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Abstract Most of the microplastic pollutants in urban wastewater are migrated to the remaining sludge during the wastewater treatment
process. Elucidating their distribution characteristics is of great significance for clarifying the emission and environmental impact of
microplastics from urban wastewater sources. Herein, three wastewater treatment plants ( WWTPs) located in different administrative
districts of Guangzhou were selected, and their wastewater and sludge samples were tracked and collected. The three WWTPs
contributed a removal rate of over 95% for microplastics in wastewater. These microplastics were migrated to the remaining sludge. In
the dry sludge, microplastic concentrations were (19.6+8.4), (39.5+15.6) g™' and (15.9%4.8) g™'. The shapes of microplastics
in sludge included spherical, irregular block, fibrous and film shapes. The spherical and fibrous shapes originated from domestic
wastewater, while part of the irregular blocks originated from industrial sources. Among the detected microplastics, 80% ~90% had

sizes in the range of 1 pm to 100 wm. Moreover, there was a certain correlation between fibrous microplastics and larger size (50~ 100
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pm) microplastics. Among the detected microplastics, transparent and white materials accounted for the main parts, with their quantity

proportion ranging from 60% to 90%. In terms of materials, polyethylene and polypropylene microplastics accounted from 60% to

80% , while microplastics of more than a dozen other materials account for relatively small amounts. In summary, microplastics in

WWTPs are closely related to their wastewater sources.

Keywords microplastics( MP)
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Fig. 1 Process Flow of WWTPs
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Fig.3 Removal Rates of Microplastics in Three WWTPs

SRR R 1 B, TiE R
SRR FE ST M (19. 6+8.4) (39.5+15.6) /g
FI(15.9+4.8) /g, AHY TR ARNK BE AT IR ) 1x
10° 4~/ (kg T5) . CAH MBS, Ti5ed il
SRR BEA AN, E AN R B, Hly ES
JKALFRT 075 e rh SRR R BE n] 3k 129 ~238 1~/ (g
TG ) i FE P AT & B, VU R X AR 43 K
SR FRT 5 e R FE AL 44. 4 ~750. 0 1~/kg.
XA BEFIAS [ b DX Y5 7K PR RE ) SR R N = i 2 S
K, WeAD AR TE BT 2R FH A 0 43 07 2 R0 AG: I T
Brib sz i i N FL BRI BT e AR Y
PH R 2 | D A5 1) 0 9 ) e B AR A i =2 IR
SR MR R A W O & OGS R 5, TRAEEE &
INRGT BRI RS 32 (B & BE 10 02, 15 U
ST R A R B v T AR IAEE R AR
JIFSRAE 85 8 Hh i IR B L B SR -3 T T
RN 1 ~2 RS IR g s e Bl HE
B KA R A B B, 1
RS G

T 3T AAL IS P O v B
Tab. 1 Concentration of Microplastics in Dry Sludge
from Three WWTPs

KA ORI/ [ A~ (g TI508) ']
15 19. 6+8. 4
25 39.5+15.6
35 15.9+4.8




XBUFTE B2 Xl 3, 45

AT ML X5 K AR B e b O R A MR AR

Vol. 43, No. 12,2024

2.2 WAk

15 B EDE R 5, 5 T IO R dh i
OIS 4 R, Hd & 4 FOgAR . BRI A
FUNHOAR 5 AR TN AR 3 R0 — 2L 5] Py Y H A
1K EE— 20 BRI R — R TR L
BN 4(a) ], HRANRIURCKBNL Aok, F 2
K AT AP B S A A SR kY L A
PR AEM 25 TCAERNG K HEA TG 7K AL 3
I~ AFNBARFIERL] K 4(b) ] 00322k [ HAD
TR A A A, RS2 57, LK BIULE
TOKRESA A3 HoRIR LR 2%, W RER T 4%

Foft 2 356 A6 A 7 R v S i ) S8 A R A BT S 9
Oy B R R BRI I 1 1 TS KRB AR B S K b
BT, ARRBUIBRLE 4 (c) ] B RSE 0 A d A
] RPN APV IR K . R B AR
Pyl o i o3 1 SEORLET 44 B f A, AR WU TE VR A BILUE
Vi e b 32 ) 4y BEAUARAR £F A1 1L~ 25 590 (PR AR |
VAR THREK SR ) BRI I, 2 2 i v — b 2f
AR AR AT HEA S5 K 22 SRR
[ 4(d) ]— MR IE T BRI BRI (R |
FREAT) o o 86 g 5 FH i BT R A SRR e e i
FRZK kil s 75 7K HEE e AR BT5 K AL BT

T B R BT RO W B 22 i GRS B A SR 5T
B4 A RHOE O 3R
Fig.4 Micromorphology of Typical Microplastics

ATV 5 K AL BE )5 Y8 P B AR R AR TR A
ST A (E 5) . 1 S5 KA T A5 Je ke b
BRI AS IR R RN 7 DR A R e A Ay
Horb BRRIBURL 5 o 31% ~45% , AR HRIR (5
K 21% ~40% , BRARORL £ ZR A T4 HAE R,
RIS Tk A 7= Do A AR B R, A
B BR A AL, T 32225k 1 TR Gkt B
LA RS S Ak e 2 AR AR A B A T A o, X
53 THCRE PT g2 DAL FH 0 26 ol Y S A e i e i A=
S, AT BB MR 5 7K A B R v R AL BT AR
A, BRAL B AR W T KR TR, T gk A Tolk A= 7= i
o A4 IE R 5 TR 21% ~29% , o F 2k
VRTF A RN Gl i Ve i B, S AR 5 K i 22

ST o TIPSR A 9 A1 DU Sy 250, HL ke Y Ay i o
IS B o3l FIREE fff . T SR B Y T AR 3 A R AIE , U
B 1595 KA BR T I RO R B Ok A TR TE K, 2
SRR AR LA IR TS K O L Hod BRI
LY R 75 5] 54% ~ 59% , i AS A1 00 He AR i 1 o
BRGNS 1 S5 KA 40T, X I HOR IR
FA AP EE VR T5 K L BIARXT T 1 535 K Zb T
B, 355 KAL) AT BT TR], BRobR S0k i 48
B HBIAR 2] 15% ~23% , B Hok B T4 AP
BRATSK Bea D IRl >k BT A W Pk U () 41 2R
AL BN S 1 S5 KA B) R, (EAEEN
S AL BRI FE )R 48% ~ 58% , 3t & T
1 S{5/KAL B F 2 S5 KA B 1A o4 A



I G . N Vol. 43 ,No. 12,2024

WATER PURIFICATION TECHNOLOGY December 25th, 2024
| BRI T AR etk T e ] A RIS [T Rk [ AT ]
(b) 100% — i
= 1%
2501 L 80% D %)
SO I 2o} —1
1:'5 200+ e e - 60% + ,
S 150} — < | [a0%
l = aonf | © =
E 100 Bl . o Nl i e
.. 29 B Lo oy r ; i 1% i ]
0 s F i 0 L . X X
2022441 20224E7H 20224F1051 2023411 202244 5] 20224E7H 20024E108 202341/
Ay Hii
BRI D AN R T 2R [ ] A BRI [ AR [T AT )
(c) 600 (d) 100% ——
= 500 -l .
) 56%]| |
5 &L .
= H
LRt & :
'Ez)o . o moa0%l ;
100 | ] : 0% f | =
B o ! — | T
| [10%] | 15
202244 20224F7H 20224E107 202341 A 20224F4H  20224E7H 20224100 202341 A
At A
U BRI O AR et [ £ [ R BRI i AHU R T e [ ] W
(e) 200 (1) 100% - — :
160 | 80% -
2120 D; 60% - - 52%]
bl |_| 33 2%k o | PR | —— | 19%]
o o . : :
0 . ; . o peE T : - :
2022447 20224F7H 202248107 202341 A 20224F4H 2022487 H 20224108 202341 A
Ay Ay

e (a) Fl(b) TR 1 S5 KEF), (¢) A (d) Fom 2 S5 KEER), (e) FI() F£om 3 515K, R,
B 5 HIEHEAR I A
Fig.5 Shapes Distribution of Microplastics

Ui 3 S{5KALB 5 1 S5 M 2 S5k DURSRRERIA, 15 OR IR 22 5 2 i & 5 i
ALKV E AR, 3 S KAL) e RIS IR RS R RERE

TADTA ™, AR Rl SR HEME 2.3 R

BT, XL I HER B 5 K ) RE A A% A 15 P RO RS By R oA Inisl 6 Foi,
A 5T BB BT 28 AR BT AR Y GO R X 8 SR B3 R TS KA BT R OB R LU N RS S 3
PRI ARSS 53, BT VAR BT AR LM BCIR B FIZE 45 1~10 pm F110~50 pm, BI40,2 557K 40 BT



XBFTE B2 XS, 4

AT ML X5 K AR B e b O R A MR AR

Vol. 43, No. 12,2024

Lo 1~10 pm T ho-s0 um [T ]50~100 pm =100 pm

250

200

150

HOE (10 i)

O 1 1 L 1
202244 H  2022%7H 20224108 202371 H
At

() 600
500

400

300

"
=
(=1

t

HE (10 gi5 ey

285

100

023

0 SRR | BEEEREES: : s
20224F4H 2022%7H 20224108 202341 H

Aty

C =10 pm T 10~50 pm [ 150100 pm =100pum [ JI~10p

.
o
L2
o
=1
=3

Fri~10 um

(b)

10~50 um [ 150~100 pm =100 pm
100%; : .

80%

60%

40%

20%

2022447 20224F7H 20224107 2023%#11
At

T N~10 pmE10~50 pm[ " 150~100 pm =100 pm

(d)

H 4Tk

100%[

80% [

60%F . .

q0%kti

0%

it B D ! - ; _ T

2022441 20224E7H 20224E108 2023451 A
A

mi " 10~50 um[]50~100 pm =100 pm

i ® 100%
L 160¢ 80% -
=
2
= 120} co%kl i
< o | 4% 5%
B sof T 40%f .
ﬂ ™
40r 20%f |
0 1 1 1 1 O 1 Il 1 1
20224247 20224E7H 202245108 2023417 20224F4f] 20224F7H 2022410/ 20234 1H
Aty Aty
B6 GRS

Fig. 6  Sizes Distribution of Microplastics

JIERIRE &, 3% 2 A ROSH I i 98 kL 5 L 81 249 Sy
80% ., FHIHY, BRRAT BB EL (50 ~ 100 wm Fl>
100 pm) WAL (5 20% A2, A FE BRI 2,10 ¢ T3
P EEREA A TARAE>100 wm 1508,
XU AH RS K A B AR e R — b R
oAb PHAE Y B IE B Y5 e b O ORE, N R

TR, X TR L Ty m R B, AR
JSFRRCIERL A B3 B B, BN Al i it
BTGP U, — B3 KRR BB, T
RETEA Wb B L L2 15 P B e 4 T AL FIAILBROBE 7K 25
SR L e SRS TR A0 %4 NN =0k €20



DE N/ G I N
WATER PURIFICATION TECHNOLOGY

Vol. 43, No. 12,2024
December 25th, 2024

SR, 1 S35 KA BT/ 3 S35 K Ab BT () K
TR RL ) LB HE 2 5 T3 7K b BB 7R 4
M b i v & B A R RO A 0 R L 2T S R Al 9
hE, BEHEIREIE(E5) 1 S5 K483
TG KAL B e A B 2 AR AR AR A R
O R R T k) He g s B BRI, T 2 5
157K A BT 2 A AR A0 R i 2D B A /)N
RSERE RN £ o N B ROEE 43 #r, Bk BN
(] 75 7K Ah B 6 AN (] Bsf ) i B A i ROSE o3 A R
ik,

2.4 B

3 JAE V5 7K AL 5 U SR e B AT n 1A
7R o Herb g BRSO R X R,
a1 ST KA BT RRE S O PR ORL L R
15% ~25% , A8 R 43% ~58% ., HiAth 2
JAE 5 KA BT B A IR L, A TR TR Y
SRR A2 LA B R 1 €8 0k 3, R 45 A 1
(YRR, 2 p 35 B AN €0 1 SRS I 3 R0 4 R
Jr G, T SRR sl (i A R e SRR 4k

AR Gy I
g liilas

(a)
300
_ 250
5
= 200
&)
= 150t
¢ ==
I 100 | ==
sof LB © S
: ' ; 64
gl 20 .| "3 2 ;
2022447 20224E7H 20224108 202341

R

| 2 i
Q: - .59!?(, ik Bq9, . 43%
mo40% B
20% o
22% T 7 21% 29%
14%
0

225
ol 1 | | e ||
S L] | e
oLl 8 | [Taf L
20224F4H 202247 H 20224F10H 2023 1H
At

FRR A 2> FECH P 1) b2 B0 R B A 5 M 2
BRI, T & AR RS, DRI, 1 s B iy
PO B RO R s I A ot A i
BURL el s o S WEA —E M, X
SR V5K AR BR T V5 U o SO Rk Y 3 R R L
Az A T SRR TR B BB RS Yl 32
2.5 #R|

15K W E B BT A PE (PP PET K&
I (PVC) %, I, 15 K Kb B 5 38 b 1 £ 0 k)
U DA 5 S B E o 32 (&1 8) o Fh 1Bl 9 AT,
BT HEAA T 2 (SRR PE A PP T H Al
AT TR ]y /INER 43 N, 1 S 5 K AL BT
) PE A RB R Ee N 37% ~ 56% , PP 388k
oA 21% ~33%, 3% 2 284 5T 19 S 28 8} 5 LE AT 3k
70% ~80% . HiAth 2 4> ¥5 7K b FR T 0 A 25 1 43 A
0L, Wei 2518 P25 T LR Y T5 K AL B, & B
PE PP F1 PS N5 rh FEE A MIBRA T, i Al
— U5 T R BTG K AR ER TR R L PE
PP PET %503, IXELHF 54345 A /K AL B 108

. re [ IsE 1B
EErcEEscl gal Ine

(b) 100% - - —
80% |
oy 60% [ e
X = R ol b
o 58% : i 9
P S e e
- - - r
15% 9% 19% 22%
0 1 1 L 1
20224F4F 20224878 20224108 20234818
Ay
I 4 (. % (o o e ]
EEerEEGr] wel an

20224F4H 2022%7H 20224F10H 2023415
Aty



XBFTE B2 XS, 4

AT ML X5 K AR B e b O R A MR AR

Vol. 43, No. 12,2024

B B [

(e) 200 (N 100%
T 160 80%
=
o 120f 60% - _
= &R : i 49%
5 80 : T 40%[ | som | | 48% ; .454.%..:
® : 68 : .
40F| 54 = 20% 4 - =%
7 : 23%
== ot 26 41 15% 179% 21%
0 1 1 1 1 D 1 1 1 Il
20224451 20224E7H 20224101 2023411 20224F45] 20224E7H 20224101 2023411
R A bERV)
7 ORRLEE s A
Fig.7  Color Distribution of Microplastics
21000
o, | 9000} .
g, |
3 180001 "Ml | ) | i 8000,
s ! ":\‘k}"? \ l EE’ vl’m“»r.mnnr ~'I|I- .‘ I ‘ |
= 15000 M'”""W'vu'awg., ¥ W i & 7000r s b o\l ""IM',L Pl
L et Wl \ £ 6000} R
e | b
12 000 “n, 5000} 4»,\
il L [l Il 1 L 4 000 1 L 1 L L L
600 800 1000 1200 1400 1600 600 800 1000 1200 1400 1600
e (em ) HE (em )
(a) PE (b) PP
20 000 30001
o, 2500F
; I g -
a5 000 || & 2000k ,I
= B sl If
210000} | o'1or oA T T
E il - I L4 IlHI I‘
5000F | 1 | 1000 o Ny Vit AWy \w;
S 4 WS- s00F o
0 s i L i i i 0 1 1 L 1 1 L 1
600 800 1000 1200 1400 1600 400 600 800 1000 1200 1400 1600 1800
HHU(em™) A (em™)
(c) PET (d)PVC

8 3 JE{S/KALERT THOBRL A B BT B O
Fig. 8 Raman Spectroscopy of Some Microplastics Materials in Three WWTPs

RHRRIEAG B VI CEE . 15K AL B O fE R 3Bk
TS AR U R T R B L H P B o BT
T SRR R B X SE RV R M B PE
PP PS PET %, (I, 15 /KA H V5 IR A RS
15K b TR R B A A — B, B R Y (R

B ATTIKAE IR AR 22715 (A ol v GO
Fior A A BE 2R, BN 1 S5k fh PE
(2R e o < SN~ BN 7 N S Lt = i I O B s o [
50% 56% 37% .37% 1 PP 89 &5 K 27% 21% |
33% 30%,, 1M 2 575 K AL HE ) () A8 A ELA T kR

B, L R A TR A T PE Y LB
68% 70% .60% 41% , 1fii PP ) 5 b AN 11% 38 i1 5]
39%,, XUBLEHLULI, 5 K AL B AR S RL G A
Wil 2 AN TR 2 5 R A R RN 94 15 7K 1 oF 5 AR
B VIAADC S8 BRAEAS R 220 il 11T H 5 FH i 2T 15
FEAEZESE T SR HERICHE A 35 7K Hh 8 S A A
AN TR 25715 T B3 W i edy >F 13 4 R /K At AT e AL T5 7K
ARFRT LTS R AT R S M ¥ 7K R R Y b
oA . A 25l R 2 T B s RRE
FEFLAAE T T, A — S A5 0 A SR I
B, A H WL JE TR LA K Tolk b WA FR A |



e

KoH AR
WATER PURIFICATION TECHNOLOGY

Vol. 43, No. 12,2024
December 25th, 2024

=
£

250F

BB (10 gl i)

0 L : I | 1

20224F4F 202267 20224E10A 20234 1A
A

JPE PP IPSTTIPET [ HiAl

0 202248 2022477 2022410/ 202341 A
A

iAPE PP TIPS IPET [ 13l

o
&
12
g

1601

[
=
T

B A-(10 gisigy )
S

4
(=

= | ]

2022474 H 20224E7H 2022410 20234F1H
R

9

b) 100%

otk

ElrE PP IPS[EIPET [ 1H:ih

80%

60%

40%

20%

Ozozz-’iﬂﬂ 202247 20224E107 2023414
iR/

o dpp[ IPSTIPET [ 1HiAlh

0
202244 H

202247 H 20224E10H 202341 H
Ay

I pPEEPSEEIPET [ JHAt

0 L L L L
202244 H 20224F7H 20224E100 202341 A
Ay

PRIRRLBE 50 A1

Fig.9 Material Distribution of Microplastics
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