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Introduction

Overuse of antibiotics and their entry into the environment is a global concern today. Much of the antibiotics
taken by animals and humans are excreted unchanged and found in their feces which enter the environment
through livestock waste and municipal wastewater disposal. Uncontrolled release and continuous introduction of
antibiotics to the environment induced antibiotic resistance in microorganisms living in other habitats which
pose a potential hazard to existing aquatic ecosystems and animals. Rivers act as the main sink for the effluents
that distribute antibiotics and antibiotic resistant microorganisms in the environment. This study aimed to
investigate the antibiotic resistant index (ARI) in Goharrood River. Seasonal variations and source of
contamination, focusing on urban surface wastewater of Rasht, were investigated through sampling of river
water and sediment in different points along the river during four seasons of a year.

Materials and Methods

The water and sediment of the river were sampled 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 antibiotic resistant
heterotrophic and coliform bacteria were counted via colony count method in the antibiotic supplemented (100
pg/mL) Nutrient Agar and Eosine-Methylene Blue agar media respectively. Cephalexin, gentamicin,
doxycycline, ciprofloxacin, and trimethoprim antibiotics were tested in this study. ARl was calculated by
dividing number of bacteria colonies (heterotrophic and coliform bacteria) in plates supplemented with
antibiotics to the number of colonies in control plate (without antibiotic). Escherichia coli as an indicator
coliform bacterium was isolated from water and sediment samples (12 strains; 4 season and 3 sampling points)
and their resistant pattern to these antibiotic was also tested by disk diffusion (Kirby-Bauer) method in Mueller-
Hinton agar medium. The inhibition zone (ZOIl) of E. coli growth was measured and its sensitivity/resistant was
assessed based on CLSI standard protocol. The calculated ARI of heterotrophic and coliform bacteria of water
and sediment of the River and the determined ZOlI of E. coli isolated from water and sediment were analyzed by
repeated measures of factorial arrangement in a completely randomized design format by SAS software package.
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Factors included sampling point at 3 levels (before entering river to the Rasht city; A, in the Rasht city; B, and
after river exit from the Rasht city; C), and antibiotics at 5 levels (cephalexin, gentamicin, doxycycline,
ciprofloxacin, and trimethoprim) as main plot and sampling time at 4 levels (autumn, winter, spring, and
summer) as sub-plot.

Results and Discussion

The highest ARI value of water heterotrophic bacteria was obtained to cephalexin at the sampling point C.
Mean ARI of water heterotrophic bacteria to all antibiotics (regardless of type of antibiotic) at three points of A,
B and C was 3.77, 4.54 and 7.53%, respectively. The highest ARI levels of heterotrophic and coliform bacteria
in water were obtained in the summer season. In fact, the change of seasons and clearly the summer season
controlled the ARI in water bacteria rather than the type of antibiotics. So that in this season 30.78% of water
heterotrophic bacteria were resistant to ciprofloxacin antibiotic and about half (50.78) of the river water
coliforms were resistant to cephalexin. Although ARI for heterotrophic and coliform bacteria was lower in
sediment rather than that in water, the highest ARI levels of heterotrophic and coliform bacteria in sediment
were obtained against cephalexin in autumn and winter, respectively. In general, the mean ARI in water and
sediment bacteria was as follows: cephalexin > gentamicin > ciprofloxacine > doxycycline > trimethoprim. The
lowest ZOlI value for E. coli was obtained against cephalexin. Therefore, in all three sampling points, isolated E.
coli bacteria from water and sediment were resistant to cephalexin. In the study of the sampling time and
sampling point interaction, it was also seen that the lowest ZOI of E. coli was in autumn and at sampling point C.
Therefore, it seems that E. coli has become resistant to antibiotics when river crosses the city.

Conclusion
According to the results of this study, Goharrood river is contaminated with antibiotic-resistant, especially
cephalexin resistant bacteria and it may distribute pollution downstream. If the river water is used in aquaculture
and irrigation of downstream agriculture fields, the antibiotic resistant bacteria may be spread in the other
ecosystems and finally may enter the human food chain.
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Figure 1- Map of Goharrood River and sampling points in Rasht, Guilan province
A, B and C are the sampling points at the entrance, middle and exit of the river from the city, respectively.

L alrix Cuglio (gw)p Gl b9y ol b oAb (s S0
Dgus oo oy e 8 S odiles ol 4 E. coli

Sy 4805 plol Sl )8 (hey 4 (Suaglis) Sl (0]
2 03 igail 68l o bl 2 (it el (S Aoy s
3y (S5l apl b ell o liny00 Sise sl
5 orlades L pyliedess pglio ©)yg0 4 w3 J:Sis (ZOI)
ZOI , a8 g S1y 451 s lnbi) Gl 59 o 35S olus
a3l Ceph 30 Suwd shys YA MMl 38,5 o VY 5l iS58
olas L pglio sy o mnSllan Sgm (3l plp 5o 050
Ormlolin (gl o wluo—Caglio dioly iy pod 4 .Cul
&l O MM 5 55 5 VY 1 S sS ZOI )5 4 (GM 10)
Syt s MM J1 535 51 5] iSas8 (D 30) ol s
Sl VEMM 855 9 Vel iSee S (SXT 5) a pgtes 5
Ao golimoilis S il 0 dxe 90 pl oy ZOI aiols
(CLSI, 2014) cusl o & (65L 390 ol

Sylel bl
15 JogiSs iyl b Yors 1S5 claojlas] b, 4 laosls 51
Lo Lol bl slasislh .1 plos] osks WelS 5 o G
Toke 5 (D (2905 5 Sle «(939)9) gaw w3 Gy pig0d
OASe L > ppmloliiz ppueSlins) s gty > S 5]
obej Asdg (dosl soly Gl 4 (w9006 )5 5 oS glog on
e o (Ol e b gl) aw Jog 53 ) g
G A bgye (S )3 b 4B I ) (03,986 lgis
A iy ypolanS glbg panr SGg 51 E. cOli ¢ ,8L ZOI

DA_J Cawd & CJLJ ..))f).uau\c LY I\ )I Li*’ﬁ")(_s*j Cﬁ]a.w OJI)JLJ
a5 Laools eSilie duaslie 5 15 3JUT SAS 9.4 l58le 5 L

2- Repeated measures

33 s daSisn 5l ol > Conglie () gl
5l aS ool 4 2gu o3latw] A 3 )8y &S Sl SKgn )
09)5 93,2 5l 48l e bl diges Sy g 3l NS
ol Wil (pladsiged o Sliwly 2SL g Hlwg xS
L 09)5 5l g gl Jud sl gptpgrogllins Sl pmeiSlans Sige 3l
A5 g Sl gl 51 pnmloliin sl Sylogs S, oS LnplisY
S Lo plSolal 5 51 el aTs sl 1y Lagy Sy ]
45 LagdgiaS 99 5l oS glég prnns sl Sisliulyy 51,
Sl yS1 48 basnoligilpms 1 o pgiocs i g Coml gy 351
s bl (Diwan et al., 2018 «CLSI, 2014) el

(ZO1) sy (83 la3ls csalls o (5 S sl
4 pr8 S Lo Sl caeglie (gojlasl o sl
8L olsss Ll 51 B coli) o5 buty s oS 5]
S b o o GglS cplple b ooy Glgd o0l 3 eSS
os glacs, I B coli glaSols Seps slo Shg b 58
doge S (6 piges Alali g b o 1) gy g o] Sig 3l
o b oLl Glgi s ol Sl (g WS
10) 1S Jsomo ulwl o o] a1 Sgeiliasges
2 $PSL Ggrmiliwge (SSL (B9S b s asle (a5
Hile ez it gy & BT (pstia Jgo ot Lo g
Oh9)) e B Saedsy gy & Sgn sl 4 Cuoglio (ygejl A
5 2Btlojl (slod Ll dngo sloialy plts Lm0
(41n) ayob ybab o 5 plogl (CLSI, 2014) Saiels
oi5e ol 2 S (el (Sgise ol (ZO1) a5, (S5
crmalaliis (CePh 30) aslins (sLacS g o0l s
(SXT 5) w2955 5 (D 30) ol 81> (GM  10)

1- Zone of growth inhibition



VFQ Gy pd s yiSl 50 S g T 4 ceoglito Laslis andllan o S g L (5 plo

S SLARI (L X AXT) ()b paigas oo 50 Siigae 5]
(Y dga2) (p < +100) g Sl e Ol (p 88 5 B9 5 im)
ARI oy Lol GiiSion 9 LaygiSh 35 (195 )l ine >
Lo 5L oS Sl L & canl e gy Sag i
3393 Sl L dnlio )> ey baea (1392 510k & 4o L a8 0L,

ol

AR 3 S5 93 ST £.93 9 (5l o 93 bES 38
il 3 (N0IF) B pig i slas Sk AR e (5 5L
Sl o & (C) jos 5l 29y dais 3 5yl &9»6»]
3 el STy ol 3 AR L I gxe (6yle] coglas adl oS
=y 2 e AR Hlids o, 50 S il (B) jpd lowg aleds
o Ay (6l yriged dckall sy 13 oS il G 4y 2 505 5
1= (C) (293 adail 13 AR Jladie (Sl 29— S35
adatl ) dwyoo o 4 el ply g pliy By gy oS
Sy Cuaglie Ol By igyin (las Sl b jl 4l (295
e )3 (Sign il g9 & 298 () LSSl don il 5

(Y JS3) 09

b plodl do 3 0 Jleis] pdaw jd (SOl (glasels i

alaal o puads s (glo) g Syl gai LAY 5SS
gy 9 ol p Asls 9 59 3 slags sl

ki U ool Ui (V Joi2) (eilyly w0 Johe @l
53l i (b L) ()l jmasises lej 5 5100
Ladl JSTom 2 g 0395 o sine f By jigyim g ogu) slacs Sy
o 93 ) s o g O (lan BS Sl )80 5
Sion 55 & Coglio Slits Sl (155 & Cuoglio (a3l
3 St |y sy 9 Ol 2878 g B g yim (sl 58, o
A &yl S slass

(ARID) o545 gas 3T Cus glis (aa L
o slacdy, s ARI o e (L) ol paiges daii 3
AR 1 e (L % T) gloj Ly o] GiiSiomym 5 (< +/-0)
(A) Sgarsil g5 56 (D < +143) 092 losine Ol sl 5T,
Moistine gy B9 59y ARI ks oo (T) (55l peiges loj 9
(A X T) o lopsiges oloj o Sl g5 LS oy 50 250
P S atges alall olidw S en g Loyl 4o

gy 9 21 p A 5 BgyTa i Sl S slani iy ) 2 sl (S w2 1 9 (513 preiges Jguad g b il (il l 4o - Jgoer
Table 1- Analysis of variance for the effect of sampling points, sampling time and their interactions on the number (Log unit)
of heterotrophic and coliform bacteria in water and sediment

a by 1o
e gobin ool — Mean squares :
Source of Degree Water ol Sediment wgw,
variations of ENENCAINDIE S B B 5 Sapgsd SBe Sy e S
freedom Heterotrophic bacteria Coliforms Heterotrophic bacteria  Coliforms
(L) oo reigns oo 0.19 0.53° 0.11% 0.27"
Sampling point
(T) clotigm ol 3 1.62% 3.80" 0.53™ 0.64™
Sampling time
LxT 6 0.21m 0.08m 0.16" 0.13m
ks
12 0.26 0.07 0.62 0.59
Error

el 1053 0 o 13 (3955 P gime 5 0030 5 ) aw 13 39 Pgme Sole i 45"
= and *indicate significant effect at p < 0.01 and p < 0.05 respectively, and ™ indicates non-significant effect at p < 0.05.
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Table 2- Analysis of variance for the effect of sampling points, antibiotics, sampling time and their interactions on the
antibiotic resistance index of heterotrophic and coliform bacteria in water and sediment

a0 sy (ke
JUETT &3l — Mean squares _
Source of Degree Water ol Sediment wgw,
variations of B9 5952 slas S e 3 IS By g re sl S e 3 IS
freedom Heterotrophic bacteria Coliforms Heterotrophic bacteria  Coliforms
R 2 146.4° 11.83" 8.32" 1.017
Sampling point
(A) Sigms 4 230.8 5888+ 355 5.54°
Antibiotic
LxA 8 176.3% 18.68* 8.15 M 2.56™
(T) s o ptiges oo 3 3457 3280 23.6M™ 9.92#+
Sampling time
LxT 6 144.8% 15.15"m 16.3™ 1.51m
AxT 12 230.2% 555.1** 25.9* 11.9%
LxAXT 24 175.8% 17.21*= 10.1 ™ 1.42
ks 45 25.54 6.950 12.9 1.09
Error

el 2053 O o 13 (3955 0 gme g 0030 9 ) gaw 3 (39 e SOl 4%

#®

** and * indicate significant effect at p < 0.01 and p < 0.05 respectively, and ™ indicates non-significant effect at p < 0.05.
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Figure 2- Mean comparisons for the effect of sampling point and antibiotic interaction on the antibiotic resistance index
(ARI) of heterotrophic and coliform bacteria in water
Columns with the same letter in each series are not significantly different (p < 0.05). A, B and C are the sampling points at the
entrance, middle and exit of the river from the city, respectively.

Tripathi and «Khatib Haghighi et al., 2017 «Ghane, 2017
ARl 45 sl odd o)l55 35,500 (idgs ,> (Sharma, 2011
530 oy slmolo 53 00 gy (SloSgn 1 4 op B IS
abii cowdmwly og LS Y 3 aopn Yo gAY @ (Sl dais
Cnglio Laslis a8 ol Cyeus Bl oI5l baole e )3 So4)]
3 S Cawnd ol i g3 ol > i SSgm 5l 4l 5 E. coli
bl il aldye g s (sbaole 3 (Jg .l ioli8l 5o 10 olo
Akiyama and ) g 5 5l yidia dldye j> (sl i3l 6jlul &S

.(Savin, 2010

ARI g3 (5 jls s gas oy § S5 g T £ 95 80
2 Sgn sl 9 (S emy b Ske dulie Y Jgi> o
5 <l P8 9 Sy gpe s SLARI () paiges oloj
dﬁ)_sﬁ)& Lgl.hd)‘fb ARI b}‘—\il UJ))YL Lol 0045 03)91 Cgw)
i iy @Bl ) BN gy e (g )lo] iglis Juad pued

AR 4 (5l e 9 ylay § (5l yadd gas bolis 50
Obes 3 )l ymasgel alall S enp 15U (xS0ke dnglie
Ol Juab 36 Ol B g m (slacs xSk ARI (5l 4500
AR o1l 0 YL a9k a0 3 (L 1) o (25 dlail 5
PP </40) ) e gylal glss b g g pim cla g S
Aol Cwd 4 (30> YAA) oliaols Juad )3 50 5l (g5 alai
ARI 55 Gl Joad 53 jod lawg 9 (539)9 dlaid 9 5> il
500 (Sgmw 3 D0 dod Ve g VWA c g 4 9 YU oSt
e Al ) 33 Of By g clacs Sk ARI 031l oy S
dai dw o b L oS dol cund @ lie) Juad 3 g i ailBdg,
of+0) coisly gl gxe (gylel olds liwnli Juad 45 (gyld piges
b sy o i 4 il (oS5 sliash) JS3) (p <
2 SBgySgyn Glas Sl Cuglio jadls (goriS S ol
Conglio et ld il o ) 5 03 Lo g 5l 4y
2l 4l Se e (li8l Oligy e Ly (Soisn ol
o8l 8 Ly Gl o o ool 00 (155 s S sty
i il 38l Cuw o g,iSh (gly ying (Sloodi g by bayly 0,8
Khatib Haghighi and <Farhangi et al., 2021) 55 _—» Ll



VP ) aidwl — (yatg o8 o)led FF wls (S g T 4,05 VOY

Sl 25 ©jgm0 (12l Ao Lap 8 S Cnglie et
J=ad > & Bly 5 Sl SIS sl 9189y s lolii>
as asBag, O slap, 3 IS (0+/YA) 5l o 390> oliwls
3 LadgySeyin ARE (IS 5ol 4 g polie (sl
YL don I Sl plp 53 bap B JS AR g (ol gl yn
{7 o) 392

Ober Sl g 0392 Lo ygeglin Jsl Joas 5l pasdlins
s E. coli siile o iiompy S slasySL | (S g Spplsle
29550)5 & M5

2 Conglie oLl 0ailS S il Juad dly job &y g Juad
Jead ol 0 S spsb 4 Sign il g9 b 29 Ol (slacdy g i
Dy Cys o yola o gy Soypm sl aySL AR
2 ol < pesllin < pdSob ST < rsluS glbg i
am ol GBgy g la Sy ao ) YIVE (bl Juad
(¥ Jgie) 392 00 polie Cpmmslins glbg yoans g 51
b > Sl Sgn 51 ol > O slap B IS ARI
0ylyd g i don I (P < /40) gyl Hme yob 4 kil
032 4 b doly 5 IoSig 5l 4y ap 3 LS Cuoglio sl
Oliaals b )3 090 Sise 5l £ 5 5oy sl Gl Juad

9 B9,59 5 S5 ySL (g ST Caoglile (ad Ly (5510 paiged (yloj 53 Sigm T LS o2 il S Se A lio -Y Jguo

Cgw,y 9o 0,3 5
Table 3- Mean comparisons for the effect of antibiotic and sampling time interaction on the antibiotic resistance index (ARI)
of heterotrophic and coliform bacteria in water and sediment
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Antibiotic  sampling 9295 prouH S9rarh p5uS
. Heterotrophic ~ Coliforms  Heterotrophic ~ Coliforms
point bacteria bacteria
Mean ;wSbe  Mean (wSNile  Mean ke Mean (nSilw

o Autumn 8.072 0.38¢ 0.11° 0.02¢
3 E Winter gl 4.29° 4.60° 0.05¢ 0.21¢
Vg 5 Spring ke 0.11° 0.16° 0.29¢ 1.39¢
O summer ;b 0.51b 1.50¢% 24.42° 50.782
< Autumn gl 1.63 0.79% 0.06° 0.01¢
42 Winter g 0.8° 0.43¢ 0.03¢ 0.11¢
33 g Spring ke 0.21° 0.19¢ 0.20°¢ 0.70¢
O summer .kt 3.32° 3.04 23.72° 28.67°
~ @ Autumn b 0.12° 0.32° 0.01° 0.005¢
ki S Winter gl 0.07° 0.09° 0.01¢ 0.03¢
% % Spring e 0.02b 0.07¢ 0.14¢ 0.44¢
20 Summer bt 1.44P 2.03« 28.73% 13.09¢
1 % Autumn j,l 0.24" 0.34¢ 0.04¢ 0.004¢
£ Z Winter s 3.51b 0.90% 0.01° 0.03¢
1% Spring . 0.05b 0.10° 0.09¢ 0.66¢
58 summer Ol 0.23° 0.32° 30.782 13.18°

E Autumn 0.66° 3.40% 0.07¢ 0.1
%* g Winter s 0.55° 0.32° 0.02¢ 0.07¢
3 E Spring k. 0.78b 0.06° 0.09¢ 0.45¢

= Summer gkt - - - -
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Figures with the same letter in each column are not significantly different (p < 0.05). Dash line are missed data.
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Table 4- Analysis of variance for the effect of sampling points, antibiotics, sampling time and their interactions on the zone of
growth inhibition diameter (ZOI) of E. coli isolated from water and sediment
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LxA 6 0.37* 0.24™
M L5)l‘>-)‘.d‘59":3 ol 3 7.94%% 4.03%*
Sampling time
LxT 6 0.19* 0.55**
AxT 9 2.99% 0.93#*
LxAxT 18 0.21%* 0.32#*
s 72 0.07 0.05
Error
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** and * indicate significant effect at p < 0.01 and p < 0.05 respectively, and ™ indicates non-significant effect at p < 0.05.
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Figure 3- Mean comparisons for the effect of sampling point and antibiotic interaction on the ZOl of E. coli isolated from
water
Columns with the same letter are not significantly different (p < 0.05). A, B and C are the sampling points at the entrance, middle
and exit of the river from the city, respectively.
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Figure 4- Mean comparisons for the effect of sampling point and sampling time interaction on the ZOI of E. coli isolated

from water and sediment
Columns with the same letter in each series are not significantly different (p < 0.05). A, B and C are the sampling points at the

entrance, middle and exit of the river from the city, respectively.
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Columns with the same letter in each series are not significantly different (p < 0.05).
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