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Background: Microplastic pollution has emerged as a significant environmental crisis, posing
a serious challenge to human health and ecosystem sustainability, particularly within urban
wastewater treatment systems. This study aimed to investigate the abundance, physical
characteristics, and chemical composition of microplastics in the effluent of the Zabol urban
wastewater treatment plant.

Materials and Methods: Sampling of the treated effluent was conducted in the winter of
2024. Three samples, each with a volume of 10 liters, were collected from the effluent of the
wastewater treatment plant. For microplastic separation, the samples were passed through
sieves of various mesh sizes, followed by chemical digestion and density-based separation.
Microplastics were identified and categorized using optical microscopy and Fourier-transform
infrared spectroscopy (FTIR).

Results: The results indicated that the highest mean abundance was 26.38 £ 1.08 microplastics
per liter, with particle sizes ranging from 45 to 425 um in the treated effluent. The results of
the ANOVA test showed that film particles, with a mean abundance of 27.58 = 1.08
microplastics per liter, accounted for the largest proportion compared to other forms (fibers,
fragments, and foams), with a statistically significant difference (p < 0.05). FTIR analysis
revealed a considerable diversity of polymers among the detected particles. Among them,
polyethylene (PE) showed the highest relative abundance (21.46 £ 0.9), representing the
dominant polymer type.

Conclusion: The results of this study provide a clear picture of the status of microplastics in
the effluent of this wastewater treatment plant. They also highlight the necessity of continuous
monitoring, identification of potential sources, management of lightweight plastic waste,
reduction of single-use packaging consumption, and the need for further studies on the
pathways and environmental impacts of microplastics in arid and water-scarce regions,
especially due to the continuous use of this effluent for irrigation of surrounding agricultural
lands.

Keywords: Microplastic, Wastewater treatment, Polyethylene, Sistan, FTIR Spectroscopy

Copyright © 2025 The Authors.

Published by Alborz University of Medical Sciences
This work is licensed under a Creative Commons Attribution-Noncommercial 4.0 International License. (https://creativecommons.org/licenses/by-
nc/4.0/).Non-commercial uses of the work are permitted,provided the original work is properly cited.


https://jehe.abzums.ac.ir/article-1-1136-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-07 |

2y dle

YOF GYYO ailadio ¥+ ¥ Jaubs ¥ o jlach V¥ 0 90 cdosae Cudilugs ceudige dlas J I / I I I /

Alborz University of Medical Sciences

S ONBL bt wiad 5 5 Oly GaSaadl s Ko b S35 5 Slsl 2 L)

Jo

\E-E/-A\Y iob ey &b \E-E/-7 /¥ 1 8Ly &

Y SLL Ol Sl Sl s aSL Jole g e S

Q\J.’“ AJJ‘) c"}.‘\) aK&-A}}g‘ AQ)AL& ;M‘ e ;.)YU au\gﬂlﬁ.ﬂj}i «L;;:.Ja L;Lﬁsz‘ C».LJ-’I‘-M n}ﬁ !

d\j‘\ ‘J.‘\) ‘J;b aK.«:..h)}l sQ}AlA L;LLJI O UYU A.Xg..:«.k_}}g ‘OL»‘J'T r)lﬁ a}; v

o..)._u_&___:

Lﬁ“w‘a.&_&‘){ﬁ)}@.&y L;Lﬁ).la:md\fu&bu@jﬂj&)\ribééjﬂd-u" LLvy)
4 bt ST L 5 DLl Sl (sl bor 2l (6 OO bl (Glais 53 o5 s ¢ 5050
)Ju&am)&bﬂw;ﬁs;)6,&&6\.&;}‘)4$U\J3w‘)ﬁd.ﬂbJA}}:J'A})&)LQ_J
= Ll e & ged Ao b b VYT Gl faad 3 ol adeal Ol Sl (6)ls nased T ) 9 5l
Slaple b bl e ged Sl 5 S g5l (gl d iy 6l aday g & 51 2d Ve
bu&:’_@)&i}ﬁ:& J_J:rbu\élﬁ‘rwb\fé)u‘k)&wwwjx.uaéb))&g&bu
S 03 a5 Sn YENA £V 0A Ol o Jlslp 0 o i &S 5l 0L 5l anlllas e &l
.«s;\mL:JANOVAoy;T@u el 5 e At adal g Ol 3 e S FYO-Y0 o310 L
(o5 5 caaS13 ud) I Hle 5l G 1) 53 bl Sos TV/OA £ 1/0A &ﬁggﬁpr@@;y o3
& S 5l oL FTIR eciads (P < 2/00) Lols ol st a ls ixe SN L (e e
Sl VL L (PE) sl ‘a.uTg:,.“.:y@Lﬂ bl nls e s DSl s La s S e 5 BB
.c,.j\:La;i.::wb/\i)ﬁft\)i\bb)sbr@.ﬂw%ﬂ/\‘?i~/Q Ol s ds o

Blraiass s 2 Ol 55 Sl s S Cansd sy 5l ds) Sl Shsn ol B g S et
.]a.“’u6UMQ)AJJJL§L&M°)L)>MQMUQArbu‘}dj_m)laﬁéué.\awu‘)—w&ls
bl gl ol ool 5l pmuu-_“\uu;m;iﬂqu%i_.:;yu);u&;_mmﬁf ey
3l AT Glbl g5,5LS glape

FTIR _ecib Ol (sl L oMb adar (ol 5 Ko 16 hdS sla o515

3 g0 O kinnd g9 (53 g I Comy e
mirimohadesea@yahoo.com

2o (331 & Skl 090

Miri M, Pakzad Toochaei S,
Khandan Barani H. Assessment
of the Abundance and
Characteristics of Microplastics
in the Effluent of the Urban
Wastewater Treatment Plant in
Zabol. Journal of
Environmental Health
Engineering. 2025;13(3):345-56.

DOI:

¥OF LD Srladus AFF Suly X o laddi ¥ 090 e Cudligs ouige alae



https://jehe.abzums.ac.ir/article-1-1136-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-07 ]

L st NSl GR wdnT g3 Olaw (sl 5,50 sl Sy 5 Slolsd 2UJ)

53 oS WlannSo Olakas 5 (65,5 D)3 b O ke
aieds Sl (o dhar il adaad Cile (sla i
Dt e glabs BB bt OB 5 s

o Sl VT Ol oy (slodiyl 35 sbay LacSaudly 5 e
oS S8 Ol 5 Lpd e ald Gy b o
S o sl QL) 6 5dll el Dols g g0 Dl (1
o 5 Cilisee SU st slacd 3lse A5l 55 o 3 ol
28 531 5 el |y K ol 5 il L PCB
ch S e ey Slagrge 3 e S
4 e Llge Sl Dl e L Sty S
ol ol sb 4 5 ssd Ol el 53 LOT s
SIE g 5y O sdke Pl S s Shas 5y I
5 e 5 Sty Koo o3l T s pd 150U
Sl el 5SS Sl aS e Wl el e
Glodss JUsl s o Ol 5 1 (g S
Sl ol odalie o108 o iy Jsb 5o eSSl S
DTS eslnl s 2S5 31, S SIS &S
Slapisa ST Sl o 55 JB Dldg Sy 5 S
— o 0 el s Sles 5 kb s ks ad 5
Lol 5 pliand 5 S Lolsst LSly o gl .10
5 WS 0 pland s lady] B L sy o
s e gl geas s 550 oL
5 s sl 05l sk el S
Lo VT opl 10 dias o e Sl 53 1y 09 ,Se
sl s |y s S analr g0 5 S S LS e
L 5 Sl 3 5 s ois il 035, 53 0a
S g

1.Wastewater Treatment Plants

Ao ddo

sl il 5l S a biandly s S 5l 56 Sa )T
Oler mhaw 5o ildg 5 ) Jame Ol 5 5560 55
in oo 0 51 508 b b5y Sl sl el e s
A3 S5 S Sadly il o A Jol
S ges s gbed (S Rl
by adsl s g 4 IS b 4 bS5 S
sl L sl GaKadls s dipd o ool
03 3o O3 Ko ile S5 Jeld 5 Lgd o laes
S J s T 2y 5 T O s
FE o5 Sl oMl 4z 5l 4 56 slacKandly s S
Glas s 5 LS G aile b gladsi s b cou
J- s sl e oS Jls s T ol e bt SOl
Was M Jame Sadlyy Soo So 5 sl
e ol sul s G Gl s b oy e
Tl

O Sy 5 S (Sl slol 3 (s3date mlis 4 S
S WWTPsY) (6 es oMb slasibadas s
oy daen 4y LotV pl (63555 g e
slacdls 5l Sl (et Sl TLsie g
(e Sl SV pame el Ll Sl
SOy L 55550 5 s Dl s (S pind
LSty Son Sl s B sl ol S e
BV Gl w535 adead g s gladiy] b ax ST 2t
Olaman slg s 2 Lol s O3l 51 s s 4
L a8 Sl Szl Ko 5l e s JB olie gl
Ay Glagosls ok e adss Lo
bbb 5w Ol i (plis slay 581550
S e B) o 5VL Gl Sleily il g oo Jsloee (slsa
L Gis Je ol boas sl (Loys 44
Mol sile L (sur Al Olames Szl 5 S
gl Jald clay o als GLld a5 S
JSG L3 Shasnih o GBIk ol B ek

A¥ ¥ 5l ¥ o jlacd VW 0y g0 cdasas Cudilage cudigo ddae ¢ VYV


https://jehe.abzums.ac.ir/article-1-1136-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-07 ]

OllKas g (s hu0 ditns

b9y 9 Slge

5 Ol Ol > Sls (bl Ok el 53 adlllae
bl ailie ) A2 il O ) G s 53 Ol 5k
5 asdee AVl SWL L Sistaas 5 S el
$309LS Solas 1y (B3 Ol mbe a5l (Sals
Joes Olge w0 bl s NS alradar ol
ot b Lo 0T Oy o8 s bl (615 el 5o
2 op o adlaie (55,58 Sla e 4

VENY Olin 3 Bltagids s 5 by 51 (6,15 10y
wJT@}. Bl o2 ) e 4w LD el
Slaied Gy b o Clay 2V dsed sl S
o Jame olesl 4 aAbolBB 5 (soslmer o8
e e Vol o LS el O gl ge
—2d S el e Sy S YO 5 a5 S YYO
OsprldenST o g 3l eslaial b ol (g3lusldr (gladd sul
Vo S b pes sl gl At el b e
s S ol S sl a5 VO sl 3 5 Jame s 2
A e Yo s FeSO4. 0.05M &) Jo Yo o o
& B pad e A LS bads sas 0 H2O2. 35%
a3 Vel Ll i o (65 aids T Dl
M as esls 3l S sl

A e Vo 035380 5l e ol d o da (slanisas plod
\ ez oSl ad SC s NaCl (p=1.2 g/ml)
Gl ol Y Sl 4 Ly 5 e esls 13 g 1)
SIS S el Sl 5 S (55l
PSRRI T TS PP P TR
Whatman ) jzes S V/Y dals o3l b glai &
M ae s (GF/C

b las ol S sl 3 ol La2ls
on Gl Ve B LS55 L) )8 o sSs Sie
JSs Ky il sl e Shs el s s
@35 s fibers) SLI gl el 5 o3l
(Film) b (fragments) =Ll s (Foam)

TEA @ AFF Sl o ladi VY o 9o daaas cudilags cuiigs dlas

Al o 5 GRS glasE 5L UL e
ST S e 6 Gl sl s ol Sl
Slelaz! jltle S 5 53 Ol LMPS a5 lases
— ot S Al SIS 5 ke sl ge o (Dl e
AT

d;ﬂ@? Gda LIYVO Jle s bl oYl dbtadeas
5 Dl S e e WY s OMBL ada
sl 5 ONBL a2 SV P e 4 Sun 5 sl Sl e
oy B (15 e 4 WYAV L 3 Glay o8l 4
g@duéﬁwwu\ﬁ,\}\j SIS RPN Ly gt
Sl S 08N aw els 0gS1 5 s b
Jime Sy pl sl (aslsa Sl b DS
5otz U oMol ahas aaS ol s Y S5 o
Sl 5ol 0L o les ey 55 Kile b Ll e
dadS 5 53 b Bk L s ,S s el Sl
5 il Sl S b ks 4 bt VT 5 T sl
S BB e el s LS 5 ol
D e paids Wdzs > S 53 5 0 0 o

Stz Bl ol ol Candse b Ll Ol 62
wrlye BB So T 5 olS ool L (S
Sl p s BB slaailraia Ol jleslital .ol
336 Ll cl by adlen ool 3 30sliS ol
S Sy 5 osa= ol Gy Sl
Lole S landil s el (nl s LSl 5 Ses
GBSl 03,5 5 asdllas cpl 5l Gaa ajls e L3
LSy s Ss o311 5 755 Sl s b Sl
el 5 et ASL Gl whad 2 Sl 2
S Slp ale Glas Olpsa L5 e anlllas ol s
LSzl 5 Son JUil 2alS 5 OO asias sladnl
S eslinal 550 St Gble s (55,58 slaees «

5,8


https://jehe.abzums.ac.ir/article-1-1136-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-07 |

L st NSl GR wdnT g3 Olaw (sl 5,50 sl Sy 5 Slolsd 2UJ)

S s ekl s 4 @l e
L5>~5J> uLM..i L 0‘)\.)4\ L)»LM:‘JJ LA‘S::AN%“})&A

i 3 5 Ol s 6 3 ASL Ll ahas
V) anllan 5p5e 05 S Ol 3 1) S5 cpl w5
Aasign DL (Res Son YO 5 s Son TYO oo e
syt e edali (L)) JSE 3 68 sboles () S2)

ol el Eals b aSadl s S Ao s 5 Sl 2
Sl Sl o VG ols Ol el e s LB
—0 ol b 2 s KaSlys Sen YEAEY/0A Ol pe 4

\ )‘ );k.f‘)]: be 5‘5; 4"};&4 BLl ! chj).i,:ﬂ YO

FIAYEY (Sl L Jlslp op S ghls e e

0Ls ANOVA 055l gl 5 2 5 Sitdlys Ko

s Sen FYO—F0 o310 b ezl 5 Sen Slsl 5 o 515

S(P</00) w\ﬁ_u;ﬁy;\;ﬁaa‘b&”ﬂ"‘*

L odd plulid gbaclandls Seo S 51 78) 658 o)

Q)Ujﬁbc}ﬁ)b&ﬁé‘jsb):.J\buﬂw}\b‘}ﬁ-@

(o) K2 (P> 0/00) diS sdaline (g)ls e &bl

B SO PRIV PR U P SRR VR W PR LIRS
wop hAS L e 30k i leslinl b ol
kg a5 gl e s JU(FTIR)
FTIR ;o3 0gsle mmich ol 51 daciandly 5 S
At el Bruker s, 5 TENSOR 27 Ju
ATR-FTIR S5 51 sl ol b s soi Sib olos
CIN) 50 348 03 5doms )3 il .5 S ool
.g;;,)_frt,ﬁn (Fro — Foral
— 5l O3l b 035 Jle 5 g 51 LT slaesls
L .5 05y Xea s (Shapiro-Wilk Test) <L
S 5 s, (Mauchly’s Test) o
ls a3l a5 Sl 5 Seo sla S5 5 4l
laslsile 5 5l sl addllas 550 plnil ANOVA
‘ol & oslizul EXCEL , SPSS

>1mm 1mm-425pm 425um-45um
(509,50 yio (o) SII 3oL
()

-

=>1mm 1Imm-425um = 425um-45pm

(<)

B A OMBL L wias g S Ol o il slaple bl 5 Sty 5 S G515 Ao s 5 ke alin ) S5

(..\Ab‘;s OUS 1, /00 cla.w 23 ,ls pae WS il Sy )

oSl b R ¢ S ol walises JKEL e a5 sl

bl i s Sl S YDA £V 0A Sl 3

Ol bl e NS Slradal 5 5 Clay

A¥ ¥ 5l ¥ o slacd VYW 0y 99 cdanas Cudiluge oruaige ddae ¢ Y4


https://jehe.abzums.ac.ir/article-1-1136-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-07 |

ObEaas (spro Cune

L3l KA b gl e sl g bl s 5l enp
(Y K2 (p>+/00)

Jols J) L Jlie s P < +/00) Lsls ola

S8 T Gl oSle s psd 5 b oS

S

SRS NI e

¥ e e e mmmmmmmme - G-

YO b L.

SO N SR
3

‘,} (VY I R

— Ve b c@e oo _____
EX

> bl oo @_ 1 L _______

i min

o sl ol o5
L Siwdly g Koo JICSI
()

()

k5 5 OBl S ahdl oy 5 Ol )3 ilisee IS bl b SKawdhs 5 Koo A3 5 Soloe dslin Y 3

(Médﬂ bw |) '/'O ch.n BL )‘A;;"M t—;)\:&‘ 4-.\\-:.»‘3 A—B}f-)

Slaas, 53 IAY/ES 5 IYWA s oo PA) wwl L
~ ol ol i L sl ey e a5 S 13 ke
oo S b «(PET) N 5 Ll L« (PS) okl
S5 s S5 S 5l 58 sl PO
odns 0L La ey ¢l o ANOVA s sl
P < /00) 3y 0T i Ol 53l e sl
Lok 503 51 e gt s b 0 PP SPE a5 (¢, 0

(X USE) B0 sdalice Lo gas 5o

TO @ AFY Sl o ladi VY o 9o daaas Cudilags ciige dldas

Sy Sn D3 et Glajedy 65 o
St BB laniad (s 2 Sl Slodd 2 sl
g5 48 ol 0l FTIR il lav 5 15 Olaw g
ol ls g D3l 3 e Sl e g B
s Sl oAV L PE) sl cedelesa
T OO PRPOIMCLIN V) VLRI
P A e a s Sl S S
s PP) Hlusn L OT 5 e (O F IS8 s plabis


https://jehe.abzums.ac.ir/article-1-1136-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-07 |

L st NSl GR wdnT g3 Olaw (sl 5,50 sl Sy 5 Slolsd 2UJ)

ol b
ST bl Sk
N CERCRNIC Y

onbil by

ool oy
okt b

o \e Vo A Yo

= okl b
" ol
" onbel b

CRERCEE NI IR

P

AL

= ST oyl b

Sl ok

()

()

B3 e OB G il s S oy 53 il b ey £ bl e Sy s Sn Ay 5 palie aelie ¥ IS

5 OYLNAY) A (YVIAY) K50 sbaKandl s S
A S I3 e glaas, oy (VYR) Sl
S Gladn s s 5 T (i 50 3 GlacSaudly 5 S
Slalp edasolis oS wisls olastl 55w |y (g %S

La Sl 5 S ilisea LK) o &35 A
o Sl s odilse LSS, 5 IS s
sty gl oy s a OLES |y S bt aias
LXSIEY Ol 4 Ky 555 el Ko ool

Lodls el bS] 6L&4~J}AJ UL:_A DL b r.@.,w J‘M

| B sl
L ESY
&)d

5y
i

LR

LI

._j‘_\-w

()

g

C—

v

3
5

53 o odalie (S Saudy g Son 51 (555 @ S Sn ol 5 il GBS, Aoy mis ¥ UK

J5 A5 ABU Slaias g S Ol 5o (o & Sl

V¥ ¥ Gl F o sladd VYW 0y 90 cdauns Cudifug orusige ddas ¢ YO


https://jehe.abzums.ac.ir/article-1-1136-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-07 ]

OllKas g (s hu0 ditns

Wi s e LS 5 e Bl 5 el

T i | a5 S
ks s S sl ol mls (sl S s
Blradal s Ol 53 |y e op in(Films)
Slalad ot Ysame Lapld amils L oSG
54 s 3l aS Kgd e edalie pdiilaail 5 5 (S5
b sbans Wb SHU e SKandly ol 4SS
Sprs a @lE ol clagdoaa G gbbSadl
5 oS a4 Kt S 5 o) T
Ll g 5 Aol Jame 3 (6 i (oIL Vo 5 o
Slllas S e Jsle adad le I 2l
Slakae 5 (640 laclay o lagldale 5 50 (oodais
sy A S lagds 7T e S ast T
St 5 (el il s 4 a8y i ls el Ol 3
Sl VT O sl 2V Gkl S sss
Tl e 3lge e 5 K 2l (POPs) il
Lao VT 3L Ol sies Lagdid 48 550 oo Sty a S5
Sl ge Slp (S 5 Sk 03 S Jes e ST
GanS 5l es 1S eslind 4 5 LS sl 05
(S il 53 O pae S Slagduanns 5 Saudl
Fel Oools oS o Sl ol 35 sl o sle e
Ladls [y ol b on nie ek 5l dny (Fibers) Ui
S del pseae UL VL e sasOll &S
L e Szl 5 e 5505 3 b ol (5 s
Ly o K as Wlosls Glis Oldlles sl (6,6
Sla i IS e S S ST BUINA e b pizi s e s
amly o SSkS A 53 N0 B PFee e Sl e sl
NSl glaslrais 45 Il 55l i ol 4t
3505 SABE Vb e ks J50 b b Ol s
A R STR TSI N Wt P R RCrr
e Ko (Fragments) cladas Sldlas = 5 5o
33 Ygane Sl 70 plens 5158 el 5 1S

d&db})} lﬁ W CL«.A aS ol odalice ‘;;LAA.’[?M

TOY @ AFe¥ Sl o ladi VY o 9o daaas cudilags ceuiigs dlas

ol Sl Ko SIE s B Jol s
YO=Y0) Sy, o3 &8 das o OLi b3 el
OSB Llradar Ol 3 ol pme jsbas (e S
Rl 0 S Gl ays Loadl ool dmes JIE L
SLpts s 5 S laas e gadilada
OLsle T e ey S SG ahal Sass iy
S Wles S 5518 ol alradal ;5 (VAA) adla s
STV o3l ek s ol a5 oo AV 350
sdalin Gl oy gmas CAEl 5 Lgls 513 ey S Yoo
Cle s oty S o3l w3y 10 Wk
S S5k 4wl S S Bes DL lawlais
S aS sl g i Jlal ey S V00 1 S Sl
BTVNTSTILE PSS TS g aheas iyl
Ll e SIS, NI EES IR VTH PR R 3
wh S S b dbadar s 45 o S ke
OgreeldensS] 5 s 0525 (A frlid 1y 255 00
Opr gl ie e Bl Ll AS e s 6o
Jo e 4l pland SR 02,05 O el 23
(Ses S elide 53 ehsa S, Old Gl Ol
MBR L Jlé o) diile Jlad (slagioms plo 5l 5ol
534S 33 OLE YaYY ol Kes s Kim aaflae ™77
b laadl s S bl Oletil;, MBR glagin
cbaalile 53 &8 J 55 b il doys 44/A
O el Al b 503 550 Jods & S SlaaS 2 Aile 5 b
ope Aol e S8 S s e S
FYO—Y0 o3L L3 b Slslb 65 » owamen S s
J=lm 03 L3l i Al Uls e 1) 05 S
O Fonly ik Lo 5 S Sl s oMl ks
o Sl S J&or 5 S8 o3lal s 4 3
ST R e 3 Ll Oboj 355 o Cel aS 5l

Ol et 45 ds o 0L ] e jmasn sl IS


https://jehe.abzums.ac.ir/article-1-1136-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-07 ]

L st NSl GR wdnT g3 Olaw (sl 5,50 sl Sy 5 Slolsd 2UJ)

5 sl el dilie Sy ol Glanieen STl
Sl Glp s bt Ol & L5 dile bl
Lg))jLLS Sk “ "\""l}:@ CJ\)J U'i| ng.IvL;a oalaial
s i |y S SKgd gl Shy s oedd fame
OLSJ—:'JJSJJ.{?A @wﬁjeé‘béﬁgbdﬁjﬁ'}ﬂ
J.:.SJ “ LA&:&.\A%}J.{:A ‘W .W Ju)‘.)\i.: &‘q‘”‘J}\
Cdr 1y bl lassls 5 Sl T sle (K oI5k
Ja,dj:@l)'adﬁlclf.",\;;SJL:“,UJ'Q\:);-)»QN%S

AL NP

I NSl Sbteia &8 s 0L allae ol il
J Sl a0 i Glactenn Sl (ol iben
O N IS P W RN FIRCHINC INE-Sih Vo
(PE) (sl oy 5 Sty slaphd LIG 53 0350
e sl Lo VT opl 35,5 dile o 3L 5,5 Ol 5o
5 Sl S (e LSS gl it ( S
o) Sl Sl eslind x5 Ll (355U sl ik
5 ks I e el sl L dbada
3 S 3 (il a4 e L5 e S e ey
Sl opl b 25 o1 6 i 5 olS 4 ezt Sl
eSS ladsly (S50 G b ) il lagsls
—3linl b lis o o sla 23 10 el 2l s oo AL
Sy s S A 55 b 50 S ade o o 4 (g slavans)

ey o 4 (§55 0 anelr sl o
Sy Sladilony 183 5 S pae Sy e S5 S s Sl
3 Ik e gt Sl eslizal LAl (S
RS 53 o M e S3LSL slag b oo sE
0 S 013 5LES (5Leol8T LS Loyl ao VT ) sl
S esliial daSaidly s S ey Ol bl
b ¢ e lal sl L Cou Ll slaalela

3 Sl Okl s duaes Oluls ol
el p YU gl le clae e

il oy Ol 53 St 5 Son K55 5550 3
9 5,5 Sl as sl LS cu (s L Ll
i oS S LS e &S diea B K5
rmh L gl s (Sl s sl
St Pl Clay 5o LKoo S5 ¢l
AP N WA SSYRTRY i W

ol aS sl 0Ll (FTIR) 68 0sobe  aecal
sk s wse (PP) s, L S(PE)
T Sl 03 Sl See D3 s el Ll
Ysamn DS 5 cal s 15 o2 AL Gl wds
5 Span LS bk iy OV pame o
Lol adlas mls ™ L e oslizad gl Sy b
PP ; PE &5 sas o Ol sas 55158 Sldllas L
L e Rt N P Y
ol S eslizal S5 28 Wlg e ol LYs TV gl
MG b Gk s bgtay > b
b oy ol T S35 L a8 IS (Sosd s S
Tkt adas o T 51Ol e bl 4 s oS
42,5 5 S Slsedy A a Cod DL e o
oy sl Ol 4 S sl Lol ol
Sl e kel b 5 0kl L PVC sl s e
5 e sl Gl sle Lo VT 55,5
ARV P

SILl L by S das e 0l ol aalles mls
Sl 02 S oL 5 A Gl 4 5SS
S Sy w0 axs L Ll jpas dbaiar ol
gl RS O35 e 5l LS5 Se (S5
ol o dlel i 0l Glae LB 5 SV o5
Sl 53 o313 4 slize adea sladl 3 51
ol 3 e glalid O3 LAl e il s slasS

@adaie ladaly chae 4 3555 5l ey Ll e andllas

A¥ ¥ 5l F o jlacd VW 0y g0 cdasas Cudilage cudigo ddae ¢ YOV


https://jehe.abzums.ac.ir/article-1-1136-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-07 ]

OllKas g (s hu0 ditns

o walen
5 bl Olpe b Sliis b 5l ol dlie )
wial 53 bS5,y SOSSS) e jasls el
O Il 55 bl5 ol&iays csmae bl OLSL Ll
« &b s PR-RIOZ-1403-5483-1 £k st

el ol Ll ol o g 5 ole L

M| b Ve

ol bl DLl 5 0kl Slsgrse So) n Gots O

S pde Jals (O SIS kS OBt 5ol

ooy oleesls 5 aesls iy e 8 s Lizl (ol

les S ule, dlie

OB ddauygs s )lino

S n ke 1ol ad gl Jows 5 (5500 e -

(G s 1 AL 3T ol 4 plxl 5 (sols 4 g -
sl oSl J-le

r...'ZLA ‘Lﬁb:}: .31)'5[4? J}-Lu e ‘jf}b 9 J:“.’.‘ﬁ.ﬁ -

Shb ol

Sl Ol wils ol 5 ISt ol il J S -

TOY @ AFe¥ Sl o ladi VY o gu daaas cudilags cuiigs dlas

SRS 5 ol JUEl LU s esle sla 2l
sl s 3 (g55LaS (Sl gla il s sluls
Ll by a3 i Slided ploil izman 553 o0
2l Sl s (Sl S glagks Sy 13
ol gl Jlazt glastaly 5 ol 5 dr Ol
s 0l Sl S e o IS 5 5b 4l (555 05 OLL
My Sl wdat ok Gl Sl S5 ek
Sl ot 1l 5 OLIs o e 5l ks s Sy
el 3, 8liS eSS

SISl

sl gl 53 1y s Syl 5 S lis QB ds 5
oins i slaelislesl s o rome OSes 5| Gt
Aolad g el il ls 5 Ll

s ol 5310 542 dxéhx:héid,f@du» RABE

ol OB ey 5 aen Al 5 50


https://jehe.abzums.ac.ir/article-1-1136-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-07 ]

L st NSl GR T o g3 Ol (slaSid 9,50 sl Sy 5 Slolsd 2UJ)

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Bhatia SK, Kumar G, Yang Y. Understanding
microplastic pollution: Tracing the footprints and eco-
friendly solutions. Sci Total Environ. 2024; 169926.

. AnL,LiuQ, Deng Y, Wu W, Gao Y, Ling W. Sources of

Microplastic in the Environment. 2020; 4:1-41.

Silva AB, Bastos AS, Justino CI, da Costa JP, Duarte AC,
Rocha-Santos TA. Microplastics in the environment:
Challenges in analytical chemistry — A review. Anal Chim
Acta. 2018; 1017:1-19.

Uddin S, Fowler SW, Behbehani M. An assessment of
microplastic inputs into the aquatic environment from
wastewater streams. Mar Pollut Bull. 2020; 160:111538.
Jessieleena A, Rathinavelu S, Velmaiel KE, et al.
Residential houses—a major point source of microplastic
pollution: insights on the various sources, their transport,
transformation, and toxicity behaviour. Environ Sci Pollut
Res. 2023; 30:67919-40 .

Habib RZ, Thiemann T, Al Kendi R. Microplastics and
Wastewater Treatment Plants—A Review. J Water
Resour Prot. 2020; 12:1-35.

Talvitie J, Mikola A, Koistinen A, Setdld O. Solutions to
microplastic pollution — Removal of microplastics from
wastewater effluent with advanced wastewater treatment
technologies. Water Res. 2017; 123:401-7.

. Bodzek M, Pohl A, Rosik-Dulewska C. Microplastics in

Wastewater  Treatment  Plants: Characteristics,
Occurrence and Removal Technologies. Water. 2024;
16:3574 .

Gatidou G, Arvaniti OS, Stasinakis AS. Review on the
occurrence and fate of microplastics in sewage treatment
plants. J Hazard Mater. 2019; 367:504—12.

Edo C, Gonzalez-Pleiter M, Leganés F, Fernandez-Pifias
F, Rosal R. Fate of microplastics in wastewater treatment
plants and their environmental dispersion with effluent
and sludge. Environ Pollut. 2019; 259:113837.

Weis JS, Alava JJ. (Micro)Plastics Are Toxic Pollutants.
Toxics. 2023; 11:935 .

Lehel J, Murphy S. Microplastics in the Food Chain: Food
Safety and Environmental Aspects. Rev Environ Contam
Toxicol. 2021; 259:1-49.

Liu W, Liao H, Wei M, Junaid M, Chen G, Wang J.
Biological uptake, distribution and toxicity of
micro(nano)plastics in the aquatic biota: A special
emphasis on size-dependent impacts. TrAC Trends Anal
Chem. 2024; 170:117477.

Wang Y, Bai J, Liu Z, Zhang L, Zhang G, Chen G, et al.
Consequences of Microplastics on Global Ecosystem
Structure and Function. Rev Environ Contam Toxicol.
2023; 261:1-24.

Green DS. Biological and ecological impacts of plastic
debris in aquatic ecosystems. In: Wagner M, Reemtsma
T, editors. Plastics in the Aquatic Environment - Part L.
The Handbook of Environmental Chemistry. Cham:
Springer; 2020. p. 111-133.

Agathokleous E, lavicoli I, Barcelo D, Calabrese EJ.
Ecologicalrisks in a ‘plastic’ world: A threatto biological
diversity? J Hazard Mater. 2021; 417:126035 .

Badiei A, Karandish F, Tabatabaei SM. The Influence of
Irrigation with Raw and Treated Municipal Wastewater
on Wheat Yield and Microbial Characteristics of Soil and
Plant. J Water Soil Sci. 2017;26(4.2):215-228.

Nafea TH, Al-Maliki AJ, Murtadha Al-Tameemi 1.
Sources, fate, effects, and analysis of microplastic in
wastewater treatment plants: A review. Environ Eng Res.
2024;29(1):230040.

19.

20.

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

31.

32.

33.

34.

35.

36.

Al-Amri A, Yavari Z, Reza Nikoo M, Karimi M.
Microplastics removal efficiency and risk analysis of
wastewater treatment plants in Oman. Chemosphere.
2024; 359:142206.

Hidalgo-Ruz V, Gutow L, Thompson RC, Thiel M.
Microplastics in the marine environment: a review of the
methods used for identification and quantification.
Environ Sci Technol. 2012;46(6):3060-5 .

Song YK, Hong SH, Jang M, Han GM, Rani M, Lee J,
Shim WJ. A comparison of microscopic and
spectroscopic identification methods for analysis of
microplastics in environmental samples. Mar Pollut Bull.
2015;93(2):202-9. doi: 10.1016/j.marpolbul.2015.01.015
Huang J, Wang L, Liu J, Qian X, Wu Y. Abundance,
characteristics, and removal of microplastics in different
wastewater treatment plants in a Yangtze River Delta city
of China. J Water Process Eng. 2023; 54:103987 .
Sheriff I, Yusoff MS, Halim HB. Microplastics in
wastewater treatment plants: A review of the occurrence,
removal, impact on ecosystem, and abatement measures.
J Water Process Eng. 2023; 54:104039.

Farahmand A, Heidari M, Riyahikhoram M. Performance
evaluation of wastewater treatment plant of Qorveh City
and survey the possibility usage of effluent for agriculture.
Environ Water Eng. 2020;6(1):58-68.
doi:10.22034/jewe.2020.223427.1353 [In Persian]
Alavian Petroody SS, Hashemi SH. Occurrence and
characterization of microplastics in urban wastewater, a
case study: Sari Wastewater Treatment Plant. Modares
Civ Eng J. 2019;19(6):145-54 [In Persian]

Estahbanati S, Fahrenfeld N. Influence of wastewater
treatment plant discharges on microplastic concentrations
in surface water. Chemosphere. 2016; 162:277-84.

. Yahyanezhad N, Bardi MJ, Aminirad H. An evaluation of

microplastics fate in the wastewater treatment plants:
Frequency and removal of microplastics by
microfiltration membrane. Water Pract Technol.
2021;(3):782—792 [In Persian]

Farahmand SA, Liu J, Tesoro AG. Transport and fate of
microplastic particles in wastewater treatment plants.
Water Res. 2016; 91:174-82 .

Kim MJ, Na SH, Batool R, Byun IS, Kim EJ. Seasonal
variation and spatial distribution of microplastics in
tertiary wastewater treatment plant in South Korea. J
Hazard Mater. 2022; 438:129474 .

Foroutan A, Naderi H, Khalesi M, Dehghan R.
Investigation of relationship between residence time
distribution and size distribution of solid particles in tank
leaching modelling. J Mineral Resour Eng.
2022;7(1):113-28. doi:10.30479/jmre.2021.13751.1427
Haque F, Fan C. Fate of microplastics under the influence
of climate change. iScience. 2023;26(9):107649 .
Andrady AL. Microplastics in the marine environment.
Mar Pollut Bull. 2011;62(8):1596—605 .

Xiang Y, Jiang L, Zhou Y, Luo Z, Zhi D, Yang J, Lam SS.
Microplastics and environmental pollutants: Key
interaction and toxicology in aquatic and soil
environments. ] Hazard Mater. 2021; 422:126843.

De Falco F, Di Pace E, Cocca M, Avella M. The
contribution of washing processes of synthetic clothes to
microplastic pollution. Sci Rep. 2019; 9:6633 .

Maw MM, Boontanon SK, Jindal R, Boontanon N, Fujii
S. Occurrence and removal of microplastics in activated
sludge treatment systems: a case study of a wastewater
treatment plant in Thailand. Eng Access. 2022;8(1):106—
11

Ustiin GE, Bozdas K, Can T. Abundance and
characteristics of microplastics in an urban wastewater

V¥ ¥ 5l ¥ o slacd VW 0y g0 cdaaas Cudilugy orudigoe ddae ¢ YOO


https://jehe.abzums.ac.ir/article-1-1136-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-07 ]

37.

38.

39.

40.

OllKas g (g pu0 ditns

treatment plant in Turkey. Environ Pollut. 2022,
310:119890 .

Do Van M, Thanh TL, Ngo VD, Thi TD. Distribution and
occurrence of microplastics in wastewater treatment
plants. Environ Technol Innov. 2022; 26:102286 .
Hendrickson E, Minor EC, Schreiner KM. Microplastic
abundance and composition in Western Lake Superior as
determined via microscopy, Pyr-GC/MS, and FTIR.
Environ Sci Technol. 2018;52(4):1787-96 .

Wagner J, Wang Z, Ghosal S, Rochman CM, Gassel M,
Wall S. Novel method for the extraction and identification
of microplastics in ocean trawl and fish gut matrices. Anal
Methods. 2017; 9:1479-90 .

Biyik Y, Baycan N. Comparison of microplastic detection
methods in wastewater treatment plants. Environ Sci Proc.
2021; 9:29 .

TOF @ AFeF Sl o ladi VY o gu daaas Cudilags ciigs dlas

41.

42.

43.

44,

Wahab HA, Gund T. Polymers in the textiles and in the
construction industry. Am J Polym Sci Technol.
2024;10(1):15-25 .

Long Z, Li X, Wang Y, et al. Microplastics in wastewater
treatment plants: Sources, fate, and pathways. Water Sci
Technol. 2019;87(3):685-98 .

Liu W, Zhang J, Liu H, Guo X, Zhang X, Yao X, Cao Z.
A review of the removal of microplastics in global
wastewater treatment plants: Characteristics and
mechanisms. Environ Int. 2021; 146:106277 .

Bradney L, Wijesekara H, Palansooriya KN,
Obadamudalige N, Bolan NS, Ok YS, et al. Particulate
plastics as a vector for toxic trace-element uptake by
aquatic and terrestrial organisms and human health risk.
Environ Int. 2019; 131:104937.


https://jehe.abzums.ac.ir/article-1-1136-en.html
http://www.tcpdf.org

