[ Downloaded from ijhe.tums.ac.ir on 2024-11-21]

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Olp! e clilogy (oode (pozsil
YAV B Y ) Gl VP ¥ s cpgo o )lah « oo 030

&

Available online: https://ijhe.tums.ac.ir

(@

& s -
B 9 7 A.S\AA %,
" 0f Epyigone®

b s Jolgus (6390 axdllao 135 6L yo Jolgumw jo L 51 b (ibylgS Coghe j9p yhas bl
SESSgu )8

Y szan oo Al s M il g e Fgaunn Loy Ml Lo e Toly (gain (s T SlelS Lo ol S sole

Ol Ol i dated (S pole olSitils o el g Cublage 0aSAils clarzme Catlagy (quigen 09,5 <)

Oolrl el iy (Sbiy pole olfails cublagy 0aSails clame Cullagy (oudign 09,5 -¥

Olrl et cplisle (Kb pole olKils ¢ SLblage Ciglae e Sublage 5550 ¥

Olrlegilbo colisle (Sl pole olfiils «ggzmiils Dligho dieS «silage pole Dlaniod 55 50 clagme Collagy pudige 095 ¥
Ol Ol e St dated (S pole olKasls (oages Sublagy 5 (ol 0Kl (HSE) G Lazns 5 ol culage 09,5 -0
Olrlesle plisle (Sai pole olKisls coutlagy ouSiadls « ity pole DlEboS 35 po clanos Sullagy (ot 09,5 -7

0 b S sl Fo ool M LI

oz y9S Jlos (Jolw glo e 50 (9,50 (S3sll 3550 50 o SIS 1 BB g aime VEY/\Y/ oY

’ _ _ . :uéb)oz"u)b'
a4 o880 ,8 5 o St cdlw sl 1) Sl Wilgs go aS 5 ls 8924 )] 005k il sle o

’ 7 - ] ] . ) \FY/-YIYY towlpg gyt

=l =0,165 sla (g le j5 0 s e (oS oy B b Lol adllas il i ils of e TR s gy
5 Lo s ¢ 23l 5 (Bocoli) 15 L3 sla 5,25 L agrla | RN T

2 o sla cllad o 55 g S5y il g ( ) A Ll sla 6,551 L aglss V¥ /o5/Y5 - Uil g,

D el LSS0 3 Sty

lo oLt (o9 ,Sn Cnrdg (o) 2 pobiie 0l (abaifle (heog aalllas 5t o) 2 09

Silmand gyt Sl Ll a3 (sl akisd &g aiges £F LSS 2 (L

285 )13 eolaiwl 090 AVl g alilyg, Chsae ;s dwlxe (gl oI5 Cige

Pt 95585 98 4 Sl yas ol (ml ey sl ol a5 sl Lt gl ilaasdly

5 g IFY i 4 508 5 Y 5 o Bucoli i cigie ;s oo Silaog Bcoli st b oStz g u—als 5 BT5lg

3 AV AS 35 129 5V VLS )50 5 5058 (sl 09555501 VLo Sigie j o pizmen g L Sige g, oS Ll ¢ mgS 55 g 1l
O35S (gl ishe 4 Ml Jlas a S ol i s .0 EPA s WHO vy oot a g mhaw
el 039 VLS 5 5l i
s L alB0g, 5 Lol jo d ixio 5 (6 0 (sl OIS ouis S a5 1§ g doradis
A g e S Zo e sla 1l (5121 L8yl Uy (29,8 (S 39T 50 (ol
Jbo s 3 g b, BBlos a2 85 Jolg )3 ) (cages ctlige Sl b (s (e e Sge
28 Lo ) s (oges slolad (ol (b (2l

1 oo & K 9 oSy SiS Cony
gholami b f@yahoo.com

Please cite this article as: Niknejad H, Kalvani N, Seyedirad M, Ala A, Saeedi R, Abtahi M, et al. Assessment of the risk of gastrointestinal
infection from swimming at the Caspian Sea shores: a case study of Faridonkanar city beaches. Iranian Journal of Health and Environment.

2024;17(2):301-12.

Copyright © 2024 Iranian Association of Environmental Health, and Tehran University of Medical Sciences. Published by Tehran University of
@@@ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://
AT creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://ijhe.tums.ac.ir/article-1-6863-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-11-21]

EPA (oo, oo of coas lp Jlonyl pasls
ol Al G g ) b ugSe gl Sl sl
ol ol Ban (M) o5 arosi b )d (2, Jolse Gl
&ALk 5l i sle O (dle s bl addlas
sl 5l USigu b b jo wsSsSs,5l 5 Eucoli gla
Dy 3 by i b3 ool o glpl Jls (Jole
Ol (Aol sla Bl o 4 )35 b ys (o5 J>low
@95 Sogll oing 4y o Sogll glgil (5yme o ol yile
s osh oI SLS 1o (6 ke Sbml cel Wil o a5 ol
5 e ol CuiS o )lae i axwys lp Wly o

055 L8 eoliial 550 (i Sy (g a3,

g, g olge
Sodll 5l 2l 9ySee Sl byl 4 addllae ol o
JiSip 8 (slo3Dh) sli Sl 55 Sl slaolSlis
Uolow gyl s cpl sl oads aiblay oyl Jleds 5o
Ol g el Yo KM i Job b pdds (o,
sy s S ol sl oSl il (55 e
il pir 5 5,55 Joxe slom 5 O L USSg0, 8 0
5 Sop st oSl sl Slild sl adlr (Jolo
O jilace 03501 o yiage 20,10 105 oy A «,giS 009l
ol (i Jobo )0 Wb gyl GUSSgm 2 4 (R8s 5
o Jl o5 b 1R80,5 00,0 00 | e el
S92y JeId (6, K80 5yl 45 WS ooy )LSSgu 8
b 3 Sl ol 59 L (sl cenlin Ll 5 e
oy yiiin (5, lal (sl 00ld wlul 1.0 15 o g0 Hlianls
i 355 41, S5 510 51 e VL ol o
abdal OMol goee péf goes S Aol (0 0lS
adss b oads 80 glaaileny 1l il cuid oo g oS
slasaly o 6 o 355 oo by ol Fagll 4 pmie o
2 Shols gages e g (Jarme ZodS p ogllasl
ol NS o 5l 5 5 blie cnl (olatdl Cunny
Bgad £ Egomme 1045 Sl ooy Jolo oBLLL & o o
Yo Ges po b iged ol iy o] (u,ds g 51Ol

Y.y

)5S dghe 590 sl L)

dodio
9 Lﬁg)j)s...n S| ug_o.n su’J.‘>Lw GLQ Bl )I ‘59).» o
sob 4 ST as anil anils vgzg alie gljcigac Jalge
sl odos (6l 05 otaly T Lansgs T ! Solas
o o S st it SIS Al e ol Lo 5l 4
9 35 g0 a5y o wgildl b (xba sla OT 4 (5,5L88
S sl b - eshan ol JE e S,
8o (Sogdl e (F ) aes o LS5 |, Lo
oz jleamls 5L 90 p Oyl Gyl 5l S ok @
39 (o syl 099, w55 559,5l 5 (Eucoli) 57 L il
Sty bugie CEIE Glyie & 1, b usS S50 e
(WHO) culag Sk plojlo g EPA (0l 1 ogdle .(9)
(Gastrointestinal Illnesses: GI) 55 (s les 19
Jsd BB b JLes olyie & SLS Ve 2 sl 4 )
Gl a aasaz>g s Lo (V) aslos, S awes
w55 a5 2l Sfe e ola e o
(Quantitative microbial risk assessment: QMRA)
s lem slo Cusie b (ooges aglye (b)) sl (IS sob @
slr QMRA 5, 055 o0 plnil geuly 590 abail, sbmil 5
Sl U oS Jolow )0 (s sl b > o
E.coli cldllas 5l g yloms 5 (A A) s onlicial LS
o sle ol b sl (asls plsie 4 sS5S,50
Sogdl )Xo g Bonamano .ol sais solizwl ol o
oS 1 Wl dolew 51 (o 5o Ty (dove (2,85 adlaie
axllas ;o 1, E.coli b das o (Sogll sla ool g 595 5 250,5
E.coli ¢z5U cdale a5 wisls 3,155 Ll .ss S asl,] 095
als a ) ol e g 09 Vbl jo (i Jolsus 5o
ogde .(V+) wisly s DL sl Wl sl Ol

Slee @ Eccoli slo cosgame 33,5 a5 o Lol p

Eop % é Jﬂ
1ol il /(g3 6 jlosds /e is 6595 <
il /pgs 0 3 9

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6863-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-11-21]

Ol 5 ol5Ss oo

AOF Y)) asb coite STy ol

Dpath = Cpath X Ving )
1
Ping = 1- [ 1+ =222 (22~ 1)) - 3
0
P = 1- (1- Pyp ) 0 ™

sle clad sk 5l sl ilem 5o o G 5 Cigis s
S3e g S a5 2 35 505 b (2 p8 Bblie cnl o Ls
9,50 b (o5 25l Bk 3l e esls g a1 O

Ao e g a3 (YUY dloles)
el oS98 5,5l b Eocoli oL o 590 Dpath ) doles jo
cdale Cpath gL Job o olas sads soualy Ol px> Vmg
2 GEran ol ez sl O s aalllas 350 (09,00 03554
Syslp Ve mL (YLS )5 6lp oYY ML 5848 ol L yo
Cogie s Jlezsl oY dsbes 5 (OVF OF) conl oo
Sl Zighec ol 590 Sle Ny 5 G il )l b ateadls,
N,, = 2.55E+06 .a=0.175 E.coli l,; yuol)ly o) a5
555 N, =5.99E+04 ca= 0.16 b 55555, sl 5
oo 1 g ¥l Cighe Jlaisl P oF dolas jo .t atb S
pae Joloo jolaie 4 (VW10 sl Jlo )3 (Gg)) aelse
Ssig §3lwdnd (g 5l (29,5 Sl b))l Cualad
V--++ L (Monte Carlo Simulation: MCS) 4,5
(e g claSus alold) ao s A oliabl alols b o S5
45 ol (g galS L2l ST S g, ol s elil
o1y baoshd pac 5 apzle Jolge U osle oo 08 1) ol 3
Pl 6 e S pS el § 955 oy QMRA Ll
o Mol Jlozs! ez jglaie 4 QMRA sslas yog, 0000
Gk 3l ke lapmailS)lg S 5l (226 (L2165 (5 ko
L1 )lom b3 gy onl &5 Conl L o p0 O B pas
Bl oo Sl TL o Guile jo (39l e 5 505
e o a3l ol gealy -390 Ly, 51 eolil b ous
et 5 I35 MCS e dgs | g OA ) 550

%ﬁ yﬂ/
Y, 1E o il /093 6ot /[ Sas 0595

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Yoy

Sygeo s ol Ho 5haias el p Ol s 5500 cm b
sl obe jo s g wB (5ilop wges Sl Jobo jo alabe
S diged (651 oz sl 0 (610 0 diged (e 5 Sl
G s o alolidl o digas b eolitasl b il (glo (g ka
ooliw 3 olSiulo;l a5 (0 °C 5l 1S (sled) oo & yaw b yind!
30Ul sl g, o 5JUT YE h G, b 5 abas
iy 4 ISO 9308-3 (1998, (ISO 7899-1 (1999)
E.coli 5 o059, 55555l slacs 55 (5o Fejlail sl
Sk See (g, 5l 2l pS 15 Gl (sl o osliul
50 (MPN) slacass 5 Jedons lgie a5 g o sl
&9l slaaly (ialesl cpl o od (b yledd diges Vo ML
Vo) glapze by 5625Y g4l cutS Lams V- mL
S dy s 9 il el Lalps o) - mL
3l jshate ar.a ools )3 YV °C sles b ,g3LsSil 0 FA B
SiS Lasze (595 9 5518 piged e slaadlg) Slep yallS S92
(Eosin Methylene Blue: EMB) sb L (g 5T
YEh G 0y mmbsSil o] 3 s 0 o0ls oz S
a3l Y h Goe a0 dg) e 0 el YV °C gles yo
odis lis aS Cawl &,gaS 5 518 0amg saiay lis a5 wl
4 e Sl ol gl digad ol Gialejl oy Sute
Sl W) s il i ()8 Sl p ciS L
<0 ML Y h oo ools 13 FF/0 °C LebsSSl o
o) o318 IS5 5l s s Bl L ) dy LuSTsS G5y ]
STy 5 0,5 4wl 1) sl sg2g 3e,5 S5, () Min) s
s oS 5l el 5 e .09 cie BucOli g0 5,
oSS 9,5l Loyl sl (Membrane Filter) las
sl 5l dges 5l YO ML a5 &0 pay cod ooliiwl
Ll o ol g o ool jgee (/50 M) g ol lis
I e I
516 o eols J1,3 ¥ °C sles ;o Y h s au o ol
oogazme ;> b IS 09 alojl (sloss, S5 il gz L
w@m)oYhQM@@mwsxmuﬁ)wy}
sk ;o (Esculin Azide Agar) 5T w51 opdoSl (sl oo
Wl o oo b (cloged S5, LS5 b eols 3 ¥ °C


https://ijhe.tums.ac.ir/article-1-6863-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-11-21 ]

ol 545 VLS 5 115055 sl ], o985 s Eucoli
ailig) Cighe sl amd oo (LIS Wil (o0 g 85 4 JLSSg 8
g VLS 5 g 58S sl Eucoli jl b a4 Suw
Al coghe ot pioren . Cowl ool Cands o/ o+ F g ¢/ VT
i S 5 g S0sS slp Eccol ) ol 4 Suw
].Ia."> sd‘ 039, ‘_sl.b uu}fﬁfj).u‘ Syge yO Oy ’/fY 9 /Y&
VW e QYL )59 5355 (sl A Swo il cogae

g ) (G 09,5 93, (sl
Ml ez Sl el sl ools Las V S 0 a5 jglailen
QYL sl g 09 [P g +/0 ) o & albdle 5wl
Sl 5 5] s () IS5 50 (sl sl osS 7,5
VLS 5l 99 ) 5 o N o s il g il ighe 4
WYL ) g aS el [S3 a4y 0¥ (Y JSK8) 090 #1995+ Y
Sl il 5 om0 Soo i S o 1y ol slologes

db\)‘_{cw‘\’ Jw‘wl)w)ol)&iéu)low

e )lgS Cdghe jgp st L)

50 ea aslal V) LY ¥FVAe 5,9 (Crystal Ball) b
9 el )b oS o sl Microsoft Excel |l53ls 5
soualy Of lade Y+ 1) s bl Lo ools o g a0

el 0 0aileiS Joe ;0 axlllas 0590 (20 85 > lge W

asly
olan 55 osSs5pl 5 Bcoli e S o g
Ly Joo ) eolid U g5 s |y oy g s Jlazsl Y
33 Ay 4 Cighe Jleixl 0,5 awlme QMRA o yauls
S5 50 ¥ aolae ool b ¥l  Sogll Jloisl dle 5l
Sl el o0y 40D ¥ ) Jglaor 10 a5 il s a6 S
2 dole sl O o L ) b aVles g aljg, Cogae s
ooly lid (YLLE 15 9 5065 0 axlllas 950 J>ls bglas
9595 550 g B.COli (6251 sl aSiul 4y a9 bl o
ol &3 e (al (P Ul 30 6Ll e g @
Jome il 5 peilia 5 A0 5 5o T ) (ol Sao e
E.coli glo us5sSg 0l clale gl s aiVlo 5 ailsg, Cighe s
st i Sl 33 ML 55 IS555 5 o asali

HUSSgus 8 (o2 85 Jolgm 5o (VLS )3 9 (5095 (6l E. coli ¥l g diljg) Cigie yhas -) Jgux

\ZAAEA AL

#/40xY\+ 7

VAT N Mean

Y/ayxy "

At

Y/ae%xy FIANXY T

g7y

FIA XY

AAE x\+ AR

V/eaxye AR

F/VEXY o/¥axy. "

VXY

ACE A 100

F/FYXY o/88xy "

V/Fexy

1/¥Y4 xy " AL

F/VEXY F/18xY "

V/#Yxy

Vraxys 74

aDI: Daily infection, ®Al: Annual infection, °SD: Standard Deviation

My oW
T or liants /g3 oJlaih /pasiaoygs S

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6863-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-11-21 ]

Ol 5 ol5Ss oo

SESCgu 8 (2 5 Jolgw 30 YLy g 095 (5l (e 959 0l AVl g diljg) Cigie yhas -V Jeux

V/AY Xy V/F4 X\ Voo \ARtSE Mean

474+ xye 7 F/FA XYY /o AOY xy 7T AR

9/44 xy. 7 §/04 x\ o /o VAN Xy AR

Vo 2230 /o V/¥e Xy ey

Vo 4700 x\ e /o /0% xy 7 AL

/o V/Fxye /o V/VY Xy AR

aDI: Daily infection, *Al: Annual infection, “SD: Standard Deviation

ail3g Sy — QYL p Al Sy — Y33

2.52E3 3.68E-3 4.84E3 5.99E-3 7.15E3 2=l Sl Bl LoTiEl DaAEl

Al 39y S y— lF s Al Sy — S8

5.84E-3 8.41E-3 1.10E-2 1.36E-2 161E-2 A80E-1 5.64E-1 6.47E-1 73161 81561

Jiigas 33 st Jolgus 30 515355 3 YL )31 ol Ercoli il 5 &9, cighe s -) S

h 1E o Gliunli /(093 6 jloh /@i o,
- Ol /g ol /f 19

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad Yoo
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6863-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-11-21]

)5S dghe 590 sl L)

W9y Sy — YL, 2 Al Sy — Y, 3
250 000 = d
200 5000 |
4000 -
150
2 5 3000
H g
w 100 frs
2000 |
50
1000 |
0 0 T T ; ; ; ; T 4
3.44E 5.30F-2 7.16E-2 9.03F2 1.098-1 9.82E-1 9.87E-1 9.91E-1 9.96E-1 1.00E+0
4l gy Sy — Ao Al Sy — oS
250 - 8000
7000 -
200
6000 |
7 150 7 00
& s
s = “1E8
g g
& 100 2000 -
2000 -
50
1000
0 0 ]
6.91E-2 9.66E-2 1.24E-1 1.52E-1 1.79E-1 1.00E+0 1.00E+0 1.00E+0 1.00E+0 1.00E+0

SESSgu 8 et Jorlgu yo (095 g (Yl y 3 (510 (w5 959,56l Aildlw g diljg)y Cigae yhas -V S

QMRA Glaal ¢y agee Lol cails (g0l (s oDl jlas
sla cllad o 15 (gl Jolge (bl s (b))l 4 Loy
el gl sle Jolo cdale oSy 5k (YO V) Conl (2 145
53 Sl jlas dulone ;5 s i 0 yotee Olye 4 g2 lge
oSl ) S5 5 ) s 0 g b (V) b 4555 L
5 1) 58S slp Eecoli aVle g ailyg, cogae o
a5 ols Lis a5 5gy +fFY 5 o fe oD VLT 5l s +/5A
o Sl GYLS 5 5l s (B095 50 Chghe @ Dl Jlas
Coaws 4 las () casls cdllas o, Sen g Rafiee s b
EPA s WHO g3 LB a3 o3game b E.coli sl ool
00ld Cd yhas- 45" 0is; pess EPA s WHO Lot aslis
Veuf ) -0 o OB L ool sla o o Eocoli w oais
ol 5l o3l slo s)lom b S 5l )s </ a5 o
Yove Jlo o oK g Majedul (YY) sas o JuSis

Y.f

4 losgy 5555l g Eocoli oz Llis 51 (55l 50
5 E8e (Sogll ol plis sl ol S sl e
(YY) K (oo oolitul (o ,85 g O] CudlS Co o
@ lodg, wsSs5 9,5l g E.coli sla osls aSiyl 4y axg5 L
e jleding ond @ je8 (Pu S 2 lgw )3 6l bL )90
ol o T Bl w2 sl (MCS) g5 2ige (5L
385 ysb 4 g5 o MECS 5l solazl b .o oolazu! aslllas
55559, 5 Bucoli glags sty wlile slayuite 55
s a8 058 oo el 90,5 cras QMRA o ooliiul sl
QMRA (YY YY) acil 5 olezel BB i, ool 5l Jol>
358 000 Syfglsredn] Slaalie JoSe lye 4 Wy
L1, QMRA mls w5 oo pliions 5l (S0 cnlals

39 S g (e 42,5 1008 oS o S5 59l e sl ansly

Eop % é Jﬂ;
1ol il /(g3 6 jlosds /e is 6595 <
il /pgs 0 3 9

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6863-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-11-21]

Ol 5 ol5Ss oo

Sz 5o el (lyd Dlogge (S CodeS S 9 ol
3 esrmb oLl 9,0 4 LoDl o954 r—'L’ R
15 plol ) San 5 DAt Lawgs (ol axlllas Y14 Lo
tis Slaols 359 sl )5 45 0b aalive dalllae ol
2l o el )| il e ol O 9,0 4y oot
3555 Akl (Spo5 0 (eSSl 5 E.Coli) egdas
Wy oo 1) (S5 o cam )0 g 4l Sl (AL
olis Slallas 51 g b (FY) wyles olml oS el
GoasliS 5 oy s a5 5wy Suil a5 Wleols
Slapasl)lg e 5 0l polie (dolo slaupldl 4
S oo Jiie bl o] o oo ,is slaot a ) 15l
e (T39Il o wud la Sl 5l ey 5850 anoss
Cedls Lad jglate ey ans oo (Rl (s slo ol o
@ bwgie S b (i oo jo Lt Sl ((pegee
o Sl b wles (o al bogd g cBse b
@l g (codr Gy S Sl e gla 318
Loy Wl oo ol Giegh ls (YY) aos o olis |
355 18 oolawl 0500 ol aisle liwl o oy 3 glo lejles
St 9 (IS Sleladl la 59, 4 g Mol 4y e oS
Sl Gl S e Cej g il b)) akex
5> 9 ol Sl 3955 5l T ol (s Jolsm
Sble sile pllo sla )b 2l g (Aol slo oL
2 b e ad)l Sblis onl poedle 09l o Jolo
S 0 ST abgy e Il S e 5, gle 4oy gl
25 e & lges adllhae ol lo Cadgaze alox
55 o Ll
S iS5 45 558 o dnogi cosiy] Slalllas (gl ()
B30 55k 4 a5 0gh oslinul s b)) e (60 Lo
alixe gl ooy, slo (35l bl e (Aly olilas ailen
Wgad (V.o lid ) b al SO L e gy ales
o Qb)) 03 qmly oS Ld oS oleale o b
4 S (550 (o 058l ok 45 el 0k (59
Jad b anslie jo ou )i O (oyme j0 185 )18 ol
o polie o aab Gl pae (Yoogle (laal) Ls

%ﬁ yﬂ/
Y, 1E o il /093 6ot /[ Sas 0595

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Y-V

Loy elSls Ol 09,500 yhas obj,l de; 1o 5l anlllas
Sl ot l5e a5 isls bl LEoMK ;0 QMRA wis
fﬂ"d“')ﬁ"“’ﬂ"""; (o y0 Y-\ E.Coll LE‘J’ o.LoT Cawd
92309y 3 9meyd VoV e g imggys5 ey VTR
Ay Az pl A ioren L0508 sdslice duo o VY-YY
PV s0S (o) A1) 5065 (6l e sl IS s oS
Y S 9 ¥V Joa (YA) 09 (aoyo V-1F) YLLS 5 o
S Sl a5 ams (oo LA | b sS5S gl 4 b e
Slpg ) g NY 5555 sl Al g ailyg, Sdgae 4 Dol
sl o9, (g5 sS 9yl Sighe s 09 ) g o/ V VLS
095 B Sl wizmen g GYLS )5 5l iy (B8sS 5o
3 i (95 55 9,5 ) (8L AVl Soghe s ((pw la
)9.‘44. |) u] (8 pons ﬁoLE.A ‘579)3.' le.ﬁbu—l 59 Y}Q.uo 9 AJ)‘Q
ARy el g G el a0 el (o alyS U
ol o Eocoli (V) sien 09,500 (Sogll (om0 5o ol 3
Sod plp 3 15 e09d e e Gryed O Sl e e by
2 byo 0l o paile oaiy sl 5 0l (5508 Cunglin (650!
E.coli oplplo .o)ls 5L o Jokw 09,0 (g ioml jLid
ol e o kS 5l ol BPA L s
polia (§yeml S9d plp 30 o (gS 655,51 090 (0 oy
s g5 35 9,5l 00lgils Lo a0 .oxwa E.coli 5l 5
(YY) Sgd co ooliiwl ol o Ol CuiS vy p jghaie 4
s o JiSiga 3 o5 ol 3 Sogll ity s
ot sle Ol o o Sea s Hamilton lawgs sos sl
ol JJs 5 09 YU E.coli wdale (Ls,alls oglls] s
351 7y Jlg ol O 4 Slageyed OOLSL 055 o]
sl bl og3 adllas o oK 3 Tommasi .(Y+)
Sl o O 5o nssST 55 g0 ole (i age oS
b Al ahal 5 50l OLOL (ilageyed 18 by 5
S5 O aS oy ylias anlllae ) gl .(F)) Conl agud
3 e )Rl sl aS ol Sbys ceny s 5 g0l
&bdugT&gb)y&u@@M};@ﬁMW}


https://ijhe.tums.ac.ir/article-1-6863-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-11-21]

OB 895 ;0 adlllas 050 a>ll g0 jo ol Cigac (s o
Sl ez 5l asel Caws 4y mlisog YL 5 5l YL
OSbel o pae slosal) lyie 4 Wl (oo (20,8 Jolgw 50
JUE SR g B NI W BP0 KW S LN SO0 P

ST Ollasdo

Slaasl e gl Cd iy pas Jols IS IS a ks B ain g
Al o ol o) gilwesls g Laosls casy x5 ca ilS g0
c—b Lo S i e aa s, S le,
el 039 IRSBMU.RETECH.REC.1400.1091

63‘.))..\3 5 s & ee
iy liios aLeS iagh ook Jol> asllas o)l

SV PP S A S VPR YR J. GG S P B L K
V] FRpY IR.SBMU.RETECH.REC.1400/4618

CA.;BLLO" 5 11‘5’. > . .‘J g.)l” . f” )‘ ulf«.\wy
4-" . on ) " - S & }_‘L ﬁ?lc om‘o ”6)3L;é 5 C)I u" . -
WS oo Sloja8 095 Jo Coles> Lo

References

1. WHO. Guidelines on recreational water quality.
Volume 1: coastal and fresh waters: World Health

Organization; 2021.

2. Gholami-Borujeni F, Mousavi S, Niknejad H.
Microbial Quality Investigation of Swimming
Beaches in Mahmoudabad, Iran 2019. Journal

of Mazandaran University of Medical Sciences.

¥eA

)5S dghe 590 sl L)

u&o‘ L: s (= GLQ 09; 9 GH..: 6Lm 05; ‘5‘).1
Jeloss 5IUT plil caddllas cnl 5o (S sl (s lon 4 D
(f .0, Sen e |, (Sensitivity Analysis) <ol
S 9 NS g Sy 4 WP (o0 (Sgdie (alh polie
Jyad ;o ohg ar Jolgw sl ailis, b (Sibe )l diges Canl
P ol awas ol g 38 ob;,l b osd plol Lt
6‘ 039, szgsfu‘ 9 E.Coli w3.a.c o0l u...u LSLQ osls L
@ly Sghe st e e Cuz aallhas 950 adhaie 3
oo Slgiion 1 el alilas 0529 5 lge S 51 00l dloee
S O)90 9 (s Exose (il Som sle legh o d9h

DS 13
B sl ol ol Jls b)) ke & aslllae
QMRA 3l solzwl b [USGg0u,8 obw s Jolgus sloal jo
2l Coghe s as ol lis el Ceway s ol bl
J>lm 25 slo O 50 (6l 039, w5855 5l 5 E.coli
).b.“> Ll 09y WHO (SOgoR )‘..\M )‘ ).,Yb )LSJS..\J)S
J.a] Cawdy E.COll )‘ )JYL' Ls‘ 039, U";?S?)"" ‘5||) WB.O.C

09,5 SIS 4 a8 )S Sygo b o) p @l Geizes

2020;30(188):144-50 (in Persian).

3. Haas CN, Rose JB, Gerba CP. Quantitative Microbial
Risk Assessment. 2nd ed. New Jersey: John Wiley &
Sons; 2014.

4. Alipour V, Ghaffari HR, Hossaini SA, Niknejad
H, Hoseinvandtabar S. Performance of ceramic
filter coated with silver nanoparticles in removal of
Escherichia Coli from drinking water. ] Health Field.
2022;10(1).

Eop % é Jﬂ
1ol il /(g3 6 jlosds /e is 6595 <
il /pgs 0 3 9

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6863-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-11-21]

Ol 5 ol5Ss oo

5.Rafiee M, Hosseini SA, Gholami Borujeni F, Hesami
Arani M, Niknejad H. Health risk assessment of
swimming beaches microbial contamination: a case
study-Mahmoudabad, Iran. International Journal of

Environmental Health Research. 2022:1-12.

6. Weisberg SB, Noble RT, Griffith JF. Microbial
indicators of marine recreational water quality.
Manual of Environmental Microbiology. 2007:280-
89.

7. Niknejad H, Hoseinvandtabar S, Panahandeh M,
Gholami Borujeni F, Janipoor R, Sarvestani RA,
et al. Quantitative microbial risk assessment of
gastrointestinal illness due to recreational exposure
to E. coli and enterococci on the southern coasts of

the Caspian Sea. Heliyon. 2024 May 15;10(9).

8. Rodrigues VF, Rivera IN, Lim KY, Jiang SC.
Detection and risk assessment of diarrheagenic
E. coli in recreational beaches of Brazil. Marine

Pollution Bulletin. 2016;109(1):163-70.

9. Schoen ME, Ashbolt NJ. Assessing pathogen risk
to swimmers at non-sewage impacted recreational
beaches. Environmental Science & Technology.

2010;44:2286-91.

10. Bonamano S, Madonia A, Borsellino C, Stefani
C, Caruso G, De Pasquale F, et al. Modeling the
dispersion of viable and total Escherichia coli cells
in the artificial semi-enclosed bathing area of Santa
Marinella (Latium, Italy). Marine Pollution Bulletin.
2015;95(1):141-54.

11. Rice EW, Bridgewater L, American Public Health
Association, editors. Standard methods for the
examination of water and wastewater. Washington,

DC: American public health association; 2012 Feb.

%ﬁ yﬂ/
Y, 1E o il /093 6ot /[ Sas 0595

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

12. Machdar E, Van Der Steen N, Raschid Sally L,
Lens P. Application of quantitative microbial risk
assessment to analyze the public health risk from
poor drinking water quality in a low income area in
Accra, Ghana. Science of the Total Environment.

2013;449:134-42.

13. Dufour AP, Evans O, Behymer TD, Cantu R.
Water ingestion during swimming activities in a
pool: a pilot study. Journal of Water and Health.
2006;4(4):425-30.

14. Water S, Hygiene and Health (WSH). Assessment
WQMR. 2016. Application for water safety
management. Geneva, Switzerland: World Health

Organization.2016.

15. Limayem A, Martin EM. Quantitative risk analysis
for potentially resistant E. coli in surface waters
caused by antibiotic use in agricultural systems.
Journal of Environmental Science and Health, Part

B. 2014:49(2):124-33.

16. Pericault Y, Risberg M, Vesterlund M, Viklander
M, Hedstrom A. A novel freeze protection strategy
for shallow buried sewer pipes: temperature
modelling and field investigation. Water Science and

Technology. 2017;76(2):294-301.

17. Haas CN. Microbial dose response modeling:
past, present, and future. Environmental Science &

Technology. 2015;49(3):1245-59.

18. Niknejad H, Saeedi R, Hosseini SA, Abedi
Sarvestani R, Abtahi M, Hesami Arani M, et
al. Health risk assessment of heavy metals in
drinking water: a case study in western cities of
Mazandaran province, Iran. International Journal of

Environmental Analytical Chemistry. 2023:1-16.


https://ijhe.tums.ac.ir/article-1-6863-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-11-21]

19. Mortezazadeh F, Babanezhad E, Niknejad H,
Gholami Borujeni F. Global review, meta-analysis
and health risk assessment of Polycyclic Aromatic
Hydrocarbons (PAHs) in chicken kebab using
Monte Carlo simulation method. Food and Chemical

Toxicology. 2023:114063.

20. Niknejad H, Ala A, Ahmadi F, Mahmoodi H,
Saeedi R, Gholami Borujeni F, et al. Carcinogenic
and non-carcinogenic risk assessment of exposure to
trace elements in groundwater resources of Sari city,
Iran. Journal of Water and Health. 2023;21(4):501-
13.

21. Schippmann B, Schernewski G, Griwe U.
Escherichia coli pollution in a Baltic Sea lagoon:
a model-based source and spatial risk assessment.
International Journal of Hygiene and Environmental

Health. 2013;216(4):408-20.

22.Zhou L, Echigo S, Ohkouchi Y, Itoh S. Quantitative
microbial risk assessment of drinking water treated
with advanced water treatment process. Journal of
Water Supply: Research and Technology—AQUA.
2014;63(2):114-23.

23. Owusu Ansah ED, Sampson A, Amponsah SK,
Abaidoo RC, Dalsgaard A. Probabilistic quantitative
microbial risk assessment model of norovirus from
wastewater irrigated vegetables in Ghana using
genome copies and fecal indicator ratio conversion
for estimating exposure dose. Science of the Total

Environment. 2017;601:1712-19.

24. Ashbolt N, Bruno M. Application and refinement
of the WHO risk framework for recreational waters
in Sydney, Australia. Journal of Water and Health.
2003;1(3):125-31.

Y-

)5S dghe 590 sl L)

25. Ashbolt NJ, Schoen ME, Soller JA, Roser DIJ.
Predicting pathogen risks to aid beach management:
thereal value of quantitative microbial risk assessment

(QMRA). Water Research. 2010;44(16):4692-703.

26. Fang T, Cui Q, Huang Y, Dong P, Wang H, Liu W-T,
et al. Distribution comparison and risk assessment
of free-floating and particle-attached bacterial
pathogens in urban recreational water: Implications
for water quality management. Science of the Total

Environment. 2018;613:428-38.

27. Soller JA, Schoen ME, Bartrand T, Ravenscroft
JE, Ashbolt NJ. Estimated human health risks from
exposure to recreational waters impacted by human
and non-human sources of faecal contamination.

Water Research. 2010;44(16):4674-91.

28. Islam MM, Islam MA. Quantifying public health
risks from exposure to waterborne pathogens during
river bathing as a basis for reduction of disease burden.

Journal of Water and Health. 2020;18(3):292-305.

29. Wade TJ, Sams E, Brenner KP, Haugland R, Chern
E, Beach M, et al. Rapidly measured indicators of
recreational water quality and swimming-associated
illness at marine beaches: a prospective cohort study.

Environmental Health. 2010;9(1):1-14.

30. Hamilton MJ, Hadi AZ, Griffith JF, Ishii S,
Sadowsky MJ. Large scale analysis of virulence
genes in Escherichia coli strains isolated from Avalon

Bay, CA. Water Research. 2010;44(18):5463-73.

31. Wu M, Wang H, Wang W, Song Y, Ma L, Lu X, et
al. The impact of heavy rain event on groundwater
microbial communities in Xikuangshan, Hunan
Province, PR China. Journal of Hydrology. 2021 ;
1;595:125674.

Eop % é Jﬂ
1ol il /(g3 6 jlosds /e is 6595 <
il /pgs 0 3 9

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://ijhe.tums.ac.ir/article-1-6863-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-11-21]

Ol 5 ol5Ss oo

32. Di Dato M, Galesi¢ M, Simundi¢ P, Andricevi¢
R. A novel screening tool for the health risk in
recreational waters near estuary: The Carrying
Capacity indicator. Science of the total environment.

2019;694:133584.

33. Hsu BM, Huang YL. Intensive water quality
monitoring in a Taiwan bathing beach. Environmental

monitoring and assessment. 2008;144:463-68.

A}?Dg yﬂ/
Y, 1E o il /093 6ot /[ Sas 0595

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

A\RR


https://ijhe.tums.ac.ir/article-1-6863-en.html

[ Downloaded from ijhe.tums.ac.ir on 2024-11-21]

Iran. J. Health & Environ., 2024, Vol. 17, No.2

£
£

AN
@ ;
£
(lAER) \"‘dc

ot e (¥7)
7
oy o

HETH AND EXVIRONMENT

Available online: https://ijhe.tums.ac.ir

Orginal Article

&
&

o, o
" of Environ™

Assessment of the risk of gastrointestinal infection from swimming at the Caspian
Sea shores: a case study of Faridonkanar city beaches

Hadi Niknejad', Nima Kalvani?, Mehdi Seyedirad?, Alireza Ala*, Reza Sacedi®, Mehrnoosh Abtahi!, Fathollah Gholami-Borujeni®*

1- Department of Environmental Health Engineering, School of Public Health and Safety, Shahid Beheshti University of Medical
Sciences, Tehran, Iran

2- Department of Environmental Health Engineering, School of Public Health and Safety, Zanjan University of Medical Sciences,

Zanjan, [ran

3- Behshahr Health Center, Deputy of Health, Mazandaran University of Medical Sciences, Behshahr, Iran

4- Department of Environmental Health Engineering, Health Sciences Research Center, Student Research Committee, Mazandaran
University of Medical Sciences, Sari, Iran

5- Department of Health, Safety, and Environment (HSE), School of Public Health and Safety, Shahid Beheshti University of Medical
Sciences, Tehran, Iran

6- Department of Environmental Health Engineering, Health Sciences Research Center, Faculty of Health, Mazandaran University
of Medical Sciences, Sari, Iran

ARTICLE INFORMATION: ABSTRACT

Received: 21 February 2024 Background and Objective: There have been concerns about microbial contamination
Revised: 12 May 2024 along the coastal cities in the north of the country, particularly in cities of Mazandaran
Accepted: 18 May 2024 province, which could pose health risks for swimmers and tourists. The present study aimed

Published: 16 September 2024 to c.luantitatively as.sess tht? risk .of gastroir'ltestinal .d%s.eases resulting from exposure to E.

coli and enterococci bacteria during recreational activities on the beaches of Fereydunkanar.
Materials and Methods: In this cross-sectional descriptive study, 66 grab samples collected
during the summer were analyzed to investigate microbial contamination in the recreational
beach waters of Fereydunkanar.The Monte Carlo simulation method was used to calculate
both daily and annual infection risks.

Keywords: Swimming beaches, Results: The findings demonstrated that transmission of enterococci was more likely than

Enterococcus,  Escherichia ~ coli, that of E. coli in the swimming areas of these beaches. The average annual infection risk for
Monte Carlo method E. coli was 0.41 for adults and 0.69 for children . Additionally, the annual risk of enterococci
infection was 1 for adults and 0.99 children and, which exceeds the range advised by the
WHO and EPA. These findings indicate that children have a higher infection risk compared
to adults.

Conclusion: Unrestricted discharge of municipal and industrial wastewater effluents into sea
and rivers can contribute to the presence of harmful microbes in beaches. By implementing
effective environmental and recreational management strategies, it is possible to minimize

*Corresponding Author:

gholami_b_f@yahoo.com the risk of public health hazards at recreational beaches while also preserving the natural

beauty of these important public spaces.
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2024;17(2):301-12.
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