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Abstract: This paper is the result of hydrogeological survey engineering.

[Objective] Microplastics (MPs) have emerged as a global pollutant, causing increasingly severe environmental problems. While
most research has focused on surface water bodies such as oceans and rivers, studies on MPs in groundwater systems have been
relatively limited. [Methods] Based on extensive literature research and analysis, this paper examines the progress made in the study
of MPs in groundwater. It explores the sources, detection methods, distribution characteristics, environmental risks and future trends
of MPs in groundwater. The objective is to provide references for future research and facilitate risk prevention and control of
MPs—contaminated groundwater. [Results] MPs primarily enter groundwater through three pathways: surface water—groundwater
interaction, soil infiltration, and direct injection. Currently, research on MPs in groundwater is primarily concentrated in coastal
areas, particularly in China, Europe and North America. However, additional data and research are needed in regions such as South
America, Africa and Oceania. The most common types of MPs found in groundwater are polyethylene terephthalate (PET) and
polyethylene (PE), with fibers and debris being the predominant shapes. Groundwater contaminated with MPs poses environmental
risks to soil and crop health, pollutant migration, human health, underground ecosystem, and the effectiveness of groundwater
pollution remediation. Future research on MPs in groundwater should prioritize the establishment of standardized sampling and
detection procedures, determination of spatial distribution characteristics, and exploration of key scientific issues influencing the
migration and transformation mechanism. [Conclusions] Numerous studies have been conducted on the sources, distribution
characteristics, environmental risks and development trends of MPs in groundwater. However, current research is still in its early
stage and is expected to continue growing due to the vital role groundwater plays in sustaining human activities and natural
ecosystems. Management strategies for MPs pollution in groundwater should primarily focus on three aspects. Firstly, controlling the
source by minimizing plastic waste production is crucial. Secondly, it is important to cut off migratory routes of MPs by
implementing preventive measures in high—risk areas. Lastly, developing appropriate remediation technologies is essential for the

end—removal of MPs from groundwater.

Key words: groundwater; microplastics; pollution status; environmental risks; management strategies; hydrogeological survey
engineering; environmental geological survey engineering

Highlights: (1) This paper systematically reviews the pollution status and environmental risks of groundwater containing
microplastics, and discusses the future development trend in this field. (2) The management strategy of groundwater microplastics
pollution should be considered from three aspects: Controlling the source, cutting off the migratory routes and end—removal.
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Table 1 Occurrences of MPs contamination in global groundwater
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Fig.2 Treated water from the wastewater treatment plants injected
directly into the aquifer through injection wells (after Re, 2019)
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Fig.3 General process for sampling and analysis of MPs in groundwater (after Sangkham et al., 2023)
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Table 2 Analytical techniques for the identification and quantification of MPs in groundwater
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5551 % 5 o i

SRS S IR T K B TE G AR | BRI UK B A i R 1901

MILT AN GG L 50  — b 8 S FH ) 7 2 K A S
T NIE S S E BRI E TR . kT
il 32 o AR AR S R A BAE R 22 5, TR A TR
—RE W MPs BATFUEAAH R 60, AR
SRS B SRR AR, T LA i SRS 2ROk S
i (Fotopoulou and Karapanagioti, 2012) .

P2 B (RM) 1 Sy — b BEOKS 48 (1) 3R AE
MPs )75 %, AT AR HE/NE | pm H F /N MPs
REWRAGEE . BDRhFouiE 5 O M brik
HE AT HLER, T A R AW RAL, kT 5 B
BEAISE S, RM S 4E T MPs iR &L . K/, B
ARFIE A . SR, RM A FE B 4R Ak 1
B, R R H AR R RN TR A
T, 07 I L i U I A 1 0 BT i S B
(Primpke et al., 2020) . RM 55— s 23R R
Pk, #RMI, Schymanski et al.(2018) & i 40 e &
SRR A BRI, R BB X i e Rk R AT AR
G SR N D0 R AR o VA= s s L =R b
R, b T 3o MPs (OBEIR, E MBI BT
IR, ARG HEF ISR, B RS B2 16 (Anger
etal,2018). F 4k, RM J&—FPAHXT 248 (1) )5 i, P
A, IEANE T 1) MPs #:0

#£ MPs 43 # HESE 34 Py-GC/MS £7 A~
BN 50 A WA FORE S N MPs 19 B E2
o SPYEJE MPs BRAWIN EZ My, hFEr4Enits
SR RSE, B HET 4 ) 2 — > D& )
Dekiff et al.(2014) | Py-GC/MS 43 #7 1 ¥ Ff £F 4k,
W& H KA AT 7 1R 51 45 5 . Hermabessiere et
al.(2018) I I fd ] Py-GC/MS 151 T 20% A933
LY, FHE T B =R RS Sy . Kippler
et al.(2018) [A] # i i Py-GC/MS i T i 5] T
40% AT 4R 4 . Halle et al.(2017) & AT T 2F
FE R, O SN MPs HEAT 0B, TS fd Ak
SRR AL RS T PVC, PS T PET AYAHRT
Bl AT UEATIEG 5 B, WA ST A HE N £k, DA
AT G5 5P B Rk, 51
i AR, Py-GC/MS (1) FELPL AR REGE, PHig
X R R Wy ARG T K T A BN S . Py-
GC/MS S tit ] LASRAE—Fiosr 1 B 2578, B Do £
FoRBE, NEEHIEM MR E, X2EFAH
B SR, TSR =Y R 2R, Py-GC/MS TEfH

FHEE 2552 B 7 P 52 R, 75 ZEAT- 4R 6 15 A LA
PR HAMERE

2.3 Tk MPs B4 % KBRS

2.3.1 3T K MPs ) %5 8] 5 45 4E

EHIERIKAH L, H R 7K H MPs 25 [8] 73 A5 R B
HIBF AR RS A o 7R SCHH e WO BA A G STk,
SEERIE Y R K MPs 1925 [8] 43 A7 il
FERFFEBEATIE L, I 4 gl 1 ] LA, 3%
MPs V5 3L AT iz i 43Kk or A, i EFRR Y 1= 48 rh
MPs (W& 2 (JEM R AE, 2022) .+ MPs &
AR R P R E A L (302000 4N /kg) , HIRO®
rb 0 COPR ML | 85 2 2 4 ek B Ry 2.2x10°
wkg) o BT 528N EHE T A H A SRL Can 8k} b
JED) (52 2k, 3 MPs i th ] fEZ 215 K15
T /4= 9 [ AR A% /K %) 5% 0 (Huang et al., 2021a) o
R 7K H MPs BOF5T 322 R A VR I X A 7 1Y), 44
SFSE B FRE A rh e P ] R AnAESE, mk ., E
AR N Vi e D 9 R =5 N @ I = Y T ] A
T B 2RI ST . T 7K H MPs BTt 4R 1
FE M2 2R B Ok AK ek 7K o Strand et al.
(2018) X442 F K i MPs F=EEEAT T R, &
BLK s MPs ¥ & 4 0.3 4~/L(n/ L) . Mintenig et
al.(2019) R E 2 /R 2 F (1 T 7K H(30 m) Ak A
FRACFRT A I 2 /D1 1) MPs, ¥ A 0.0007 n/L.
A, Shruti et al.(2020) A& B 7E 25 P4 Af b2k ok & [l
B AR KIS SR, MPs &84 (18+7) n/L, HHAD,
Hi R 7K H MPs A9 (Mintenig et al., 2019; Kirstein
etal, 2021) 2/ i JLA% . Pole¢ et al.(2018) 7E I
2 PR AR A A R K, AT S MPs SR
FLFE R A Skr, (H B30T % Heb T ik . MPs £
M 2 22 S AT RS2 B T T AR M X | AR AL L A
T A [E] (Shruti et al., 2020) .

2.3.2 T K MPs # £ R B A4 &

MPs — i i PE. PP. PS. PA. PVC #l PET 4
REWHR, AR ELUBURE | i SRR L i
R B B8 AR gERRE Ao £ (18] 5) (Selvam et
al, 2021) . M 6 1 1 0] LLFE i, # K K
MPs F=Z i PET 1 PE P #l 38 & 9 41 1 (Mintenig
et al., 2019; Selvam et al., 2021; Weber et al., 2021) .
Strand et al.(2018) T YK 7E H >k 7K A il 21 15 45
W —T 2 K & 0 3 R ¥ (ABS), Shruti et al.

http://geochina.cgs.gov.cn F1 E M1 5T, 2024, 51(6)


http://geochina.cgs.gov.cn

SRR A KAMTFKRGE o <) HWFAT . <100 3 MPs(n/kg) o
1 Intensive Mega % 1~6 MPs(n/L) ® %88532300 MPs in soil (n/kg) r=
agricultural groundwater ©>6 MPsin 9 10000~100000 w\.«g/t
L land use systems @>15 groundwater (/L) & >200000 ;
— < ===
I

H 5 GS (2016) 16645

4 IR K MPs FE B2 23Kk 25 (7] 534 (4 Huang et al., 2021a)
Fig.4 Global spatial distribution of MPs abundance in soils and groundwater (after Huang et al., 2021a)

50 pm

50 pm

b

VEGA3 TESCAN

“IP50 um

’
Pe  Performance In nanospace 1010 pm

Scar  Scanspeed:6  EM  SEMHV: 10.0 kV

K5 MPs(a), HAHZF4E(D) . BRIEHURL(c) | 1 F (d) Y SEM I (3 Pivokonsky et al., 2018)
Fig.5 SEM images of microplastics (a), microfiber (b), spherical particles (c ) and fragment (d)(after Pivokonsky et al., 2018)

YEH, BT EP AT ek FAK /K4S A, i PTT Af

(2020) 7£ 55 PH AR 22 IR KSR AT 2 1 30
REJE R A 25 S ML 4RI 20 fif o M R K P

KRR TN RS (PTT) F1 EP, T EP ELA B IE
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9514 5 6 HSCPRAE: E RO RL ML R OK AT Y BR L BRSO ke B 1903
o[ @ 6 ®) PRk
w5
7F 5
6 L
5t 4
K4t 3
3r 2
2+
1t 1 I
0 0
B D Fe D F & S SRTLEER &P ONKZ L &b
S S T o —E
¥ < &
& 5

& 6 HiTsKkH MPs B FEIRARFNR AW (a, b) I EASFEEE R ZEAI () (4 Huang et al., 2021a)
Fig.6 Major shapes and polymer compositions (a, b), and different sample types (c) of MPs in groundwater (after Huang et al.,

2021a)

MPs fIE AR — s LA £F 4k Rl /o~ 2 (€] 6) o Panno
et al.(2019) & LR 36 [ A v 3 M i R g iy
MPs BUFEARIEAR | IR4F 4k, Strand et al.(2018) &
PFHAE A koK MPs I IRAT 82% 2T 4. 14%
HWER . 4% M . Kirstein et al.(2021) 7 Hig HH7
BRI K i & IR 4E (19% ) FHE R (81%) JEAR
1 MPs,

IEAE, H Rk MPs B R/ MAT 2257 . R IK
R Z 50 MPs /hF 0.5 mm, £33 27E B R KH .
Pote¢ et al.(2018) ki I 2] i % 5o Hi Bl K oK 28 4k
B K H 7K o MPs (1) 8 42 7E 0~45 pm; Strand et
al.(2018) £ H 2k 7K 46 M 21 MPs K /) I 2 7
20~100 pm; Fi B 57 BE 3 /9 2K FH K i MPs /T
150 um, /NF 20 pum ) MPs 5 32%(Kirstein et al.,
2021) 5 £ 5 28 7K Wy v 4 22 4 B A R K R
MPs KT 10 um(Weber et al., 2021) . SR 1M{ALBF
5% MPs Y R/INEIEAGE, -y T AR /Kb it
FIHAR B KR, 87 ZEX R K i) MPs E47 3R
AR, At R 7K MPs B9 R /NE 7432k
(Novotna et al., 2019) .

233 TR Y MPs 89 2 ALAT A

MPs 7EHE T /K Hal DU AR 1. RE AL
GBI EHRK AT, MPs ZERUEY)
B AERZ R T AT LA A A At B i EDGRR AT A
Z PG R [ R, S B R 2 A, R
TE e & A2k, 52 Har #  #2 . Zhang et
al.(2022b) & BUK F T A HLST (DOM) AT Ll i
I W e P R B Y S B SR A, T e LA E
KRR Y L, M T K BRI A GIRVER, (B
FEFR A0 ) AR AL SR T T A R 2 R A

H 3%, H DOM. R . A pH A9 ek A8 th 25 2 it
Hk, I, H R K s MPs (934075 4 252 0 b
ARG RYER | BRI R R,
Jny HEREE XU

ZALITRENT MPs (1 BRALE A 25 5 ) (A
IERMRRH, 2022) . E it B4 AE MPs (3R 1
FL ff 9% 5L 25 Hamaker 5 %0, M T 52 M0 S0 B £E 20
B SR EFT N (Liuetal., 2019b), Renetal.(2021b)
R, W L MF gL, 2 MPs i iE R &
(34.9%~89.2%) 115 T J5i i MPs(30.5%), HAE 1
F T HAA SR RS A K R .
T T BRI B 28 205 9 K 98 K (PS-NPs, i 48
(487.3x18.3) nm) ZEAR AN KA BT b B B8 A%
15 YLy IR e

e ki A b, MPs 218 5 2R BRI 1 m
SR R G RN BE N, 50 SR K B K AT
ML Y W% B RE J7 (Luo et al., 2022a) . H T %1k
PS RN T KiEEFAERRR, HXF 2,244 -107R
K R Tk (BDE-47) (1) W B A2 i 4 PS FEAIR (W et
al., 2020). SR B F R4 PE 724kl B rh R 1 51
AT EHEE RIS T 235512 (PAHs) 5 PE Z
6] i -m R0, AL A PE 0K = 5 2k M PAHS )
W R FE J7 M 5 T-90 4 PE(Li et al., 2020b) . PS 2853
LACAL IS, BRI VD 2 FORUEY A (R T B 43 31)
M 0.15 mg/g 1 4.07 mg/g B4 /%] 4.92 mg/g F1 8.71
mg/g(Ifiiguez et al., 2018) ,

J3 4k, MPs 11 7 i 700 R0 e i) 44 (i 2R 4
DOM) 7E &bt B h 25 By B e, v g s i g1 R
TR = A XU (Cheng et al., 2022) . i1 T4k PS-
MPs 3 i3 520 22 T A3 2 e LI I 2 1 A e ALk
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1904 i

Hb, Ji 2024 4F

P E A2 B, S ARAN IR PS-MPs L, 2k K
AR R TR R (1 pg/L) B4k PS-MPs #5322
B2 B0 45 5 ™5 (Chen et al., 2021)

2.3.4 MPs 40 &K A T F 0 1T A5 H 4

% &3 MPs 20 T K sk, BT
T 22 b SC T PRI A f (O T AVREE L i . 2404
JR/N, B FoRE . IR A PLYSE) (Chu et al.,
2019; Hou et al., 2020; Shams et al., 2020) X} MPs 7&
TR KA B TR R AL F A i s e, 1 A B e 4
MPs 255 (PE, PP, PA il PEST) FIFE IR (7% H | £F
o | BRAAR) X2 %/ (Schenkel et al., 2024) .

Chu et al.(2019) #1 Hou et al.(2020) #F5% T 5 &
VWY Zeta HL (BRI ES 58 BEXT MPs ZEARLFI A 5T
HAE RS SR, B R R v, MPs 1 BB AR
o IR AR SR TR IS MPs [T F5 RE 1 SRR,
F B R BB R A AE RS 5 T MPs Rl AL T
B XUZFE 71 (Hou et al., 2020) . &% () MPs 7] fig
23 P HOH B AR TR R, X ROk
FH SRR IS /N (Dong et al., 2021a) . 7EA[RIAY
BFRET, B RAR AR (L RA L) 147
TE W MPs I iE RS . B LA 3G g 1
MPs 7ZEMRE FoR A TR R, RS TR
BT, B 2 AEPLUEXT MPs 19344 2, Hd
A HLET P 35 T MPs 19 1L B 68 )7 (Li et al.,
2021) , O’Connor et al.(2019) | F§ MPs 75 i #+ 5
55, #5371 MPs 7EHU T AU S RS AL A, b+ g
B PR B MPs (9B B IR AR (30 cm), {5
MPs 7E/D £ i 7 4 )8 B HR (Ren et al., 2021a, b) .
Goeppert and Goldscheider(2021) i 13 1 K I8 57
T MPs 7E7R)Z LS K 2 h s #, R KA
JUAS I A5 AT T35 200 mir) 4l 1 MPs 328 88 512
99, FERFEMES 6 1 H G, 23 MPs I (R B
i T A VR B UESE S A T, MPs Bl LB RS
7L i B (Goeppert and Goldscheider, 2021) . 44
AT LA S 2 REAIR MPs ZEAR AN & KA B b i 75 %
(Tong et al., 2020) . Lu et al.(2021) B 5% T 44k ¥8
BHE 5 2 0 Wy A AR A 5 K A B b B 3 A% A B
JZ B pH {E TS -5 X K YRR i B A B s
el , T 266 ™ 00 0 299 K B % 1Y) 5% 1) A A BR
PEAl MPs TEAN R 2L 47 oa b i iE B 54 AR A B T
e &K ZEX%E MPs [ E55 7, AR BB 55 i X

ANE) K SCH SRR AE PR K 55 K 2 R G RIS T] S
HUfY) MPs.,

3 f MPs Hb T 7K B9 FREE XU

b T 7K 2 H LR K R B K ) R R
—o A MPs By T AKTE R B 25 4 A2
fat S, 7 FH T W s 2 ] 4252 M) - 498 1 A o B
PERVEMI AR . H T MPs BYZERHERE, & 7T LA F
SRR BNR . EEE  MAEAE,
I 5B B (AR BT 4, 2023) . S /K MPs A6
PR XU AT 43R AR LB 53 o
3.1 {EAE MPs Bith ToKEBEXT T IEFIEM R

b=

M5 MPs 1YL K T HE R, — H MPs
R B 3K 4, FETIRAG IR . e B A AR )
YLl ek sl T, MPs JIUkL T AR 25 5 H 43 8 7E 3
FJ5iH1 (O 'Connor et al., 2019) . MPs i 2:AE k135
TG ey B A s Y A A I A (Pathan et
al., 2020) . H TiX2E MPs ¥k LLR# MR, 763055 R G5
R R, 5 AR R 75 S K 1 A BB, 51 £
FREEHER N, AGEOE . A K LT Z 2 AAen
W RS, S5 R E A BB RE: (Jiang
etal., 2019) (& 7).

Wang et al.(2020b) 4 H} T4 1 () MPs 23248
eI, G0 HEAR R Rk GE ek
FOFLIRLEE, W52 MR 139K 43 3h 25 ) A+ e 2k 48 (il
1B K 432 shil i, ik 3K 4378 %) . Zang
et al.(2020) 48 75 4% £ ) MPs 2 U AEYI 1)
A=K, 78 B HER AN PVC 8 PE MPs J5, 44 K
1) 3 A2 Ak R LA S WA Btk 43 TC RN AR 0 o A b
Dong et al.(2021b) Wt MPs 7] L ik 28 4 b+ 3 vp
B 0 R R T = B ANV TG, DT 5% ) = 496 B
AW 1. Huang et al.(2019) W55 % B PE MPs I4
AR AP R 1, B R WA R R A A
1o TR A K s BEHORE T 2 PR 1Y 3 )
FOAFAE (I [ 2R . B8 AR 55 ), MPs A G 75 L 0k
XL B AR W S AT RE S BOME W AR K R g
(Vallespir and Ursell, 2019) , ¥ % ( Giorgetti et al.,
2020) . K FE4IH (Dong et al., 2020b) | 3% (Gao et
al., 2019) . K2 (Accinelli et al., 2019) ., % & (Jiang
et al., 2019) . # JK (Li et al., 2020a) . E K 1
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P SRR K 15 G BUIR | FREE KU S SR i 1905

(Accinelli et al., 2019) . /N2 (Qi et al., 2018) ZE4EY)
¥5% 13k MPs (5200, AR, MPs(ANEikt, 3493
I Ao A BEARFI RS o A as s el
feZs AL MPs iy, DT 1] J PR R BE 5 | AV
TE 1 15 16 4k 2% i ( Hahladakis et al., 2018) . 3K H
MPs R IR AT g IR e A, S 80R # i
Yy J5a i) A ) BRI (Bridson et al., 2021) .

3.2 MPs Xt Sk i RIEB B

TS PR R K 35S, MPs 0k B AT B K %
T, AT LA FE 2 24K (Qi et al., 2018), FERIE &2
J5, W RS ey, A PLE Y mAE . Bt
A R AP BB AE, JECN BOKIE RGP
T T A AR, DA TS B T AR A 1l IX b T 7K
# AR5 YL (Panno et al., 2019; Re, 2019)

MPs X HLT5 G4 i W BRI A5 m-n AH
HAER . JEEAEIER | VR SRR ALK
YEFAAE (18] 8), sxX SeAE FH— Mt fi MPs 9 45 14 Rl ot
P72 (Ren et al., 2021a) o EA7 4 @& b 2 AL AY
MPs Xf 47 HLT5 YL 147 AR 5 1) 1 B 5% 115 (Wang et
al., 2019) . Rochman et al.(2013)fff 5% T 5 FpS I
i) MPs % £ 31 5% %2 ( PAHs) B W FfF, 45 5 % B
PS %I PAHs A9 W B 5t A 5, DR R 2 08 A7 A6 (45
PS i# it m-m AHEAE D D5 B A AL G RN
R BFERN T o TE WISHYE) MPs, 4 PE F1 PP H
fiE 2o Y A8 Ty W B A PLIS 44 9 (Liu et al,
2019a) . % T-& 4k PS MPs ki, i T 5L R 55 5L
SR, W PR R DA R VR R A

T

B
o MP :
y 31:: \‘. 2 73 1

AL

7 & MPs HEMKIEA T35 5 1 A FR AR XUR: (43
Gao et al., 2020 1&2)
Fig.7 Potential environmental risks caused by irrigation water
containing microplastics entering the soil (modified from Gao
et al., 2020)

(Liu et al.,, 2020) . Hu et al.( 2020) B 5% % ¥ &5
pH FMKER BE 224 PE. PVC il PS MPs X 17p-fE
TR RE S . FERRYE pH T, MPs [T REZR 1T
FEPA AT DL i SR PR 17 B R 5, Y
pH FHE s, 17p-E = f 532 B 11k, A B HE, Bk
59 7 MPs 5 17B-M —f5 2 [a] () Z SEAE FH (Hu et al.,
2020) . Wu et al.(2019)WF5E T 5 Mol b &9
(XL AL XUEy S, AR Fo XU B, W AF ) 7E
PVC MPs - [ W BRATLER, 45 H 5 K AH E AR X S
W BRI TR P, (FL R HE - A PO SR W B B
AR

Zhou et al.(2019) 45 H 76 o [ o3 2T 2B
X, MPs #4371 5 55 42 J& =2 5] HL A7 AR 5 1) AH SC 1,
MPs F S E A8 & i, E4m 0] LLE i
WL 5| . 2T 45 A VE F AT 3 W B E] MPs 2 T
(Il 8) o MPs 1] L DA BRFT 119 4 T8 15t [10] 422 b Pk g o
X BTG Z (Brennecke et al., 2016), S8 E 4 )E 15 YL
FIP BG4, ¥ RAEH R K R G (75 Y i .
TERED L R /K % BLT PA, PET, PP, PE, PVC
MEFYERF FLEREYEAA MPs(Fik 199 n/L)
(Bharath et al., 2021), F-Z& 8 H %) 5 4 J& 1) W 56 g
J1(Selvam et al., 2021) . MPs X 5 4 Ja i W Jf s %
AR T & @A RN TGP . B A i BE ol
Z 8% 7| B A & A% ) ( Purwiyanto et al.,
2020) . PE il PP (1 Ji A /NSRS RE A W B 7K PRI v
14 J& (Cu. Cd. Pb, Zn), R 1E R ZEEH T WK
[ 52K (Ahechti et al., 2022) .

PiEZEAE MPs LB AT e R BUL K IE B i
By, I A AR . MPs AT LL W A% iz s
WE ., PATEEPUAK, PUBRE . MRTD AL AR e b
Z(Lietal,2018), PS, PVC fl PP iX JLFl MPs %}
Tl fri — P I W T = B Pl 4 T A4
HYerE (Guo and Wang, 2019) . PS MPs X — &4 1
FRFMLER 3 222 5K/ FH (Li et al., 2019b) . B F i
HLAE S5 M MPs Xt AR 28 0 R, BRI AN [R) i
TE R 140 ZAE [ — MPs 2% [ 1 0% [ 5 3 4 5
A[E(Liet al., 2018) . MPs 1] & 8 L ik Xtk
F:F (ARGs), A ¥ & ARGs 1Y #E 1A (Wang et al.,
2020a) , 3X -, ] B8 3G 4T A F T 245 P AL 1% 1 KU
(Yuetal., 2020),

MPs 7] DLE s E ARG | & 1) AR . AR EE
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1906 ex H J 2024 4F:
_!_ e — fﬁ__—_h‘_r-"'““-.__
: 7 B (b) /®%% _ﬂ{k _ =
: 7 ¥ P
HOHOM, SN\
" _i:—_ / ! Z,g b
oHO 3 H COO~AME -,g;\
on: { y—onHC i ; L
Vv ='H,C g i O ] C—O~hiv \\\ \
. 0 j .
. e KEEME T, 0 et
.................. kL i ’ . BB J
)00 e P Tl S
L 1O EAME 7J<ﬁ§wafs95
HO ) & N l ’ :
4 s__ _-;\OH
HO N oHh 4 o™ .
3 M AN =
e it H /R Heavy metal < T K q:%k_,%ﬁ

S g e

‘ ¥k} Micro-plastics

&l 8 MPs XA HL(a) FITLHLIE 54 (b) B FALEE (4 Ren et al., 2021a)

Fig.8 Sorption mechanism of organic (a) and inorganic pollutants (b) to microplastics (after Ren et al., 2021a)

RAY I sh kA= Ak, 4R MPs (14 2 Ak P
JBT, ol 3 TR R A R R AR R AT G A, AT 2 i
MPs 7E T R T 7K BRI v 1) 0% B A% 3l (Ren
et al, 2021a) ., Wang et al.(2021b) #F 5% T %1k PE
MPs 5755, LEERUK AT 0, PE £ 557G
S5 BT -OH, —CO. —CH %5 F R A (W [ A7 #L
15 YRR 4 8 1 A5 G 04D, T RE SR iE MPs X
4 AT AR R A
3.3 K& MPs it kX NMEBERENEE

MPs 28 I T, 422 SOV TS PR, ROT/N, 25
Sy 9% A R B i (Othman et al., 2021), — H.#%
NARIZ I, 255 | e B AN 3 w5 7] 81 (Magalhaes
et al., 2020; Huang et al., 2021b) . ¥ Z SZ AL
FEVEAG T 4 48 MPs X A A R Y B2, SR
Mintenig et al.(2019) 4§ tH MPs 0.7 4~/m® A% B A&F
Y A 7K TR MPs 1975 G K S 4eAIK, i
R T 7K BRI A AR 2 85 1 0] LA Z AN T,
PR It W] 3 e X A 4 A AF 5T T 2 U b R K
MPs X AR B A9 520 ( Chia et al., 2021), W53
B, MPs 252 il i DNA #1405, SR AR (ki
N OV 2R N ) IR A 1 97 NN = R A A VA G 21
BT KT T i R JRRE S5 3 A2 % A AR B 7 A= AN )
S0 (18] 9) (Gallo et al., 2018) . MPs fY 1 L 22 1 R
Al BE BRI . 20 M R AN ) 6 B H A 2 41,
A AHEBR ] T H N AE Db KB, FEUSHER

JiE, AT HE i T 982 4iE U (Nagash et al., 2020; Prata
etal., 2020; Shen et al., 2020), R4 Sana et al.(2020)
HIBFSE, MPs AT LATE o8 A R k40 A BBl i 5 RS 12
JRIERGY . MPs BRI iB 54518 J5 , fEReas B A
AP E R )1 (Smith et al., 2018) . Yu et al.(2020)
5 I AERE MPs TR BT IR A 21, IRER R
B Br 2 5%, W] fig o X AE PR 1S BUK APE TR 2 TR)
L, I Hoasimad T PR R A L S BO A AP
YIReRAS . MR Ragusa et al.(2021) 057, MPs HA
15 08 I 25 B B OV 7, 3 AT R B4 A B R S
FEH o BRRHEURL 1) 48 B R e R AR S aE i 2R
YA F0 5 A b i e A A2 s A |
2% P Ok (Chang et al., 2020) . Katyal et al.(2020)

e \ T
W*aé ~! oy,
&7 C 6

19 TRHIAEBE S MPs 3R KX AR FIEY R 520 (Hs
Singh and Bhagwat, 2022)
Fig.9 Effects of consumption/use of groundwater laden with
microplastics on human and crop health (after Singh and
Bhagwat, 2022)
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SRS S IR T K B TE G AR | BRI UK B A i R 1907

HIAF ST R B, MPs AT LA o8 15 0 40 b 3% i 7 P iz 4
M2 S AR B . 551, MPs AR R R A Y
— &R, FIHES 5 e s 2R A TR A 1Y
B (Smith et al., 2018) . Tan et al.(2020) 15 K387~
T MPs FEARIE BTIH A6 S HARDCHLE], 2 MPs X} &
I 5 [ Ak RN A £t 5 1 0 7 XU 4 A3t T M
A5 R WA FEMAY ] i@t fhEE 7 MPs |
A9 A Wy BR 1) 35 AR (Kirstein et al., 2016), 5 7] B
BB AV RE AL, SR CERIA
3.4 MPs FFEEXT il T S R G RIS

T AESRET A2 E Y RHA, H R
FROMZE IS, J2 4% 1 M T 7K A= 81 4 (Singh and
Bhagwat, 2022) . XY T R E T, B
FHEME, FEK BTl A5 A= Wy IR AL 2216 B
FK AT 8 A5 5 TH 0 L KA S R GRS AW AE
SN, KRG Sh 4 T LAVE A MPs 7] L T /KIER
Y A, R R M W R A AR S E L A BT
MPs 7 fifi {2 3 FiE#% (Lwanga et al., 2016) .
M5 Bk R 3 AP AR AN | R HE ARG
BRHZE AR WA A1, 2 MPs 7E + 358 b (4 3 T3z 3, 3
AT KRS (Yuetal., 2019) . X284 %t b T
7K MPs 4 A A e s BHAS AT A B FE L AR K
Az i JE 3 R SR B S Y AR A &R 48 ) RE (Tannilli,
2019) . —SERFSEUESEER A MPs 274k 255 [ A F
B H i 988 2 B ( Eerkes—Medrano et al., 2015) .
Imhof et al.(2013) UESE T AN [Al55 B 251 i I 5 A7)
FEAEMLIC MPs (YT B, SR, SCT MPs X I 5
m B9 % P8 1R 2 ( Wagner et al., 2014) ., Dai et
al.(2022) & IAE—LEAH Y A AE MPs DIUER, fe&n]
PAHE A Y)8E . Tannilli et al.(2019) #F 5% & BUR G
AP MPs FURL AT G823 B A &4 3R, 3]
RESXT B Y M =A%, Danso et al.(2019) %
B B A i T DAAE SR AR B R PR 58 v 1
MPs., Erni—Cassola et al.( 2020) #ff 5% 45 S & 8 ,
MPs P35 AT DUAR P A L 0 KRS 22 4k, I B AE
WA E AR e AR T T AT TE Rk =L AL
B WIHIZERE . MPs 8 AT DL AR 5 5t A I A ek
(I +HE2FEYE), T T AE B RGIEATIRE, JoE
5 A= Wy AR EAE A e 0 RE AR AR R B Y
fi£ /1 (Pathan et al., 2020) .
3.5 MPs Xfth 7k i5 EE R RAI NG

LAF A T RGN K UKL AT DL i o AH B AR

YR B AL AE MPs |, 33X AT REXT B R K P TR
YRR B 2 BCR A B, SR, T MPs Fil
YK AT BHE S K rp A 8 W BB A B R AR
HIRFFRATSRE D . CAMITE BN, SEA71 MPs 1] L)
SEm T ARG KWK Y2 % . Li et al.(2020a) & 3K,
TE R B4R 40 K ki T~ (AgNPs ) /PS MPs [l i [ R,
PS MPs 1] LA Fff 90% LA _E fY AgNPs, iX J2 K Ky
PS AT LRI LIS AgNPs fY n—n A H
fEM] . Dong et al.(2019) & B8RSR I 25 5 i &
1475 (C60) B8, FLAT A% w5 BE MO T 28/ Co0 1Y
L. FRESAHOC ¥ R b2 255 1 MPs Fl TR 44
KIBURLE 1 A 2T RS o B NaCl Vil & o i
M 10 mmol/L 3% 50 mmol/L, PS ik 5 A7 1Y
AL AT SR 4K UL ) 2 % 23 DA 98.4% IR &)
79.8%(Peng et al., 2017), FE 5 PRURAE BT
1R B, MPs 5 7 52400 2 [ 1) i fAH BCAE FH R )
BN

%K (2022) 5% % B, 1E PS. PE. PET #i
PVC 45 45 it MPs £7 7€ [ 15 &0, F A4 4 K 8k
(nZVD X} Cu (1), Cr (VI), Pb (I) 1 Zn (11) By £ Fx
fiE 7132 B A W) A2 B2 0y i, fE AT Ak ek vk s
PVC Xt nZVI (ARG . FE AR s brig
H, MPs 5|2 I8 7RG AL RN AT BT .35 . an SR
1B 5 nZVI A B S I, 4 51 2 R K ep
FETE MPs B}, 25 5 KA & @ 0O g . ek, Bai
XF nZVI et E S S, s o Ak TR
AP B4k % (Huang et al., 2021b; Guo et al.,
2023), LIt RE . (HR Sl Bk B 1R KW
MPs B, Bt nZVI 256 B 2 AT et 2Rt
5(2023)WF58 T MPs FliA IR — R R, DL
1R MPs A7 1 5 A1 2 R 6 S B B R R Y 52
i) S FHCHLR, 45 SR MPs 188 2 52 Wi 8 £ 2 1B g
F U O—H 1 Si/A1-0 248 T HXT 2 5 i W B R,
XHE R KA T MPs SRR R T RIREE -0 Pt
15 YW iE B B AR AT Sy s LR AT S B4 T B
5%,

4 (A Rt

4.1 #Tkd MPs B IR KRG
bR 7K MPs 75 Y M 36 FESFE W8 A BT 5% 1% A T
BB, R 7K MPs 15 4 1) 8 B IS I 1% 42— 1>
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LEA MITIE, AT LA RSk (BB Y e/ IMED)
VWi &4 1572 (BT X MPs 15 52 XU &5 (3 R K, SR
HCH I 15 ) A A S 2K R (FF A3 S B S H R ) i
EWAESS

(1) il 5 Bl HE e, 42 w5 S, S BBk W dc
/N 4k ( Gunarathne et al., 2019; Banu et al., 2020;
O’Kelly et al., 2021; Singh et al., 2021)

H AT, — 2 E G 2T 06 S, LA
/b MPs BRI . 17 22 B R R il 1 — WP S R4
. i, 2008 4F LAk, H E © 2 7E 4 i
S (2R 7= B AN HTREE /N T 0.025 mm (1498
R4S, TERTT . B AUNSZE AT HRG ) 4%
A I R . B ) — S8 [E R O 4k 1 i R4
SO0 SRS R B, LU D 9842 %) fidf A (Pico and
Barcel6 , 2019) . #2030 4F, BR8 i 5 L 1 —
U SR 9 23 ORI /L, i A7 SR R AR 2
] [ ) (Foschi and Bonoli, 2019) . ¥ kL i Bk &
2017 L EWI K MPs ) FZK I (Picod and Barcelo,
2019), /K AR PRI P i B AY R MPs TR,
CRr 2 B 5EE (R A B s g ]

Ul D SR i 8 A 7 A T — A B A
T 22 4 b B8 FHT Aok ) AR RS > 1) I ) 78 BT T 0
/b2 MPs S EEY; AN INIX 43 AR 2 1 b
FROE SRR W75 Y 1) 2 B U Z — (Singh et al.,
2022) . AW ERH TR A W AR R AR 5
SRR A (Dilkes—Hoffman, 2019) . #R 1, A
UEHER I, AR RL 2 25 N SEHUHAL A Wy W it
25 F XUBS: (Shruti and Kutralam—Muniasamy, 2019),
P AN EETE W] A Wy A R (R C R T K-
X R R ) b () W B Hb 7 i R 28 6L (PE T PS)
FHEE G (Zuo et al., 2019) . [l 25 A0 PR IX BL A= ¥
B2 A2 MPs, I 275 4 T K

I, ANE SRR MPs, IR MPs b &4 P38
o, B TR B W A A48 B, A BB TR K b s
MPs 174z, A BN SRR Y1/ MBI E 1. 3%
SEP A LR T E B TS R A N PR (R0 S8 HE
TE KU IR, U/ S} 7 it 1) (58 FH RN SR 40 17
Hesif o oAb, T 2 1k b 7y RN BRIBUG /AL il
AL RGN ITEE | PRSCHIR I K /> MPs {5
JLi A

(2) %5 MPs 75 4% AU &5 A9 1l 7K, SRR T3 B

T, VWS Juakis

BT 25 70 AR R R w A BRI K, MPs
SRTERIK HARAE S RGO AR50, KT
B AW, DU > MPs 15 52 X 5 1R K A
HAEH, WP T K A9 MPs {55, FRAE7E T
KT R AR A= I HBIX, FEIT MPs 15 54 - X 11 1
K, Qi T A K HER X ARl X
B S A W 0 MR K ) e R R K
MPs V75 G 118 iy AU X, 2 e JBCPE Aff o 1 ZK K 1)
A A B AR B b I 0 I R K MPs
Wz

HRAE B R R, K240 MPs 15 G4 4L h 7R 1
o PR, 75 B0 R X B R K BT IRAE R
JRUBSE RS, IR BB sl /D ¥ K AR, DT R AI
7K MPs 1554 By Rl BetE . FEIXSEH X, 38 s/
7K AR 1258 BE ) T 7K 86U kit e AR
TRHLT 7K e, H A A0 BN 27 B 16 5 TR R
TKTT L R BT R 3R, ikt W 284 719 35 5 (Hussain et
al., 2019) o A4 45 Fh 1y 2 B i s 2D Vg K (R,
N AN R 7K A5, AT 8020 36 R 7K MPs 75 3¢
(Hussain et al., 2019) .

TSURR R = T A3 MPs AR EE, JF i —
A hin i H 1) R #% 36 ( Ziajahromi et al., 2017) . FR
— S A TS e b B ANGE, nEE ks KT e T
T3, WABI TP IEHE T K MPs {55, JRIKI5en]
T il iz, 3 [) AT LS 3R 95 e AR 4% 8 — IR R
A ( Mohajerani, 2019; Mohajerani and Karabatak,
2020) .

TR e D A s SR 3 s T K
MPs 15 Y4, 77 LA B = R BB I, I S W2 u
WK T o 4R H K 1 B 7 T 8 5 U 7 1
i J7, VUGB I8 TS 4Pl S5 F/KIR & o

(3)HF Al B EHOR, SEEHL T 7K MPs 5
L AR 22 bR

WEFE L T /K AE (AT MPs Zb B %, s
ORI AR, I TF T KRB MPs &) TR BRI J7
%o WRFRRW, Ykt g ds nl DA 8 bR 5 A
10 pm ) MPs BR&, L BRBOR & I8 95%( Wang et
al., 2020c) o MURLTE M5 (GAC) i g % o gl uk A ml
DI BEAROK B MPs (B2, 5B R 15 61%(Wang
etal., 2020d) . It4h, GAC i & &8 %F /NG MPs B HL
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TEREME, X —DESMY L X773 AT TR
it FH A5 BR MPs.
42 RFEKRERE

Hi R 7K HY MPs 15 G A ki B R 55 0] 52 |
O, HETFSE E E X H T 7K MPs 15 3L (1)K
/N 2 VI I W & (TN R S [ 4 D& a1 s e
JrAE T AT TR, ABARCHESE M AR e A2, AT
S TERER R B, AR KIE T2 N LAT L7 T
WA WEFY (Re, 2019; Ren et al., 2021a; Ding et al.,
2023):

(1) 75 ZHF A A AR AE MPs BB R, 0
Hi R 7K MPs BUREFR IS DU A5 B AL RR Y o 481 an ik
FHZ R Rl AR AE MPs BEA S, B2 5 06 TE RI1R
30T LA e A B Br B R IR, 2Rk MPs A3l
ST EOR I K a3 2 — o TEIX A B9 4 )
R IR Wy BN AR EAR Y O ol A B T AR BB 5
AR, WS Tk 22 5 5 BBz — B DL K 2
SR L B A DG R) T 7= A A 25 . X I T AR AN
AT DA R AR DA A0 S50 1) R A2 ] 1, n ELk Ay LA
8 45 B 2 UM OGN B3 A Yl DA T o D b
MPs 75 L AR

(2) FFELHAT 2 MR A B E X HL R 7K MPs 15
YL E A B, AMETE MPs 1534 B B SAE
SRR E R, K UM TR i 75 LI, B bR K
H MPs 9% (8] 53 A1 o e [l 28 7 5 L 46 a0 EE
SEHORTE MPs PR AT H A X T MPs iF 23 43
A BT AT A B — 838 99 7 ik, L anALas >
BT AR, AT AT 20 AT 0, I R
FIREE

(3) T fiff 3 B HLFHCKE S IR W R 7K Th AR AE 1Y
MPs A] G % # T 7K 3 4877 AL W 7R 52 i Y B 8D
BR. VPG MPs 7EAN [F] Z2 AL b ) i B e Ak A
B Ff e & K ZXF MPs (IS5 . AR T 52 I
X 3 AN TRl 7K SCHb BTRRAE A9 3 R K 5 K2 R G A
ANFEZEAIE) MPs, A T4 B MPs VRS 50 1
T 2 BV 22 o0 BE o B A R 3R TR R Y 2 Ak
MPs % OC T, JUHGETEH T EKE RGP
] S8 AL I8 S 25 A T 2 Ak MPs IOIE B AL 1 1% 15 2]
WA

(4) HATE T H T ARVER AR AT ) MPs {25 X
I R P S5 XU A 1) A B8 T B A8 . RS 2L

B 22 B RITSE R0 5 T 7K TP o0 2 AR R 7 AR AN A
SR MPs YR EE

(5)ITAERXF T 7K MPs 5 H A A A5 L)
()8 . POPs) LT EAT N BT b A TR 3
HRIBTBL. WAG MPs 75 K2 AR 5 G
REGVE, AR SR AR A EAE TR R )
MR KI5 Qe AR I 256 R L AE Jm SIS
ML TR . 0] U AR A T MPs 5 B 4AIE
PR L BR BRI R A Sl A T A S W), SRR
BigraiER .

BN, T MPs i R AT SN 124 T 1
K MPs (8 HURE RS I AR E AL R P S | S
(] 73 A1 4 I R 2 88 (9 5 L R PRS2 MPs A 3
ORI R AL A R (R L

5 45 &

BT AR ERHE P i AW N, Bk =58 2
SEARLE P P, MPs 15 e R R K — Beif ], R
& HATHL T Ko MPs 15 YL [ BIF 5T 0 A T 92 B Bt
EL R F 3t A B IE T A K T (R ER b, M T K AE
YeF NISIG B AN [ SR A28 R G0 i SR, DA R
Hi R AR R RS B Y 38 VDT L, BT AH DA A
WA . R T RS —WF 5%, A% 3C 22 40 Hh [l it
T8 MPs bR /K A9 75 YL BUIR FIRREE KUK, 4555 T
AR A ) R T

MR K EE DL R A R R R
fik £, —WERE (PET) fil 3R 204 (PE), £F 4k s 1R 3%
THECHEWAIEIR . H T K H MPs B9 58 32 2R 7E
YT ML DX, SRR AE R BRI AL DS, m 35 L RN
FIE N 5 20 2 B Fa ot . i FREAR IR 4
AT 7 v 1 5 T e, ] e B8 E A E AR 3 A
MERY . MPs Z3 AR 76 T A LR 7K iR If R385, 47 ] BE
Z 5 SRR Sh BRI, H MPs 765 7K)2
W IE B R AT Y, T LK B iE R, ol N 7E
TANZFLA . PRIk, AR ME T 7K 1 MPs fY
FE7E . PR MPs FHAR MR K (1) Ak 25 R R S5, i
HA S P A R B i e v, 75 EAR K (R 4 REAR
XSG BRE 1A AS ) S e SR A o A PR

FE I, 38 1 X R 7K MPs (1 SCHERZE I, I
A JE % LT L

(1) H1 R 7K MPs 75 2 (55 1 = G5 — (AR

http://geochina.cgs.gov.cn F1 E M1 5T, 2024, 51(6)


http://geochina.cgs.gov.cn

1910 il

Hb, Ji 2024 4F

gi—Ak. BE L MPs BITEM 4R, FRifETL MPs R
BB R ik, DA (B AH B 225 % e, X
Hu R K MPs 120 AT — > BE AT R SR 4B R
IR, T8 RSB TR

(2) Hl T 7K MPs 15 4 45 BRI 1T LM il 5
Sk CRNE W /M) . DIWHE 4G &4 (BE X MPs 15
e IR 13 A b 7K, SR BT 45 it ) AN A ity B (OF
Kl BB E HAR) X AT E

(3) T J T 7K H MPs FTE7E PR35 KU F
A, ST — 558 T R 7K MPs 152 (1 4R 25 KU
W iR 2, DA hIORS L a2 B R S
Ko
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