55205 41 KOVEBEBIXZFZR(EABFR) Vol.20 No.4
202348 H Journal of Changsha University of Science & Technology (Natural Science) Aug. 2023

DOI1:10.19951/j.enki.1672-9331.20230616001 XEHS:1672-9331(2023)04-0105-12
S| RGN SR, Bk, FH AT S T RO ) HORL A5 IR 11 1) 2 80 SO R RE RS A A ST [0 ] K VDB TR S 2 3 (SRR
2023,20(4):105-116.

Citation: DENG Guanying, JIANG Changbo, YIN Lingshi, et al. Study on the migration distribution of microplastic in Dongting Lake based on
Lagrangian particle model [J].J Changsha Univ Sci Tech (Nat Sci),2023,20(4):105-116.

T H & B B AT B 1Y i i 4 R 28
TR

XKE}%I, ;]‘%_‘\;_7’ ,;}jil,ZJ, 3}4\9}’: 1,2,3’ iﬂ]%)i(‘LZ,?:, 5('] %}‘i 1,2,3
(L ARVPHT RS KPS TR IR Ky 4101142 KPR T R4 JREE WK R IG 3 5 2E 6 2 W s A T
SLESE IR KV 41011453 KUWPBL T K22 KIPEE S KK EBIR MM A T8 W/ Kb 410114)

M E. [ B RFTBOB R AR BE 5 19T B vk e A s o e [ 775 1B T B R AR B FUTIOK 30 )
AR 5 A% BT L R S I 1 ORI A BB AR L IS SRR P K 015 S K T % 8 S RS L
FREG 0 22 5, TR T AR SR X 23 A B TR O i A7 2R 2 DX OB A e TR [ 48 BR 1 ~F /K ST IROHB R 2 A 122 L
R A AR SV A A TE 4 BRARIX o v AR B AR K PR AR SR A XTI BRI O, 290 133 km?, 7E G 2R
A DX T HERCERHY i EE R 97.96% 5 7 42 K RO R 20 A A 52 B0 5 119 SR AR A, (ELFE A A B T AR A
ORI B 33% o X LU A O RHRE BT DT T PR AT DL L K S BT AT R B e AR
R T = K0 A DCTTA W) R A ™ O AR e R o [ 45 18 ] R K B0 O 3 10 6 A Ay 2 25 KU T~ 7K
B DG I B 1 T B A2 A B G T 2R R DA 10 A4 2 RIS, S ), 7 e i X Y T R 1) 4 4R
IS TR AR 31 S 6 A1 7K A5 25 HE IR B A0 DX Rl S B3 B o AT 52 45 SRl g ]I 30 i 28 it 2

Rft—ES% .

SRR WA 5 OB s BUEBLILL s 3B RS 15 20 A s s Y kL1 A5 Y

FESES X524 MR ERG: A

0 3

[l

AT AT f bt 5 1 2 22 B D R R KRS
DAL RN R i RIS IO ORI B(SEZ R 95 A= - AL
Bl YRk DR X LA B fie , 7 0 5% b A7 B8 I5F ) 3 K T 3%
W RLR XK A S R G UM . R AE IR K
BT Iz AR FEEA W BB K S e 0 R
WA EE S B YRR . BRAEY
R I AU A1, W B FE R SR A BLTS Gl
A E 0 IR A s s m  H R B
BER R /NG R OR R UL fE, H 2004 4F
THOMPSON Z:“/fE Science b 1 YA T8 AL " — 1)
Z 5, OB R R AR /N TS mm B9 BEREEURE

THRAAURR 2 0 4 e fie 2 1T B0 )7 1 A S 28 k)
AL FRAE P RN IS T IR AR I 2 —
BOEAR ME LR UL, B ER UL 5 S5 3 SR A A LU A I
JiR , T R AR A 23 B R AR — 28 S B ) Bl
e, I AT TN DI 3% e 00 s DX Y o A SR A X R
T3 R T R Sl A R A — R
AV Z 0T ) WA A BB R 22 D 1 )
P PR AL LR Y TR AR 2 A
FEH BUE R E g iz T B0 RO R AT
T A AT BERIT T B T SR A ] B
SR BRI s i Et e

OB R KAR G 520K 8 J1 S 2 R I R
A2 M2 L S B W PR 3 D K Bl A
AR L3 A 1 0 e g A TR L B R S L A A

s B HA:2023-06-16;1& B B 87 :2023-07-16; 33 HH#3:2023-07-17
EETH : FRHRB2ER ST H (52109006) 176 4 H SRR # 3 4% B H (2021]J40100) AV BT K28R}

AIFRIHT 4L 4 78 B0 H (CX2021SS42)

BEEE % B (1970—) (ORCID : 0000-0003-1947-4831) , 58 ##7 | =B N HMUE i 52 30 Sy 3o #8 F HAE 4Dl 4% Ry

M F5Y o E-mail: jiangchb@csust.edu.cn

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



106 kv EIXFEFER(OEAHFRK)

20238 A

TR 32 Bl S AR KPR R 93T B 1 A XA TRk
SR 23 A7 1 D0 -5 HO BRSE AY S2  Af  E . i
A% T3 AR 58 R 6 VE R S 0 ) 55 OB B K F
i WS o S BRIV E R e N A R BB O R
BRHT R i B AT B EREUA B T B R — M X
TR BT SR DL, A ) T 5 v 0 O R R 1 R
ENINNIN AN

FURT, 5C TR W Ao 58 B2 AR PR &8 |
B IR A5, xR B ) K 1 K 5 TR
4 TR SCBIF T i A e T4 S8R T
BERIBEALL T E A R I %, (H R 5 BT
KB B, o AR X AT RS LA R AT 10— 20 Y o3
Mo it — 20 T ikl 2 15 B P Bl SR ) A
IERS AL, AR SCEE 5 T+ 52 RAR B , A K )
TR 55 A B R A L R K A
55 E AU 0 R KU 5 o0 A 5 0, 45 5 25 HERCIR
T SR i AT B0, PR 5 R SR AR X ik T 3R
A DXl SR SRR, Ay T 2 W S T 5 ey e 4 4t
R EERL o

1 HAREEEARTE

1.1 HREXE
I JE W 2 — A~ VLA AL T R A RS,
T4 26.28 T3 km™ >, W B2 K Z b =24
ohu ohu , Ohou

BEUL I 4 SR AW (B 1), 3K 4 2530 i) JeE
AR AL TR K IR I SR I A K I I 2R 2R
JEE W), T W) XA I S 45 R BR KR AT A1 i 485
T IR R A 52 R ) XK BB 5 )

N

%

¥ ’ A, N
fz{’& ///%+

./ \
o

7%
)

17 7 D g, 7 // )

0
0% o

LTI i (C-CO ; Py rz
s 7777 A i a-4)
VLI (B-B) |5 <
s M.Lm/jB / )"\,/ A v
112°00"  112°10'  112°20' 112°30' 112°40' 112°50' 113°00’ 113°10' E
1 AR R BAE I R B ] R 3%, A £ 234
RS a= o

Fig. 1 Overview of the study area: location of major

29°30'

29°20
\,
o
N

29°00"  29°10'

g€t
i iy

S
i

28°50"

landmarks and outfalls in the Dongting Lake area

1.2 REFE
1.2.1 KB JHEin
P A% W1 H OB AU fir A T4 S T 4k K
o) IR R A i KA R AR Ak i kK Ty
PR, KA h .
oh  dhu  ohv

—-— =h 1
8t+8x+6y S ()

=foh—gh— - =P 60 T 4 Tse T (OO (AT,
at o I L T o A WO )+ PTa)+
E)
oy (W) + hus (2)
_ . _ .
- . , as,.  as
6hv+6hv +6hvu:fuh_gh6l_h8p _ghhop 7, 7, 1 oy ”)+i(hTX,)+
ot dy 0x Ay  pydx  2py dy  py Py Py X dy ox !
3
— (hT,) + hv,S (3)
ay ”
IR b ERP AL L O TR
Ak “‘”ﬁ”u” yﬁ@ LY i ”j‘{%ﬂi TmzzAa”,TM:A(‘”+a”),T},yzzAa” (4)
SRR UR B T 5 ¢ RIS ] 5 o0 Ly B R IR AR s h= dx 7\ 9x Ay oy

n+d F Kk Hrh g AR SR, d KR s g
R IR B sp AIK IR EE 5 S, .S, .S, .S, R HE ST
N B & PN RS SR 5p, R 7K ARG 85 B 5 S
R ARG RN g v VR IR R I T,
Ty Ty Ty~ 23 IR B YT T3 78 oy J7 ] B0 5
T..T, T, 4 5 s A R =X (4) s

Ao AR BT T R

IR Bl I3 B T = A A, Sk R U RS B
Xof 1) PN 2 BT R T IN A  RS R A 15 ~
150 mo AIF5 DX 35 o 3] 2 3, B 4PL T o AR 42 1127
30" ~ 113107, 4t 4 28°50" ~ 29°30", b {i il A 4
KPR IE s BTG 2 Dl A VDR T

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



F20% % 44

RABE, IR T A0 B AT AR 09 TR R R A T 5 BT R 107

Ul CE B O, R A AR R B L
SR A T DG R o MR Bk SR R T IR 2 e
W HE 21 B 7 X Sk K T T S Bkt . 5 A 2019
ERAERAE i PR /N RIE Kl 3.0 50 AR
AF 58 X5 EE o BT B 9 ) JUR 7 S /K 3 (9 H 28 H —
10 30 H)5FEK(6 H19H—7H 14 H)FFh
IKSCEBL T TR 5 0 A LA
1.2.2 Pk B H R R

AR SCAH AR B H b7 455 750 X6 ol 9 Al 0 £ A
UL, B S Jak W AR Bl ) R S A TR A 2R
AT BRI S Y . il R T I8 B L Y
=TI

dw,
g_vi(xi(t)’t)-'-Di (5)

A o, o o R E) R o, AR SR BESS ,i R A DR
FRGHEE o P B H OB B R A8 36 1R - 16 25 1]
WA B IR 0 RS O R AT B A
TZAREIRY I B AE AT S TP B A HE RO R 5 0

SRORL A SR BT I A PE AT AR SR B P AR R R
TEHLHE B H R 155780 v o 3 A 32K — S 450 1l
FoAR 27 g o R [ i e OB AL b (1) S 5 (E, /)
1.53x107°, 8RR AR B L mm e Fl T k2 3] 39

TR S gk AR SC R BT A WO B
5o AiE O MUBOE HA e BE S 0o I B2 18 HRORE
Y H PSR, Bk B FR LR dE TG

PBAB T AKPY MARSREEY B8R
B, AEBRY h BOE PRSI R M L PR B s
Stokes-Einstein /7 P21 & o 1 8 K B 45 &) 72 3|
e % 2 (H R B R R AR, KRR AL
il B Oy B RO O SO 2 R O R L ) L
HiEFs .

kT
B 6T (6)

U b PR 288 W B s TRV s r AT TORE
TR TR .
1.2.3 KPR

TR ARk A B e 2 25 TR Y B SRR S T
Bt T A DX PR SR W OB R A T R OR L0
d7 LA Y A [ 4 R O R A 3R T K Y o L
LU= W 871 B N L N A SRRV B NG 7 Rl
it o BT 2 6 YR Sk TRk e Y I, ECHE
A AR A AT 11 BT 0 SR A B B Y . AR
BN O R T B ) R Bl LR e
T8 R 1 AR R R HE R LR 1

FT1 HABAERENEEARP &S R H 2 AR R

Table 1 The proportion of microplastics in the surface water of Dongting Lake and the discharge rate of microplastics
at each discharge port
— AN T} 85 B ) A A 1) 2 38 3% T 7K e Y o8 L A HEO OB R GE RN 57
pllgrem™) A /% VL BEIL VLiL K
BRI 2 g 1.30 29.79 0.060 0.042 0.055 0.035
B i 0.89 17.02 0.034 0.024 0.031 0.020
RAELK 1.05 40.43 0.081 0.057 0.074 0.047
R 0.94 12.77 0.026 0.018 0.023 0.015

1.3 RAISHE
1.3.1  /Kah F iR EGIE

P 2 o 4 5T JE 39 i MEL 3 /N T MEL 3 | R SC e
i) R I WA (LTI L Sk ) R AR T e i (R A
S ) 45 7K SO AR S KT =K % S K A3 - AR A
IR FE I o FR P 2 T LA H T JE W0 45 il s )
AR A ASE 5 S K A7 e AR — S, B SR R A K A7 B
A A 05 22 R b, ASEADL T 10 1N 45 3l 118 7K Ao A
P 5 SEIAE W) A b o 38 a5 P 45 Kk Sk
SURSRLE (0 A0 FF 3005 R B0 KA 4 % i 22 K 307
FRAR2E SR , SR AT IR 22 04, 25 SR L 2. M

F2 AT LU A K Sl S EE SR g AT R
B KT 0.89, K Af 46 X 5% 22 7F 0.04 ~ 0.09 m Z
], 3495 MR 2 i KA M 0.1 (I RHD) o AT I, A
TR 10 2 ) 9 7K Bl Ty L R AF, o] A Sk Ay b
20X O R R A TR
1.3.2 FrA% B H R4 A 00 3iF

H R, G T BE W90 %) B 28 Ak B0 37 W 0 0F ¢ 2
> TE AR SR BRSBTS IR . X L
2018 477K MR A B0l 5 A AU 00 P R AL 1 113
PR, AT B AR R AL A . &1 3 2 2018 4FF-K
1V ) 2 1 (g PEL S | /NVRT REL S ) S ) | e IR

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



108 kI RFEFER(AAHFR) 202348 f

JEE W (PLILst VB M Eh) KR REW M) K A2, BRI HR R K A7 B YRR 22 8RS, B4
SCu SEM KA SRR AL LU o R IR 3 R LA SR A A%l i A K RSB S S I R ) 5 B
I JEE W) P9 2% vk AR DU A7 5 S KA A

[ vy
v YV Yy vy
v

a0f 20t it pe—— peramp—
 mAWNE - RRERE —— EEYCR v EEREE T VUL LB
—— SR ORI —e NS o NRRE T VMSEIIE .
P I eer—— — - .
§19 62 626 62 73 76 79 713 ‘g9 gn 6 620 73 76 79 73 019 62 626 62 73 76 79 713
FIs H FI3t
(a) K RE A 3 55 TR S s 7K 2 (b) A 3, 5 /AT 3 7K 37 (e) SFAR YL L3 557 MH 3k 7K A7
0 0 0
2
A 261 261
E € 24t £
S8 IS s
2 22 % ;
22,
20+
e T ——— i
— VHISE A YO — S~ TR | — memsc v pesia
I - 18] V.
—v— FAUHSCIME e FEPHAAME e NATRSII o NI —— SRS e ASCRBHIE
26L L L L L 16 L L n L 18L n m 1 L
926 1012 1028 1013 W29 926 1012 1028 11/13 W20 g2 1012 1028 1113 11/29
F SE) EE)
(d) /K S DETT 3 15 R ML 3 K A7 (e) V7K U178 F 3 55 /T REL 3k 7K o7 (£) 7K H1 e 1 il 5 ) Sk sl 7K A3

2 Bab R FARME AN SR AL S AR AL 3
Fig.2 Comparison of measured and simulated water levels at each station during the period of high-water and water-stable
K2 BEARIGEELERRESTIDER
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Study on the migration distribution of microplastic in Dongting Lake based
on Lagrangian particle model

DENG Guanying',JJIANG Changho"*?, YIN Lingshi"**, WEN Xiaofeng'**, LIU Yizhuang'*"
(1.School of Hydraulic and Environmental Engineering, Changsha University of Science & Technology, Changsha 410114,

China; 2. Key Laboratory of Dongting Lake Aquatic Eco-Enyironmental Control and Restoration of Hunan Province, Changsha
University of Science & Technology , Changsha 410114, China; 3. Key Laboratory of Water-Sediment Sciences and Water
Disaster Prevention of Hunan Province, Changsha University of Science & Technology, Changsha 410114, China)

Abstract : [Purposes] The paper aims to investigate the migration pathways and transport processes of
microplastic after entering Dongting Lake. [Methods] Based on the field sampling data, the hydrodynamic
model and the Lagrangian particle model were used to establish a numerical model of microplastic migration
path and transportation in Dongting Lake. The differences in the migration pattern and distribution of
microplastics in the lake between the water-stable period and the high water period are studied, and the reasons
for the distribution of microplastic aggregation areas are explored and the sources of microplastics in the
aggregation areas are analyzed.[Findings] The distribution of microplastics during the water-stable period

showed significant non-uniform distribution, and there were four typical aggregation zones. Among them, the
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aggregation area at the East Dongting perennial water body is the largest, about 133 km*, and the proportion of
microplastics discharged from Xiangjiang River in this aggregation area is 97.96%; the distribution of
microplastics does not show significant aggregation during the high water period, but the overall diffusion area
increases by 33% compared with that during the level water period. Comparative analysis of microplastics
entering the lake with the four waters showed that the diffusion area of microplastics entering the lake from the
Zijiang River was the largest during the water-stable period, while the diffusion area of microplastics entering
the lake from the Yuan River was the largest during the high water period. [ Conclusions ] During the high water
period, the ecological risk on the migration path should be paid attention to, while during the water-stable
period, in addition to the migration path of microplastics, more attention should be paid to the ecological risk
control at the aggregation area, and the focus should be on strengthening the control of microplastics entering
the lake from Xiangjiang River and the management of microplastics in Xiangjiang River waterway, the
perennial water body of Dongdongting, and the areas near the various sources of discharge. The results of this
study can provide some reference for the management of microplastics in Dongting Lake.

Key words:lake; microplastic; numerical simulation; migration and distribution ; Lagrangian particle model

Manuscript received: 2023-06-16; revised: 2023-07-16;accepted: 2023-07-17

Foundation item: Project (52109006) supported by the National Natural Science Foundation of China; Project (2021]J40100)
supported by Natural Sciences Foundation of Hunan Province; Project (CX2021SS42) supported by Changsha University of
Science & Technology Research and Innovation Fundation

Corresponding author: JIANG Changho (1970—) (ORCID:0000-0003-1947-4831), male, professor, research interest: river

and coastal dynamics process and its simulation technology. E-mail : jiangchb@csust.edu.cn

(REHRE X F; BX Bk ; T maE TERR)

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



