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Micro-plastics as a new Challenge in Water Resource Management;
Various forms and Removal Methods, (A review study)

ABSTRACT

Background and Aim: Nowadays the production of plastic materials has
dramatically increased with the growth of population and the development
of industry in the world. Micro-plastics are released into the environment by
the decomposition of plastic materials. The World Health Organization (WHO)
has called these particles emerging pollutants due to their highly durable and
bioaccumulative nature . The present study reviews the characteristics, health
hazards, values, as well as the efficiency of different methods of eliminating
micro-plastics in aquatic environments.

Materials and Methods: In this literature review, the keywords Micro-plastic,
Water-drinking, Pollution, and Removal were searched and studied in articles
from 2000 to 2020 published by Pubmed, Google scholar, Science direct, and
Scopus.

Results: Studies showed that in addition to the food chain, this pollutant is
also present in bottled drinking water, which can affect human health, the
environment and living organisms in aquatic environments.

Conclusion: Results of this study showed that existent microplastic in the
food chain and drinking water is due to their presence in the environment.
Therefore, they can affect human health, the environment and other
organisms that live in aquatic environments.

Article type: A Literature review.

Keywords: Emerging Pollutants, Micro-plastics, Water Resources.

P Citation: Kishipour A, Mostafaloo R, Arast Y, Asadi-Ghalhari M. Micro-
plastics as a new challenge in water resource management; various forms
and removal methods, (A review study). /ranian Journal of Research in
Environmental Health. Spring 2020;6 (1):34-44.

Amin Kishipour

Msc in Environmental health, Department of
Environmental Health Engineering, Faculty of
Health, Qom University of Medical Sciences,
Qom, Iran.

Roqiyeh Mostafaloo

Msc in Environmental health, Department of
Environmental Health Engineering, Faculty of
Health, Qom University of Medical Sciences,
Qom, Iran.

Yalda Arast

Assistant Professor, Department of Occupational
Health Engineering, Faculty of Health, Qom
University of Medical Sciences, Qom, Iran.
Mahdi Asadi-Ghalhari

Assistant Professor, Department of Environmental
Health Engineering, Faculty of Health, Qom
University of Medical Sciences, Qom, Iran.
( Corresponding author):

E-mail: mehdi.asady@gmail.com

Received: 2020/04/25
Accepted: 2020/06/05

Document Type: Research article



-
(>4

295 [ O 5552 S (o]

lr S Ol 4 b

e 3 dyd 3

<

il gbie

3ol @ibo Sy 40 WD Gla S (lgas A LBSwiwdlig ySan
(53950 axdllan V) LgiT Baa sla gy § Ao SISt

IS e

e il miige 4yl i3S Gpmiils
Ol 3 b (K pake R8s (S tlagy saStsls
Silae o)

be Gy wdige ad)) i) gymiils
Olnl 0 8 S psle sy g naSails
Sl s

WSl (gl iy miige 03,8 bl
Olel B 0 Sy psle Kt (cutlig

G0 bl (sige
wStils e Cotligy miign 05,8 bl #

s dens $5)-0) 3] b o3 g r)l; Lils (uslag

HEPIC V| FCOWE ( [0S
mehdi.asady@gmail.com

1™99/0P /0% 18l > Z-,UU

119970/ 19 :Gbudg o)l

@90 o alin g5

oS

0s ol iz Olez )3 Catio drwgi 9 Curex Ay b (Sawd lge adss 0y el 1B 9 dise)
il sl Olole wad e by hxe )y (Sawdy slas agpos 3 lacCandly Kol
allne ol 0ol s5ebig axi T | LT s ol sty o apuols 5 5l Bnle Sy
Ozt 9 ylie xilige Slbbe da 59 390 )3 0ad plosl Slalllae (59,0 3 b il
i plosl T sl e 53 o Sedlyg Kan Dol ilises (slaisy S

PubMed . Google ssls slaoll busye ¥lae (28l capz (5900 dxdlas ol 5 ilaigy 9 Slge
Micro-plastic. Drinking-water. (s3.JS” olds” ;1 eslezwl L Scopus g scholar, Science direct
28,5 1,8 gz 30 YeVo =Yoo sladle 0 Removal  Pollution

ST )3 l3E 5pumy  ode sy e 43 la Kxudg Ko 20 Olis Slallas laazsly
2 oSl Oblily 5 ) e olasl codhs Kilgson 45T 3l 3929 o sad gyh (Sl
e .8 ).:..‘ls s |y o labuse

Bl oads ply oy uT 9 2 o o la SCadlyy, S a8 sl plis il @L:.} (S Aomas
b Ol cads o aslei e ol by el cusy b o Ll jgeas Sl il Al ol a5
I il tng slabuss s (Sl 0Ll 5 cuw)

&:.Z.-u)l.w).f.:.o L;.)T el...a 9,.QJ99_\ o.,\.z.NT :Lbb)“g .\.315

oM G olgie 4 lacCadly Ko 5000 Sl 5 el ) gsibuan il gy huS” Ll |
gy daliliad (5y9,0 axllhe ) Ll 33> slabgy 5 calisee JICal T Ble Copuie )5 i
FE-YF (V) 20048 Sl o cuilig o



Wlys s (Sl sbadls (3 A) &S o 5yl ool solarons
PO JEGEIRIPIC SPPTE GEIA IFE (PP SPPUS REI P
S eS lil b (Sl D3 4 e Sl s ,Sn sl o
3579 pde 03 Sz Jebsw S spde S el O
(o5l p2ilss sl il rigen 5 Bl o SIS (g5l
oSzl 5,50 42,81 (W= V1 ) sl 530 (gt Coonl S
Sladlas Wl Slylas 550 s Lol wisdsn olulid e s
ks Hbsl s bl S 3 S s sy S
Sl S5 035 seite (a3 Jame 5 Ol 59y 2 3 (]
o e eMe (V) coalesl il 5 S5 ¢ oaliant S 500
SN P [N C S P PN PP IV GESH PP GOSN B E5.
ol aalllan .l s i yas ol sl gslilend sl s,
5w Gl olied Sy Sw 50 o Sua b
ool il G sla sy 5 il JISCH (ol lie Sope

R

SRS
Sl Lupe cWlie (2l Cuyx (game adllas ol
s PubMed Google scholar Science direct osls
Drinking-water su.lS ollS | wesliza) L Scopus
=Yeor sl s Removal s Micro-plastic.Pollution
53 Yl bl slaylias cax8,S 13 oo 3550 YoV
ealal OF s Somlys S j5m 4 255 30 s
55 G5 Dhaszgn s el Coalls gl st sl S blses
tleandisSo5ad sla (Sis om0 Il Vlie Sl 5l ey
wlyy ol plie 5o il ot (Lalis jualie 5 Lozl Sn
055 g oWl ) oS (slazil 5 S5 dsST Ol blbe e
338,518 453 3550 sl 35295 g Lams 5 0l 51,

e ol e 53 san T ) i sl 25 58 0Ll

VRV
i3S JL N0 b il s & wiees golse Sy slpa
Uee 5 Ol 5 Comaz oy #5 4 aosd Lo aily 20033
Sty a3 e FoYO JLo B 555 o835 ppad slad 3o
oSGzl (V) b bl ol V5 e £ V000 Jlab s ol ¥
i o gogian S Cile (gl pitnn;if 5 diens 5bas
Ot gl 53 gd e wlital sl 5 Csr ez (ST
Sleszsle s (AVA) a5 i LSzl 5,08
SaigSI S s (2Y) ilagysgs 53 (£YY) plexsla
bl ois smds Sy asle bt Lole s 5 (£F)
Ko il a5 Szl (Y) Sl (£VA) il 5
Jie glszea sls Canns bms 5 gl Clls (4l2 (Ol
e slse o2y a5 (5 Ssle el (Sexll s
Bl 03 257,00 Crge 4T 50 5 0ud il G sssll 4
boalis 5o (Sl glonanns S 03y 23,5 o0
S GOS aslS g el sl i slge Ll
oSl (oS I b Snaly slpe pdpe Jas e )
Cgus Byuzan 45 sl sl Lalsn 5 Junossl 53 (g5 Dlakad
5 65,9 cblis sl Wl .cd asls 2alS 1, [Ss T jlesl
Llis 5o omle v 5 15n oS WS wsle ol Ol
Semlly ol (S e s s e gl 4 Slass
5 Bz LS5 (b Soim badyd (53 dnS 1 (o
o Szl Sl 65 55 b (1) ol s sslinad Lasi
3 psadl ads o Le3) sdle (b ol adys il
5 @Bl s S Ceal sad L s (Sexlly dladls
home s SMane g oo Wil 3L Gl o
Gy dazes 3 slgn cpl J5i 039500 (O F) il ses S
ke 53 5 spie bt yyeby sl Glsiee
3 G 2529 05U (F) W5 on 3L Oz b 05 (2l
(V) sl s 033 ez ol 5o (Sl dll (5 YO oee

o i &S cd laeanVT IS 5l asys Ac—Fe spus e ol

-
o

V¥4 Hle o Jolsoles “.::,:.E,p/kw;&.b@,:uujj.g asllad



-
<

il e Sy e 53 iz e G e ety 5 S / OIS 531 58

WSl cale 55058 0 bl b yagise be FSsS
doorisS s dos, aile isgsil shs b boyarly Vyamo
Gas 50958 2lge ol 0358 a5 neatiS gl 5 saS
(7)) 2l o il Szl ploand 5 (S50 Sloogeas
ndls 355 055 4 S by Ll ek 58 & Szl S5
08,5 018 e & Ly atnnls (F) 08 o een ) Lol
oS il b slacsSally ((VA) s oLl Ol s 53 o
(S &S w8 o addy ledls Ak 5 ol b b
S I s asdie nlis O gy s wil OF ) g mS
ol 8 wils O s 0 3, 4 e S gzl
LUV [ VO p V{8 VE P WV YR W
Gy el wils &) Jsaz s (T M) aiil s
2SN e s | slacSmally el et o

(\A).LJ}.LGA t.é)-" ;.)TJJ@JZAGJJLA

laadly

2l e VYA sy cols slaalSuly 53 stz sl Gulad
e V8 Wi sl ol 51 .23,8 1,3 andllan 3350 S 42
Wl 3 wad Gl adllan 3 Lol Vs ol 5 sl
st 5 S 5 ol ie Ve 5 gy i sat i
i IS 5 s 6 Ve

aSKadly sla S 59 5 suadd

NNCF RPN U T SWERNENT U N RNE ST
0y Oglate L5\.«,r5\J: 5 ol LSy (JK ol
sl Jolss o ieee 5Hda (S50 o) (VF N0) 05,5 a2
RCUDUHICIR SV O NSO FE SR PP
(WY AY) S aasze sVl epl lulis 5 b,
Sty 9 Sn o515 5 (g leawd S 5

Gzl Sty Sl &S wmes loacy &8l 0 LSl

(P10 8) G0 slos s calises oSl dimmils slis ) Jor>

(aSo o (Blw 5 p,S) Al i solais] cude oely £95
/8Y =+ /A Polypropylene PP RPN
-/AY -+ /A4 Low density polyethylene LDPE ol azwsls b o lsl b
/AN -+ /9¥ High density polyethylene HDPE YU asensls b lsl b
V-5 -\/-F Polystyrene PS O pll by
[VAYZSAVANS Poly amid PA EWYIR
(VARIAVAYZ Methacrylic polymethyl PMMA S S ke Juzo o
\/Y Polyurethane PUR 0L sl b
ITARIEAVAZ Polyvinyl chloride PVC LI Jws b
\TARIEAVAY) Polyethylene terephthalate PET Y 5 sl b
Y/Y-A/Y Polytrafluoroethylene PTFE obshgselsl 5 L

Glls 55 ol Japma 3 00t it lasac g3 oS ol o
© ¥ doaz (TP ) oSl ol glolas i
S s bSamtlys Sn (il 390 3 Slalllan (5 s

"'\':SLSA UL:\ J‘“?'Lﬁ @J U‘“L"""JT’ GJ.A.“.AL.’ZT

i Ll oyt LSzl olee 5l il JU s

dessk (M) hmsn ik (A7) Ak Gl 4 b
M5 LIk il e ks (1Y) wbiS
o.,\.‘\.haol..f...; Sladlas @L’.’.: (YY) .\..:L':GA J'“':‘."Lf- JiL“ E) OUJ}‘LS'Lﬁ



rosky £95 Gl 0 OT 3 03 (lulid Sl 9,500 ¥ 9o

b ISl 5 losyand ik daime 53 Szl bl

& e 4 oSl Son JISE il aptipe ol

Grsad ) S5 (YY) wibign ko 5 d5ilS (glads o)

Olas b bas 55 Szl S o ol JEN 50 5

o Sty Son bl K Vgonn (TF) snse

$Ob a5 adsl IS wlin 5 w8 o Stz s bxs s
(YY) wle o

alhe e digad s 53 053 oy 55 o s
0.3 ‘S)ka v_)T
$YAY-Y-Yf |9 PE 5 Ko slas by ,5 PET slains b -
Y0) (Y-\A) 0lKea 5 Olesl T ’ - ’
(TOHTAR) olfon 5 ooy Ysta it 6 b 53 0 kil PET s b, -
FAAQ PET L5 s kb -
SYA - - B
(Y-\A) Q|)K0A9L5Km35f}ﬂ — J.i;lksl.;ngT‘PP‘ PE &l}:l (Ls"'l““‘“‘|é“")u""’t’w
(vs) voq Al (ge )
) 9 PET. PP. PE. PUR ¢lyl -
(YY) (Y-\A) 0lea 9 5l ol IREEAR T 5Tl REIVS e RU PRV
(FA) (¥ 1) oy lKen 5 Kiaiiun Y. PVC 4 PS. PA. PE ¢lyl ENSTRRUN UR
(Y) (¥ A) 0LKea 9 Ogule >\ (1o¥) PP oais g,k O
oSty 5 Ko Ky 5 S

0l 5 adsl 09,8 43 w0 s o JUIRS R PVE G/ PP )
Sl a3game 5 45 s 13 wldsl b sl e (oS
il slga s s sslizal 3 csle wihat a5 Sl S
o 4TSS ) A6 46 3 S o s (1Y) ) Sl
iile alar 5 (Ssed ol 5l Comd 585 glaSimally
NESYCIRUNIEC SN WK { IV S OIS L SR RIS OO

(YJY ‘\V) ..\.JG.A 9294 ‘;.\.ﬁl.m} 4.»__).} L.’. 9 uég.ujf —rye )

() ()

(<)

0.5 mm

0.5 mm

(@) (=)

0.5 mm

0.5 mm 0.5 mm

52200 (2 eistto (& (ol 02 (5 pd b (6o (2 159,55 (0 gmbid iz (cill 10T (sl Jaamo 5> n Segtanlly 9 pScro o SIS L) JSb

-
>

VYA las ol Sl (ued 5555 / Jama Cubligy 3 by aalibad



-
D

S ol 4 bSantys Ko /0 5 53 S ¢yl

‘..:oa.| c:l;.«d«g‘)i.hJ: .Lg.\,u:Jlg

ST slalasus 13 Sty 5 ,Sn ouds g lolid s 3lia
Sl 5o 5t 5518 Lo s b Smallyy Koo g 03,0l
Sl i 5 S dan aliislyn M ¢ sinj s o ol
Y R AU () oo oals [aniis 5o sad gokes
2 LSl e il lulid Solis 5 s Slalles
S eanWT cpl sy F Jsas gollas a)ls slil ) sladasoa

.J}_fau.o JA‘J» ‘) (5‘»]2.....? Lls 3% a}‘.ﬁ\ 9 slaas JBJ

b S tly 5 Seo 0311

g en cyad Ol sl bl s i Sl g ,Se
Jsloal aals oy D3 4 oSl S IS 5be
) ol e len O 51 5zaS Wil o3l oS 558 a2 T s
o Szl 5, Sn sl 00,5858 (gl 5By wagae (VY
sz bosas szon V31 52aS b3 bl el st )
(Y0) Wi g0 axlis b Szl 55

&1 sl hume )3 Sty 9 S0 038 o lwlids polio W Jgax

sl ol Sl o Son sl oy Semllys Se G pm
(FY) 255 lsS ol sl o 5 (3 (055> 5 o35
Sl5ls 5 ool Lsﬁ ol Ll sz 53 oo o e
(= FA) S Las St
WS s el Byf Sl bl (gldsl gbla s

o) PRSIy K905 i 53 03 &S 0311 Jomo Wyl 95
[PEHEWI 5 .
(YA) 09 Spn 100+ Voo ole sebas ¢ "Ou}g’}p il Pl 90l 5,k ol
T ;s e e Y/0-1/0 P
) N ’ ’:‘/’“4“ 5 ol Slguy 53 FaglT 15 _ 5 ol Sl
u.yw)).) O—Ygszkm - . L§f9“’~ks )Lg_)w -
FEO-VEVY ol T s Gostez 5 ol lsahas aw -
Ys o Ken Y-1 L o5l . i : b s 5 pls O
( ) )A-Aj)g:ﬁ - [ P18 s ”. —g.,)l).) & °-’*“4-:3*945r" .
(*A) JEVTIK PR i\ VA=A OoWT - lieslye slaolKig )5 osd 6 by ol
(A\) ol 0245 U:‘)I)f YYoonooo [ARR o —;{:L: > gﬁ:l{ PHEEYS L;‘JJ:.» uT
5 Sl ailsagy 3 FATY- e [ sl 5 Sl als .
O | (ol bt jsap gy | 7S50 SR I sy b
G sbos 315V o2
(*q) ey ,San O+ - VPAYY - - 13 = e y) i 43559, w39, Slgu,
(f) JOTI VR L SRV Yo--¥-. sl b — o al50g, b ol
1) -~ L ey Superior. Huron slaasl,s 1
- 4> - ... —
s 7002 e ek 02 sasie YU - Erie e
— moibl JUI i Jolo -
(fY) ey S YTV G dhas 4 ($39,9 > V VAT sl SO Jld J b ol
saste YL
(YA) 09,80 O =) slaiods sk 5 105-F olWJT - lieslge slanlKig 8 0 (5 b ;.;T
—08 50 — o b ds ol
(F¥) sl 0225 3,158 Ep a3 TYOY OF R j’lﬁl’d’ b O]
e
z .

o Stadly 5 Sn 31 (36 3l 5 6551581 Ol bl
st 5 et o Glalama 3wl e (Sl Gadl
JRCE LS PRI I S WK RNCRS [P NYCONCJCE JO b
el b g 45,8 szl daab b ol Soe acSzallys S
(FV=F5) 358 800 slac iy SYda sabonsle Sl oaldl .S



5 oS S AL J gt (VL sle ol iy S

Sazally 5,500t 350r S slpn ol (FY Y FV) e

w5l e 0l ol sam solis ool Ll wigd oa Lol

Ol o 5 0Lzl & (2bs lodenl 5,k 51 S

(FY) s o Sz

Sl b Sl g, s S wSj e s el
5 ol Nshges S e3gy Gk 3l S2eg,See N0l 5 Sn
2395 @b 3l wilgs ca a3lul ol 5l 3 SasS Sl S el
Sl Jlasl (Jlo opl b ossgd sy 05 2,5 5 it s ¢
NEVERNY PC 2 ISCIN 24 o I ISP PR CONEUE % W B0 U 5
belasl 55 5 SasS b 529,800 Vo oilail b la Sl S
S glasld) b LSl iU (50 S8 54 FA) ool ey
N ogee 5 5 el wen > Sl Ul ag,Sa o/
3550 Sl San ol s 5 ) Sl (e s> ae
Eors e g dzeale S Wil Bl s bS5l
Jtee 1) 0 (el s Sl S atzen (YY) il
(o) s 55 a3le il (S)l5e sl Cmpe 5 anS
(O FY) g2 panbd ol Gloils L o gledlas
3l o solas glaslgs VT ol e s slanaly Jubses
(TF) 0ot o Sty G o yan il 53 o526
T s 51 S atl 5 Koo D slo i)
ol o sadaeme S bl nl Gl Slalllas sl
ol 53 QML 5 O apiar Jylaze slannls 45 ams oo
Jedsas Ll S G 1y aKmallp, Son Sl oamsd B0 Sl
Wl Wl 55 5020 Sl ren USE (Y oo
(FF) 8 5y saindy ol & 1 Smallys Soo basyl Lo
ol |y iliien (sloy 58 o wanWl pl Gis LS F s
ZAN 5 Gt el 0l Jglaze dad (Joaz ek cams s
ol b S Ol |y il aiad ¢ s sl Sy, Son L
g5 ol b o iy Kl Koo s sl s
el aaoVle LB (55 o

035 oy Sl 8 w3l e s 4 (5 Sale gy dinse
3(0V) s5en 65 S bl ey i 5 Slig,
Crse shole bl s (Sl gladls a5z S0 (g5
shs g asiie colss Loy Ld wile Sl (05,8 Juke
(FY) lsslan 6 Los Sl gl ) ol Slono b (S
s5b s alS wun¥ ) ool gl s )
Olsred Jolo (rans Lo el g Jolpm 53 K38 Ol
e 88,5 gl ks aade izl s Lol ke
alsn 53 055 55 b bnally,Sbe of Ly osdle (0Y)
ssdsn aoas sl il bozaS wsle by wlis Ll
o 50,5 iz b S wiln s Sl ool peien (1)
sl du‘w.:stfji 2 055 g0 oS wms Jlasl sy Sl 0,
(F) B TR
PR URE P YE GESA I { U R SPTRS
SIS b S el ) (650 sty e Szl il
ol o8 w8l oo S e 0 305 b ol 5 o2l e
Lyosdas Solilaaab b o5 e Ol Sl Ss )
st a3 3l o3l SzsS Dlagzge sty ok sioaly
Sl 4 (Sl sble Sl & 5 L (00-0F) 5,8
Bl rozs Sl Dlsgzsn o 5 g 4325 g s
3529 33,5 o sasda Sails s o Csos ] Yoot o
5 bl Grmn (gl sl iz (ol glalie 5> s
W55 s 48 Sl sad saaline Guo 5 oale O 55 iz
(OA-08) s sl gl ey 050
st oxd i by beanWl Dl Ul bzl S Y
Sl Gimms Ol Sl San ira sl |y mshas (59
3 By w5l e Dby el sl Lmrw?stfj\b_i.:ﬁ 5.3
‘(315 Y ‘(3-:“\5 ‘r}:-:‘:'”jﬂ dor 5l oo gl
Fo) S iz b 51 635 5 o (UK (2] (e
a

C)‘JD 6;4:.1@ JL’.’.?L...: BE 45 (s uiL:‘“:"‘:‘ J\_}A (5}'4'3 6JL~4LhJ Y

-
.

V¥4 Hle o Jolsoles “.::,:.E,p/kw;&.b@,:uujj.g asllad



-
-

S ol 4 bSantys Ko /0 5 53 S ¢yl

‘..:oa.| c:l;.«d«g‘)i.hJ: .Lg.\,u:Jlg

O s Jglaie sty T 3 1 Sptuwlly pSeo B3> LIS Oolallls gl I Jgax

o |Gy /Sy g ,a 03) dddsis Hlada| (10,3) B> oS diiai £63 dallbo Joo
%) B/Y0 s - 14/4 (Jslaze) 455t — sl Vg
(5A) AR AR YYA (ildga) g5l —adgl ausl
(59) Y/EY ) .7 sl 0325 il (Jslaze) a6 sl ol
(55) S/0Y s\ Y AA/F (Jslaze) 455t — sl bl
) V/BA s q0/5 (Jglaze) 4,956 —adsl odxia YL
1) \E R R Gl o o158 (LwsSae joawl) —dsb g — 45536 -4l Wl sl
(vY) Y/AY s A 447 (s Slid 351,) —asl O

@il o e el Ced sanll ol Bis s Loald ol
Vi S osb e 1Vl Sl (a2 s Szl S
S ssdion Jold |y albaias & 53555 Szl g Seo Z54 |
(CPHEIFIS C.:ML‘ Cuyoha Oy3o 3 sy o L3 & 9500
5> omei lsioty Sk iy s sai) ol G e 5

(YY) ws e il of sLesl

5 &Sl (plalis oy 5 e 5 ole anlllas

it o) 50,5 53 AL wlb i ) Kzl Sen i
e JS el s at S Y S illn ol s
44.?.‘3‘ ‘LS:LA"\'EA 6\.2».&..._{[)3 6?34’";’ 03 39>ge &:.;.ALJ,S:A
/Y IRWZS) Oe-Y o)y 20-1) [ESSR P 42.9).1‘.:.3 9 4..9;\3

WL b samsplis &S wil oo aops V=4 /Y 5 aos \F

AR JATARYA
sy ple Bl 2
Syt pillanl

oo e

S Ol duinar saan T8 )5 Suawlly 9 Sae B3> LIS .Y JSi

stlelis s gy 3 & S T gk s SL
ol o sl 5 opd o s Kzl s oo olia
e 3y T oamalsl 30, 3l Losiitn i3 on sV ol S
W ) s Sl o he 33,5 Shoszgn Koo 5 ol
el 3 2l BT aaly ) s Sladlas ¢ T slodasss s

Sl xS B Sl @ W5 s Slie
23938 Gy Jamne 53 (Sl sladlls Sluie o dle o g
sV el syl s g Lt s ol Slallln gl 355 o
RGN [P kUt U V] PRV CIUNS S PO

QU«\JL‘) 9 Sy .La.:.."m cQL..J‘ ool » .L;“}:LSA wbg\.}g



ks, S oley s ol a1y lassls 5 aosls iy s L
JURGI RN GUNPL PN P V- -4 cﬁLA slas 655, aimen

..x.:.;SuA S \J bj‘iiz’ J:-;U s ks Li @L:J

Sy g S

o3 Sy pske o8ty Cotligy saSadls oS 3l sy

85 4 lia s sslizal 550 LML @%‘? JIgne

.ijfun LS';‘)J'L; 9 Jiij c-L;.S}QJ h.i—os

References

1.

Worm B, Lotze HK, Jubinville I. Plastic as a persistent
marine pollutant. Annu Rev Environ Resour. 2017;42:1-26.
Hahladakis JN, Velis CA, Weber R. An overview of chemical
additives present in plastics: migration, release, fate and
environmental impact during their use, disposal and
recycling. J Hazard Mater. 2018;344:179-99.

Achilias D, Roupakias C, Megalokonomos P. Chemical
recycling of plastic wastes made from polyethylene (LDPE
and HDPE) and polypropylene (PP). J Hazard Mater.
2007;149(3):536-42.

Driedger AG, Diirr HH, Mitchell K. Plastic debris in the
Laurentian Great Lakes: a review. J Great Lakes Res.
2015;41(1):9-19.

Di M, Liu X, Wang W. Manuscript prepared for submission
to environmental toxicology and pharmacology pollution
in drinking water source areas: Microplastics in the
Danjiangkou Reservoir, China. Environ Toxicol Pharmacol.
2019;65:82-9.

Geissen V, Mol H, Klumpp E. Emerging pollutants in the
environment: a challenge for water resource management.
ISWCR. 2015;3(1):57-65.

Eriksen M, Lebreton LC, Carson HS. Plastic pollution in
the world’s oceans: more than 5 trillion plastic pieces
weighing over 250,000 tons afloat at sea. PloS one.
2014;9(12):111913.

Hidalgo-Ruz V, Thiel M. Distribution and abundance of
small plastic debris on beaches in the SE Pacific (Chile): a
study supported by a citizen science project. Mar Environ
Res. 2013;87:12-8.

Derraik JG. The pollution of the marine environment by
plastic debris: a review. Mar Pollut Bull. 2002;44(9):842-
52.

10. Bergmann M, Gutow L, Klages M. Marine anthropogenic

Sl st il wins il 53 a8t 3l5m 058 50

@ bype Slalllas yssMe 3 sy of 4 2ty ool oY
6"”4“’\5):’ S5 s 3"@"*:“:-’“ ‘L”“-i::"“uiﬁJss““ gs:’L.’PJ 3 gs:’.L“'L:"::’

va\.b BE GS.::_..AL: .)‘)A J‘ J:.QS salazl S uﬁj,\.& G.SJ’}AT

ug.:.:..ﬂu;“ b‘fo CJLUL: C:M 6\.&9&&‘) Aj‘)\ ol ol Ay 05,4039,
el SLoSole mlio SGS 4 ripan 5 oad G0

..»)f &l g_i:.:.mﬂg L5L."".’

O ol

ezl sl i e Jals B SASS ol ikt

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

litter: Springer; 2015.

Kershaw P. Sources, fate and effects of microplastics in the
marine environment: a global assessment. 2017.
Gundogdu S, Cevik C, Guzel E. Microplastics in municipal
wastewater treatment plants in Turkey: a comparison
of the influent and secondary effluent concentrations.
Environ Monit Assess. 2018;190(11):626.

Koelmans AA, Nor NHM, Hermsen E. Microplastics in
freshwaters and drinking water: critical review and
assessment of data quality. Water Res. 2019.

Mintenig SM, Bauerlein PS, Koelmans AA. Closing the
gap between small and smaller: towards a framework to
analyse nano- and microplastics in aqueous environmental
samples. Environ Sci Nano. 2018;5:1640-9.

Andrady A. The plastic in microplastics: a review. Mar
Pollut Bull. 2017;119(1):12-22.

Hidalgo-Ruz V, Gutow L, Thompson RC. Microplastics in
the marine environment: a review of the methods used
for identification and quantification. Environ Sci Technol.
2012;46(6):3060-75.

Eerkes-Medrano RC, Aldridge DC.
Microplastics in freshwater systems: a review of the

D, Thompson

emerging threats, identification of knowledge gaps and
prioritisation of research needs. Water Res. 2015;75:63-
82.

Shah AA, Hasan F, Hameed A. Biological degradation
of plastics: a comprehensive review. Biotechnol Adv.
2008;26(3):246-65.

Teegarden DM. Polymer chemistry: introduction to an
indispensable science: NSTA Press; 2004.

Winterling H, Sonntag N. Rigid Polystyrene Foam(EPS,
XPS). Kunstst Int. 2011;101(10):18-21.

Harandi MH, Alimoradi F, Rowshan G. Morphological and

-
—=

V¥4 Hle o Jolsoles “.::,:.E,p/kw;&.b@,:u:nj.g asllad



-
-

L <SG ol i 0 Sty s e /0K 553 S (el

“‘:Lﬁ‘ @L""C“iﬁ"“‘)i J.g.\.’g:J

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

mechanical properties of styrene butadiene rubber/nano
copper nanocomposites. Results Phys. 2017;7:338-44.
Geyer R, Jambeck JR, Law KL. Production, use, and fate of
all plastics ever made. Sci Adv. 2017;3(7):e1700782.
Sighicelli M, Pietrelli L, Lecce F. Microplastic pollution in
the surface waters of Italian Subalpine Lakes. Environ
Pollu. 2018;236:645-51.

Pan Z, Sun X, Guo H. Prevalence of microplastic pollution
in the Northwestern Pacific Ocean.
2019;225:735-44.

ORBmann BE, Sarau G, Holtmannspotter H. Small-sized

Chemosphere.

microplastics and pigmented particles in bottled mineral
water. Water Res. 2018;141:307-16.

Pivokonsky M, Cermakova L, Novotna K. Occurrence of
microplastics in raw and treated drinking water. Sci Total
Environ. 2018;643:1644-51.

Strand J, Feld L, Murphy F. Analysis of microplastic
particles in Danish drinking water: DCE-Danish Centre for
Environment and Energy; 2018.

Mintenig S, Léder M, Primpke S. Low numbers of
microplastics detected in drinking water from ground
water sources. Sci Total Environ. 2019;648:631-5.

Mason SA, Welch VG, Neratko J. Synthetic polymer
contamination in bottled water. Front Chem. 2018;6.

Duis K, Coors A. Microplastics in the aquatic and terrestrial
environment: sources (with a specific focus on personal
care products), fate and effects. Environ Sci Europe.
2016;28(1):2.

Ma B, Xue W, Hu C. Characteristics of microplastic removal
via coagulation and ultrafiltration during drinking water
treatment. Chem Eng J. 2019;359:159-67.

Andrady A. Microplastics in the marine environment. Mar
Pollut Bull. 2011;62(8):1596-605.

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

Wagner M, Scherer C, Alvarez-Mufioz D. Microplastics in
freshwater ecosystems: what we know and what we need
to know. Environ Sci Europe. 2014;26(1):12.

Koelmans A, Besseling E, Shim W, Kiessling T, Gutow
L, Thiel M. Marine Anthropogenic Litter. Springer O).
Springer International Publishing AG Switzerland. 2015.
Teuten EL, Rowland SJ, Galloway TS. Potential for plastics
to transport hydrophobic contaminants. Environ Sci
Technol. 2007;41(22):7759-64.

Koongolla JB, Andrady A, Kumara PTP. Evidence of
microplastics pollution in coastal beaches and waters in

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

southern Sri Lanka. Mar Pollut Bull. 2018;137:277-84.
Schymanski D, Goldbeck C, Humpf H-U. Analysis of
microplastics in water by micro-Raman spectroscopy:
release of plastic particles from different packaging into
mineral water. Water Res. 2018;129:154-62.

MouatJ, Lozano RL, Bateson H. Economicimpacts of marine
litter:
2010.
Carson HS, Colbert SL, Kaylor MJ. Small plastic debris
changes water movement and heat transfer through
beach sediments. Mar Pollut Bull. 2011;62(8):1708-13.
Bittner GD, Yang CZ, Stoner MA. Estrogenic chemicals

Kommunenes Internasjonale Miljgorganisasjon;

often leach from BPA-free plastic products that are
replacements for BPA-containing polycarbonate products.
Environ Health. 2014;13(1):41.

Cheng X, Shi H, Adams CD. Assessment of metal
leaching out from recycling plastic
bottles upon treatments. Environ Sci Pollut Res Int.
2010;17(7):1323-30.

Nabizadeh R, Sajadi M, Rastkari N. Microplastic pollution
on the Persian Gulf shoreline: A case study of Bandar

contaminations

Abbas city, Hormozgan Province, Iran. Mar Pollut Bull.
2019;145:536-46.

McCauley SJ, Bjorndal KA. Conservation implications of
dietary dilution from debris ingestion: sublethal effects
in post-hatchling loggerhead sea turtles. Conserv Biol.
1999;13(4):925-9.

Wright SL, Rowe D, Thompson RC. Microplastic ingestion
decreases energy reserves in marine worms. Conserv Biol.
2013;23(23):R1031-R3.

Browne MA, Dissanayake A, Galloway TS. Ingested
microscopic plastic translocates to the circulatory system
of the mussel, Mytilus edulis (L.). Environ Sci Technol.
2008;42(13):5026-31.

Wright SL, Kelly FJ. Plastic and human health: a micro
issue? Environ Sci Technol. 2017;51(12):6634-47.
Bouwmeester H, Hollman PC, Peters RJ. Potential
health impact of environmentally released micro-and
nanoplastics in the human food production chain:
experiences from nanotoxicology. Environ Sci Technol.
2015;49(15):8932-47.

Galloway TS. Micro-and nano-plastics and human health.
Marine anthropogenic litter: Springer, Cham; 2015. 343-
66.

Zarfl C, Matthies M. Are marine plastic particles transport
vectors for organic pollutants to the Arctic? Marine
Pollution Bulletin. 2010;60(10):1810-4.

Petersen A. EFSA CONTAM Panel (EFSA Panel on



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Contaminants in the Food Chain). Scientific Opinion on
acrylamide in food. 2015.

Lusher A, Hollman P, Mendoza-Hill J. Microplastics in
fisheries and aquaculture: status of knowledge on their
occurrence and implications for aquatic organisms and
food safety. FAO Fisheries and Aquaculture Technical
Paper. 2017 (615).

de Sa LC, Luis LG, Guilhermino L. Effects of microplastics
on juveniles of the common goby (Pomatoschistus
microps): confusion with prey, reduction of the predatory
performance and efficiency, and possible influence of
developmental conditions. Environ Pollu. 2015;196:359-
62.

Naji A, Nuri M, Vethaak AD. Microplastics contamination
in molluscs from the northern part of the Persian Gulf.
Environ Pollu. 2018;235:113-20.

Hartmann NB, Rist S, Bodin J. Microplastics as vectors
for environmental contaminants: exploring sorption,
desorption, and transfer to biota. Integr Environ Assess
Manage. 2017;13(3):488-93.

Lusher A, Mchugh M, Thompson R. Occurrence of
microplastics in the gastrointestinal tract of pelagic and
demersal fish from the English Channel. Mar Pollut Bull.
2013;67(1-2):94-9.

De Witte B, Devriese L, Bekaert K. Quality assessment of
the blue mussel (Mytilus edulis): Comparison between
commercial and wild types. Mar Pollut Bull. 2014;85(1):14.
Avio CG, Gorbi S, Regoli F. Experimental development
of a new protocol for extraction and characterization
of microplastics in fish tissues: first observations in
commercial species from Adriatic Sea. Mar Environ Res.
2015;111:18-26.

Rist S, Almroth BC, Hartmann NB. A critical perspective on
early communications concerning human health aspects
of microplastics. Sci Total Environ. 2018;626:720-6.
Holmes LA, Turner A, Thompson RC. Interactions between
trace metals and plastic production pellets under estuarine
conditions. Mar Chem. 2014;167:25-32.

Teuten EL, Saquing JM, Knappe DR. Transport and release
of chemicals from plastics to the environment and to
wildlife. Philos Trans R Soc B. 2009;364(1526):2027-45.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Nakashima E, Isobe A, Kako S. Toxic metals in polyethylene
plastic litter. Interdiscip Stud Environ Chem Environ Model
Anal. 2011:271-7.

Barboza LGA, Vieira LR, Branco V. Microplastics cause
neurotoxicity, oxidative damage and energy-related
changes and interact with the bioaccumulation of mercury
in the European seabass, Dicentrarchus labrax (Linnaeus,
1758). Aquat Toxicol. 2018;195:49-57.

Von Moos N, Burkhardt-Holm P, Kéhler A. Uptake and
effects of microplastics on cells and tissue of the blue
mussel Mytilus edulis L. after an experimental exposure.
Environ Sci Technol. 2012;46(20):11327-35.

Foley CJ, Feiner ZS, Malinich TD. A meta-analysis of the
effects of exposure to microplastics on fish and aquatic
invertebrates. Sci Total Environ. 2018;631:550-9.

Murphy F, Ewins C, Carbonnier F. Wastewater treatment
works (WwTW) as a source of microplastics in the aquatic
environment. Environ Sci Technol. 2016;50(11):5800-8.
Magnusson K, Norén F. Screening of microplastic particles
in and down-stream a wastewater treatment plant. 2014.
Dris R, Gasperi J, Rocher V. Microplastic contamination
in an urban area: a case study in Greater Paris. Environ
Chem. 2015;12(5):592-9.

Dubaish F, Liebezeit G. Suspended microplastics and black
carbon particles in the Jade system, southern North Sea.
Water Air Soil Pollut. 2013;224(2):1352.

Michielssen MR, Michielssen ER, Ni J. Fate of microplastics
and other small anthropogenic litter (SAL) in wastewater
treatment plants depends on unit processes employed.
Environ Sci: Water Res Technol. 2016;2(6):1064-73.
Ziajahromi S, Neale PA, Rintoul L. Wastewater treatment
plants as a pathway for microplastics: development of a
new approach to sample wastewater-based microplastics.
Water Res. 2017;112:93-9.

Lares M, Ncibi MC, Sillanpaa M. Occurrence, identification
and removal of microplastic particles and fibers in
conventional activated sludge process and advanced MBR
technology. Water Res. 2018;133:236-46.

Sun J, Dai X, Wang Q. Microplastics in wastewater
treatment plants: Detection, occurrence and removal.
Water Res. 2019;152:21-37.

-
—

V¥4 Hle o Jolsoles “.::,:.E,p/kw;&.b@,:u:nj.g asllad



	000
	001
	002
	003
	004
	005
	006
	007

