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Abstract

Wastewaters and agricultural effluents are among the main sources of antibiotics and antibiotic resistant

microorganisms. Rivers as the sink for the effluents may distribute this kind of contamination in

the

environment. This study aimed to investigate the variation of antibiotic resistant bacteria density in
Gowharrood River. The water and sediment samples were taken at three points along the river (focused
on river course in Rasht city), in autumn 2016 and in winter, spring and summer 2017. The number of
heterotrophic and coliform bacteria were counted in the Nutrient agar and Eosine-Methylene Blue agar
media containing 100 pg/mL of cephalexin, gentamicin, doxycyclin, ciprofloxacin, and trimetoprim
antibiotics, respectively. pH and EC were also measured in water samples. Data for bacteria number were
analyzed by repeated measures of factorial arrangement in a completely randomized design by SAS

software package. As the river passes through the city, pH and EC of water increase. The average

EC

value of river water in spring and summer seasons was more than 2.5 times its value in autumn and winter
seasons. The number of heterotrophic and coliform bacteria in both water body and sediment increased as
the river passed throutgh the city. The average density of antibiotic resistant heterotrophic and coliform
bacteria in the river water was 3.74 and 2.79 (Log CFU/mL) respectively, and the average density of
antibiotic resistant heterotrophic and and coliform bacteria in sediment samples was 5.74 and 5.37 (Log
CFU/qg) respectively. Resistance pattern of both heterotrophic and coliform bacteria to antibiotics in both
sediment and water samples was as follows: cephalexin> gentamicin> ciprofloxacin> doxycyclin>
trimetoprim. Seasonal variation patterns for river water and sediment coliforms and sediment
heterotrophic bacteria were as follows: winter>autumn>summer>spring. According to the results of this
study, Gowharrood river is contaminated with antibiotic resistant, especially cephalexin resistant, bacteria

and if the water of this river is used in aquaculture and irrigation of downstream agriculture fields,

the

antibiotic resistant bacteria and their antibiotic resistance genes may be spread in the other ecosystems

and finally may enter the human food chain.
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Fig. 1. Map of Gowharrood river in Guilan province and sampling points locations. 1, 2, and 3 denote sampling
points locations along the river; river entrance, middle of the city and river exit from the city, respectively
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Table 1. Analysis of variance for sampling points, antibiotics, sampling times, and their interactions
on heterotrophic and coliform bacteria (log number) in water and sediment

Mean squares

Source of Df Water Sediment
variations Heterotrophic Coliforms Heterotrophic Coliforms
bacteria bacteria

Location (L) 2 0.62™ 0.65™ 0.33" 1.36™
Antibiotic (A) 5 44,32 33.837 43.60 39.117
LxA 10 0.08"™ 0.10™ 0.37" 0.21"™
Rx (LxA) 18 0.55" 0.42" 0.94" 0.77"
Timt (T) 3 7.527 0.28.70" 1.647 2.617
LxT 6 0.23 0.06™ 0.29™ 0.10™
AXT 15 8.28" 2.927 11.627 11.877
LxAXT 30 0.09™ 0.06™ 0.43" 0.19™
Error 54 0.09 0.13 0.18 0.22

“and " are significant at 5% and 1% level of probability level respectively, and ™ are not significant at 5% level of probability
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Fig. 5. Mean comparisons for the effect of the sampling point and sampling time interactions on the heterotrophic
bacteria in water (log number). Different letters on the columns indicate significant differences at p< 0.05
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Table 2. Mean comparisons for the effect of antibiotic and sampling time interactions on the heterotrophic
and coliform bacteria in water (log number)

. s Heterotrophic bacteria Coliforms
Antibiotic eason
Mean STDEV (n=2) Mean STDEV (n=2)
Autumn 7.19% 0.80 7.28° 0.71
Without Winter 7.79° 0.37 6.50° 0.66
antibiotic Spring 6.16° 0.80 5.33° 0.76
Summer 6.11° 0.42 2.73M 0.46
Autumn 3.71% 0.37 3.34% 0.39
S Winter 3.76° 0.38 3.53¢ 0.70
P Spring 3,399 0.36 3.04% 0.41
Summer 5.43¢ 0.72 2.43" 0.49
Autumn 3.42%9 0.35 3.08%9 0.12
Gentamicin Winter 3.48°%" 0.48 3.20%¢ 0.40
Spring 3.27%¢ 0.32 2.95%" 0.64
Summer 5.59° 0.43 2.15" 0.53
Autumn 2.86¢ 0.17 2.78%" 0.22
I Winter 3.03" 0.42 2.81%" 0.64
yey Spring 2.99" 0.42 2,620 0.64
Summer 5.50° 0.40 1.83' 0.73
Autumn 3.24%9 0.44 2.70™ 0.53
Cibrofloxacin Winter 3.11%¢ 0.51 2.78°" 0.47
P Spring 2.94' 0.31 2.88°" 0.45
Summer 5.54¢ 0.42 1.74 0.51
Autumn 3.47%" 0.41 3.27% 0.43
S Winter 3.35%¢ 0.32 3.02¢" 0.47
P Spring 2.94' 0.39 2.70™ 1.66
Summer - - - -

Different letters above means indicate significant differences at p< 0.05 for each group of bacteria. Dash lines are missing data.
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Table 3. Mean comparisons for the effect of antibiotic and sampling time interactions
on the heterotrophic and coliform bacteria in sediment (log number)

Antibiotic Season Heterotrophic bacteria Coliforms
Mean STDEV (n=2) Mean STDEV (n=2)

Autumn 8.14° 0.80 7.45® 0.71

Without Winter 7.89° 0.37 8.18° 0.66
antibiotic Spring 8.53° 0.80 7.97° 0.76
Summer 8.46% 0.42 8.08? 0.46

Autumn 6.81" 0.37 4.829 0.39
Cephalexin Winter 6.50° 0.38 6.83" 0.70
Spring 5.44%% 0.36 5.11' 0.41

Summer 6.17°" 0.72 5.97% 0.49

Autumn 6.34"" 0.35 5.17" 0.12
Gentamicin  WVinter 5.58" 0.48 5.27° 0.40
Spring 5.449" 0.32 5.24¢0 0.64

Summer 6.97° 0.43 5.87" 0.53

Autumn 4.76% 0.17 4.819 0.22
Doxyeyclin Winter 4.71¢ 0.42 4.719 0.64
Spring 4.81% 0.42 4.78° 0.64

Summer 6.42"* 0.40 6.51% 0.73

Autumn 5.01" 0.44 4.69° 0.53
Ciprofloxacin Wir?ter 6.1151 0.51 5.86% 0.47
Spring 515" 0.31 4,93° 0.45

Summer 5.82%" 0.42 5.37%" 0.51

Autumn 5.68%" 0.41 6.27% 0.43
Trimetoprim Wir?ter 5.463': 0.32 5.23%1 0.47
Spring 5.87% 0.39 4.65° 1.66

Summer - - - -

Different letters above means indicate significant differences at p< 0.05 for each group of bacteria.

Dash lines are missing data.
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