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Abstract: Based on 12 field surveys conducted in the coastal waters of Macao from 2022 to 2024,
this study systematically elucidates the spatiotemporal distribution patterns, physicochemical charac-
teristics, and ecological risks of microplastics (MPs) in the region. The results indicate significant
spatiotemporal heterogeneity in MP pollution: larger MPs (0. 3-5 mm) exhibited a mean abundance
of (2. 30+2. 50) particles/m®, with hotspots concentrated in areas of intensive shipping and tourism,
such as the inner harbor, reflecting strong point-source inputs. In contrast, smaller MPs (0. 02—-0. 3
mm) displayed a mean abundance of (1. 13+0. 43) particles/L and a more extensive and uniform spa-
tial distribution. Correlation analysis revealed a significantly positive correlation between the abun-
dances of smaller and larger MPs, suggesting that the in-situ fragmentation of larger plastic debris is
a key source of smaller particles in the marine environment. Polyethylene (PE) and polypropylene
(PP) were the dominant polymer types, displaying a distinct size-dependent segregation: PE was
primarily enriched in the larger size fraction, whereas PP dominated the smaller fraction. Ecological

risk assessments indicated that although the overall pollution load index (PLI) remained at a low level ,
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the potential ecological risk index (PERI) and polymer hazard index (PHI) reached extremely high
values at specific spatiotemporal nodes. This reveals a unique "low abundance while high toxicity"
pollution characteristic, underscoring the urgent need for the implementation of appropriate micro-
plastic management measures.

Key words: microplastic; ocean; Macao; ecological risk assessment
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Fig. 1 Macao surface seawater sampling station
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Table 1 ~ Classification standards for ecological risk levels of microplastics

Standard of risk classification(Risk category )

T f model —
ES B I (fif) I (h) I (45 V(&) V (Be)
PLI <10 10~20 20~30 =30 -
PHI <1 1~10 10~100 100~1 000 =1 000

PERI <150 150~300 300~600 600~1 200 >1 200
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Table 2 Comparison of microplastic abundance in seawater in selected regions at home and abroad (trawling method)

Area Abundance/(particles*m™) Reference
Wi, P 2.30+2. 50 LN
i, 0.61 [37]

HUMITS, FE 0. 140. 12 [38]
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(8:32)

Area Abundance/(particles *m™) Reference
Fils, 2. 07+4. 00 [21]
Ha: v, S&HE 2.649.5 [39]
AR, B 0. 24=0. 35 [40]
H PGS, BRI 0.31+1.17 [41]
s, HA 3.25 [42]

3 [ ARG HUDHE K H RO R B ORI %)
Table 3 Comparison of microplastic abundance in seawater in selected regions at home and abroad

(large-volume filtration method )

Area Abundance/(particles+1.™") Reference
W, TE 1. 1320. 43 ENGIT
I, PE 0. 545+0. 282 [43]
M, hE 1. 701. 50 [44]
SRR, ghE 1.602+1.274 [45]
MR, R 1. 143+3. 353 [46]
KFFis, kPl 0. 13~0. 69 [45]
Ha s, 2 3.624.0 [39]
NI, 25 21.29+36. 21 [47]
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FORIFETIE e ah R GG (0, R iiplas | BrHakif Bar b RM0R i B o e B ey, i ] R
PENHFERR AR, MRS ERRR IR, 7£0. 02~0. 3 mm(FNR) [X[8), 46K 250 ERH
BUEWEEE, EEA R T 0. 3~5 mm( IR X8, X BT RERGRZIA DGR R E OSSR . KI5
BT YRS T, SR EPEERR IR AR A, BB RN K, &R A
37112 I

mE 6D BN, ISR FER SRR PER PP A, XRS5 4 BRI R A0
i LI 2 SR e B — e ) [ N A SRR R B R B L N 4 B R . PE R PP AR R 4
BRFA RO A E I RE, w2 e e R HL DR R T AR T S AR MR
BEY, MAS, WTIREERY R RHE IR R T — R R R G ik BlG . PE EEE E TR AR
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SAFEZRE A YRR SRR B B AT DI SE . B, PEIEH BAT S S i A
orFE, Hpuh R BRI R IFFRPERE LT PP, XA PE B R AEm e R h BB A X A b b Py
Sp e, U T RIS I R TEAAEAE™ . M2 T, PPRESEEH S BRI 1, HoH ek
VEMEONUR, A S I AR v R A SRR R L™ . ST RIPFFOATE, PPAEAH B3R
SR SN T L PE SRR G R R, P AE R R B/INEURE > o IHeAh, PP B T e bRt
EETAE, XU AR ARSI AR BRAREUN, B8 T R NERL b PP IR

A B
14.5%‘ \

o5
3y D~ 1mm
— %E/ ul 42.8% 40.9%18.4% 0.3~0.5 mm
32.4% LA 2 0.2~0.3 mm
T:FTE 0.1~0.2 mm
R 0.02~0.1mm
33.8% 68.7%
16.3%
67.7%
D
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S 2.3%ﬁ v B PE
1] 2.1%, B PP
i 2.6% 5% PET
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[EEPARE) EXA
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= ﬁ,ﬂﬂ \ B Other

6 BEEDBIR(A) . RAF(B) . BlE(C) 5 RS HRE(D)
Fig. 6 Shape(A), size(B), color(C) and composition characteristics(D) of microplastics

The inner and outer rings represent the characteristics of microplastics with particle sizes of 0. 3-5 mm and 0. 02-0. 3 mm, respectively (NI FE R
BAZAEO. 3~5 mm IIGUHEHIRFE, SMRFIRRARLEO. 02~0. 3 mm I KR URHE)
4 AT EE NSNS HE RO EDEA 5 RS 6
Table 4 Comparison of morphological and compositional characteristics of microplastics between this study and typical domestic

and foreign marine areas

Main sh. Main col Main pol
Area Sampling method Main size(percentage ) e A€ot Al POYMET  p ference
( percentage ) ( percentage ) ( percentage )
#7(0. 3~5 mm) i 3% 0. 3~0. 5 mm(42. 8%) 214k (32. 4%) HEI(41.6%)  PE(41.5%) AW
0.3 mm (33, 8%) HB((22.6%)  PP(34.4%)

W/ R (23.9%) (13, 0%) PET(8. 0%)
BIT(0.02~3 mm)  KAABURIKLIEL: 0. 02~0. 1 mm(68. 7%) R (67. 7%) 7 (42. 8%) PP(33. 6%) LN

100 L MR/ R (15.1%) (19, 2%) PE(28.7%)
24 (14. 5%) L4 (17.9%)  PET(13.9%)
AL KARBUCRIAK L D v 0. 005~0. 05 mm 214(40. 0%) W (40. 0%) PE(50. 0%) [55]
20L it (30. 0%) (1,(40. 0%) PP(50. 0%)
T (30. 0%)
/N KIEBORAK L 87k 0. 05~0. 5(>80%) B (48. 0%) #EWI(37.0%)  PA(26.2%) [22]
20L W43, 0%) W (5,(38. 0%) PP(13. 1%)
PE(10. 0%)
AR RARBUR AT g 0. 5~1 mm(48.9%) 214 (70. 0%) (7062, 2%) PP(21.9%) [56]
20 L 0.2~0.5 mm(21. 5%) TEHL(21. 1%) BEI(11.2%) PE(18. 8%)
T (8. 9%) 2144,(10. 2%) PS(9. 4%)
PA(6.3%)
RET, HA EOEIRES <1 mm TEHL(75. 0%) #HHI> 0, PE(49. 0%) [57]
0.35 mm 17 (13. 0%) PE/PP(24. 0%)
(6. 0%) PP(8. 0%)
214 (6. 0%)
TS, Hi 75 2~5 mm(37%) it (53. 0%) - PE(67. 4%) [40]
0. 335 mm 1~2 mm(37%) 21 4E(25. 0%) PP(16.5%)
WK (11, 0%) PS(16. 1%)

W (8. 0%)
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2.3 EZETFHEXESHSITIE
2.3.1 SEEAXEHEF AUICEREIKEIP T 7. T AHRHEEE . X FEKES
BURAENR, LR R AN RILEN 2280 2 IS M DI A S5 s 48R . AT EGIE 7A 55181 7B B S 25
R, ATLLR A R A RPRAR SO R SR B LR 225

FITA R T 0. 3~5 mm JORARRORN 5 G NS F Z BRSP4 45 2R . IR
FHE R 5 SR shisbe < IR BUE R SR ST 225G, Hob 5 NBCRIPLsh 4% 2 R BB 2 1E
HHR o X —Z SRR s I N IK BRSO R O AT R 2 3R . 1R A 1525 A4 B i D duk i
MK IASEMXAL, VBRI 2 37 A 7 R BN SR, e B RSN 220817 e 45
FETREE O HUBURL R SSE AR SC BRI ™ o T RORARBOER A DUREE R | TR K f v i B2 I 1) A
XA A, M LU /INREARURE AR /K 0 SRR 4715, D 0 R v = B DX A 5 AR 5
P 7A v AR g 5t B 2RI SSRGS, R S T RRAR R IR B Ay
fiE, R R i B A3 176 2 IR RAR RS e il STk, (HEBERARE, BRI
R E I o B8t T A A i S C B T, PRLREAZ AR S P 20 A7 DU T8 - i RS A sl i B2 S ikt
TS UIRAFH) 2RI, AR A IR I PP Xt L) B R . M2 T, 5P (i
WG | FERAE) 5 RRARBOE R R AR SRR, dE— e 7 EEHER R S A . X 0. 02~
0. 3 mm HI/NREARTRH (B 7B), SR RTERT AN T Fb, ANEARTIEEMY 5 0. 3~5 mm 1 IR
FRPIRE 2 AR B AR A 25 ) IEAH S (p<0. 01), Tl 55 B NS 2l PR -2 [ 4 R L 21 A 25 1) A
Fefh o MARREIEE U IRTERKR, E5Z K. RS AKCIGSFRTREE, SR
PR RAR I AF T PN, TS ECH A LA R TRk i B, SRy, AT
SRR /IR T SRR E RSB 50 R, 48R 1 1 IR s/ VLR S B R ) S BRI T BE TR
Ty B SN N BTN, MR F ORI B0 S AL R . BB AEIASE H B R PGB RHE 5 4b
LR . AUBUBE IR AW R AR I E T, R WA I m) ANRLAR SR AL, T3 T IRk AR 3 AR
23 1)1 b B e R R A

A *#p<0.05 *#p<0.01 ***p<0.001 B
1 1
Average abundance . . (= H Abundance(0.02~0.3 mm) . . W
0.8 -0.8
Tourist population | (s . - - Abundance(0.3~5 mm) ‘ . -
Motor vehicles | (s (s * L 0.4 T poplanon . . 0.4
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Water consumption . 0.2 0.2
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Average wind speed . 0 0
Average wind speed .
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Fig. 7 Correlation between microplastic abundance and meteorological and human activity factors

A. 0.3-5 mm particle size; B.0.3-5 mm and 0. 02-0. 3 mm particle sizes

2.83.2 KEBHAMREF ABFFEFH Spearman #HIETESAT, TR T ROEEEE 5HEEREE 24 pH
B A (DO) AN SR (EC) Z BB A R, LU T RS Y 5 R S Z B R 2R
ME 8 PR, ANEIS ] pHAE . EC. DO 55052 Ta) i 0k} BE S 2 (o) A7 AE) iz A i e,
W TR )FH L, X LEEREE D 100 B SR AR AL S B ) RIS AR, K
pH (B2 vl B H SR SR R T Zeta ML, P2 UL S0 H0/ P SRR S5 & M SR TR, (/K B vp s 2
BHEEE TR . KEEREF S SRR R M A2, FEAREHE R T, e SERORE ] A 55 5T
RAEEF TR ESEDURE . 2K DO IR R, S A R FRSHE PR E aR, I A=Y AE
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TR R TH ) R T S AR, R R RS #p=<0.05 <001 s
B FE O RMASFELERFE S pHAEL . EC.  Abundance(2024.03) o
DO 5% W RAE SR 2 ) Yok 20 |
BN . SORIEM R L, figE—-gef  mertton e
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B ARER ; EEBR)E L, WTRefrfE R -
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FEZSBR VAL, MO P 20224F 8 H~2024 s bl 3 5 G RK PR A IR A
B3 H. TERPIARS R PEAE 5 1E, PERIT Fig. 8 Heatmap showing the correlation between microplastic

LA HT T TR S ek 2 I A e i 2 abundance and water physicochemical properties
5, PERUMETEIEIA S. 33~13 364. 58, K&k H i) PERL,, FIIEAERFTE IS0, AT T ZARKEL K
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