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Spatial distributions and risk assessment of dissolved heavy metals in

Poyang Lake
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Abstract: Poyang Lake is the biggest freshwater lake in China as well as one of the most important international wetlands
that provides ideal habitats for many overwintering birds. In recent years, heavy metal pollution in Poyang Lake has
increased both in scope and intensity with the nearby growth of human population, industrialization, and intensive
agricultural activities. There are many studies on heavy metals in the sediments of Poyang Lake, but there has been little
focus on the spatial distributions of dissolved heavy metals in the water of Poyang Lake.

In this study, dissolved trace metal (As, Cd, Cr, Cu, Pb, and Zn) concentrations were measured in the water of
Poyang Lake using inductively coupled plasma-mass spectroscopy (ICP-MS) in order to evaluate their spatial variations and
health risks. The concentrations of dissolved trace metals in Poyang Lange ranged as follows; As; 0.84 wg/L—3.24 pg/L
(average 1.43 pg/L); Cd: 0.027 pg/L—0.091 pg/L (average 0.052 pwg/L) ; Cr: 1.76 pg/L—4.74 pg/L (average 2.21
pe/L); Cu: 1.15 ng/1L—5.05 pg/L (average 2.67 pg/L) ; Pb: 0.20 pwg/1—2.37 pg/L (average 0.81 pwg/L) ; and Zn;
7.99 wg/L—77.99 pe/L (average 28.82 pg/L). These values met the national first-level or second-level criterion for
drinking water quality of China. The concentrations of As and Cr were higher in the northern part than those in the southern
part of the lake, and the Cu content in the northern and southern parts were higher than that in the middle part. The
concentrations of Pb and Zn in the northern part were lower than those in the southern part. No obvious spatial distribution

pattern of Cd was observed in Poyang Lake. Significant correlations were found between Cu and the other five metals ( As,
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Cd, Cr, Pb, and Zn), indicating that Cu has similar sources or/and identical geochemical behaviors with other metals.
This can be attributed to the diversified sources of Cu in the lake. There was a significant association between heavy metals
Cr, Cu, and Cd, and there were significant relationships between Pb and Cu, Cd, and Zn. The values of personal annual
risk caused by the heavy metals had the following ranges: As: 0.66 x107a™'—2.54x10a™' (average 1.12x107a™") ; Cd:
0.86 x1077a™'— 2.91x1077a™' (average 1.66X107a™"); Cu: 1.41 x10"a™'—6.17x10"""a™' (average 3.26x10™°a™" ) ;
Pb. 0.87 x10 "°a™'—10.35x10"°a™'( average 3.54x107%a™") ; Zn: 1.63 x10™"a™'—15.85x10 " a™'( average 5.87x 10"
a'); and Cr: 3.77 x107°a™'—10.14x10°a"' (average 4.74x107°a™"). The values of personal annual risk caused by As,
Cd, Cu, Pb, and Zn were lower than the maximum acceptable value (5x107a™") for drinking water recommended by the
International Commission on Radiation Protection (ICRP) , but the personal annual risk caused by Cr (4.74x107°a™") was
close to the acceptable level, and the total health risks (5.88X107a™") caused by these six metals were beyond the
acceptable level. The sum of the personal annual risk caused by Cr and As was 99.72% of the total risk, suggesting that As

and Cr were the major health risk pollutants, and Risk Decision-making Departments should focus on these two metals.

Key Words: Poyang Lake; dissolved metals; spatial distributions; risk assessment
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A2 JoR S50 P T SEREE T 2 ] (0 2 R B8, As . Cd A1 Cr WALZESUE YD, Cu Pb Zn MARIL=AEUEY, Pb W
RfD; 51 A A DAL Cu M Zn (¥ RD;51 A USEPA'  Cu Pb Hl Zn 1) RfD, fH 43514 5%10  mg kg™ d™',
1.4x10 mg kg™ d'F110.3 mg kg™ d™" ; Ab2#BUBEY As .Cd Fl Cr 19 ¢35 0 15 mg kg™ d7',6.1 mg kg™ d ™' Fl 41
mg kg™ d7',
2.3 BdEseit

ASSCR T SPSS 13.0 X EHE A TAL B A3 HT  hy T LA S g 78S B T8 V5 A 1 T 4 Ja 1) 2 (] A A AR, A S
IS FH Surfer B2 25 42 S 10 3 28 K MG 5]

3 ZBREHS

3.1 EEBHMI A A b 4 e i

FIAEI AR S R E A R S LR 1, MR 1 Al A BB KA i #AS As .Cd .Cr . Cu Pb F1 Zn A9
S MK 0.84—3.24 pg/L.0.027—0.091 pg/L 1.76—4.74 wg/L.1.15—5.05 pg/L.0.20—2.37 pg/L Fl
7.99—77.99 we/L, HMESFHIH 1.43 ne/L.0.052 pe/L 2.21 pe/L 2.67 ne/L.0.81 ne/L #128.82 pe/L. Hrfr,
As Fl Cd FYPHEAR T RIRIK K KA BAE , (HJE Cr Cu Pb Al Zn BEH R T RIRIRAK AR Se(d ) $ie IR
F N FRIK A T FE A fE (GB 3838-2002) , W58 X 311 As \Cd ,Cr Cu 1 Pb A5G H K 1 2K s, K7
X3 Zn IKBNE K 1 FOKBibnifE, 12 6.32.35.36 .54, 56 1 58 5 sl Zn & andid FK 1 2K s, (B2
a0 2OKEhniE, FROE5E s SRR BEBHIEI AR T As F1 Cd 1975 348008, 1T Cr Cu \Pb Fl Zn BIFFAEARFA]
FREBE M5 Y  (ER AT AR 1L 28R AR SR i, 2 BRI AR R KR,

x1 HEAMKEEBEEEEEKE
Table 1 Concentrations of Dissolved heavy metals in Poyang Lake ( g/L)

FEFTE Indicators As Cd Cr Cu Pb Zn

SEXIME Average 1.43 0.052 2.21 2.67 0.81 28.82

FRAH Max 3.24 0.091 4.74 4.89 2.37 77.99

e/ ME Min 0.84 0.027 1.76 1.15 0.20 7.99
2 iR

VIR bR 50 1 10 10 10 50

First-grade water quality
RIRIAK TS S
Standard background value ( dissolved)

* [ AR /K BibRifE ( GB3838-2002)

2 0.07 0.5 1.8 0.2 10.0

TG 55 /0 AN [R] Ao 4901 A R [ P A0 L B TR AR K AR 5 il 1 o 4 i ) B A 5 TR DL 2% 2, 55 480 PH A A [] Bsf
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24 Ph SR BEI A Y, {H X P FR 4R 47 T 60 ZF Y Balaton W, (T H B /KA  Cr 597K SF- 1 A0 51300 A
T B2, IHRAR T B KA ; Cu MK 5 RIAR 24, = T 5130 A 0 A i) 24 R G Balaton 1, AR T H B KAK
Zn BY7KF R T Ui A S0 R R I8 R K 2R AR R Y Balaton ), {EAIE T 4 B Hazar ) 3
Texoma WA IR Zeekoevlei #
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TR A7 A4 T £ 5 i v 1 4 s =2 E) P AR G e Al 5 2R L3R 3, N3k 3 Ui, Cu S HE M E 4R (As,

Cd Cr .Pb . Zn) Z [HJBIAA7E 1 25 B9 AH G (P<0.05) |, HAHOC RECER LI (0.27—0.56) ,iX 3R Cu B IR TR/
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bR (L2447 0y 5 H B FOFP 4 IR Z R — 8 P AR R, T BB th T HOR IR Z AL T8, Cu 25 (A1 43 A 45
BN (F 2) , EBBHB Cu AR IR 32 B KT A5 TT RN BE , LLAME AR i th 2 e rh — A ORI, e
FIRIFSE 2 B, A 4 35 AN & Cu A Zn PIFREE 423, Ath 1] 22 10 19 R S 1 5 oA 40 I s 0 XoF 7K 5 1) 5
M 240 FEAHFIE R KR Cu B Zn 22 [R)AF7E S 3 AR DG (P<0.05,1=0.27) , X UL AR FHIST Cu F1 Zn 1)
IEZEIMIR N, As 5 Cr Cu Al Cd Z (B #RAF7E B A OEME (P<0.05) , As Tl Cr Z (B A SE REGAE] T
0.8, X ULHATEBFH M As F1 Cr BYRIFAR [R] , 11 ELIX PR A0 28 10 23 8] 0 A R AR eSS T X — i (Kl 2) . Pb 5
Cu,Cd Fll Zn Z [B)BIFELE 3 AR DG (P<0.05) |, iX BEBIBRBHIE] Pb 5 Cu ,Cd 1 Zn EIEFIHLER fL24 1T R A7
TE—E AR

®2 BEMKFEIRUEESERESENMLEHRRKFHLLER

Table 2 Comparison of dissolved metals levels in Poyang Lake with other freshwater system ( g/L)

ST Area As cd Cr Cu Pb Zn 27 30k References
FEBH Poyang Lake 1.43 0.052 2.21 2.67 0.81 28.82 AR5
FBPHIB) Poyang Lake — — 3.77 4.58 4.92 17.05 [3]
HPHI Poyang Lake 1.49 0.10 — 0.81 0.30 3.01 [7]
T Upper Han River 6.56 0.64 12.68 12.46 — 10.97 [14]

i Taihu Lake — 0.047 1.29 2.88 — 8.77 [15]
) Chaohu Lake — 0.89 0.73 1.55 — 7.56 [16]

A EE M Dongting Lake 4.50 0.24 1.73 4.56 0.95 12.07 [13]
FHI. K J% Danjiangkou Reservoir 11.08  1.17 6.29 13.32 10.59 2.02 [17]

i 7K 5] Hengshui Lake 2.88 BDL BDL 0.77 10.48 BDL [ 18] Hazar
], - B H: Hazar Lake — — — BDL — 50.13 [ 19] Texoma
1,25 E Texoma Lake USA <33 20 4 24 <15 59 [ 20] Balaton
1,49 7 H Balaton Lake, — 0.002 — 0.48 0.09 0.85 [21]Zeekoevlei
W1, ®AE Zeekoevlei Lake, 7 BDL 4 88.5 10.5 60.5 [22]

BDL A& T R ; — R A

K3 HEMKEERMEEEETEEANBEXXR

Table 3 Correlation coefficients of dissolved metals concentrations in water from Poyang Lake

JGE Element As cd Cr Cu Pb Zn
As 1
Cd 0.28" 1
Cr 0.80* 0.25 1
Cu 0.46" 0.48° 0.48" 1
Pb 0.11 0.37° 0.06 0.56 1
Zn 0.07 0.25 0.09 0.27" 0.38* 1

IR FIRAH M 8.3 5 P<0.01, " P<0.05

3.3 FBEHWIE &R A3 A A R

HEPHIBIA SR8 As (Cd . Cu [Cr Pb Zn ZE [0 A LA ANIET 3 B, A [ o B <5 Jas =2 ] ) 25 i) 20 A1 A%
JAAFAEZES . As FI Cr S BUARIAY 25 (8] 73 Ak Jey , JFEOEAE M H BRAE 155 (BT 0, A8 B S5 R VLA ) L 7
Hefk RIS R TR a2 [ A% SRy o 3k SR VXS B/EBHH1 As R Cr 925 8] 23 A0 4 =y B 52 I35 K J2 486
FHIBIKAR As F Cr BY— A EORIE, Cd SR I ITE 43 5 m (VL VE SO E AL ) | /M BLAE )
T, AT S A 2 18] oA AUEE , 1T BB T R AR IITA P Cd ST AP, AR DU b 32 2 LA AR U 1Y
TEARAEAE e 5y NUTURR 1) 1K b B 220 T 365 B 380 /K e e, 54t 38 B 309 v e e v Cd BB /K S S Bl i 22
P BRI 5] 5040 o Cu B (DX L IRAE SRV s ) RIS VLA 1 BREIE B # B BB Xl 74 |-
S IAC BRI A, AR AAR SR o R BH WA R Cu AYIX s (8] 2 A 4 R 2 TR TR TR iR K Y Cu ik
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Fig. 2 Spatial variations of dissolved As, Fe, Cd, Cu, Pb, and Zn in Poyang Lake
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SN H R FIMTARARXS K SR B 2 2 FEARIFGE R, Cu AT Zn 22 [ (14 ft 25 R S, 33 26 WA M 0 A A2 2 46 P
WIE SR Cu Fl Zn B9—DEERIR . FEBHWIAAIE Zn (o8 S BUEE T8 T AU, v ] i DX e v 1 2
V) AT 4 Sy, X Ut W P PR 328 F 80 B 08 37 gk Zim 1R 25 1800 0 A 6 S EL B R B S, R 40 IX 3 ( 409% 1A A
SO I EYE Ph MR EEAL T 0.2—0.5 pe/L Z 0], 7EREIR I B p K T AU A 25 R A A% S
3.4 FBPHIEE 4 R KRS VA

/I BH I K A4 B 4 Je 38 S AR AKGE AR i g R A S AR XU I 4, 3R 4 FTLIE 1, HBUEY) As (Cd |
Cr T8 33 2R 7K A% T o3 | S P e B JXU 191 BBl 43 00 0.66 x107°—2.54%107 a™' ,0.86 x107—2.91x107a™" |
77 x107°—10.14x107° a™" , BHEAF 30 1.12x107° a™' [ 1.66x107a™ F1 4.74x107 ™", HFBH 1A 5 250 As FI
Cd PETF PRI B3 Z 51 4 (ICRP) (5x107°a™" ) fe KAl #5232 WU, 117 Cr B I(E (4.74x107° &™) 20 T
ICRP W K AT H32 KU . FAEEUEY Cu Pb Fl Zn 51 MRS HE DN NS XE H,Pb 5 Cu FHZEA K, Zn
/N, Cu Pb 1 Zn fa5E XU (38 BB 4391 1.41 x107°—6.17x107"°a™" ,0.87 x107'°—10.35x107%a™" |1.63 x
107" —15.85x10""a™ , PHE A K 3.26%107 a7 3.54% 107 a2 Fi1 5.87x 10" a™" , YL T ICRP 19 il 43
ZIARE (5%107a™") o BEFHMIH As Cd,Cr,Cu ,Pb Zn 5 & A fl HE SRS BIE R 5.88x107a™ i T ICRP 1
F R AT HEAZ AU, Ho iy Cr 51 A A e XU o 5 XU 6 L 91 Y 80.61% , As AR 19.11% , B Cr Fil As PIF G
5 R I A 5 XU =2 R B XU ] s 99.72% 1R AT 9 245 SR 2 B, 0 B WA P Ak 2 B0 4 5 | RS 174 fee
DRSS (b 246 5% 325 A7 5 7808 HT 380 i R XSS e R P2 o, FLURJE: As, G F1 As 5 R A4 R XU L B 4w
TCE = 2-6 DECE YL, X PR T IR B PH ) 2 A R TS e, 75 5 | XU DS BB T TR B A, ASHIFZE R R
B T A 45 S A AR AR A R e S5 3R S () A 45 SR — B

F4 BREEBEYRANFEREVRELSRAKEEABERRETHN AERKE

Table 4 Carcinogens and non—carcinogens healthy risk through drinking water in Poyang Lake

JE% Elements Asx107 27! Cdx107a! Crx10 a7 Cux1070 & Pbx107° a7l Znx107! 47! Total fk’iﬁis o
I/MH Min 0.66 0.86 3.77 1.41 0.87 1.63 -
I KAH Max 2.54 2.91 10.14 6.17 10.35 15.89 -
SEXIME Average 1.12 1.66 4.74 3.26 3.54 5.87 5.88
4 %t

(1) BEBHIE A YE As .Cd Cr.Cu A1 Ph 5 & H % 1 FOK bR, R XY Zn ik ) FE % 1 25K bR
A B IR Zn 40T EISE 1-11 28K BT e BBl

(2) /I B T 375 fire 25 7 4 o A W b ) 23 ) 28 S | As BT Cr ZEREAA | S 0L K T R 30 0 23 (] 40 A 4% R
Cu LB FIEE S =, PR IRS SR s Ph Al Zn Y2 K F AL 25 [ 0 A48 )=y, . Zn 8 2 3 b (R] i
DX IR = IR

(3) KU PEAG 25 5 s, BEBHIB As . Cd . Cu ,Pb Fl Zn 517 B8 HEAE Y XS (E 2K T ICRP #E4E (A, 1fi Cr
BN AR XU (23 ICRP HEFAE BRI 1 Cr F1 As 51 A4 B JXURS: 2 11 (5 3 XU LE 451138 3] 99.72% , J2-
TR RS Y, T | RS SR T T A EA

Brigh RS e R e B BH T WA R 255 BE ST ol AR SR B AR B A P 45 T (9 R SRR AR Bl
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