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Occurrence characteristics and risk assessment of microplastics in
drinking water

LI Xiangxiang' WEN Shaobai’ ZHANG Jun* ™
(1. School of Public Health , Hainan Medical University, Haikou, 571199, China; 2. School of Tropical Medicine, Hainan
Medical University, Haikou, 571199, China; 3. Key Laboratory of Tropical Translational Medicine of Ministry of Education,
Hainan Medical University, Haikou, 571199, China)

Abstract Drinking water is one of the main routes through which microplastics enter the human
body, leading to serious health risks for humans. The results reported so far show that contamination
of drinking water with microplastics is widespread. The transport and accumulation of microplastics
in body fluids, tissues and feces have harmful effects on the digestive system, the nervous system, the
immune system and the reproductive system. In order to better assess the health risks posed by the
ingestion of drinking water contaminated with microplastics, an efficient and accurate technology for
the detection of microplastics needs to be developed. In addition, the mechanism of toxicity caused
by the distribution of microplastics needs to be investigated. Based on the above data, a scientific

model for human health risk assessment can be established, which will contribute to an accurate
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assessment of the risk of microplastics in drinking water. Therefore, the characteristics of the
occurrence of microplastics in drinking water and the associated risk assessment were investigated in
this paper.

Keywords microplastics, drinking water, health, risk assessment.
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1 BRHZKH BIBIE R (Microplastics in drinking water)
L1 AR H AR B R IR
IR KR S B fioh e 22 ) /R B DL, [ ARt 2 8 fioh e $5E AR ) B B AR 22— AU, (RO R
TE F R IK AP A7 BLARBOA 852 2 B, AN /D238 SR AN [R] B8 05 36 X 45 i 4 8 K BRI T5
el O S AF R AE AT 1 0T, S5 SRR IIRHIK 32 B [R) R B A Sl S kS e, 52 AR R AT 4R i
PR L X SE R AT BEIR T s TR SRR A BRI 5 e 55 (3R 1).
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Table 1 Occurrence characteristics of microplastics in drinking water

N FHz ,
ERSHX N REWAEA S .
PRILN g e Abundance R Tk paEA
. Number ' F ol JE yme Shape Analysis methods References
regions Size range composition
Average Range
24k B
38 >1 (440+275) n'L™ 0—1247 n-L" PE, PP T i " ﬁf}# Raman [16]
ENE|
PVC., rubber
. + L _ N : b A B
1 10500 (49.67+21.43) n'L PAM. PET T LD-IR [21]
HE 7 10—5000  (0.7+0.6) n-L"! 0—2n-L" PET. rayon E ATR-FTIR [22]
Kb — 1—10 344n-L" 267—404n-L" PE,PP.PET  £F4, WA SEM, FTIR [23]
Fluorescence
Hh I A 3 >1 — 9—1693 n-L"! PET Y microscopy . [24]
Flow cytometry
A, EME., 7% , Y A
v e 4 . (39+44 )n-L™! 2—225nL" PS.PP,PES )
v e gmE 42 1924200 n 5n BRIk FTIR [25]
PET.PP.PS. ZF4E. . Stereomicroscopy.
3. B J—
FIE 17 >100 031 nL ABS A FTIR [26]
S S e vA(E! 2 25—500 (0.9+1.3) n-L"! 0—2n-L" PE — FTIR [27]
PP, PS . FTIR. Raman
A . N o B . Ps, . .
e 10 1005000 (021£0.11) n'L PMMA. PA W FE-SEM (28]
PE. PS. PI, .
WEE A 42 0.7—20  (1583+514) ng-L"" — wH KMD [29]

PBD. PP, PA
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Countries or Aot 7 FEl/um Abundance Polymer 0 HEAR ik
. Number (. " ¥ JE Y . Shape Analysis methods References

regions Size range composition
Average Range
] 2 >5 6n'm> 74n'm® 1—102n'm”> PE.PET.PP — Raman [30]

{E: PE GRZMR) . PP CRME) . PVC CRALME) . PAM CRINIGEENL) . PET CRXIK “HIIR L — i) . PS (RALNG) . PES (R
BEDUR AR ) . ABS (- T — M- 2 IR YD) L PMMA CRH NSRRI ER) . PA CREUIZ) . PLCRBLIERE) . PBD CRT — ) .
Raman ($8O61%) . ATR-FTIR (f#f B8 46 280l 4 SURM 2L/ 63 ) . LD-IR (BOGLLAMGIE) . FTIR (ff BLAH AR 2T 413 ) | FE-SEM
(R F BB . KMD (578 B sa BUELEIE ) | < CBdlaRiRE ).

Note: PE (Polyethylene), PP (Polypropylene), PVC (Polyvinylchloride), PAM (Polyacrylamide), PET (Polythylene terephthalate), PS
(Polystyrene), PES (Polyether sulfones), ABS (Acrylonitrile butadiene styrene), PMMA (Polymethyl methacrylate), PA (Polyamide), PI
(Polyisoprene) , PBD ( Polybutadiene), Raman (Raman spectroscopy), ATR-FTIR ( Attenuated total internal reflectance Fourier transform
infrared spectroscopy), LD-IR (Laser direct infrared spectroscopy ), FTIR (Fourier transform infrared spectroscopy), FE-SEM (Field emission
scanning electron microscope ), KMD (Kendrick mass defect), “-” (Data not reported).

Kosuth 250 A7 159 32k A 14 N EZR A H KK A ik i A7 BUIR, (58 R 510 838 (8—35 XD
X AR B, 200 mg- L i I 7 B 2T Y8 0 1) ORI S L TTHEL, K IR 81% A S S A OB R, F N 0—
61 n-L7!, S EE N 5.45 n- L7, KFAF LR, 1M 55 — T 4Bk [ oK OB R B 5T, il R FLAR
(26 um) . /N BETEAL(0.13 em™®) B3 S %% A1 FTIR X B A3 0k 15 430, R BB B E N 1.9—
225 0L, P R (39444 )n- L', FEEIRARAHE Fr, Hk U5 AT RS2 25 S DTRE Rk /K A8 i B ). R
FAAS R B 4B 05 1, 3 EHRGE 19 B R ZK Rk =F B SV = . Tong 4619 S mg L B B 4L A 255
PN BT T, 55 M Raman A6 I 454 5 R AR L 19 4> 44(0.9 mmx 0.67 mm) 15
BBy, A3 AT RE S T RN 0.66%; AIFFE 2B, Il 36 N30T 19 A SR /K Hr AR e LARE SR 3= 0 il 9 )
(<50 um), “F-HJ=E N 440 n-L', o] GEIH T 908 I8 (19 B L. Shen 4520 8 25 4 V0 b DX AR K 438 107 5% v
R AR AR BE [ R AK T RS Y 00, FRRIESE T [ Sk oK b BB kL5 TR K B R B v 1
IS A G, VR K Gk o B v, SURME 18 T B8 23 & AR RO BE AL, DT A 21 /INSEDRLISURE. B3 i
ZA, AT 2 B TS et AN T 200 . Ding 552 BIFFE AR K AR BE ) A A HILRSERE BRI B R Y T BB,
FEH B 08 R 490 T LK SO R R T IR FH A A 1 e v
1.2 K P A A RO U

LR K PR LA O M6, Bl AOR R 22 N R B R A R R A AR R AR ORI T 9 2 1, i K
W %)% % PE, PP Ml PET V5 Yy, iX S A 0 32 B2 U5 SR 24 R 35 BRI, 1T FHOGRESS . RS . W vk
O 2 A5 DR 2 A PT B S M RRLRE K P i SRk B RS I (3R 2).

R 2K OB R AT AT

Table 2 Occurrence characteristics of microplastics in bottled water

FpE
S %1 A 3t il Abund: L e S - - o
ARMLE o n ey TR/ Abundance REDH g KA ik
Countries or pm YI{E/ . Polymer .
. Number Botter type .. ) R . Shape Analysis methods  References
regions Sizerange (n'L™") Ranee composition
Average g
Cellulose,  ZF4 ., T,
10  PET.glass 10—500 7345 — PVC. PET BRIk LD-IR [21]
i
23 255000 2 23 nbottle” CoMMOSE g apup 33
PET 55 — —23nbottle”’ o LppEn N FTIR [33]
PET. recycle ] Fluorescence
r I A 9 l;ET >1 — 817393 n-L™ PET Wl 44 microscopy . [24]
Flow cytometry
PE. PP L X FTIR
. i T PP, 14 .
THH 150 plastic >10 5+4 2—20nL PET. PA W 44 Stereomicroscope [34]
23 SMEleUse 5000 149741452200—6627nL7  PET — SEM, FTIR [35]
Y PET
11 PETplastic 1280—4200 9+10 — PET.PS. PP /i, £F4f  FTIR, Raman [36]
W4 51 I
[ PE.PET. R, WiflE,
JRHAW 100 plastic  20—100  WiK:2 PVC. PDM *iﬂiﬂﬁ SEM, EDS [37]
BRIE: 14 ¢ PDMS

WAHERTHIY 28 plastic. glass 25500 245 — PE. PET, PP — FTIR [27]
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gk 2
FE
R, \ , NNz Abund REYZR - N . .
liEC S ST L undance REDZR Rl A ik
Countries or pm Yifa/ - Polymer .
. Number Botter type . 4 Y . Shape Analysis methods References
regions Size range (n-L™") composition
Range
Average
AHIT . PP, PS. e
J 48 PET >5 1319 0—80n-L PET. PA - Spectroscopy [38]
. . St i .
B3P 8 PETplastic 255000 125 822n-L" _ WK 4k ereonpngﬁscol) ¢ [39]
il Nile Red-tagging
single-use . .
] ! 140+19, . Optical microscopy .
25| — PET. PE. PP 214
e 95 plalsnc‘ =65 5244 T ATRFTIR. Confocal  140)
glass

Raman

7E: PDMS (B —H3erts ki) . EDS (AR A EIXETZ ). Note: PDMS (Polydimethylsiloxane), EDS (Energy-dispersive X-ray).

2018 4F, A T AE A 41 (WHO) A8k 7K i S8 ek B v e XU, X 9 AN KB 11 A AN [A] R i
259 K AT 73T, 93% B K i A B T GOARE, P-4 F B2l 325 n LY, i3 K H PEL PP I PET,
FERIE T2 Praveena S5 IR VG I 8 /> i R /K 9 SO BLRHS 4324 PET 1 PP, S0
AR SO 35 4 % V1A 5% 5 Kankanige 5690 X6 9 AN 5] 45 288 10— WM U K B AT 40 B, SEBDRE /K p
() PET 1 PE #: 4 F & 5 Taheri 550 % BULAR N 7 B 38 fin /K o GO0t 09 =2 B2, FHO'G BE S RDOMR it ot
PET JA4 PN 3R 5 W0 110 245 4 TGO RE %) R T3 B T ; Weeisser 51420 38 & B Al 90 06 70 3 375 B A 2 i
AT AR AR K .

2 TR A A fE R B B ZE B2 W (Potential impact of microplastics on human health)
2.1 APRZE O AR AF BUAR

RS B B AR ACR AR B BB R B 2R 2 — 4 i TR R R
BN XERE SR, — HE AN, Sl IR ER R G0 A T AR & R UM SR, JF gl 20 B (I 2
IR AE55 ) Wi sl RARTEA TR I AR, AR A AOCERE B9 2% SRR AS v st (RO, 3 O T vl
PAHEA NI AE AR A SRR AL T 58 A J7 B UEdE (36 3).

R3NP RIER AR

Table 3 Occurrence characteristics of microplastics on human body

. RS . i , R RIIEF N .
per PR mm s e B f LR BRA
Detection . . Analysis
Samples Size range Number Abundance Polymer composition Shape References
rate methods
it 2634 2—12 58 — PP, PE. PVC TR BkiA Raman [45]
6/10 (4.1£1.3 )n-50 g ',
9/10 0—50 22,38, 82 (7.1209) n'50 g™, PP, PET, PVC R LD-IR [46]
. ~1
are 10/10 (15.5£3.0) n'50 g
4/6 5—10 12 — PP {9 Raman [19]
17/17  20.34—307.29 — (2.7£22.7) n-g! PVC, PP, PBS W 4 LD-IR [47]
PRI 4/6 415 7 — PP. PE. PVA, PVC R Raman [48]
23 66 _ (11.6+15.5) n'g”! A Py-GC/MS
- 21.76—286.71 . PS.PVC.PE e T 49
KW 3030 - (0.2+0.5) n-mL WA £F 4 LD-IR
i 17/22 >0.7 — 1.6 pg'mL™ PET. PE — Py-GC/MS [20]
4/5 >5 20 (15.0£17.2 )n-g"  PTFE. PP, PET Wb, 44 FTIR [50]
Sefi 8/8 50—500 — 20ng" PP, PET TR FTIR [51]
- 23/24 20—800 240 10.4n-g” PP — FTIR [52]
PR 22/22 20—500 — (12.2+17.3) n'mL™" PU, CPE, polyester — FTIR [53]
i 1 800—1600 — (28.1£15.4) n-g"! PC. PA. PP e, 24 FTIR [54]

1E: PBS (RT ZMT —fMR) . PVA CRZM&IE) . PTFE (RIS L) . PU CGRENR) . CPE (AR ZH) . PC CRIKTRNR) | Py-
GC/MS (GAZR-S AR BT

Note: PBS (Polybutylene succinate), PVA (Polyvinylalcohol), PTFE (Polytetrafluoroethylene), PU (Polyurethane), CPE (Chlorinated
polyethylene), PC(Polycarbonate ), Py-GC/MS (Pyrolysis-gas chromatography/mass spectrometry ).
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Leslie 5 2R F Py-GC/M $ AR & Uil 45 1 o 8 B =F 58 1.6 pg'mL ™", PET. PE #il PS i &,
FLURJE PMMA. Rotchell 5559 i i FTIR 76 8 TIRE i 4878 1 S AR B 288, Forh B W i (45% ) B
% I RGP OB R B AR H, Zhao 25 i i Py-GC/MS Fll LD-IR B IR AE AR B AR R 4 h & 8
THORRRE, K VBRI 2 AL TP R BB 3 A RO R R AR AE 20—100 pm 22 J8], 44 32 8 43 51 4 (0.23+0.45) n-mL™
F(11.60+15.52) n-g's S2ALH R T2 A5 PS, IR IR 3 88 BH) 322 i 534 PE M PVC. 55
A1, TR A BE 238 R 25 5 B gk A B BG4 . Ragusa 25U fifi | Raman 2387 T WA BREE IR M0 &P B 2R
LT 6 MAKIRE, 78 4 MRS R 12 4 FZ L PP IR i CRiAR 5—10 pm), HA G LA
SA L BEFEM 44 B IEERE 3 A ALY 55 —TAR 5T, R A R R 0.28—9.55 n-g !,
PR R (2.70£2.65)n g ™!, LS 11 FhGOERIZEAY, DL PVC. PP Fl PBS i WL R T a4, (o8 kL
FEBEAENGZEN L LR Y. Liu 259 A R LD-IR X 3K [ [/ —WF58 ARER G % G 2% SR L28(H |
FEZLAN L7 Wk REA TR I GO R AT T DU A2 , 3 WCERAT S MR 28 11 [ R B0 B LRk it 7y it FH AT
Fr 155 3 B0 LA S 22 00 R 2L T LA Tl S A R R TR WP SE 5 AR R, A AR AR R
16 FHER AW, UL PA R PU H . IR &% MR ZE AL LIS ME vh e A 2 PA, 4390 i 50.09%. 60.22% FlI
49.67%, i B: 7L AT 2L LB J5 W3 495 o B 32 A 2 PU, 20 31 1 53.18% Fil 49.33%. 7K Fl 45 A T R i FH 15 7
) Ek 2F B T e 2 i A 2R R R TR, 1L 35 Rl M S R B L T R SR L Y B R TR

ZEAE v GBI T AE S RO R A IR, JF 2 5 AR B 55 — 4> FIIESE . Schwabl %561 78
8 42 fit B 5 B AL B T G O R CREAR 50—500 pm), ZE(H ikl EE N 2 0L, EE N
PP il PET. MMi 5 —W0C T 8 24 s J& RIS b 1 OB B AE A9 /R B2 50 n-g ' CRiAR 30—1800 pm),
FEOZFE ROIRAY PS. PE Ml PP, X ] GEYE T & R H A TEEECCL [R] ), Zhang 5507 78 23 Ak nt B MG IR
B FEAE A AR E O 136 n- L' CRiAR 20—800 pm) ANEE, 1—8 F i B Al e, F2 52
B3 LA PP oAy 3 AR T 2 B O ke K R CRE ) 55 25 v Gl 38R 09 2 B 22 TR1 A7 78 v JBE A G 1 (7=0.445,
P=0.029). 53 4b, Pironti ZFU i 2 NS0 BRI & BT R CRiAR 4—15 um), #£ 1 # B KAt
3 A B PR RIE T 73 5100 H PVAL PVC, PP Fl PE.

2.2 TR AR EEPERON

7 Sf i 22 1) UE A 2% B, B Rk T R X B AR SR A O 3 L g R VR 4 R R B AR A AR R R R
(& 1). Herrala %557 ¢ A 45 1 i 98 40 9 Caco-2 Fil HT-29 25 T PE(0.25—1.0 g-L™") B2 Bty v 48 /)
B, &30 VR B () PE M SR IUAY PE FEAR T 20 03 0, 3850 T B2 40 B 0% 4804k W 38 s I . Bk b =2 A1
R 2% ¥R B} (Pepepolyethylene microplastics, PE-MPs) F1 P4 % X} A ( Tetrabromobisphenol A, TBBPA)
FE— B R T B X AR I8 R LAV . KM B8 RN 4BURT 581 B V% 4L Wi % PE-MIPs 1 TBBPA (1) 14
1A 27845, Cheng 4857 R AR B EE T ORIRR 1 um RIRLIGHIEEH Polystyrene microplastics,
PS-MPs) Bk (R KA W52, £ 28 % B0 PS-MPs 2 BN R, IR AN 28 288 1 40 M fir A= 9 FFAE
TERIE A NS AN Caco-2 Xt AN[RBLAZ PS-MPs A3 IS Bl A [l Wu 2569 FE 0.1 pm
F1'S um () PS-MPs XF A %5 B9 Caco-2 20 i ) 41 i 25 1 A A HEZE P06 BB 1, B PS-MPs XJ 40 3% 7
AR B . TS M R S P ER R AR FE M 5 pum 19 PS-MPs Lt 0.1 um (1) PS-MPs 5 S:/E H 8%, H&
WP 5 um 1Y PS-MPs 1 e 1 15 S LORL IR LA AL T ATP (0376 T FERFRAK ABC $%18 8 M35 1. 7
Ak, Lin 551 & 3 80 nm 1) PS 1 A S IE 5 JF-40 L L02 A1 IE ¥ fili I Kz 40 it BEAS-2B J&, 45| g4k
RARTIRERERS, W7 | RS LR A 07, SRR 1 it 22, SR AR 5 Ha (37 30 A8 I A AR P R o) o 457

W i 2z A1, 7 55 5 i W S M AF 90 3R I — SR 5 TOMDRL 22 A #7 7R BK &R (18] 1) Horvatits 55 i
1955 ) 22 30 o3 B NS 4 2 ep 0 0B R, e BRI RE AL BB A DR A 6 PR R G A (i 4 4—
30 pm), 1 7E T A VTR IR 0 1 R0 3 rh A R 3005 IR0 kb, 30004 e P O 5 7 2 A28 O v i 0
AL R Y SRR IK B [ 2. Yan 251 1 IR & B9 AE P 14 0 (Inflammatory bowel disease, IBD) & 1) 2% fi
W R E B (41.8 items g -dm ™) & 3 B FE R (28.0 items g '-dm ") . 7EZE(E LA I F] 15 Ao sE
B, KB NRE R LR, Hoh PET A PA (5 5. Ik b, 2848 rh 08RG & & 5 IBD RS R IEAME,
Tt eI SRR 55 R e A A G TR} R R S RRE 2 (R DG R T L D Cetin 5819 WF 9 45 FL I R
S B ey A i ges 235 o A 20 rp SR I e A A SRR, R 45 i A 2 ) B S R R v 1 R g
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S A R, B 1—1299 um, FE 44 PE. PMMA Fl PA.

4 mROS

t HNF4A
t CYP2EL AL
L02 cell Cirrhotic liver
Cell viabilit
{ Y. .
Cytotoxicity> A
Oxidative stréss Colorectal cancer
Caco-2 cell, RRE MG
HT-29 cell Inflammatory bowel
disease(IBD)

B 1 Gl A AR R 5 1 1 A 5
Fig.1 Potential impacts of microplastics on human health
3 PR a8 R XS PEAL (Health risk assessment of microplastics)

AU PPA 2 DF A V5 G ) S A5 2 % A A PR R NS i B s s i) 1) J 22 B . L, R A XU
TSI R TSR 7 s fda bR, 254 1 H A& (EDD . RE YIS TE AL (RI, pR,) | 15 4L ff fof 45
%0 (MPLI, PLI) FlEUE XF 520 (PCR, MPCR) 4% (55 4).

x4 H AR bR

Table 4 Common risk assessment indicators

fabn

Indicators Formula Category References
Si Cm
IR IN EDI = (€, xIR)/bw/d , EDI = =05 WK BRIkt
(EDI)  UE: CJEASBOBRNERE (nL); IRFCFEAS bw KT S M EEMFER(ed ), sy Ay 65~ 67]
GEX; C, NI RN RS (ng™)
AL EAI=IRxC;/b KRR, i 65,34
(EAT) =IRxC;/bw/a RURRE K [65,34]
ANM=(p/week/person)=number of particles per weight(p/g) x food intake(g/week)
i S . alPp
ﬂéi}}iﬁ\)m AMM (g/particles) = T Bk fo (65.68]
ARM(g/week/person) = ANM x AMM
ung/xﬁz\]— HQ . = (@)
(Hé;j ingestion RiD ingestion /I\%J-T [67]
E: REDJE AL H B FR R A AU
MP,
MPCF =
MPy, kL, K 65.34.69 — 70
MFLI = (MPCF, x MPCF, X MPCF;.....MPCF)!/10 o e ]
VSR s MPJy R OB s MP, RGO It
(MPLI, PLI) C;
CF;= —*. PLI= VCF; o ;
Co TR ST MoK (69— 72]
s AT B RO T2 FE (168 kg s T ff
CoRE BRI
H = 2P xS frih MK LR [68,71,73
s P RER PR A W T A L S N R A i o K LRI {68717
RI=Y" E;. Ei=T;x gl e
AR Vs T B A ML TR M R A CORER i S B =R WK [74.22]
$(H, RI, Co S sl =
PRy

P,
pRi = Z(Fj ><Sj)

T POARES PRI OB s PR BERL PO R S e R BER R [66 —67]
HRUIESSpR AT T: <1508, 150—3007745, 300—6004H 24k, 600—1200%5 1,
>1200:% &
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Ei=tan AR B SCifk
Indicators Formula Category References
PCR, = (EDI, x CSF,) x 10°°
" PCR,=PCR,; +PCR, + ...... PCR N [67]
RO i e "
o AN E
t MPCRoral/dermal = EDIora//dermal x CSF 9
WK [75]

MPCR, = MPCR,,; + MPCR 0ot

Altunigtk 551 PEAR T 4 B R I L 38 2 RO 3Ok A GORE Y . R 45 SR W, A
JL # ) EDI 43 Jll & 0.002 —0.006 Mps-kg '-bw'-d" Fl 0.006 —0.018 Mps-kg '-bw '-d"'; EAI ] K
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) RI, pR; T A SRR {5 Y% 5 . Hakanson 2570 #5724 UK PEAR 7K A 31855 v f 4 m 15 e i
. Liu S8 A2 R S T — R 28 (P4l 5 i, FH AR 0 LA b X 23 S P A ot 255
7, RUBENE R 0.23—6.54, b FHAR MBS /K (RI<150) 5 7 5 7K 57K AT B Sk K i 8881 RI 4351
Sk 289.8 1 490.1, i - 45 i A5 JRUBR: i 1221,
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4 45355 R (Conclusions and prospects)
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