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Model-based evaluation of global release and transport flux of fiber microplastics from household textile laundry source.
GUO Yan', LIU Xia-yu', WANG Yan?, WANG Hao-fan', FAN Yu-juan', LIU Huan-jia', CHENG Ke'* (1.Key Laboratory of Yellow
River and Huai River Water Environment and Pollution Control, Ministry of Education, Henan Key Laboratory for Environmental
Pollution Control, School of Environment, Henan Normal University, Xinxiang 453007, China; 2.School of Public Health, Henan
Medical University, Xinxiang 453003, China). China Environmental Science, 2026,46(1): 409~415

Abstract: To quantitatively assess fiber microplastic emissions and their spatial distribution resulting from household laundering, a
release and transport flux model was developed. This model, which integrates global textile consumption data with microplastic
emission factors from laundering, was used to evaluate how variations in washing behaviors and wastewater treatment capacities
across different countries and regions influence fiber microplastic release patterns. The simulation results indicated that the global
emission of fiber microplastics from household washing reached approximately 2298.8kt in 2022. India, China, and the United States
were identified as the top three contributors, with estimated emissions of 624.5kt, 471.4kt, and 332.8kt, respectively. Following
wastewater treatment, significant regional differences in microplastic removal efficiency were observed. North America exhibited the
highest removal rate at 78%, while removal efficiencies in Asia and Africa below the global average. Ultimately, fiber microplastics
not retained during wastewater treatment entered the marine environment via river systems. The Ganges River (16.5kt), the Yangtze
River (12.4kt), and the Indus River (5.1kt) were identified as the rivers with the highest annual fluxes of fiber microplastics into the
ocean.

Key words: fiber microplastics; flux estimation; ocean; migration pathway
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Fig.1 Global distribution patterns of fiber microplastics generated from household washing activities
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Table 1 Per—capita emissions of fiber microplastics and

removal efficiencies of wastewater treatment systems

- PHRL ALY VKRS A KRG X

He (g) Heldchi(g) B (%)
7 309.34 233.30 25
e 300.88 103.68 66
A 9.24 7.76 16
Je3E 886.39 197.40 78
B2 156.85 107.00 32
RVEM 784.22 274.01 65
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Table 2 Partial estimates of riverine fiber microplastic

discharge into the ocean
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Table 3 Uncertainty parameter setting

ZH Bl oA
AH IEAMi(CV=5%)
G NI ol i IERH(CV=20%)
LM RS IEZE/M (CV=20%)
FUeIE IEZE/M (CV=20%)

Bk 77 2 HE A 7 B Pl

Tk 77 X He A T =5
VEKALBE N R IEAM(CV=10%)
V5K ER ] A F AR IEAMI(CV=15%)
Pk T AR IEAA(CV=10%)

2.5 WHFTAR R R

AHIEFUR I (0 B AE R A AR AE 5 1 R PR AE,
HRE IR ey AR T B A SCHR 2 5 R 1T, B0 s
SRYFAFAE R AN TE P, HL 70 5 Joe v 1) 5 % i
PR RN GTE NI LR S . HLUEIIR . Tob
H), B EE AL S, AR KRBT LA 78 56 3 AH S S
i SEAN AW FUAETH S A B IO HEIUA 7, R g
FIEAFIGILAM I Vel 5 AF AR R 3R S BN HEI
7 A, AR R AT 2 — D AT A FE AN 6
AR R HEUA 7

3 it

3. ARG A ER YA B o 2 4 Sl 3R R AF
FEAE RN 229.88 7t HH HLBE T AR 219.87
J 6 Fue 042 10.02 7 6,90 55 E 96% A1 4%,
HescE T =44 0 B SO B RE L BRI SE [, & v 4
A A BRI 62%.

3.2 ZyGIKARER) b RS HE RO N B AT e
LML A 128.96 J7 UAF, A6ZEW L BRI L K9
S S ARG K R G AT GBI 25
BRI BN 78% 66%- 65%- 32%- 25%-. 16%.
3.3 AN A OB R R 55 2 T
S3RTEI(1.65 J1 AR NG INHE . KIT(1.24
T VAN ARG REN BEIT (51 7 UAF) I N i

S 3T

[1] Shivika S, Subhankar C. Microplastic pollution, a threat to marine
ecosystem and human health: a short review [J]. Environmental
Science and Pollution Research International, 2017,24(27):21530—
21547.

[2] XiY, Bon Y M, Hung M W, et al. Environmental health impacts of
microplastics exposure on structural organization levels in the human

body [J]. Science of the Total Environment, 2022,825:154025.

[3] ZhuL, Kang Y, Ma M, et al. Tissue accumulation of microplastics and
potential health risks in human [J]. Science of the Total Environment,
2024,915:170004.

[4] Homin K, Jiyoon K, Seonghyeon J, et al. Microplastics in water
systems: A review of their impacts on the environment and their
potential hazards [J]. Heliyon, 2023,9(3):e14359.

[5] Han M, Niu X, Tang M, et al. Distribution of microplastics in surface
water of the lower Yellow River near estuary [J]. Science of the Total
Environment, 2020,707(C):135601.

[6] ARRICBE L BASAZ, 55 A R X 5k B (T 5 o
[J]. P EIEIRE, 2024,44(3):1657-1670.
Song T W, Chen Q, Duan S S, et al
microplastics  pollution
Environmental Science. 2024,44(3):1657-1670.

[7]1 Thompson C R, Olsen Y, Mitchell P R, et al. Lost at sea: Where is all
the plastic? [J]. Science, 2004,304(5672):838.

[8] Hartmann N B, Thorsten H, Thompson R C, et al. Are we speaking the

Research progress of

in Chinese coastal areas [J]. China

same language? Recommendations for a definition and categorization
framework for plastic debris [J]. Environmental Science & Technology,
2019,53(3):1039-1047.
[9] Karen D, Anja C. Microplastics in the aquatic and terrestrial
environment: sources (with a specific focus on personal care products),
fate and effects [J]. Environmental Sciences Europe, 2016,28(1):2.
Belen M S, Raffaella S, Andrea C D, et al. PET particles raise

microbiological

[10]

concerns for human health while tyre wear
microplastic particles potentially affect ecosystem services in waters
[J]. Journal of Hazardous Materials, 2022,429:128397.

[11] Issac M N, Balasubramanian K. Effect of microplastics in water and

aquatic systems [J]. Environmental Science and Pollution Research

International, 2021,28(16):19544-19562.

[12] Shahriar M M, Mehnaz S. Acrylic fabrics as a source of microplastics

from portable washer and dryer: Impact of washing and drying
parameters [J]. Science of the Total Environment, 2022,834:155429.
[13] Deng H, Fu Y, Su L, et al. Unveiling the deep—sea microplastic
Odyssey: Characteristics, distribution, and ecological implications in
Pacific Ocean sediments [J]. Journal of Hazardous Materials,
2025,489:137537.
Huang Y, Zhang W, Zhang S, et al.

distribution and characteristics of microplastics in near—surface waters

[14] Systematical insights into
from the East Asian Seas to the Arctic Central Basin [J]. Science of the
Total Environment, 2021,814:151923.

[15] Kakade A, Mi J, Long R. Microplastics in the world oceans and
strategies for their
Contamination and Toxicology, 2024,262(1):20.

[16] Nie H, Wang J, Xu K, et al. Microplastic pollution in water and fish

control [J]. Reviews of Environmental

samples around Nanxun Reef in Nansha Islands, South China Sea [J].
Science of the Total Environment, 2019,696:134022.
[17] Sun X, Li Q, Shi Y, et al. Characteristics and retention of microplastics
in the digestive tracts of fish from the Yellow Sea [J]. Environmental
Pollution, 2019,249:878-885.
[18] Hu L, Melissa C, Hinton D E, et al. Microplastics in small waterbodies
and tadpoles from Yangtze River Delta, China [J]. Environmental
Science & Technology, 2018,52(15):8885-8893.
[19] Falco D F, Gullo P M, Gentile G, et al. Evaluation of microplastic
release caused by textile washing processes of synthetic fabrics [J].
Environmental Pollution, 2018,236:916-925.
Steve A, Deonie A, Kerry M, et al. Examination of the ocean as a source

for atmospheric microplastics [J]. PloS One, 2020,15(5):e0232746.

[20]



1 AR RIREEEY SR DRI T YRR I SO 3 R PR 415
[21] Mohan V A, Kuttykattil A, Toshiaki I, et al. Assessment of microplastics to the marine environment: Sources and future trends [J].

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

B1

(321

[33]

[34]

[33]

[36]

371

[38]

microplastic contamination in commercially available fishes [J].
Marine Environmental Research, 2024,196:106412.

Ding J, Sun C, He C, et al. Atmospheric microplastics in the
Northwestern Pacific Ocean: Distribution, source, and deposition [J].
Science of the Total Environment, 2022,829:154337.

Coyle R, Hardiman G, Witte U, et al. Microplastics in the marine
environment: A review of their sources, distribution processes, uptake
and exchange in ecosystems [J]. Case Studies in Chemical and
Environmental Engineering, 2020,2:100010

Auta H, Emenike C, Fauziah S. Distribution and importance of
microplastics in the marine environment: A review of the sources, fate,
effects, and potential solutions [J]. Environment International, 2017,
102:165-176.

LiY, Lu Q, Xing Y, et al. Review of research on migration, distribution,
biological effects, and analytical methods of microfibers in the
environment [J]. Science of the Total Environment, 2022,855:158922.
Ziajahromi S, Neale A P, Rintoul L, et al. Wastewater treatment plants as a
pathway for microplastics: Development of a new approach to sample
wastewater—based microplastics [J]. Water Research, 2017,112:93-99.
Fionn M, Ciaran E, Frederic C, et al. Wastewater treatment works
(WwTW) as a source of microplastics in the aquatic environment [J].
Environmental Science & Technology, 2016,50(11):5800-5808.
Lebreton L C M, Joost Z D V, Jan—Willem D, et al. River plastic
emissions to the world's oceans [J]. Nature Communications, 2017,
8(1):15611.

Boucher J, Friot D. Primary microplastics in the oceans: a global
evaluation of sources [M]. Gland, Switzerland: [UCN, 2017.21-22.
Wang T, Li B, Zou X, et al. Emission of primary microplastics in
mainland China: invisible but not negligible [J]. Water Research,
2019,162:214-224.

Wang C, Chen W, Zhao H, et al. Microplastic fiber release by laundry:
A comparative study of hand—washing and machine-washing [J]. ACS
ES&T Water. 2023,3(1):147-155.

Christiane P, Rainer S. Electricity and water consumption for laundry
washing by washing machine worldwide [J].
2010,3(4):365-382.

Laitala K, Klepp I G, Henry B. Use Phase of Apparel: A Literature
Review for Life Cycle Assessment with Focus on Wool [M]. SIFO:
Oslo, Norway, 2017:20-36.

Yuan Z, Zhang Y, Liu X. Life cycle assessment of horizontal-axis

Energy Efficiency,

washing machines in China [J]. The International Journal of Life
Cycle Assessment, 2016,21(1):15-28.

Sara H, Mohamed B, Rida M A, et al. Occurrence, characteristics, and
removal of microplastics in wastewater treatment plants located on the
Moroccan Atlantic: The case of Agadir metropolis [J]. Science of the
Total Environment, 2023,862:160815.

Ben-David A E, Habibi M, Haddad E, et al. Microplastic distributions
in a domestic wastewater treatment plant: Removal efficiency,
seasonal variation and influence of sampling technique [J]. Science of
the Total Environment, 2021,752:141880.

Ma M, Huo M, Coulon F, et al. Understanding microplastic presence
in different wastewater treatment processes: Removal efficiency and
source identification [J]. Science of the Total Environment, 2024,
929:172680.

Wijnen V J, Ragas M A, Kroeze C. Modelling global river export of

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

Science of the Total Environment, 2019,673:392-401.

Siegfried M, Koelmans A A, Besseling E, et al. Export of microplastics
from land to sea. A modelling approach [J]. Water Research, 2017,
127:249-257.

Liu W, Zhang J, Liu H, et al. A review of the removal of microplastics
in global wastewater treatment plants: Characteristics and mechanisms
[J]. Environment International, 2021,146:106277.

Bodzek M, Pohl A, Dulewska R C. Microplastics in wastewater
treatment plants: characteristics, occurrence and removal technologies
[J]. Water, 2024,16(24):3574.

Sun J, Dai X, Wang Q, et al. Microplastics in wastewater treatment
plants: Detection, occurrence and removal [J]. Water Research, 2019,
152:21-37.

Ishmail S, Suffian M Y, Binti H H. Microplastics in wastewater
treatment plants: A review of the occurrence, removal, impact on
ecosystem, and abatement measures [J]. Journal of Water Process
Engineering, 2023,54:104039.

Schmidt C, Tobias K, Stephan W. Export of plastic debris by rivers
into the sea [J]. Environmental Science & Technology, 2017,51(21):
12246-12253.

Sundt P, Schulze P E, Syversen F. Sources of microplastic-pollution to
the marine environment [J]. Mepex for the Norwegian Environment
Agency, 2014,86:20-26.

Sillanpdd M, Sainio P. Release of polyester and cotton fibers from
textiles in machine washings [J]. Environmental Science and Pollution
Research, 2017,24:19313-19321.

Li M, Liu H, Geng G, et al. Anthropogenic emission inventories in
China: a review [J]. National Science Review, 2017,4(6):834-866.

Bai X, Tian H, Zhu C, et al. Present knowledge and future perspectives of
atmospheric emission inventories of toxic trace elements: A critical review
[J]. Environmental Science & Technology, 2023,57(4):1551-1567.

Zhao Y, Nielsen P C, Lei Y, et al. Quantifying the uncertainties of a
bottom—up emission inventory of anthropogenic atmospheric
pollutants in China [J]. Atmospheric Chemistry and Physics, 2011,
11(222):2295-2308.

Zhao Y, Nielsen P C, McElroy B M, et al. CO emissions in China:
Uncertainties and implications of improved energy efficiency and
emission control [J]. Atmospheric Environment, 2012,49:103-113.
Zhu L, Dabo G, Wei W, et al. Reduced carbon emission estimates from
fossil fuel combustion and cement production in China [J]. Nature,
2015,524(7565):335-338.

Bond T C, Streets D G Yarber K F, et al. A technology—based global
inventory of black and organic carbon emissions from combustion [J].
Journal of Geophysical Research: Atmospheres, 2004,109(14):203-207.
Li B, Zhou S, Wang T, et al. An improved gridded polycyclic aromatic
hydrocarbon emission inventory for the lower reaches of the Yangtze
River Delta region from 2001 to 2015 using satellite data [J]. Journal
of Hazardous Materials, 2018,360:329-339.

Wu J, Kong S, Zeng X, et al. First high—resolution emission inventory
of levoglucosan for biomass burning and non—biomass burning
sources in China [J]. Environmental Science & Technology, 2021,
55(3):1497-1507.

TEBEIIT: 55 H1(2000-), 2, i J& 0L RT 528, 3 BB 5T 77 1 2
BTG BRI L. 15565856055@163.com.



