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Abstract

Karoon River is the most important river in Iran that supplies the drinking and industrial water to many cities and villages
in Khuzestan. As a consequence of hospital and municipal wastewater discharge into this river, antibiotic resistance will be
increased in microbial inhabitants of this ecosystem. Furthermore, microbial load is also undergone continual variation. The
aim of this study was to evaluate seasonal microbial quality and antibiotic resistance in bacterial isolates. For this purpose,
five stations were selected and samples were harvested during four seasons. Bacterial count was performed through culturing
on Mueller—Hinton agar, and bacterial isolates were identified. Antibiotic resistance profiles of isolates as well as resistance
to Hg were investigated. As a result, it was found that the least quality was in summer season while the best quality was in
winter that is related to the reduction of water volume and recreational activities in summer and increasing rain and dilution
of contaminants in winter season. All isolates were sensitive to Hg while antibiotic resistance and multidrug resistance were
found in bacterial isolates. Based on the obtained results, it can be concluded that the microbial quality of Karoon River has
variations depending on the season and it is necessary that be monitored in order to control and prevent epidemic bacterial
infections and antibiotic resistance distribution.
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Introduction

Historically, humans were resided around the rivers and fol-
lowing this, cities, agriculture and industries were developed
near the rivers. Rivers are one of the most vital sources for
water supplying for humans (Sanchez et al. 2007; Sime-
onov et al. 2003). Parallel to population growth, the water
demand has been increased. Furthermore, due to increase
in agricultural and industrial activities and water pollution,
the available water resources have been limited. Therefore,
management and quality control of water resources is neces-
sary (Fataei 2012). Karoon River is the longest river in Iran
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that supplies 70% of drinking water of Khuzestan Province.
This river is contaminated with different wastewaters, and
any interruption in its disinfection will lead to contamination
and infection in peoples. Presently, high volume of agricul-
tural drainages and industrial, aquaculture and municipal
wastewaters are discharged to this river, which reduces the
water quality, especially in low-rain seasons (Madadi Nia
et al. 2014). Heavy metals and antibiotics are important con-
taminants that are introduced with these wastewaters into
Karoon River (Audi 1994; Mara and Horan 2003). Heavy
metals can be accumulated in food chain, and hence this
leads to human toxicity. In addition, these contaminants
will lead to the selection of heavy metal-resistant micro-
organisms that are health hazards for humans and animals
(Johnson et al. 2007). Antibiotics are routinely used for treat-
ment of bacterial infections in medicine as well as veterinary
medicine. Municipal, hospital, animal farms and aquacul-
ture wastewaters are the main sources of antibiotics that are
directly introduced into Karoon River and consequently will
increase antibiotic-resistant microorganisms in environment.
Such microorganisms can cause infections that are resistant
to treatment or during horizontal gene transfer, will donate
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Table 1 Geographical information of sample harvesting stations

Station 1 Station 2

Station 3

Station 4 Station 5

Downstream of Gotvand
X=32"13'3"
Y=31"16'5"

Upstream of Mollasani
X=3213'3"
Y =31"22"27"

Downstream of Mollasani
X=32"13'3"
Y =31"34'59"

Downstream of Ahvaz
X = 48°48'53"
Y=32"13'3"

Upstream of Ahvaz
X =48"52'53"
Y =31"35'25"

resistance genes to pathogenic bacteria, and hence this can
cause even life-threatening infections (Kiimmerer 2004;
Rahube and Yost 2010). With regard to this fact, frequent
monitoring of the Karoon River water quality is vital for pre-
vention of the undesirable outcomes of water contamination.
The aim of the present study was to investigate water qual-
ity of Karoon River in different seasons and determine the
antibiotic resistance profile of bacterial isolates. These data
are useful guidelines for control and prevention of infectious
disease epidemics and restriction of the distribution of anti-
biotic resistance among bacterial species.

Materials and methods

Water samples were harvested from five selected stations
along the Karoon River (Table 1). Samples were transported
to laboratory on ice in sterile glass bottles and stored at 4 °C
till laboratory experiments. Water temperature was recorded
on site. Sampling was repeated in the middle of each season.
Physical and chemical parameters of water samples
including pH, electrical conductivity (EC), dissolved oxy-
gen (DO), chemical oxygen demand (COD) and biological
oxygen demand (BODs) were determined just following to
samples delivery to laboratory (Ur Rehman et al. 2017).
Serial tenfold dilutions were prepared from each sam-
ple, and 100 ul from 10~* dilution was cultured on Muel-
ler—Hinton agar, Cetrimide agar, MacConkey agar and EMB
agar and incubated at 30 °C for 24 h. The grown colonies
on Mueller-Hinton agar were counted and reported as total
viable count. Furthermore, the colonies appeared on other
media were counted and identified through standard bio-
chemical, morphological and enzymatic tests. The antibiotic
susceptibility of purified isolates was investigated according
to Kirby-Bauer disk diffusion method using CLSI guidelines
2010 (Wayne 2010). For this purpose, each bacterial isolate
was inoculated in Mueller—Hinton broth and incubated at
37 °C till 0.5 McFarland turbidity growth. Then, using a
sterile swab, a lawn culture was prepared on Mueller—Hin-
ton agar and standard antibiotic disks including gentamicin,
tetracycline, penicillin, cefoxitin, erythromycin, trimetho-
prim sulfamethoxazole, ciprofloxacin and cephalexin were
placed on the prepared culture. The plates were incubated at
37 °C for 24 h, and the formed halo zone around each disk
was measured (mm) and recorded. The obtained data were
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Table 2 Temperature of seasons during sampling

Season Autumn Winter Spring Summer

Temperature 11 °C 27 °C 38 °C 42 °C

Table 3 pH and electrical conductivity (EC) of water samples during
different seasons

Stations Autumn  Winter  Spring  Summer
pH Station 1~ 7.17 7.40 7.20 7.95
Station2  7.46 7.45 7.26 7.97
Station3  7.35 7.44 7.18 8.16
Station4  6.81 7.35 7.3 8.01
Station5  7.16 7.39 7.7 7.98
EC (Mpojem)  Station 1 1.11 0.95 1.06 1.01
Station2  1.87 2.9 1.78 1.74
Station3  1.67 2.13 1.72 1.75
Station4  1.77 2.17 1.71 2.01
Station5  1.72 2.03 1.73 1.93

interpreted based on the guidelines presented by CLSI 2010
(Wayne 2010). In order to determine the susceptibility of
isolates to Hg, three different concentrations of HgSO,, i.e.,
0.05, 0.03 and 0.01 g/ml, were prepared in distilled water
and sterile blank disks were saturated with these solutions.
The susceptibility of isolates to these different concentra-
tions of Hg was investigated according to what described
for antibiotic susceptibility test (Manegabe 2015; Mutuku
et al. 2014).

Results

As mentioned in the previous section, five different stations
were sampled in four seasons. Table 2 presents the season
temperature during sampling. Evaluation of physical and
chemical parameters of the water samples including pH, EC,
DO, COD, BODj; and the results of their counting bacteria in
different cultures are presented in Tables 3, 4 and 5.

The acceptable pH for drinking water is between 6.5
and 8.5. As we can see, in all seasons the pH was in
acceptable range (WHO 2011). The pH of the samples
collected in summer was higher than other seasons. This
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Table 4 Dissolved oxygen (DO), chemical oxygen demand (COD)
and biological oxygen demand 5 (BODS) of studied water samples

Stations Autumn  Winter Spring  Summer
DO (mg/1) Station 1~ 10.48 11.36 7.2 8.56
Station2  8.94 7.2 6.16 7.34
Station3  7.74 8.94 6.18 6.66
Station4  9.02 8.08 6.14 7.12
Station 5 9.04 8.12 6.10 6.22
COD (mg/l) Station1 18 16 16.4 16.8
Station2  22.4 16.8 21.6 18.8
Station3  23.2 19.2 224 19.6
Station4  28.7 26 22.00 20.2
Station5 30 28 27.6 25.2
BODS5 (mg/l)  Station1  2.62 35 1.68 3.01
Station2  3.82 3.1 3.34 4.27
Station 3 4.02 3.76 3.76 393
Station4  4.14 3.83 3.58 3.95
Station 5  4.74 3.92 3.85 4.9

can be due to the reduction in rain and the volume of
water in river. However, the addition of wastewaters and
agricultural drainages can reduce the pH of Karoon River.
The DO content of all stations was higher in winter and
autumn than in other seasons except station 2 that its
DO content in summer and autumn seasons was more
than that in other seasons. The highest content of DO

was recorded in station 1 in all seasons. As this station
is located at the upstream part of Karoon River, it seems
that less contamination had been happened in this station
and hence it had higher DO. The least DO was related
to spring season in all stations, and among the stations,
station 5 showed the least DO. Overall, the DO content
was reduced in spring and summer seasons that can be
as a consequence of reduction in rain and increase in the
salts content of water. Furthermore, parallel to increasing
the temperature, the activity of microorganisms will be
increased that leads to the reduction of DO. On the other
hand, with decreasing the temperature and increasing the
rain in autumn and winter seasons, the water flood and its
DO will be increased (Wayne 2010; Hajizadeh Zaker and
Eghtesadi Araghi 2009). In case of BODj, the least BODj
in all stations was recorded at winter and spring seasons
except in station 1 that the least BOD5 was found in spring
and autumn seasons. In stations 3, 4 and 5, the BOD; con-
tent in water samples in autumn season was higher than
other seasons. The highest BOD; was related to station
5 in summer, and the least was recorded from station 1
in spring season. As station 5 is located in the down-
stream of Ahvaz city, the reason for increase of BODjy is
related to municipal wastewater discharges and agricul-
tural drainages into Karoon at this station. In all stations,
the highest COD was recorded in autumn. The highest
COD was related to station 5 in autumn season, and sta-
tion 1 had the least COD in winter season. This pattern

Table 5 Colony count results

Station Autumn Winter Spring Summer
of water samples from several
stations in different seasons Mueller—Hinton agar Station 1 650% 10* 670% 10* 770%10* 970x10*
on Mueller—Hinton agar, Station 2 550% 10* 560% 10* 600x 10* 650% 10*
MacConkey agar, EMB agar
and Cetrimide agar Station 3 300x 10* 700x 10* 750% 10* 750 10*
Station 4 150% 10* 250% 10* 390% 10* 910x10*
Station 5 850 10* 830x10* 940% 10* 790 % 10*
MacConkey agar Station 1 120x 10* 20x10* 520% 10* 530% 10*
Station 2 0 30x 10 100% 10* 400% 10*
Station 3 0 0 60x 10* 310x 10*
Station 4 0 70x 10* 100% 10* 580% 10*
Station 5 0 15x10* 100% 10* 610x10*
EMB agar Station 1 10x 10* 30x10* 760x10* 860x 10*
Station 2 0 60x 10 270% 10* 290 % 10*
Station 3 0 260% 10* 430% 10* 430% 10*
Station 4 0 190x 10* 460x 10* 490% 10*
Station 5 0 30x 10 430% 10* 500% 10*
Cetrimide agar Station 1 110x 10 0 230x10* 110x10*
Station 2 110x 10* 0 50x10* 30x10*
Station 3 208 % 10* 0 30x10* 50x10*
Station 4 310%10* 70x10* 110x 10* 20x10*
Station 5 80x 10* 0 70x 10* 210% 10*
#“Number of colony-forming units in ml (cfu/ml)
aﬁ#’iﬁﬁ'ﬂw @ Springer
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of this parameter in these stations is similar to BODjs. In
bacterial count, it was found that in spring and summer
seasons, high microbial load was present in Karoon River.
The majority of identified species from these samples
were from Enterobacteriaceae family (including Escheri-
chia coli, Salmonella, Shigella, Klebsiella, Enterobacter)
and Pseudomonas aeruginosa. In all stations, the high-
est contamination with P. aeruginosa, E. coli and Kleb-
siella sp. was recorded in summer season and the least
contamination with these bacterial species was in winter,
autumn and autumn seasons, respectively. Contamination
with Shigella sp., Salmonella sp. and Enterobacter sp.
was high in spring season and low in autumn season. As
in summer season, the environmental temperature is more
favorable for growth of these bacteria and the highest bac-
terial number was recorded in summer season. The order
of bacterial count in all stations was as follows:

Enterobacter sp. < Salmonella sp.<E. coli < Shigella
sp. < P. aeruginosa < Klebsiella sp.

Fortunately, all bacterial isolates were sensitive to Hg
and no resistant species was found. The results of antibi-
otic susceptibility test are presented in Table 6.

The total diversity number of isolated bacteria in
autumn, winter, spring and summer was 14, 29, 38, and
40, respectively. Multidrug resistance has been found in
many of bacterial isolates (Table 7). This is due to abuse
of antibiotic therapy in human and animals. The highest
number of bacterial isolates was resistant to cephalexin,
and the least number of resistances was found against
ciprofloxacin.

Discussion

Water quality is one of the important factors for drinking
water; hence, water can act as a vector for transmission of
pathogens to humans and animals. So, monitoring of water
quality and prevention from its contamination is one of the
key steps in supplying drinking water. Karoon River is a
main source of water supply in Khuzestan so maintaining its
quality is of great importance. The results of this research
showed that there is high microbial count in the sampled
waters from Karoon; however, dependent on the season and
station of sampling, this microbial load was varied. With
regard to these results, it can be concluded that the discharge
of different wastewaters and agricultural drainage to this
river had adverse effects on the quality of water in such a
manner that the worst quality was recorded in station 5 that
is located in downstream of Ahvaz city. The high microbial
count, BOD5 and COD and low DO in this station explained
that the addition of industrial, municipal and aquaculture
wastewaters during its crossover from Ahvaz has led to
higher contamination and lower quality. In other studies, on
this river, similar results have been reported. Shariat et al.
(2006) revealed that the water quality in upstream stations
is more favorable than downstream stations and in most sta-
tions the best and the worst quality was recorded in winter
and spring seasons, respectively (Shariat et al. 2006). In the
present study, the best quality was in winter and autumn
and the worst quality was in summer and spring seasons.
Roshanfekr et al. (2006) reported that water quality of
Karoon River was best in winter and worst in summer season
(Roshanfekr et al. 2006). In the study of Madadi Nia et al.
(2014), it was reported that the water quality was reduced

Table 6 Number of resistant

bacteria to selected antibiotics P FOX30 SXT Eis Ny Pio TEs GMio
Autumn 2 7 6 10 11 13 3 2
Winter 2 20 14 16 24 7 1 2
Spring 1 19 26 30 6 4 1
Summer 1 20 6 19 25 36 1 2

CP ciprofloxacin, FOX cefoxitin, SXT sulfamethoxazole, E erythromycin, CN cephalexin, P penicillin, TE

tetracycline, GM gentamicin

Table 7 Multidrug resistance among bacterial isolates from Karoon River in different seasons

Resistance to six  Resistance to five

Resistance to four Resistance to three Resistance to two Resistance to one  Sensitive

antibiotics antibiotics antibiotics antibiotics antibiotics antibiotics
Autumn 1 4 3 5 0 1 0
Winter 2 9 7 4 3 0
Spring 1 6 10 7 11 2 0
Summer 0 5 10 8 13 1 4
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from upstream stations toward downstream stations. Fur-
thermore, the autumn season had the best quality while the
spring showed the worst quality (Madadi Nia et al. 2014).
Chaurasia and Tiwari (2011) in a study on the water qual-
ity on Rapti River in India reported that due to discharge of
sugar factories wastewater into this river, the water quality
was reduced (Chaurasia and Tiwari 2011). Edokpayi et al.
(2015) evaluated the water quality of Mvudi River in South
Africa and compared the bacterial count in two dry and wet
seasons. Their results showed that there was no significant
difference in E. coli number between two seasons (Edokpayi
et al. 2015). Similarly, in the present study, there was no
significant difference between four seasons in case of E. coli
count. However, the highest contamination was recorded in
summer (dry) season. Soko and Gyedu-Ababio (2015) found
that human activities like agriculture, industry and also cities
development had destructive effects on water quality (Soko
and Gyedu-Ababio 2015). These results are in agreement
with the obtained results in the present study. Sair and Khan
(2018) determined microbial diversity, distribution of anti-
biotic and metal resistance of isolated bacteria from five riv-
ers. The resistance of the studied isolates which was tested
against ten antibiotics and five metals indicated high resist-
ance of the bacterial isolates against ampicillin, streptomycin
and chloramphenicol. Isolates showed tolerance to different
concentrations of heavy metals. High antibiotic resistance
and metal resistance in samples from the Ravi and Soan
Rivers suggest co-resistance among the bacterial popula-
tions (Sair and Khan 2018). Proia et al. (2018) described the
prevalence of antibiotic resistance of E. coli and freshwater
bacteria over a 1-year period along sewage-polluted sites of
Zenne River (Belgium). Resistant E. coli and heterotrophic
bacteria to amoxicillin, sulfamethoxazole, nalidixic acid and
tetracycline were determined according to culture-dependent
methods. The obtained results showed an effect of treated
wastewaters release on the spread of antibiotic resistance
along the river (Proia et al. 2018).

Korrapati et al. (2010) isolated bacterial strains from sam-
ples collected from the oxidation pond stage of wastewater
treatment of NIT Warangal and identified their resistance.
In this study, the maximum and minimum metal tolerance
was shown for chromium and nickel, respectively. The most
antibiotic resistance was shown for amoxicillin while the
least resistance was observed against kanamycin. This study
stated that the metal-resistant strains can be used for treating
wastewater effluents from industrial or domestic sources and
bioremediation process (Korrapati et al. 2010). Rai et al.
(2010) analyzed water samples from sewage treatment plants
which are regularly discharged into the Ganga River. Biolog-
ical oxygen demand and dissolved oxygen values were above
the standard limit at all sites. Heavy metals (Zn, Cu, Cd, Pb,
Cr) in disposed effluents were above permissible limits at
all sites. This study recommended an integrated approach

of phytoremediation with aquatic macrophytes and ozoniza-
tion of wastewater to curb the heavy metals and microbial
pollution (Rai et al. 2010). Graham et al. (2010) quanti-
fied 13 antibiotic resistance genes (ARG; indicators of AR
potential), six heavy metals, three antibiotics and 17 other
organic pollutants at eight locations along the Almendares
River in western Havana at sites bracketing known waste
discharge points, including a large solid waste landfill and
various pharmaceutical factories. Significant correlations
(p <0.05) were found between sediment antibiotic resistance
gene (ARG) levels, especially for tetracyclines and p-lactams
[e.g., tet(M), tet(O), tet(Q), tet(W), blayx ], and sediment
Cu and water column ampicillin levels in the river. Further,
sediment ARG levels increased by up to three orders of mag-
nitude downstream of the pharmaceutical factories and were
highest at high human population density. These results sug-
gest that pollution has increased the background AR levels
in situations where other causes of AR are less prevalent
(Graham et al. 2010). Seiler and Berendonk (2012) reviewed
the co-selection of heavy metals for antibiotic resistance in
soil and water and their mechanisms, the available data on
heavy metal pollution, heavy metal toxicity and heavy metal
tolerance. In this study, analyses of the data indicated that
agricultural and aquacultural practices were major sources
of soil and water contamination with toxic metals such as
mercury (Hg), cadmium (Cd), copper (Cu) and zinc (Zn)
and if those metals reach the environment and accumulate
to critical concentrations, they can trigger co-selection of
antibiotic resistance. This study suggested focusing on Hg,
Cd, Cu and Zn as selecting heavy metals in studies which
investigating the co-selection in environments impacted by
agriculture and aquaculture (Seiler and Berendonk 2012).

Conclusion

According to the obtained data, it can be explained that
Karoon River is undergoing frequent quality change and
there is a risk of antibiotic resistance distribution among
bacterial populations of this ecosystem. So effective pre-
cautions must be made to prevent untreated wastewater dis-
charge to this river and applying biofiltration for antibiotic
biodegradation prior to its release in Karoon River.
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