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Abstract: A total of 94 bacteria, associated with wild Achanthobrama marmid (Heckel, 1843) in Sir Dam lake of Turkey identified. Subsequently,

selected isolates were characterized and identified to the genus level. The 94 members of Enterobacteriaceae were isolated in the gills and

intestines, and among the isolates, E. coli were represented at a rate of  55 %, Shigella spp. at a rate of 21 %, Salmonella spp. at a rate of

9%, Citrobacter spp. at a rate of  9%, Klebsiella spp. at a rate of 3% and Proteus spp., at a rate of 3%. A total of 94 bacteria resistant to

antibiotics and heavy metals were isolated from total 47 of  A. marmid samples and were investigated. Viable counts of antibiotic resistant

bacteria isolated from gill and intestinal content samples showed high frequencies of resistance to  Penicilline-G (KP) (68%), CZ (54%), FOX

(48%), while the proportion of  CRO (39%) and  CTX (36%) resistance was low. In this research, heavy metal contamination in Sir Dam lake

water samples and resistance frequency against heavy metals in isolated bacteria from gill and intestinal contents in A. marmid  were

investigated. Heavy metal contamination such as nickel (Ni), cadmium (Cd), copper (Cu) and chromium (Cr)  determined diverse rate (except

Mn) in water samples. The resistance frequency of the isolates was revealed different rate for the following heavy metals: Ni, Cd, Cu and Cr.

When the concentration of heavy metals increased, the resistance against heavy metals in diverse genus of isolates in different rate decreased.
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Introduction

Fish and fish products are high on the list of foods associated

with outbreaks of foodborne diseases, and a large proportion of

these outbreaks are caused by biotoxin, histamine or viruses.

Nevertheless, seafood may be a vehicle for most of the known

bacterial pathogens (Davies et al., 2001).

In order to fully assess the risks from fish and fish products,

it is important to have information on the incidence of these pathogens

(Davies et al., 2001). The widespread use of antimicrobial agents in

food animal production has contributed to the occurrence of resistant

bacteria in animals, including zoonotic pathogens, which can be

transmitted to humans via the food chain (WHO, 1997; Antunes et al.,

2003).

There have been relatively few studies comparing the

microbiological profile of cultured and wild animals. Likewise, it is

generally believed that environment can influence numbers and

types of microorganisms of fish (Nedohula and Westhoff, 1997a,b),

but similar microbial loads have been found in aquacultured and wild

freshwater fishes of the same species (Nedohula and Westhoff, 1997b;

González et al., 1999).

The occurrence of antibiotic-resistant pathogenic bacteria in

surface waters and aquaculture environments is also a well-known

phenomenon that carries a negative impact for public health and for

the safety of the fish supply (González et al. 1999; Toroglu et al.,

2005). Recent studies showed that seafood and fish products are

quite often contaminated (Ayas et al., 2007; Samanta et al., 2005).

The presence of antibiotic-resistant bacteria in fish throughout the

world has been documented in several publications (Nonaka and

Suzuki, 2002; Matyar et al., 2004). Heavy metals entering the fish

have a possibility to get accumulated in different parts of the body

and the residual amount can build up to a toxic level (Kumar and

Achyuthan, 2007; Ayas et al., 2007; Yoon et al., 2008).

At present no studies on antibiotics and heavy metals

resistance bacteria in A.marmid have been performed in Turkey,

despite the fact that fish is an important component of the Turkey’s diet.

A. marmid is one of the most common and widely distributed

Cyprinid species in the Tigris, Euphrates river systems, Orontes

river systems and Ceyhan river systems. A. marmid has high

level in Sir Dam lake which is on the Ceyhan River Systems.

There are many studies concerning the systematic and distributions

of  A. marmid from Syria (Heckel, 1843), and Turkey (Balik, 1988).

On the other hand, there are few investigations about the biology

of  A. marmid (Unluz et al., 1994). The fish is highly consumed by

people and is important for economics in and around Kahraman

Maras from Turkey.
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In the present work, we detected antibiotics and heavy metal-

resistant microorganisms in isolated Enterobacteriaceae members in

gills and intestinal content of A. marmid from contaminated Sir Dam

lake . This study was performed to evaluate potential differences in

frequencies of resistant bacteria from gills and intestinal contents and

to determine antibiotic and heavy metal resistance patterns of some

selected bacterial isolates to antibacterial compounds frequently used

in Turkey.

Materials and Methods

Sample collection: 47 fish samples were collected from different

stations of Sir Dam lake(Fig. 1) in January and June 2002 and

packed in sterile bags on ice. Samples were immediately

transported to the laboratory and processed within 2 hr of their

collection.

Fishes were externally washed sterilized with water to

reduce potential contamination with skin bacteria. Intestinal content

was obtained by compressing the intestinal tube with pliers, and

placed on sterile petri dishes. Gills were aseptically removed and

placed on sterile dishes, weighted and grinded by hand using sterile

mortar.

 Water samples (100 ml) were also collected from Sir Dam

lake using sterile screw-capped glass bottles, and stored in cold

bags at +4oC until analysis in the laboratory within 2 hr after collection.

Achanthobrama marmid samples: The study was carried out in

47 fish samples (32 female and 15 male) of A. marmid obtained from

Sir Dam lake. The average total weight and length was 36.4 g, 152.1

mm, respectively. In fish samples, weights of individuals varied between

63.8 g and 22.0 g and total length varies between 170.3 mm and

124.7 mm. Average length-weights in this fish samples was 155.5 mm

- 37.5 g in male and 150.5 mm - 35.8 g in female, respectively.

Isolation and identification of Enterobacteriaceae: The total

colony count of bacteria, for the recovery of total aerobic bacteria

(CFU g-1), was done by the pour plate method using nutrient agar

(NA) (Oxoid) (Nwachukwu, 2000). The colonies were screened

and identified on the taxonomic schemes and descriptions by Holt et

al. (1994). Numbers of coliform bacteria, total coliform (MPN g-1)

were determined by MPN methods (Collins et al., 1989) using Brilliant

green bile broth (Coyne and Howell, 1994). Heterotrophic plate

counts, for the recovery of representative enteric bacteria, were

made using eozin methylen blue agar (EMB-agar), selenite sistin

Fig. 1: Map of  Sir Dam lake
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broth, salmonella shigella agar  (SS-agar), Triple sugar iron agar

(TSI) (TSI reactions are used primarily to identify members of the

Enterobacteriacea-the enterics. Many nonenteric gram-negative

intestinal bacilli exist whose identification or separation from the

Enterobacteriacea is aided by their TSI reactions), urease test

(MacFaddin, 2000), serologic test (Jawetz et al., 1995).

Ninety four strains were randomly selected from plates.

Triplicate plates with NA, Brilliant green bile broth, EMB-agar and

SS-agar (before, also is put into Selenite Sistin Broth) were inoculated

from gills and intestinal content samples.  Representative colonies

were purified an EMB-agar and SS-agar and TSI-agar and incubated

at 37°C for 24 ±4 hr. Preliminary identification of strains obtained in

pure culture was based phenotypical characteristics, a Gram staining,

catalase, oxidase, motility, gelatin liquefaction, of glucose, ürease,

respiration fermentation tests, biochemical tests (IMVIC tests) and

serologic test, PPA test (deaminate phenylalanine test) (Collins et al.,

1989; Jawetz et al., 1995; MacFaddin, 2000). Complete identification

of Enterobacteriaceae was achieved by use of the tests in Bergey’s

manual of determinative bacteriology (Holt  et al., 1994).

Antibiotic susceptibility testing: The isolates were tested for

sensitivity to five (5) antibiotics applied (mg disc-1). The five antibiotics

used were : Cefoxitine (FOX) 30 mg, Ceftriaxone (CRO) 30 mg,

Cefazoline (CZ) 30 mg, Cefotaxime (CTX) 30 mg, Penicillin-G  (KP)

10 unit.

Antibiotic resistance was also tested by direct plating of samples

on antibiotic-containing (Ab) media and also by line inoculation of up

to 50 isolates on a single plate of medium containing the disc quantity

of antibiotic per ml of medium. This compromise was necessary since

it was impracticable to determine minimum inhibitory concentration

(MIC) values for so many isolates and antibiotics (Jones et al.,

1986). Also, media without antibiotics were used as controls.

Analysis of data: The percentage resistance (%R) to 1,2,3..... n

antibiotics as exclusive classes were calculated. The sum of these

values for any group of bacteria is the overall incidence of any

resistance (Hinton et al., 1985).

Determination of bacteria resistance against heavy metal

ions: The heavy metal ion resistance of the isolates of fish samples

was determined by means of the agar dilution method. Heavy metal

salt solutions, such as NiCl
2
.6H

2
O, CdCl

2
.H

2
O and CuSO

4
.5H

2
O,

K
2
Cr

2
O

7
, were used in a final concentration of 1 mM to 4 mM in the

supplemented plate count agar plates. Heavy metal resistance was

also tested by direct plating of isolates on heavy metal-containing

media and also by spot inoculation of up to 50 isolates on a single

plate of medium containing heavy metal this compromise was

necessary since it was impracticable to determine MIC values for so

many isolates and heavy metal (Nagy et al., 1990). Also, media

without antibiotics were used as controls.

Metal analysis of water samples: Metal concentrations in these

water samples of Sir Dam lake were measured using a Perkin-

Elmer 3110 atomic absorption spectrophotometer, with reference to

appropriate standard solutions, and the metal concentrations in the

water samples (AMAAS, 1982).

Results and Discussion

The bacterial contamination level was high in gill content of

A. marmid and in water samples of Sir Dam lake, among 6x104-

3x108 CFU g-1 and 5x102-8x109 CFU ml-1, respectively. It also

contained coliform bacilli with 150-1100 MPN g-1 in gill content (except

Table - 2: Antibiotics susceptibility frequency in isolates

N.B.
         KP          CZ       FOX      CRO      CTX

P R (%) P R (%) P R (%) P R (%) P R (%)

Intestine 46 29 63 23 50 21 45 19 41 16 35

Gill 48 35 73 28 58 24 50 18 38 18 38

Total 94 64 68 51 54 45 48 37 39 34 36

N.B: Number of bacteria,  P: Producing, R%: Resistance percentage, KP: Penicillin-G, CZ: Cefazoline, FOX: Cefoxitine, CRO: Ceftriaxone, CTX: Cefotaxime

Table - 1: Numbers and ratios of isolated enterobacteriaceae members from A. marmid in Sir Dam lake

Bacteria genera               Total             Intestinal               Gill

Number Ratio (%) Number Ratio (%) Number Ratio (%)

E. coli 52 55 26 57 26 54

Salmonella spp. 8 9 2 4 6 13

Shigella spp. 20 21 13 28 7 15

Citrobacter spp. 8 9 3 7 5 10

Klebsiella spp. 3 3 2 4 1 2

P. vulgaris 3 3 0 0 3 6

Total 94 100 46 100 48 100
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for intestinal content) and with 150- >1100 MPN ml-1 in water samples

of Sir Dam lake, respectively.

Ninety four members of Enterobacteriaceae were isolated

from gill and intestinal content in the A. marmid, and among the

isolates, E. coli were represented at a rate of 55%, Shigella spp. at

a rate of 21 %, Salmonella spp. at a rate of 9%, Citrobacter spp. at

a rate of 9%, Klebsiella spp. at a rate of 3%, Proteus vulgaris at a

rate of 3% (Table 1). These bacteria were defined as a sign of fecal

contamination in areas polluted by urban, industrial and domestical

waste by other workers (Alonso et al., 1999; Toroglu et al., 2005).

All these organisms are potential pathogens of man capable of

causing a variety of diseases. When the aquatic system is contaminated

with pathogenic bacteria, these bacteria too become part of microflora

of fish. In the case of being contaminated with pathogenic bacteria,

fish pose a serious threat for public health.

E. coli is the most common cause of urinary tract infection

and accounts for approximately 90% of first urinary tract infections in

young women. E. coli that cause diarrhea are extremely common

worldwide (Jawetz  et al., 1995). Klebsiella sp., causes a small

proportion (about 3%) of bacterial pneumonias. K. pneumoniae can

produce extensive hemorrhagic necrotizing consolidation of the lung.

It occasionally produces urinary tract infection and bacteremia with

focal lesions in debilitated patients. Other enterics also may produce

pneumonia. Proteus species produce infections in humans only

when the bacteria leave the intestinal tract. They are found in urinary

Table - 7: Heavy metals ion results (ppm) in taken water samples from Sir

Dam lake

Cu Fe Zn Mn Ni Pb

0.063 1.658 0.165 0.012 0.096 1.562

Table - 6: Water quality criters due to contamination rate in river (ppm)

(Baltaci, 2000)

Contamination rate Cu Fe Zn Mn Ni Pb

Clear 0.02 0.3 0.2 0.1 0.02 0.01

Little contamination 0.05 1.0 0.5 0.5 0.05 0.02

Contamination 0.2 5.0 2.0 3.0 0.2 0.05

Heavy contamination >0.2 >5.0 >2.0 >3.0 >0.2 >0.05

Table - 3: Antibiotic susceptibility frequency of bacteria genera

Bacteria genera N.B.
         KP          CZ        FOX        CRO      CTX

P R (%) P R (%) P R (%) P R (%) P R (%)

E. coli 52 34 65 26 50 22 42 16 31 16 31

Salmonella spp. 8 6 75 5 63 4 50 4 50 4 50

Shigella spp. 20 13 65 10 50 10 50 8 40 8 40

Citrobacter spp. 8 8 100 6 75 5 63 3 38 3 38

Klebsiella spp. 3 2 67 2 67 2 67 2 67 2 67

P. vulgaris 3 2 67 2 67 2 67 1 33 1 33

N.B: Number of bacteria,  P: Producing, R%: Resistance percentage, KP: Penicillin-G, CZ: Cefazoline, FOX: Cefoxitine, CRO: Ceftriaxone, CTX: Cefotaxime

Table - 4: Antibiotic susceptibility in bacteria genera isolated from intestines

Bacteria genera N.B.
         KP          CZ        FOX        CRO      CTX

P R (%) P R (%) P R (%) P R (%) P R (%)

E. coli 26 16 62 12 46 11 42 8 31 8 31

Salmonella spp. 2 1 50 1 50 0 0 0 0 0 0

Shigella spp. 13 7 54 6 46 6 46 4 31 4 31

Citrobacter spp. 3 3 100 2 67 2 67 2 67 2 67

Klebsiella spp. 2 2 100 2 100 2 100 2 100 2 100

N.B: Number of bacteria,  P: Producing, R%: Resistance percentage,  KP: Penicillin-G, CZ: Cefazoline, FOX: Cefoxitine, CRO: Ceftriaxone, CTX: Cefotaxime

Table - 5: Antibiotic susceptibility in bacteria genera isolated from gills

Bacteria genera N.B.
         KP          CZ        FOX        CRO      CTX

P R (%) P R (%) P R (%) P R (%) P R (%)

E. coli 26 18 69 14 54 11 42 8 31 8 31

Salmonella spp. 6 5 83 4 67 4 67 4 67 4 67

Shigella spp. 7 6 86 4 57 4 57 4 57 4 57

Citrobacter spp. 5 5 100 4 80 3 60 1 20 1 20

Klebsiella spp. 1 0 0 0 0 0 0 0 0 0 0

P. vulgaris 3 2 67 2 67 2 67 1 33 1 33

N.B: Number of bacteria,  P: Producing, R%: Resistance percentage, KP: Penicillin-G, CZ: Cefazoline, FOX: Cefoxitine, CRO: Ceftriaxone, CTX: Cefotaxime

Toroglu et al.26
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tract infections and produce bacteremia, pneumonia, and focal lesions

in debilitated patients or those receiving intravenous infusions.

Citrobacter sp., can cause urinary tract infections and sepsis. The

natural habitat of Shigella is limited to the intestinal tracts of humans

and other primates, where they produce bacillary dysentery.

Salmonella sp., are often pathogenic for humans or animals when

acquired by the oral route. They are transmitted from animals and

animal products to humans, where they cause enteritis, systemic

infection, and enteric fever (Jawetz et al., 1995). Salmonellosis is

one of the most frequent foodborne diseases, being an important

public health problem in almost all industrialized countries. Salmonella

accounted for the largest number of outbreaks and cases of foodborne

disease (Antunes et al., 2003).

Fourty eight members of Enterobacteriaceae were isolated

from gill in the fish samples, and among the isolates, E. coli were

represented at a rate of 54%, Shigella spp. at a rate of 15%,

Salmonella spp. at a rate of 13%, Citrobacter spp. at a rate of 10%,

Proteus vulgaris at a rate of 6%, Klebsiella spp. at a rate of 2%

(Table 1). At the same time, 46 members of Enterobacteriaceae

were isolated from intestinal content in the fish samples, and among

the isolates, E. coli were represented at a rate of 57%, Shigella spp.

at a rate of 28%, Citrobacter spp. at a rate of 7%, Salmonella spp.

at a rate of 4%, Klebsiella spp. at a rate of 4% (Table 1).

The isolation of these pathogens from gill and intestinal content

in the A. marmid is worrisome because it shows  heavy contamination

Table - 8: Heavy metal resistance frequency in isolates

H.M. Conc.
                             Intestine               Gill            Total

NRS R (%) NRS R (%) NRS R (%)

Ni 1 mM 43 93 44 92 87 93

2 mM 27 59 26 54 53 56

3 mM 13 28 11 23 24 26

4 mM 0 0 2 4 2 2

Cd 1 mM 15 33 12 25 27 29

2 mM 4 9 6 13 10 11

3 mM 1 2 2 4 3 3

4 mM 0 0 0 0 0 0

Cu 1 mM 41 89 46 96 87 93

2 mM 26 57 28 58 54 57

3 mM 15 33 16 33 31 33

4 mM 1 2 2 4 3 3

Cr 1 mM 6 13 7 15 13 14

2 mM 0 0 1 2 1 1

3 mM 0 0 0 0 0 0

4 mM 0 0 0 0 0 0

H.M: Heavy metals, Conc.: Concentration,  NRS: Number of resistant strains, R%: Resistance percentage

Table - 9: Heavy metal resistance frequency in isolated bacteria genera

H.M. Conc.
      E. coli Salmonella spp.  Shigella spp. Citrobacter spp. Klebsiella spp.    P. vulgaris

NRS R (%) NRS R (%) NRS R (%) NRS R (%) NRS R (%) NRS R (%)

Ni 1 mM 47 90 7 88 19 95 8 100 3 100 3 100

2 mM 30 58 5 63 15 75 0 0 2 67 1 33

3 mM 13 25 2 25 7 35 0 0 1 33 1 33

4 mM 1 2 0 0 0 0 0 0 1 33 0 0

Cd 1 mM 14 27 2 25 6 30 2 25 3 100 0 0

2 mM 5 10 1 13 0 0 2 25 2 67 0 0

3 mM 1 2 0 0 0 0 0 0 2 67 0 0

4 mM 0 0 0 0 0 0 0 0 0 0 0 0

Cu 1 mM 47 90 7 88 19 95 8 100 3 100 3 100

2 mM 30 58 4 50 17 85 0 0 2 67 1 33

3 mM 17 33 3 38 9 45 0 0 2 67 0 0

4 mM 1 2 0 0 0 0 0 0 2 67 0 0

Cr 1 mM 11 21 2 25 0 0 0 0 0 0 0 0

2 mM 1 2 0 0 0 0 0 0 0 0 0 0

3 mM 0 0 0 0 0 0 0 0 0 0 0 0

4 mM 0 0 0 0 0 0 0 0 0 0 0 0

H.M: Heavy metals, Conc.: Concentration, NRS: Number of resistant strains, R%: Resistance percentage

Antibiotics and heavy metals in enterobacteria 27
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with fecal origin in Sir Dam lake that the fishes were captured. In such

a case, it is possible to assume that these pathogens were introduced

into the production process by human healthy carriers through

handling. The continuous contamination of the process may be

enhanced through the processing equipment (Hatcher et al., 1992).

The resistance of 94 strains isolated from gills and intestinal

content in the A. marmid were determined against Cefoxitine (FOX),

Ceftriaxone (CRO), Cefazoline (CZ), Cefotaxime (CTX) and

Penicillin-G (KP). These were selected because they were

representative of antibiotics used in local medical and veterinary

practice and also carry beta-lactam ring (Jones  et al.,1986).

Among the isolated strains 54% were determined multiple

antibiotic resistance. Besides, when the number of generations in

Cephalosporin increased, the resistance against antibiotics in

isolates decreased. The study of Dincer et al. (2001) in which a

decrease of resistance in the 3rd generation of cephalosporin

isolated in hospitals and sewage of hospitals was found, supports

this study. The total number of 64 strains was resistant against KP

(68%), 51 against CZ (54%), 45 against FOX (48%), 37 against

CRO (39%), 34 against CTX (36%). The high frequency of

antibiotic resistant bacteria raises questions on the origin of resistant

genes. In this respect it is possible that antibiotic resistant faecal

bacteria of domestic sewage discharged in to the Sir Dam Lake

might transfer their antibiotic resistant determinants to indigenous

flora of fish, provoking their spread and prevalence in the lake

environment. As shown Table 2, in bacterial strains from gills in

proportion to intestinal content of fish samples exhibited increased

resistance ratio against antibiotics. Because of gills are direct contact

with seawater, it is possible antibiotic resistant enteric bacteria to

adhere on it. Isolated bacteria were shown resistance percentage

against antibiotics kinds (Table 2).

Since the 1950s, this practice has exerted a selection

pressure for antimicrobial resistance genes, which has led to the

emergence of antibiotic resistant bacteria associated with food

producing animals and foods. Of major concern is that human

pathogens are also exhibiting resistance to antibiotics commonly

used for treatment of human bacterial infections (Geornaras and

Holy, 2001). In recent years, increased focus has been given to

food as potential vehicles of antibiotic resistance genes (Danielsen

and Wind, 2003).

Isolated bacteria genera were shown generally similar

resistance ratio against antibiotic test. This condition carried out

widespread multiple antibiotic resistance in isolated bacteria genera.

Besides, as mention at first, when the number of generations in

Cephalosporin increased, the resistance ratio against antibiotics in

bacteria genera decreased (Table 3). It can be shown that resistance

ratio against antibiotic kinds in bacteria genera in Table 3. Penicillin-

G (KP)-resistant E. coli strains isolated from Sir Dam lake indicating

a fecal contamination. Resistance genes carried by the commensal

bacteria are of clinical importance because resistant strains probably

originate from the natural environment. The presence of high

numbers of antibiotic resistant bacteria in gills and intestines of fish

may have ecological and public health implications and emphasizes

the need for further studies.

When  discriminates  between gill and intestine determined,

in E. coli, Salmonella spp., Shigella spp. ve Citrobacter spp. isolated

from gills in proportion to intestinal content of fish samples exhibited

increased resistance ratio against antibiotics. But, in Klebsiella spp.

isolated from intestinal content in proportion to gills of fish samples

exhibited increased resistance ratio against antibiotics. 3 strains of

Proteus spp., isolated from only gills showed high frequencies of

resistance to antibiotics. According to discriminates between gill and

Table - 10: Heavy metal resistance frequency in bacteria genera isolated from intestines

H.M. Conc.
       E. coli  Salmonella spp.     Shigella spp. Citrobacter spp. Klebsiella spp.

NRS R (%) NRS R (%) NRS R (%) NRS R (%) NRS R (%)

Ni 1 mM 24 92 1 50 13 100 3 100 2 100

2 mM 14 54 1 50 11 85 0 0 1 50

3 mM 6 23 1 50 6 46 0 0 0 0

4 mM 0 0 0 0 0 0 0 0 0 0

Cd 1 mM 6 23 1 50 5 38 1 33 2 100

2 mM 2 8 0 0 0 0 1 33 1 50

3 mM 0 0 0 0 0 0 0 0 1 50

4 mM 0 0 0 0 0 0 0 0 0 0

Cu 1 mM 22 84 1 50 13 100 3 100 2 100

2 mM 12 46 1 50 12 92 0 0 1 50

3 mM 7 27 1 50 6 46 0 0 1 50

4 mM 0 0 0 0 0 0 0 0 1 50

Cr 1 mM 6 23 0 0 0 0 0 0 0 0

2 mM 0 0 0 0 0 0 0 0 0 0

3 mM 0 0 0 0 0 0 0 0 0 0

4 mM 0 0 0 0 0 0 0 0 0 0

H.M: Heavy metals, Conc.: Concentration, NRS: Number of resistant strains, R%: Resistance percentage

Toroglu et al.28
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Table - 11: Heavy metal resistance frequency in bacteria genera isolated from gills

H.M. Conc.
      E. coli Salmonella spp.  Shigella spp. Citrobacter spp. Klebsiella spp.    P. vulgaris

NRS R (%) NRS R (%) NRS R (%) NRS R (%) NRS R (%) NRS R (%)

Ni 1 mM 23 88 6 100 6 86 5 100 1 100 3 100

2 mM 16 62 4 67 4 57 0 0 1 100 1 33

3 mM 7 27 1 17 1 14 0 0 1 100 1 33

4 mM 1 4 0 0 0 0 0 0 1 100 0 0

Cd 1 mM 8 31 1 17 1 14 1 20 1 100 0 0

2 mM 3 12 1 17 0 0 1 20 1 100 0 0

3 mM 1 4 0 0 0 0 0 0 1 100 0 0

4 mM 0 0 0 0 0 0 0 0 0 0 0 0

Cu 1 mM 25 96 6 100 6 86 5 100 1 100 3 100

2 mM 18 69 3 50 5 71 0 0 1 100 1 33

3 mM 10 38 2 33 3 43 0 0 1 100 0 0

4 mM 1 4 0 0 0 0 0 0 1 100 0 0

Cr 1 mM 5 19 2 33 0 0 0 0 0 0 0 0

2 mM 1 4 0 0 0 0 0 0 0 0 0 0

3 mM 0 0 0 0 0 0 0 0 0 0 0 0

4 mM 0 0 0 0 0 0 0 0 0 0 0 0

H.M: Heavy metals, Conc.: Concentration, NRS: Number of resistant strains, R%: Resistance percentage

intestine, resistance percentage against antibiotics in bacteria genera

showed in Table 4 and 5.

The high incidence of multiple antibiotic resistance strains in

gills and intestinal contents in our study is also an important concern

of antibiotic usage. Multiple antibiotic resistance has been reported in

fish pathogens and bacteria from aquaculture environments, often

associated with the use of some drugs (McPhearson et al., 1991)

and high incidence of multiple resistance patterns in bacterial isolates

from Western Mediterranean fish farm (Chelossi et al., 2003).

The results of this study show that water of Sir Dam lake that

is polluted with industrial, domestic, and agricultural waste causes

bacterial resistance and leads to reservoirs for spreading these

kinds of resistances. According to findings, fecal contamination in lake

increased resistance frequency against antibiotics in isolates from A.

marmid that live Sir Dam lake.

Heavy metal pollution is a principle source of environmental

contamination. Water quality criters due to contamination rate in river

can be seen Table 6. According to the results of heavy metal ion

analysis made up taken water samples from Sir Dam lake that to be

collected streams contaminated with urban, industrial, agricultural

wastes, in water samples detected different rate of heavy metal

pollution (except manganese) (Table 7). The foundation this heavy

metals in waters show that industrial foundations are an important

place in the contamination of the waters. A possible hazardous situation

may occur in the future depending on the industrial development in

this area. Roane and Kellogg showed that once heavy metals enter

the environment, biological systems including microorganisms can

accumulate and introduce the metals into food webs (Roane and

Kellogg, 1996).

There are many reports on algae, bacteria, fungi, fishes,

marine animals or higher plants that remove and or accumulate

large amounts of heavy metals from their external environment

(Samanta et al., 2005; Gupta and Srivastava, 2006; Ayas et al.,

2007; Kumar and Achyuthan, 2007). In the present work, we detected

heavy metal-resistant microorganisms from captured fishes in

contaminated Sir Dam lake. Fishes are suitable indicators for the

environmental pollution monitoring because they concentrate pollutants

or contaminants in their gills and tissues directly from water. Data on the

presence of heavy metal-resistant microorganisms in fish is therefore

important not only from ecological, but also human health.

The heavy metal ion resistance of the isolates of fish samples

was determined different concentration. 93% of isolated total 94

bacteria strains against 1mM, 56% against 2 mM, 26% against

3mM, and 2% against 4 mM were resistant to NiCl
2
.6H

2
O. Not seen

to resistant bacteria against to 5 mM NiCl
2
.6H

2
O (Table 8). Some

heavy metals (eg. Ni) are toxic even at low concentrations and

therefore are an important source of contamination in industrial

societies (Kadiiska et al., 1997).

29% of isolated total 94 bacteria strains against 1mM, 11%

against 2 mM and 3% against 3mM were resistant to CdCl
2
.H

2
O.

Not seen to resistant bacteria against to 4 mM CdCl
2
.H

2
O (Table 8).

Silver and Misra (1984) determined that cadmium resistance in

bacteria is depend on then accumulating to convert metal ions from

more toxic into less toxic and once the toxic heavy metal ion has

reached the intracellular cytoplasm, it can be pumped out again rapidly

by a highly specific efflux system (Silver and Misra, 1984).

93% of isolated total 94 bacteria strains against 1mM, 57%

against 2 mM, 33% against 3 mM and 3% against 4 mM were

resistant to CuSO
4
.5H

2
O. Not seen to resistant bacteria against to

5 mM CuSO
4
.5H

2
O (Table 8). Although copper resistance in bacteria

is relatively rare, resistant species have been isolated from several

diverse sources (Bender  and Cooksey, 1986).

Antibiotics and heavy metals in enterobacteria 29



Journal of Environmental Biology  �January, 2009�

14% of isolated total 94 bacteria strains against 1mM, 1%

against 2mM were resistant to K
2
Cr

2
O

7
. Not seen to resistant bacteria

against to 3mM K
2
Cr

2
O

7
 (Table 8).  Efstathiou and McKay determined

that Streptococcus lactis  have genes of plasmids that control

resistances to (CrO
4

-2) ions (Efstathiou and Mckay, 1977).

This condition shows being Ni and Cu contamination were

higher than Cd and Cr in waters. Before done in a study, a parallel

relation occurred out between resistance ratio of isolates against this

heavy metal ion with heavy metal ion concentration in water (Toroglu

et al., 2006). Cervantes and Silver (1992) explained that many

species of bacteria have genes that control resistances to specific

toxic heavy metals and quite similarly to the genes for antibiotic

resistances and other ancillary functions. These resistances often

are determined by plasmids and transposons that confer highly

specific resistances to Cd, Cu, Cr and other toxic heavy metals

(Cervantes  and Silver, 1992).

When isolated bacteria genera investigated for heavy metal

resistance, bacteria genera showed highly resistance against tested

heavy metal ions to 1 mM in test. Besides, when the concentrations

of heavy metal increased, the resistance ratio against heavy metals

ions in isolated bacteria genera decreased. Not seen to resistant in

the whole strains of Shigella spp., Citrobacter spp. Klebsiella spp.

and P. vulgaris against to K
2
Cr

2
O

7 
in test. It can be shown that

resistance ratio against different concentrations of heavy metal in

isolated bacteria genera in Table 9.

Not seen to the highly discriminates among resistance

percentage in isolates from gills and intestinal content against to

different concentrations heavy metals ions. Resistance percentage

against to heavy metals in Klebsiella spp., Shigella spp. and E. coli

was to highly according to another. It can be shown that resistance

ratios of isolated bacteria genera from intestines and gills against heavy

metals ions in different concentrations in Table 10 and Table 11.

These results suggest that releasing of urban, domestic and

industrial wastewater into surface waters as running waters without

treatment process increases the bacterial resistance against heavy

metals. Subsequently heavy metal resistance is spreaded on large

areas and Sir Dam lake. According to findings, heavy metal

contamination in lake increased resistance frequency against heavy

metals in isolates from A. marmid that live Sir Dam lake.

Contamination of groundwater with different compounds is a

serious concern for public health and environmental quality. This

problem is generally showed as a pollutant migrating in the direction

of groundwater flow from a point resource, which harms our

environment is substantially affecting all strive health and welfare

(Toroðlu et al., 2005; Toroglu et al., 2006).

In conclusion, this study demostrated that there are high

frequencies of antibiotic resistance to Penicilline-G (KP) (68%), CZ

(54%), FOX (48%), CRO (39%) and CTX (36%), resistance of

isolated pathogenic bacteria from gill and intestinal content of A. marmid

collected from Sir Dam lake. Furthermore, this study showed that

there are both heavy metal contamination in Sir Dam lake water

samples and heavy metal resistance in the bacteria from the fish

samples. Therefore, the consumption of A. marmid contaminated

with these bacteria pose a great risk for public health. In Turkey, fish

is usually consumed after being cooked and therefore, fish may be a

low risk food (except aspect of heavy metal ions). What the magnitude

of the risk becomes clear when the shift in the eating habits of people

in Turkey and in other countries of the world towards raw or cooked

fish is taken into consideration. Owing to the potential hazard of

antibiotics and heavy metals-resistant bacteria in fish, it is clearly

necessary to put more emphasis on food hygiene and ecological

and public health.
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