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Background: Mercury is one of the most toxic heavy metals. Even a small amount of it is toxic for all living organisms. Some of bacteria 
have developed special resistance mechanisms against mercury, in addition to resistant to different antibiotics. These bacteria usually 
acquire Hg and antibiotic resistance genes via horizontal gene transfer in their habitat.
Objectives: The aim of this study was isolation and identification of mercury resistant bacteria and evaluating the relation between 
increase of environmental levels of mercury and prevalence of antibiotic resistance among Gram negative Hg resistant bacteria.
Materials and Methods: The samples were collected from water and sediments of Kor River. We evaluated amounts of mercury in the 
water and sediment samples and counted the number of bacteria in both Hg containing and non-Hg containing media. Antibiotic 
resistance pattern was studied using disk diffusion method for Hg resistant and Hg sensitive bacteria.
Results: The frequencies of mercury resistant bacteria were between 35% for Pole Khan station and 2.5% for Doroodzan station. These 
stations were the most and the lowest mercury-contaminated areas of the Kor River respectively. Pseudomonas sp., Entrobacter sp., 
Escherichia coli, Klebsiella sp. And Serratia marcescens were isolated as mercury resistant bacteria. The highest level of antibiotic resistance 
was seen for ampicillin, tetracycline and sterptomycin. Antibiotic resistance frequencies among these bacteria were higher than mercury 
sensitive ones.
Conclusions: Our results showed that Hg resistance genes in contaminated areas are exchanged between residing bacteria along with the 
antibiotic resistance genes and resulted in prevalence of antibiotic resistance among residing bacteria.
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Implication for health policy/practice/research/medical education:
The increase of environmental mercury pollution not only affects all living organisms but also results in spreading multiple antibiotic resistance among residing 
bacteria especially in Gram negative bacteria. This will be a serious public health problem in contaminated regions.
Copyright ©  2013, Ahvaz Jundishapur University of Medical Sciences; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Cre-
ative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
Nowadays public health authorities are concerned 

about toxic chemicals such as mercury which is found 
in the rivers and enters the human body through sea 
foods consumption (1). Naturally, mercury exists in the 
environment in small amounts; however its level has in-
creased due to human activities (2). Mercury enters and 
aggregates in tissues, binds to the sulfhydryl groups of 
the enzymes and causes serious problems in humans (3). 
Consumption of methylmercury, the most toxic form of 
mercury, may cause Minamata disease which is distin-
guishable by different neurological symptoms in human 
(4). Even small amounts of mercury are toxic for all living 
organisms; however some bacteria residing in contami-
nated areas can exchange resistance genes due to contin-
ual exposure to the toxic levels of mercury and become 
resistant to it (3).

Resistance to mercury is controlled by a set of genes or-
ganized in an operon named mer. mer operon consists of 
mer RTPABD genes. Regulation of gene expression in mer 
operon is controlled by merD and merR. merP and merT 
are involved in transporting Hg into the cytoplasm, merB 
degrades organic mercury and finally merA encodes Mer-
curic reductase. This enzyme reduces Hg2+, one of the 
most toxic forms of mercury, to metallic mercury Hg0 
which is less toxic and not stable in the environment. So 
it plays the key role in mercury bioremediation process 
(5-7). Barkay et al. first reported bacterial resistance to 
mercury compounds in a clinically isolated Staphylococ-
cus aureus (8).

Ray et al. evaluated the ability of N2 fixing bacteria (Bei-
jerinckia and Azotobacter) to remove mercury. They report-
ed that there is a direct relationship between increased 
use of herbicides and spreading resistant to mercury in 
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bacterial communities residing in agricultural soils (9). 
Enhancement of mercury contamination increases an-
tibiotic resistant strains. This is a serious environmental 
and public health concern in such regions (10-12). More-
over, using mercury-containing products such as disin-
fectants and amalgam may cause spreading of multiple 
antibiotic resistance strains in hospitals and human in-
testine (3, 13).

Most of mercury resistance genes are located adjacent to 
antibiotic resistance genes. These genes are found in mo-
bile plasmids and transposons which can be exchanged 
between bacterial strains and species (14-16). Kor River is 
the main river in Fars province and supplies the drinking 
water of Shiraz (the largest city in the south west of Iran). 
The factories wastewater such as Petroshimi chloralkali 
unit which contains high amounts of mercury is dis-
charged into Kor River. High levels of mercury have been 
accumulated throughout the river for many years.

2. Objectives
The main objective of this work was to isolate and iden-

tify mercury resistant bacteria in the water and sedi-
ments of Kor River and determine whether increasing 
amounts of Hg in the environment could spread mul-
tiple antibiotic resistance among bacterial communities 
residing in these areas.

3. Materials and Methods

3.1. Study Area
Considering industrial and agricultural activities along 

the Kor River bank, the study area stretched from Dorood-
zan dam to Bakhtegan Lake, which comprised of four sta-
tions. The position and coordination of the sampling sta-
tions was determined by GPS (Global Positioning System) 
(Table 1). 

Table 1. Position of the Sampling Sites

Sampling Sites Altitude, m Description Coordinates

Longitude Latitude

Droodzan (D) 1634 after Droodzan barrier, without any wastewater 52° 25´ 32” E 30° 12´ 22” N

Pole Petroshimi (PP) 1593 after wastewater output of a chlor-alkali plant 52° 45´ 39” E 29° 51´ 42” N

Pole Khan (PKh) 1588 after Sivand river entrance, containing urban wastewater 52° 46´ 15” E 29° 50´ 89” N

Ghavmishi (G) 1563 sites ending of Kor river, near lake Bakhtegan 52° 25´ 00” E 29° 32´ 51” N

3.2. Sampling
The samples were collected from surface water as well 

as sediments in four stations throughout the river. Sam-
pling was performed three times during three weeks. For 
microbial studies, the samples were collected in sterile 
glass containers. For measuring the amounts of mer-
cury, the samples were collected in nitric acid pre-rinsed 
polyethylene containers. Electrical conductivity (EC), pH 
and temperature of the water samples were determined 
at the sampling sites (Table 2). The samples were then 
placed into cooler boxes and transferred to the labora-
tory ( 17 ). 

Table 2. Features of the Water Samples

Sampling Sites pH EC Tm

Droodzan 6.9 489 16

Pole Petroshimi 8.2 1124 18

Pole Khan 8.4 1133 17

Ghavmishi 8.1 1062 19

3.3. Sample Preparation
Samples were prepared before measuring the amounts 

of mercury. Water samples were first filtered using 42 µm 
Whatman filter paper. The filtered samples were digested 
with a mixture of 3 mL of nitric acid and 1 ml of chloridric 
acid. Sediment samples were dehydrated using an oven 
at 103°C for 2 hours and pulverized to uniform particle 
sizes. The pulverized samples were digested with a mix-
ture of 6 ml of nitric acid and 2 mL of perchloric acid for 
every 1 g of samples and heated. Finally, digested samples 
were filtered using 42 µm Whatman filter paper (17).

3.4. Mercury Analysis
Following the preparation, all samples were analyzed 

for the presence of Hg by cold vapor atomic absorption 
spectrophotometery using inductive coupled plasma 
(ICP) Varian model.

3.5. Bacterial Enumeration
After transferring the samples to the laboratory, enu-
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meration of bacteria was performed using total viable 
plate count. All samples were serially diluted in phos-
phate buffered saline (PBS) (2.2 g of NaH2PO4 per liter, 6 
g of Na2HPO4 per liter, 5.8 g of NaCl per liter [pH = 7.2]). 
Serial dilutions from 10-1 to 10-10 were prepared. From 
each dilution, 0.1 mL was speared on Luria-Bertani agar 
(LB agar) (Merck, Germany) (10 g of peptone per liter, 5 g 
of yeast extract per liter, 10 g of NaCl per liter, 12 g of agar 
per liter). The plates were incubated at 30°C for 48 hours. 
After the incubation period, the appeared colonies were 
enumerated (18).

3.6. Isolation and Identification of Mercury 
Resistant Bacteria

Isolation of mercury resistant bacteria was performed 
according to the method described in our previous study 
(19). One g of each sample was added to 9 mL of LB broth 
medium (10 g of peptone per liter, 10 gr NaCl per liter) 
containing 10 mg of HgCl2 per liter and incubated at 30°C 
for 48 hours. After the incubation period, 0.1 mL of en-
richment culture was speared on LB agar and incubated 
at 30°C for 48 hours. The appeared colonies were purified 
and identified using Gram staining and conventional bio-
chemical tests according to the method of Bergey (20).

3.7. Antibiotic Resistance
Antibiotic resistance susceptibility was assessed using 

disk diffusion method according to NCCLS instructions 

(21). A single colony was picked and added to contain-
ing HgCl2 and without HgCl2 LB broth media and incu-
bated at 37°C for 24 hours. The turbidity of media were 
compared to the 0.5 McFarland standard, then spread 
on Muller Hinton agar using sterile swabs. Finally, anti-
biotic discs (MAST, England) were located on the surface 
of the plates. The following antibiotic discs were used in 
this study: Ampicillin (AM) 10 µg, Streptomycin (S) 10 µg, 
Gentamycin (GM) 10 µg, Nalidixic Acid (NA) 30 µg, Tetracy-
cline (TE) 30 µg and Chloramphenicol (C) 30 µg.

3.8. Data Analysis
Data analysis was performed by ANOVA and Duncan 

tests. All statistical analyses were done using SPSS soft-
ware Version 12 with significance based on 0.05 (P < 0.05) 
in most of the cases.

4. Results

4.1. Amount of Mercury
The highest levels of mercury were 0.083 and 0.769 

ppm. These amounts were achieved from Pole khan 
Station water and sediments samples, respectively. 
The lowest amounts of mercury (0.011 and 0.248 ppm) 
were obtained from the water and sediment samples of 
Doroodzan Station. There was a significant difference (P < 
0.05) between amounts of mercury in different stations 
(Table 3). 

Table 3. Amounts of Hg in the Samples

Type of Samples Sampling Sites

Droodzan Pole Petroshimi Pole Khan Ghavmishi

Sediment, ppm 0.248 ± 0.179 0.671 ± 0.048 0.769 ± 0.038 0.634 ± 0.053

Water, ppm 0.011 ± 0.043 0.093 ± 0.035 0.083 ± 0.005 0.077 ± 0.005

4.2. Bacterial Enumeration
Average number of mercury resistant bacteria and 

total bacteria were 5.9 × 10 6 and 2 × 10 7 CFU/mL respec-
tively. There is a significant difference (P < 0.05) between 
the average number of mercury resistant bacteria and 
total bacteria. A comparison between the stations was 
performed in terms of the number of mercury resistant 

bacteria. The two highest numbers of mercury resistant 
bacteria, 8.2 × 10 6 and 1.4 × 10 7 CFU /mL were obtained 
from Pole petroshimi and Pole khan, respectively. The 
lowest number was 1.4 × 10 5 CFU/ml for Doroodzan sta-
tion. There is a significant difference (P < 0.05) between 
the average number of mercury resistant bacteria isolat-
ed from different stations (Table 4, Figure 1). 

Table 4. Frequencies of Mercury Resistant Bacteria

Sampling Sites Total Bacteria, CFU/mL Hg Resistant Bacteria, CFU/mL Hg Resistant Bacteria, %

Droodzan (D) 5.6 × 106 1.4 × 105 2.5

Pole Petroshimi (PP) 3.1 × 107 8.2 × 106 26

Pole Khan (PKh) 3.7 × 107 1.4 × 107 35

Ghavmishi (G) 8.6 × 106 1.5 × 106 20
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Figure 1. Distribution of the Total and Mercury Resistant Bacteria in the 
Sampling Sites

4.3. Isolation and Identification of Mercury 
Resistant Bacteria

Mercury resistant isolates from different stations are 
shown in Table 5. The most common isolated bacteria 
were Serratia marcescens (83.3%) and the least common 
ones were Acinetobacter (25%) (Table 5). 

4.4. Antibiotic Resistance
Of 55 mercury resistant strains, the highest frequen-

cies of antibiotic resistance were obtained for ampicillin 
(62%), tetracycline (53%), and streptomycin (42%) (Table 
6). A higher frequency of antibiotic resistance was seen 
among mercury resistant strains in comparison to the 
sensitive strains. Many of Hg sensitive strains were also 
sensitive to all of the antibiotics. 

Table 5. Mercury Resistant Species Isolated From Different Sampling Sites

Sampling Sites Percentage 
of Resistant 
Strains

Droodzan Pole Petroshim Pole Khan Gavmishi

Isolated bacteria, No. 1 2 3 1 2 3 1 2 3 1 2 3

Klebsiella sp. - - + - + + + + + - + - 58.3

E.coli + + - + + + - + + + - - 66.7

Serratia marcescens + + + - + + + + + - + + 83.3

Proteussp. - - - + + + + + - + - - 50

Citrobacter sp. - - - + - - + - - + + + 41.6

Pseudomonas sp. + + + - - + + + - + + + 75

Acinetobacter sp. - - - + - + + - - - - - 25

Enterobacter sp. + + + + - + - - + + - - 58.3

Frequencies of antibiotic resistance were between 8% 
to 24% for Hg sensitive and 22% to 62% for Hg resistant 
strains (Figure 2). Statistical analysis showed a significant 
difference between these data (P < 0.05). Moreover, the 
most antibiotic resistant strains were isolated from Pole 
khan station. 

Resistance to at least two antibiotics was seen in most 
of Hg resistant strains, but none of them were resistant 
to all six tested antibiotics. 40 strains (73%) showed re-
sistance to at least two antibiotics; tetracycline + chlor-
amphenicol, tetracycline + Streptomycin or ampicillin + 
tetracycline (Table 7). 

Table 6. Distribution of Antibiotic Resistance Frequencies

Antibiotics Concen-
tration, µg

Number of Re-
sistant Strains

Percentage of 
Resistant Strains

Ampicillin, 10 34 62%

Nalidixic acid, 30 12 22%

Steptomycin, 10 23 42%

Gentamicin, 10 14 25%

Tetracycline, 30 29 53%

Chloramphenicol, 
30

19 34%

Table 7. Distribution of Multiple Antibiotic Resistant Strains

Antibiotics Resistant Strains, No. (%)

Ampicillin + Streptomycin + Gentamicin + Nalidixixc acid 1 (2%)

Tetracycline + Chloramphenicol 8 (15%)

Tetracycline + Steptomycin 17 (31%)

Tetracycline + Ampicillin 14 (25%)

Total 40 (73%)
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Figure 2. Antibiotic Resistance Levels Among Hg Resistant and Sensitive 
Bacteria

5. Discussion
Previous studies also reported Pole khan and Pole 

Petroshimi as the most mercury-contaminated areas of 
the Kor River (22). Pole Petroshimi is placed in the vicin-
ity of a Chloralkali plant. Marvdasht urban wastewater, 
Azmayesh industries, Shiraz and Abbarik industrial town 
wastewaters are discharged directly into the Kor River 
near the Pole khan station. There are no industrial activi-
ties in the Doroodzan region; hence the highest and low-
est contamination levels were obtained for Pole petroshi-
mi and Doroodzan stations, respectively. To increase the 
chance of detecting mercury resistant bacteria, we used 
higher concentrations of Hg (10 mg/mL) in growth media 
as described previously (23, 24).

Jaysankar et al. and Aram et al. found that the num-
ber of bacteria in mercury-containing media is lower in 
comparison with the media without Hg (25, 26). In this 
study, the frequency of mercury resistant bacteria was 
also lower than those in the control medium. Presence of 
Hg in the medium may inhibit the bacterial growth. Mer-
cury easily penetrates into the bacterial cell and interacts 
with the sulfhydryl groups of some amino acids such as 
cysteine. Hg covalently bonds to sulfur in the sulfhydryl 
groups and inactivates many proteins and enzymes by 
formation of the inhibiting disulfide bridges between 
the two cysteines (27).

In the present study, the highest frequencies of Hg re-
sistant bacteria were 35% and 26% for Pole Khan and Pole 
Petroshimi stations, respectively, which were the most 
contaminated areas. Our results confirmed that there 
is a direct relationship between the number of isolated 
mercury resistant bacteria and the levels of environmen-
tal mercury. In mercury contaminated areas, bacteria can 
exchange plasmids and transposons carrying mercury 
resistance genes. This event increases the number of re-
sistant bacteria in such environments (28).

Resistance to mercury has been reported in a wide range 

of bacterial genus particularly in Gram negative bacteria. 
In some earlier studies, Pseudomonas, Alcaligenes, E. coli 
and Klebsiella were identified as Gram negative Hg resis-
tant genus (29-31). Petrova et al. also detected Pseudomo-
nas, Acinetobacter and Plesiomonas as Gram negative Hg 
resistant bacteria (32). Similar results were also obtained 
in this study. Such resistant bacteria in extreme envi-
ronmental conditions can exchange Hg resistant genes 
trough conjugation or transposition. The first step of in-
teraction between bacterium and Hg in the environment 
is passing Hg2+ through the bacterial cell wall. Presence 
of outer membrane in Gram negative bacteria can inhibit 
the entrance of toxic chemicals into the cytoplasm; hence 
Gram negative bacteria are less affected in comparison to 
Gram positive ones. This natural barrier clearly increases 
the probability of isolation of Gram negatives bacteria 
from mercury contaminated environments.

Hg resistance genes are inducible. They are usually lo-
cated on plasmids and transposons such as NR1, Tn21, 
Tn4, Tn2571, Tn1696, etc. which carry antibiotic resistance 
genes as well. These mobile elements encode resistance 
to different antibiotics such as streptomycin, ampicillin, 
chloramphenicol and tetracycline. These antibiotics have 
been frequently used in the previous studies for evaluat-
ing drug resistance prevalence among mercury resistant 
bacteria (30, 33, 34). We chose these antibiotics to test 
any possible connection between Hg contamination 
and multiple antibiotic resistance among the isolates. In 
this study, antibiotic resistance frequencies were higher 
among Hg resistant bacteria in comparison with the sen-
sitive bacteria. The antibiotic resistance frequencies were 
similar to the result obtained in previous studies. Antibi-
otic resistance frequencies for ampicillin, tetracycline, 
streptomycin and chloramphenicol were between 30% to 
60% which were similar to the results of Wireman et al. 
study (35).

Pike et al. have reported high frequencies of tetracy-
cline and ampicillin resistance among isolated strains 
(34). McIntoch et al. showed occurrence of Hg and anti-
biotic resistance abilities in Aeromonas salmonicida. They 
reported resistance to ampicillin in of mercury resistant 
strains (15). In the present study, the highest antibiotic 
resistance frequencies were seen for ampicillin and tet-
racycline. Moreover, resistance to streptomycin and 
chloramphenicol was detected in many isolated bacteria 
from Pole Khan and Pole Petroshimi stations. Resistance 
to more than one antibiotic occurred in most of the Hg 
resistant isolates. These findings showed that Kor River is 
highly contaminated with mercury so that residing bac-
teria can easily gain mer genes along with the antibiotic 
resistance genes via conjugation or transposition. In ad-
dition, the highest frequency of antibiotic resistance was 
obtained for Hg resistant isolates from Pole Khan and 
Pole Petroshimi stations which were the most contami-
nated areas of the river.

Resistance to these antibiotics is controlled by a set of 
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genes that are usually located on the mobile elements 
such as R100 or transposons such as Tn4 and Tn2571. Most 
R plasmids also carry Hg resistance genes. In addition, 
R100 encodes some enzymes that are responsible for self-
translocation and conjugation. According to these find-
ings, isolated strains in this study may acquire antibiotic 
resistance genes from other bacteria which carrying R 
plasmids and transposons by conjugation or any other 
horizontal gene transfer method. Resistance to strep-
tomycin and tetracycline is mediated by production of 
degradable enzymes and changing bacterial cell mem-
brane permeability.

Our results clearly showed that enhancement of Hg lev-
els in the environment directly increases the frequency 
of antibiotic resistance especially among Gram negative 
bacteria and family of Entrobacteriace. These bacteria are 
responsible for serious infections in human. Contami-
nated areas residents can easily get infected by such mul-
tiple antibiotic resistant bacteria. Nowadays, prevalence 
of multiple antibiotic resistant bacteria is one of the most 
important problems in the treatment of infectious dis-
eases. Molecular analyses using antibiotic and mercury 
resistance gene-specific primers can reveal the presence 
of these genes at the same time in bacterial communities 
residing in mercury contaminated areas.

Using developed and effective wastewater treatment 
systems in Chloralkali plants and other industrial units 
and limiting utilization of herbicides and fungicides in 
agricultural fields will certainly reduce multiple resis-
tant bacteria spread in the natural environments.
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