii were statistically higher 
than the accumulations in C. tinca and B. oligolepis. 
So, it can be understood from the data that, S. cii can 
be more sensitive to silver pollution and adversely 
affected than the other species.   
 The matrixplot diagrams show the 
distribution of Ag levels in water and sediment of 
Emet Stream Basin according to stations and 
seasons, and average Ag levels in muscle, gill, liver 
and kidney tissues of three fish species according to 
stations (Fig. 3).  
 Boxplot deviation diagrams show the range 
and mean concentrations of Ag levels in water, 
sediment and three fish tissues of Emet Stream 
Basin (Fig. 4). According to the boxplot diagrams, 
the highest deviation of Ag concentrations was 
observed in autumn and winter seasons for water 
and in autumn season for sediment. Although the 
lowest deviation of Ag concentrations was observed 
in spring season for water, a high deviation between 
maximum value and upper quartile (Q3) of boxplot 
was also observed in this season. The highest 
deviation between maximum value and upper 
quartile (Q3) of boxplot was observed in winter 
season and a significant deviation between 
minimum value and lower quartile (Q1) of boxplot 
was observed in autumn season for sediment. 
According to the last boxplot diagram, the highest 
deviation of Ag accumulations was determined in 
kidney tissues and also a significant deviation was 
observed between median (Q2) and upper (Q3) 
quartile of boxplot. Although the highest deviations 
of maximum and minimum Ag accumulations from 
lower (Q1) and upper (Q3) quartile of boxplot were 
determined in muscle tissues, the lowest deviation 
was also determined in these tissues. 
 The diagram of Cluster Analysis calculated 
by using Ag levels of water and sediment is given in 
Figure 5. According to the Cluster similarity and 
distance analysis, E2 and E3 stations show the 
highest similarity (94,4%) and E5 and E8 stations 
show the lowest similarity (71,1%). While the 
stations of E1, E2, E3, E5, E6 and E7 with lower Ag  
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Fig. 3. Matrixplot diagrams for water, sediment and fishes 

 

 
 

Fig. 4. Boxplots for water, sediment and fish tissues 
 
levels are forming a group with each other, the 
stations of E4 and E8 with higher Ag levels are 
forming a group with each other.  

 E1 and E2 stations were closed to the source 
of Emet Stream and were not exposed to Ag 
discharge as much as the other stations. Although 
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abiotic components of E2 station were not 
contaminated by silver, biotic components of E2 
station were significantly contaminated. Fishes are 
active organisms so they can be affected by 
contaminations from large areas. Fishes of E2 
station were affected from the high contaminated 
areas on the Emet Stream. 
 

 
 

Fig. 5. Diagram of Cluster Analysis 
 

 E3 station was located closed to the Emet 
District and exposed to domestic wastes. Although it 
is contaminated by organic pollution and located 
closed to the Eti Silver Mine, it was not 
contaminated by Ag. 
 E4 station was located on the Emet Stream 
and it was the closest station to the Eti Silver Mine. 
A significant increasing of Ag levels in both biotic 
and abiotic components of Emet Stream was 
determined after especially from this station. So it 
can be thought that, Eti Silver Mine can primarily 
affect the system around E4 station by groundwater 
line. 
 E5 station was located on the Kınık Stream 
and far away from domestic and agricultural 
activities. But this stream is under pressure of 
Harmancık Chromium Mine and it is exposed to an 
important inorganic pollution. Ag content of this 
station in water and sediment shows similarity with 
E1 and E7 stations. So it can be understood that, 

Kınık Stream does not constitute any risk for Emet 
Stream Basin in terms of silver, and chromium 
mines around the basin are ineffective for Ag 
contaminations to environment. 
 Although E6 station was located on the down 
side of Emet Stream and exposed to organic and 
inorganic pollutions, E5 station has been caused to 
diluting the silver content of water and sediment in 
this station.    
E7 station was located on the Dursunbey Stream 
which is an important branch of Emet Stream. Ag 
levels in water, sediment and fish tissues of E7 
station reflect that, there is no significant Ag source 
around the region. Although this station was located 
on the down side of Dursunbey Stream, it has a low 
silver content. So it can be understood that, 
Dursunbey Stream is not exposed to Ag discharge 
and does not constitute any risk for Emet Stream 
Basin in terms of silver. 
E8 station was located on the down side of Emet 
Stream and the Ag accumulations on biotic and 
abiotic components of E4 and E8 stations show 
similarity. Eti Silver Mine and environmental 
interactions can affect the system around E4 and E8 
stations by groundwater line and rain wash. 
 

CONCLUSIONS 
 
 As a result, the study clearly indicates that, 
Ag accumulations in abiotic and biotic components 
of Emet Stream Basin are under affect of 
environmental interactions directly and Eti Silver 
Mine indirectly and carries this pollution to the 
Uluabat Lake. The silver plant that is located in the 
basin and the environmental interactions affect E4 
and E8 stations significantly higher than the other 
stations and Ag levels of water in the entire river are 
rising in parallel of rainfall. It was also determined 
that, the higher metal accumulations in fish tissues 
were seen in liver and kidney tissues and the lover 
accumulations were seen in muscle tissues in 
general. The fishes of Emet Stream Basin 
accumulate the silver more than their environments, 
they can affect from changes of Ag content of water 
and sediment, and also S. cii is more sensitive to 
silver pollution and adversely affected than the other 
species. These all adverse situations pose an 
important risk factor for the aquatic system and also 
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for public health around the Emet Stream Basin. 
 

ACKNOWLEDGEMENTS 
 
 This study is a part of Cem TOKATLI’s Ph.D 
thesis entitled as "An Investigation on Heavy Metal 
Accumulations in Water, Sediment and Fishes of 
Emet Stream". 
 

REFERENCES 
 

AL-WEHER, S. M., 2008. Levels of heavy metal Cd, Cu and 
Zn in three fish species collected from the Northern 
Jordan Valley, Jordan. Jordan J. biol. Sci., 1: 41 – 46. 

APHA, 1992. Standard methods for the examination of water 
and wastewater (eds. A.E. Greenberg, L.S.Clesceri, 
A.D. Eato). American Public Health Association, 18th 
ed., Washington, U.S.A. 

ARSLAN, N., KOÇ, B., ÇIÇEK, A., EMIROĞLU, Ö. AND 
MALKOÇ, S., 2009. Uluabat Gölü Bazı Biyotik ve 
Abiyotik Öğelerinde Gümüş Birikimi. Türkiye Sulak 
Alanlar Kongresi, Eski Karaağaç Köyü, Bursa, 22-23 
Mayıs 2009. 

ASTM, 1985. Preparation of biological samples for inorganic 
chemical analysis 1, Annual Book of ASTM Standards, 
D-19, pp. 740- 747. 

ATSDR, 1990. Toxicological profile for silver. Agency for 
Toxic Substances and Disease Registry, U.S. 
Department of Health and Human Services, Atlanta, 
GA. 

BIRGE, W. J. AND ZUIDERVEEN, J. A.. 1995. The 
comparative toxicity of silver to aquatic biota. In: 
Transport, fate and effects of silver in the environment 
(eds. A. W. Andren and T. W. Bober). Abstracts of 3rd 
international conference, 6-9 August 1995, University 
of Wisconsin Sea Grant Institute, Madison, Washington 
DC. 

BRYAN, G.W. AND LANGSTON, W.J., 1992. Bioavailability, 
accumulation and effects of heavy metals in sediments 
with special reference to United Kingdom estuaries: a 
review. Environ. Pollut., 76:89-131. 

BUHL, K.J. AND HAMILTON, S.J., 1991. Relative sensitivity 
of early life stages of Arctic grayling, coho salmon, and 
rainbow trout to nine inorganics. Ecotoxicol. Environ. 
Safety, 22:184-197. 

CANLI, M., AY, Ö. AND KALAY, M., 1998. Levels of heavy 
metals (Cd, Pb, Cu, Cr and Ni) in tissues of Cyprinus 
carpio, Barbus capito and Chondrostoma regium from 
the Seyhan River, Turkey. Turkish J. Zool., 22: 149-
157. 

CID, B. P., BOIA, C., POMBO, L. AND REBELO, E., 2001. 
Determination of trace metals in fish species of the Ria 
de Aveiro (Portugal) by electrothermal atomic 
absorption spectrometry. Food Chem., 75: 93–100. 

CONNELL, D.B., SANDERS, J.G., RIEDEL, G.F. AND 
ABBE, G.R.. 1991. Pathways of silver uptake and 
trophic transfer in estuarine organisms. Environ. Sci. 
Technol., 25:921-924. 

EPA, 1980. Ambient water quality criteria for silver. U.S. 
Environmental Protection Agency Report 440/5-80-071. 
pp. 212. 

EPA, 1998. Microwave assisted acid digestion of sediments, 
Sludges, soils, and oils. Method 3051. 

EPA, 2001. Determination of metals and trace elements in 
water and wastes by inductively coupled plasma-atomic 
emission spectrometry. METHOD 200.7. 

FERGUSON, H. W., 1989. Systematic pathology of fish. Iowa 
State University Press, Ames. IA. 

FREEMAN, R. A. 1979. Ecological kinetics of silver in an 
alpine lake ecosystem. in L. L. Marking and R. A. 
Kimerle, editors. Aquatic toxicology. Proceedings of 
the second annual symposium on aquatic toxicology. 
ASTM Special Technical Publication 667. American 
Society for Testing and Materials, Philadelphia, pp. 
342-358. 

IUCN, 2011. IUCN red list of threatened species, Squalius cii. 
Version 2011.2. http://www.iucnredlist.org/apps/redlist/ 
details/ 135551/0 

KARADEDE, H., OYMAK, S.A. AND ÜNLÜ, E., 2004. 
Heavy metals in mullet, Liza abu, and catfish, Silurus 
triostegus, from the Atatürk Dam Lake (Euphrates), 
Turkey. Environ. Int., 30 (2): 183–188. 

KARGIN, E. AND ERDEM, C., 1992. Bakır-Çinko 
Etkileşiminde Tilapia nilotica’nın karaciğer, kas ve 
solungaç dokularındaki Metal Birikimi. Doğa Tr. J. 
Zool., 16: 343-348. 

MAGNIN, G. AND YARAR, M., 1997. Important bird 
breeding areas in Turkey. DHKD Anabasım  AŞ., 
İstanbul, Türkiye, pp. 50 – 52. 

MAYERS, T.R. AND HENDRICKS, J.D., 1984. 
Histopathology. In: Fundamental of aquatic toxicology 
(eds. G.M. Rand and S.R. Petrocelli), Hemisphere. 
Washington DC. 

MENDIL, D. AND ULUÖZLÜ, Ö. D., 2007. Determination of 
heavy metals in sediment and fish species from lakes in 
Tokat, Turkey. Food Chem. 101: 739–745. 

NEBEKER, A. V., MCAULIFFE, C. K., MSHAR, R. AND 
STEVENS, D. G., 1983. Toxicity of silver to steelhead 
and rainbow trout, fathead minnows and Daphnia 
magna. Environ. Toxicol. Chem., 2:95-104. 

NRCS, 2007. Cutthroat trout (Oncorhynchus clarki). Natural 
Resource Conservation Service Fish and Wildlife 
Habitat Management Leaflet, Number 47. 

RATTE, H., T., 1999. Bioaccumulation and toxicity of silver 
compounds: A review. Environ. Toxicol. Chem., 18: 
89–108.  

RIVERA-DUARTE, I. AND FLEGAL, A. R., 1993. Pore water 
fluxes of silver in estuaries. In: Proceedings of the first 



EFFECT OF SILVER ON AQUATIC ECOSYSTEMS OF EMET STREAM BASIN 529

international conference on transport, fate, and effects 
of silver in the environment (eds. A. W. Andren, T. W. 
Bober, E. A. Crecelius and J. R. Kramer, S. N. Luoma, 
J. H. Rodgers, and A. Sodergren). University of 
Wisconsin Sea Grant Institute, Madison. pp. 37-39. 

SEN, I., SHANDIL, A. AND SHRIVASTAVA, V. S., 2011.  
Study for Determination of Heavy Metals in Fish 
Species of the River Yamuna (Delhi) by Inductively 
Coupled Plasma-Optical Emission Spectroscopy (ICP-
OES). Adv. appl. Sci. Res., 2:161-166. 

TOKATLI, C., KÖSE, E., ÇİÇEK, A., EMİROĞLU, Ö., 
ARSLAN, N., DAYIOĞLU, H., 2012. Lead 

Accumulatıons in Biotic and Abiotic Components of 
Emet Stream (Uluabat Lake Basin, Turkey). Pakistan 
Journal of Zoology vol. 44 (6): 1587-1592. 

VINODHINI, R. AND NARAYANAN, M., 2008. 
Bioaccumulation of heavy metals in organs of fresh 
water fish Cyprinus carpio (Common carp). Int. J. 
environ. Sci. Tech., 5: 179-182, 

http://www.etigumus.com.tr/ 
http://www.mta.gov.tr/ 
 

(Received 16 February 2013, revised 2013) 
 

 
 
 
 


