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Abstract: The ecological health of the Poyang Lake watershed is an important guarantee for maintaining ecological security
in the downstream region of the Yangtze River, while the discharge of industrial wastewater from heavy metal minerals in the
Poyang Lake watershed will pose a great threat to the ecological health. The aims of this study were to determine and discuss
the pollutant source and transport characteristics of heavy metals in Poyang Lake by monitoring the concentration of eight

elements (As, Cr, Fe, Mn, Mo, Pb, Se, and V) in rivers of different scales and evaluate the adverse effects of heavy
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metals on the ecological health of the Poyang Lake watershed. The results showed that the average Nemero comprehensive
pollution index in the Poyang Lake watershed was 2.67, belonging to moderate pollution, and that its pollution indexes were
between 4.14 to 4.74 during the high flow period, belonging to severe pollution, which was more serious than during the low
flow period. The main polluted elements for the Poyang Lake watershed were V and Se, wherein the maximum concentration
of V. was 331.90 wg/L, which was 6.64 times higher than the national water quality standard (50 pg/L). The
concentrations of heavy metals and the changes in the hydrological characteristics due to seasonal differences were the main
factors for controlling the transport flux of heavy metals from the watershed, while the response of transport flux from small
scale watershed to the change of flow was more sensitive. The heavy metals transport fluxes from Xiang River to Jiazhu
River, Jiazhu River to the Gan River, and the Gan River to the Poyang Lake were 7.30 kg/km’, 4.06 kg/km’, and 28.10
kg/km”®, respectively. The output contribution rate of heavy metals downstream in watersheds of different scales was related
to runoff. During the high flow period, the contribution rate of Xiang River watershed to the output of heavy metals in Jiazhu
River watershed was 1.10% , and that of Jiazhu River watershed to the Gan River watershed was 0.02%. In contrast, during
the low flow period, the contribution rate of Xiang River watershed to the output of heavy metals in Jiazhu River watershed
and that of Jiazhu River watershed to the Gan River watershed were 1.61% and 0.02% , respectively. Principal component
analysis indicated that the main source of dissolved heavy metals in Poyang Lake was industrial mining activities. Thus, the
industrial pollution sources should be given priority when preventing and controlling heavy metals pollution of the water body

in the Poyang Lake watershed.

Key Words: Poyang Lake watershed; river-communicating lake; heavy metals; risk assessment; transport; output flux
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Fig.1 Distribution of sampling points ( Xiang River: X1—X3, Jiazhu River:J1—J3, Gan River: G1—G7, Poyang Lake:P1—P6) and

land use patterns in the watershed
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Table 1 Standard limit of surface water environment quality standard ( GB3838—2002)
YN IS

Water quality classification ! I i v v
IR AR ERRAE S, As 50 50 50 100 100
Water quality standard limit/ (pg/L) Cr 10 50 50 50 100
Se 10 10 10 20 20
Ph 10 10 50 50 100

£ P AR TR AR A K 3t 2K U St b BRAF

Standard limits for surface water sources for centralized drinking water

v 50

Fe 300
Mn 100
Mo 70

R2 SREBEHHITNIRE
Table 2 Standards for pollution index

BN TS5 YE P, TH YK W ZES TS IR R P, e S
Single factor pollution index Pollution level Nemero comprehensive pollution index Pollution level
p,<I ik p,<1 PREES
1<P<2 R e 1 <P,=<2 LSRR
2 < P,<3 TG Y 2<pP,<3 TS S
P;>3 RS Y P,>3 RS Y
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Fig.2 Distribution characteristics of heavy metal concentrations in watershed during high flow period
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Fig.3 Distribution characteristics of heavy metal concentrations in watershed during low flow period
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Fig.5 Nemero comprehensive pollution index of heavy metals in water
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Table 3 Monthly output flux of heavy metals

HriE/ m? As Cr Fe Mn Mo Pb Se v
FoKI FE 3.43x10* 0.34 0.49 0.69 0.02 0.03 0.00 0.11 1.88
High flow period B 3.47%10° 0.48 0.31 0.17 0.36 0.22 0.00 0.00 1.08
BT 1.20x10"° 3.74 2.16 0.38 0.03 0.00 1.76 0.44 12.05
ik FE 3.00x10* 0.42 0.02 0.10 0.07 0.00 0.20 0.53 9.70
Low flow period BT 1.98%10° 0.16 0.00 0.31 0.03 0.00 0.12 0.00 4.89
BRI 8.23x10° 0.00 0.18 0.47 0.38 0.00 0.13 1.11 33.36

3.2 RBRCE AR A T YR X T

VRO AR ik 25 4 J 20 A1 R AIE 52 3] M P R 05 K SCARAIE | 2235 28 Ak LA be N 2R3 8l 55 22 J5 T Y 5%
Mg O AR Mo JCER A U DX 3 14 e AP 2 S A, AT RS BT 3897 b DX YT 3L I o) 2 R A1
Fa B =R BT i T AR R WS I AR, KA Mo SRR EE AR A A XL FER T 30
HUEH PR R, B0 h i 5 Mo | ELK MRS Mo HA il Rtk JeATing 1 e i /1N Ji 45
AT KA S S M S BRI ST LA L 3 FH I 18 DX 5 v Mo & R 2N, iR S
B IR SCRFAE () 0SR20 7K A E 43 R 28 Bk 431 (9 TR ) AR SCRIFSE X BN A Cr Mo I V 7
EOKH R KU B 12 e S AT I 5 22 57 (P <0.01) , Ph I =R I e B A7 8 28 1 22 53¢ (P<0.05) . Pb Al
VKUV BE 8 /N TR KA R R VIR E 114 2 A S T il S e W R P A S I ) 98 U
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FE K IR RR A =3l KRR TR K, % Ph ALV B9 BEAE B, BREERRAE A1, 8 4w Wk B i A7 Ho Al 22 K]
A, L AZEIG B As \Cr Mo AY=F/K I BE 5 38 A TG K 3, I 7E K R BE B BE T BB K
A X =4 IR TR A AT TS K e Tl K HEA

FE ZRATIAT R I  T ERER B X KR R B S e e V, B NS X AU S R g
A fEE BRI A E 0 B R N S IR B, VTHEREAE O AE 2014 AE X EEVT R AR AT
B SRAE 3BT 2 B VLK AR VMR BEAR 0.50 /L, ASCHYIF I8 25 K 3 3 400 A% AR VL PG48 = 2 U767
AT, 2016 451 2017 4EVLVG 24 85T 8 LB C BB BRI BUOR B 18 Jin (2011—2015 420k 2 4~,2016—2017 4F
BIIA 29 AN B A A HRAITT R & S B AP VBRI TR R A i E K A U T R
S T RAEWRE V i5 Y, 2 PR UTREAE A BREK AR I &S 80 T FIR BT S L
PRI MA DX AR B E R V 15 eI 4

Pearson AHSCHE /T8 AR 5 42 04 R JEAE S A 04 L AR SCRT eI 9 IX Sk ) pHL 1 3 4 s Ik A G
PRI REINER 4 s, ATRAE H, As  Cr IR EE 5 7KK pH &2 i 2 IEAH G (P<0.05) , B X B FP G R AE 7K
PP RSO RS 237 pH #5Hil , As  Cr Mo P 2 [B] 977 7E A 8 35 IE A G E &R (P<0.01) ,V 5 Pb Se
Z 05 BIAF A R 3 (P<0.01) A3 (P<0.05) BYIEAH GG R |, Ui X 6 5 4 @ Ju 28 H A A U9 TS ok i 5k
TR . VI As Cr Mo ZIRILLK Mo &5 Pb Se ZHIBIFFELEM k2 19 M L5 R (P<0.01) , eI
B TERIEKARIE R e ALk B2 P AT R AEAEAR AR A, Aokl AR A A 17 0 W B A ) s AR 46

R4 BESRREBEXMEERE

Table 4 Correlation matrix of heavy metal concentrations

ﬁiii coefficient pH As Cr Fe Mn Mo Pb Se A
pH 1

As 0.35° 1

Cr 0.39° 0.68"* 1

Fe 0.24 -0.06 -0.01 1

Mn 0.01 -0.14 -0.15 -0.11 1

Mo 0.20 0.59 " 044" -0.04 0.10 1

Ph 0.14 -0.20 -0.15 -0.10 -0.06 -0.44"" 1

Se 0.23 -0.38" -0.11 0.24 -0.06 -0.36" 0.25 1

v 0.08 -0.61%"  -0.64" 0.03 0.12 ~0.64%" 0.52%* 0.41° 1

* R P<0.05; ** IR P<0.01

T 4 R FEEORIE TS A KA AZRIE 3y, 2RS40 H o] DALEAR G 230 () S b A ek Rk 5 4
JRATS YRR R TS SRR ST KK AR 8 FhEE 4R 72.86% 7R A5 BT AT 3 MERAE A
T 1R ER B (FES) . EMA 1 R T 42.11% 05 22355, Hih As Cr Mo b 7 8 i IE 2 for (B KT
0.70) (K 5) , MASePEHrth R I =FPoC R Z A7 FE M 0 3 IEAH G SE 28, UL 2 A4 1 J2 UK AR As . Cr Mo
) LR 2 MR I SC AT, 380 B 380 37 388 PN R 0 Ml X A Mo R VR R A58 JF R, T A BT R IRl R 2 A KR
As Cr FEAJEICE™ UL, o DI 328000 | FoR Vi A5 5 4 )8 DU AT FF RN AR R A Tk IR, 32 A4
2 fRRET 16.34% M) 2278 5%  Horp Ph (5 A BRI IE 2 A (0.48) , W98 R WAL AL I v 5 A B i) PhI* i
JEL 5 - 39 v 1 T 4 J8 o0 2R 2 AR I AR T B4 bR A 2R A TSk AR, TR e 2 1 2 R38R TR S 4R ARl
K, FRGT 3 REET 14.40% 0 )7 2278 5%, Fe TEIX F LA T A A 50 3007 (0.87) , AHHF 98 X3k N 1Y) Fe 75
b TR, 378 /N T [l 42 v 32 1 RFH K s 2K TR b o FRAEL, 8 F 9% R UK AR B IR Y Fe JUER IVLIZ K
T RIS L4 3 18R TIHMAE LB AR, Mo,V Se 78 =Fh F A5 A3 15
/NTF0.40, B IAHOR R F R B 2%, AT RESE = Fh 0 B AR IR sl 5 Yok IR s . 3 Ah, FRAT 1 B
P54 Ha = T AT A 80, UEIIZ S A, B Tl ¥5 Je Ui, XK R o 5 4 A AR R oA B 3 g
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PEFT, BT LA, 7575 R FHE 780 FH W U ol A 5 175 e Tl A, 0 B 4 ) Tl 35 e UL

x5 KEEGSEERSANFEERERREE

Table 5 Eigenvalues of principal component analysis and their cumulative contribution rates of heavy metals in water

L EIpGER NN PRI o -7 Jie it 2 Aar -5 R
F o Initial eigenvalue Extraction sums of squared loading Rotated sums of squared loading
Component Bit EEA 2R % Bit FETAE 2R % Bt AEEAK 2R %
1 3.37 42.11 42.11 3.37 42.11 42.11 3.36 41.94 41.94
2 1.31 16.34 58.46 1.31 16.34 58.46 1.27 15.91 57.85
3 1.15 14.40 72.86 1.15 14.40 72.86 1.20 15.00 72.86
4 0.74 9.29 82.15
5 0.60 7.54 89.68
6 0.40 4.94 94.62
7 0.27 3.34 97.96
8 0.16 2.04 100.00
4 g
RICHIGE R BRSO T R
PN XK Pk A A Ak K e g 06
R AAER SIS RIG, KT RAG R B E, £ 04
PIRD T TS KT, F K A F IS Y R T e § 02|
i AR EEGRTE RS VA Se, MBI AMH  F o
B I TF R0 Bh N 122 S B IR AT I B T 02
-0.4

T LA F BH 8 ) DX K AR R E R VOIS e R R
Tk F KW I X P ALV (RSB ., As .Cr Mo
(4281 AR S D) T i 2 LAt PR 3R ol ( N TR kT
MK ) o FFEXT YA BRA T 8 VL DA B s Tkt
TR0 BH W90 1 7 4 S i s A 43 3105 7.30 kg/km® (406 kg/
km?* 1 28.10 kg/km”, Jit 3 RUBE B/ | FLHE 4 Ja iy 1
X A K S g 7 Ak Ay R A TR AR SR U )
4 SR ST R S AR A O, SRR, A IR

= 0

- 0 o
—0.5')’005\‘9

o, )

”Iponem] 1.07-1.0 593}5

E6 XAE&ETEIMS EEEG
Fig.6 Component rotational loadings of principal component

analysis in water

AR T Y e i ) A ST RN 1.10% , BT BT B ST 0.029% 5 KK, 1 3R BT AR 050
1.61%H10.02% ., 3553734 5.7 70 BH 1At 4k A ik 245 T 4 ) 5 95 o U5 Tl SR, DR I 7 39 B
T B BH 3907 8 A B < i 175 e Tl 7 B o) Tl 75 ek UL
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