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Pollution characteristics and risk assessment of heavy metals
in sediment from Taojiang River Basin
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Abstract: Taojiang River is one of the important tributaries of the Ganjiang River, which is an
important inflow river of Poyang Lake. Many ore deposits of rare metals were distributed in the basin
of Taojiang River. For example, tungsten, which is one of unique rare metal in this area. Immoderate
development of the mining, fruit industries, and animal husbandry have resulted in serious heavy
metal pollution, studying the characteristic of heavy metal pollution in the Taojiang River Basin is of
great significance for protecting the water resources of Poyang Lake. In order to evaluate the status of
heavy metal pollution in tungsten mines, 12 sediment samples from the Quannan section of the
Taojiang River were collected during the flood season. The distribution of eight heavy metals ( Cr,

Cu, Zn, As, Cd, Pb, Hg, and W) were determined, and the sources of the heavy metals were
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analyzed using two-way hierarchical clustering analysis. The status of heavy metal pollution was
identified based on the sediment enrichment factor and adverse effects of biological toxicity. The
results of the study indicated the following points, for these heavy metals, w(Cd), w(Hg), and
w( W) exceeded the background 2.1—263.2, 2.7—82.5 and 2.4—30.2 times, respectively. In
addition, the content of Zn, Pb, As, and Cu exceeded background slightly. While, w(Cr) did not
exceed background. The order of enrichment factor values was as follows: Cd>Hg>W >others ( the
enrichment factors of Zn, Pb, As, Cu, Cr are not significant different) , Cd and Hg were strongly
enriched, and Cr was virtually free of enrichment. The concentration of Cd and Hg was higher than
probable effect concentration ( PEC), resulting in adverse effect on the benthic animals. While
w( Cr) was lower than threshold effect concentration (TEC) , causing few harms to benthic animal.
The mPEC-Q values in sample 3 and sample 6 ranged between 1—5, resulting in a high-risk status.
The research showed the prevention and treatment for Cd, Hg and W should be strengthened for the
remediation of Heavy metal pollution in the Southern section of Taojiang river.

Keywords : heavy metals, tungsten, sediments, biological toxicity, Taojiang River.
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VL VG A8 S T 5 S M V2 ) SRR ) T 11 35 5 T e ) 28 22t BV TIRT K ST AR B
Je EAHEBHI , R 1 A7 5504 0 380 PH ) 2 4 S s e, Bk VT ek A0 75 e 3 B A5 N BB g BBk VTR R,
AR I VE AR WA LR S50 - 6 277 A, R R R R B E W B R A
B EAEHEATRE I e WA R R R A B B AT A A I K RN s 0 HE B, 7 DX kR KR
MRk Z B e s gt

AHFFE I BRIT B TR TP AL 45 W 7E N Y 8 Fh 4 & V5 YL AR fE A T T R B SR80 A
BRI I TR (mPEC-Q ) FIE 724 S XS FEEOTAN , 27 6 PPAS DURR Y Hh 8 4 Jm 15 o AU i 52 45
AT A BUR ST TR DTS Y IG P T AR 3t 25 IXURG A8 B LA B 5 3 Yol ) e 15 (AL B3 < 7% R
KA.

1 #B5S 1 ( Materials and methods)

1.1 BEACRAE

FH GPS X RAE s AT, XF 12 AR RNV, BE AR A T 2017 4F 7 H AL SR 45 R AT
B SR IRERARAE , ANk 1 7R SRAE R AR WAL 1 T AR SR FE SR 4E 3 b FE i s iR &, AN 554K
P AZORFERSRELRZ 0—10 em VIFW , 26 AR O MRS IR 51 % B E 10 sk 4n 5 , JF I i A 1K
AR IRARRIAE S ] S g =
1.2 SRk

DUBIRE s A SRR J5 A LB 3R 0, S SR Bk A | D1 72 S shAE P ok IR S5 2% ot , 22 S 3 AT SR k44
i 200 BJETHIG 64 TR LA, WA B R 1CP-MS X HE 48 w(Cr) \w(Cu) \w(Zn) |
w(Cd) \w(Pb) Flw( W) Tt /5 Tl , A JRF 2T w0 (As) il w(He) BT B 700 E .
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Table 1 Environmental characteristics of sampling locations

KA R & B AR5
Sample Location Geographic coordinates Environmental characteristics
1 BEYLIR K 114°12'43F 24°40'42"N" 1Lk

2 HUKFF 114°21'16"E ,24°39'23"N ARSI SRk IX

3 K 114°22'16"E ,24°41'15"N I IFR X

4 BEiam 114°22'16"E ,24°41'15"N Fall X

5 HE S0 114°22'34"E 24°43'25"N AR IX

6 FhiiE 114°28'17"E ,24°41'42"N FRAFIX.

7 T 24K 114°31'11"E ,24°41'52"N Fol X & H

8 T4 114°30'34"E ,24°42'31"N OSBRI Rk X

9 =R 114°31'37"E ,24°43'40"N AT IX

10 INFE] 114°28'38"E ,24°44'51"N AT X

11 &I 114°32'54"E 24°45'12"N ORI Rl X
12 FEIEAA 114°36'31"E ,24°46'53"N AR X

N
A : )
1% k

Shixing County

eSS

Quannan County

4

5

N

{ ~ 2 3 b,
| Legend N\ /
B Leg - KL S\
® RAEA ? Dajishan / pAES
?;E];lej];lkm,% sites Longnan County
~ Taojiang River o
[ ]H County ,542%

‘ Yy
0 4500 Lianping Cpu;xfj/

B1 RER

Fig.1 Location of sampling sites

N T IE RS R, AR T Bednar®! BCiHE A Tl IR 1 M 0 , 76 36 (R PR 8 (USEPA ) Bl R 11 fift
TRAFERE L RN S mL( 101, 2585 FoK R ) fiSER A RIS A 1mL YRBEIR , B Fie iR T i i b4 7.
MR T Cr.Cu Zn (Cd.Pb AW B2, IR E A, 75 B0 T fo T00R R 4 455 A8 45 A o B T A SR A
DU RN 5 As F1 Hg BN & W02k FH E KK T il $ BGE (GB/T 22105—2008) , FREX 0.30 ¢ +4£T°50 mL
e In A K (YRR ERRR ,1:3) , 8 10 mL 50% F K T H A4, 78 95 CHEIR/K IS W 2 h, B HG
FERZE 50 mL, 25 mL EVEW T 50 mL Hea g A 2.5 mL 3572 ,5 mL Bk, i385 2 4 % 50 mL,
TR A I 0 5 2k R b U AR IR MEY T ( GBW—07309) HE4T ik 5t , 08 3 N PATRE, DA &%
Y FTSCRIEATE 89%—109% 22 [8) , A X ARE i 25 25978 10% LA,

1.3 #dsaba

ArcGis 10.0 B FH T RAESFMC. A R 3.6.0 XF T A R AE 5 &R 8 4 8 017 XUa B2 0 L, I R

TN T 4 J TR AN AR AE st o A a3 M AR R ) ) TR
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1.4 M

B RBER) RNV TRy b 68 AR 2 ARG S FE B ) SR,
SR A L TR OT R VR EE 52000 RS S TR L, DAk B W% T F BT Gtk . 18 4 T S
H 5 KITR O T E 4 a8 8 S(E 0 LU (B R BT TR h 8 4 S 1Y) i B8 8 B e HL A2 31 N IS8 Bl 5 Ml 1)
BERKILRIRY T Cr.Cu (Zn (As Cd.Pb Hg F1 W H# 5 {6 504 82.35,78.9.6,0.25 .27,
0.08.1.8 mg-kg™'""".

YRR PN SR AR D AR (mPEC-Q) PRI b &8 IR & AL R
HHEALIA (1) .

mPEC-Q = 2 (C'/ PEC,)/n (1)

K HEEEOFIE; CHTIBY TP | P )8 1Y SEPR & T80, me kg™ s PEC, W5 i FiE
&)@ B ] BE AN MR BE. mPEC-Q L5 2 /NI, 4350 A BB A0 e J& ( Threshold Efféet Concentration
TEC) F10] BERLN e i ( Probable Effect Concentration, PEC) ( W38 2) 8 DR A5 48 i i 5 s 2 4>
(AT LU, T AR IR A IUAR YY) vh 8 4 J 0 20 2508 T AT PR A 24 1 46 8 o & 0B/ T TEC {8, 10
HJRXEW S YA A G H ;Y R BT PEC A, 00 5045 X ISl 7 A 1a AR T 5 24
5 4 ST 8 TEC {5 PEC (A2 8], U 5 42 )& n fE xR mi sh =L fe /e E AT 1
TEC {65 PEC {HN3K 2, 56T W YRR RIS | i e = 1509 7k REA & TEC | PEC 1A, B2k
PeE AR ) 5T AR S KRR BN AL S WARYE mPEC-Q (B9 K/ B ALY B AR 50 3
Jg 4 DN . mPEC-Q<0.1 HEXE,0.1<mPEC-Q <1 KUK, 1<mPEC-Q <5 K XK, 5<mPEC-Q
AR R AU

Fx2 KMELEN TEC PEC 1 T
Table 2 TEC, PEC and T of heavy metals

Heavy metal Cr Zn Gu As Cd Hg Ph w
TEC 43.4 31.6 121 9.79 0.99 0.18 35.8 —
PEC 111 149 459 33 4.98 1.06 128 —

T 2 1 5 10 30 40.5 5 —

TETEAE S KRR 2 (RI) A& H1 Hakanson 4 B9 —M H TPEA TR v B 42 75 G4 S R P 7 k.
HAAXIA(2) .

RI:iEi=iT§xcj/cfl (2)

K, n HESIBOFIE; £ | FESRIBTEAESEHEREG ¢ MUY e | FhiE 4 1) 92 br

D i 5340 mg-keg™ , C, HXTN B4R 56 mg-keg™' s T2 W4T i P 408 0981 R 2RI AT PFHr

P Yo VS TE A S NS TR S50 R4 FRUE . RIS T0 F R A 25 AU, 70<RI<< 140 by &5 A4 28 XU
140<RI Ay XU 7

2 R 5118 (Results and discussion)

2.1 HEEJEZWN A S RE ST

4 T A B B R A MR Ak S R AR R S A T OB ) R A H 8] 2 W BT R Sk CRAE
A1) Y 8 FER 4 1) BT i A B N B AL, F R B T H ORI Sk A2 B A TS Qb (B w( Hg)
00 (W) AW I 1 508, R A TIPS R S A i) W S Sl ir e 19w ( Cr) 7E 8 AR BE (R
FERL11) B A RGR B e K AE 5w (Cu) TERUKFS CRAERL 2) K I CRIERL 3) (FhilE (RIS 6) F14: e
BCRBES 1) B BB o 15 S (e B 28 1 AT 80, B | A e A 4 R B4 A SR L sl R B 8
MRT I CRFES, 3) 2 W TR IX, B 7= R T — B W T ) 2 88 T LRI, S8 W hk
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BB REAEIE AL AU | Y 7E M 3R HEFR T | 76 R 7 R P B /K 5 F T 23 18 I o 4 Ja 1) A 555 1) R Tl 3
A A DXk P g KA DL R R A 0 4 S S Y B T ARV IR SL 2 A0, U 11 S SRAE AR w (Zn) |
w( As) il w(Pb) BB T 5H , B TE R IX T SR F &, HZ L Zn As F1 Pb fE R EA 91
FELE AR w (Cd) ZER T LA 22320\ R 7K F25H A5 000 (Ph ) PEH -5 (CRAF S5 8) iAH]
T RAE, Z IS 0T RE 2 T AL SR A 5 AR N 1 MR B8 Laidlaw 2815 ] iy g 25 L1e) ROTFSE 7 |, B X A8
12 i RIS 7E T K LS W K A R A A DA 1 [ K o AT RS A S RIS
Ve W B, X AR EF AR 1 5 — 23 BT B R AR L CRAE AR 11) BB 19 w (P ) R LI AR R4 (R AE
RU12) w (Hg) Flw (W) 8, W 7E KT L Be i £ 2832 200 77 TR s i B A oA XTI K &
() 12 A RABE S AL w( Cr) AR 5HE, Horp w(Cd) | w(Hg) 1w (W) 55 KT R TR &
{8 2.1—263.2 £ .2.7—82.5 % .2.4—30.2 1.

T 80 T:“6°Z

:D E D 530: |- e Vo= SO O

i—oeflnedlode :ECOHOORCEOCD

= 34 5 6 7 8 9 10 11 12 = 1 2 3 4 56 7 8 9 1011 12
Sample Sample

T — s =

k) L [ g0 B —

2100 | FWWTFWTWF] =[] AL - ==L rimj

= , rmEEEEEE 1 o

[\;/ 1 2 34567891011 12 1 2 3 4 56 7 8 9 10 11 12
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230 F E;: H
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EY 1 2 3 4 5 6 7 8 9 10 11 12 EY 34 56 7 8 9 10 11 12
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B2 HE)E A
(G B FOR 2R I H 5E)
Fig.2 Space distribution of heavy metals

(‘Note: The dotted line represents the background value of heavy metals)

PR 2R PR 1) DAL R s | 3B AT FNAAN [R) B0 68,2 7, 6 W b i 1 2% BB Sk s o — R 64,
WA AT DA B i TN 4 SR A O R, ATl T R 15 5 0 “ scale” PREICH T 42 & it i 4348
HATAR AL (VBB PR AT B R AT 24— AR A BT D 2 35k 41 500 ~F- YA (B P DA I 21 2K
HIBITTAR) SR JE A T oRAE 5 4 ) T i 0 B8 ) J2 R 2R 2K (hierarchical cluster analysis, HCA) 4554
WK 3. 4 JmE) HCA 855 0K 3 i i F etk B, X8 4 Jm R 28 08 4 25 (1) Pb-W; (2) Cr-
Zn-As; (3)Cd; (4) Cu-Hg RAEE S HCA 55 W IE 3 Hh A Ze MARIR B B R A S 530 4 25 (1) RAEER 15
(2) RFEA 3.6;(3) RFEA4.7.2.5.10; (4) KA 11,12 .8 9. &l 3 AT 1, BRVLAK F b 1B (CRAE
R:1.2.3.4.6 7)UFRYIT w(Pb) w (W) o Cr) KT T IERAE A (H_LIFEBERY 3.6 RS20 1Lk
IR AT w( Cd) o ( Cu) Flw(Hg) BEIT/K R T EBLCRAE A 8.9.11,12) JLARYw(Pb) |
w(W) w( Cr) 7K FIHARAE A AERAE 8 0 (Cr) BIAEE T (8, PR BR VT R B B 1Y w(Ph)
Flaw (W) & K PR TTK R A UTRR A AT 358 1 1 o 4 3 o, 38 X — IR i B A DL LA 4
BB RIMT RN I3 A )3z A XA B W s IR R B R R AR T AT Ak
R Rt HEAF LU BB R K AN IR B HE ) Tl ik v i A K i 5 42 )8 5 A m EL Sl SR FE I 2%, TR AR
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MR R LR 2 i A v 14 TR R
2.2 UURWIEGIETG I

R & SCE -5 RATR R VTR h B i 75 S0 LU AEDR WAy v B < T i) SR AR JEE SN
SRR RE T R AR RN 4 BT R IR 4 AT 12 AR S B AR REC/NIBT  Cd>Hg> WAl
(Zn .Pb As Cu Cr BYEHERBAAZEAKR) ,Hp, Cr Cu fEITA RAE AR SRR AL TIJ0i5 4L sl il
TG RORAS RAE AT 7 .8 11 1Y Zn FERAERL 11,12 1) As Pb, HE R RHN T 2—5, )8 TRMESRE Cd
TERAE L 6 IR BN ERKAH, SRAE A 312 1Y Cd o W] 2 B0 3 S5 0EL BRSR AR AT 1.6 1 10 241, He W 4 R AL
Pl 5 A TARGR E ERE W B R REEIL T 2—20 Z ], AR 3 4 11 Fl 12 BEREKT
5, REGRE RS T A ERBIERT 2, b TR EESRS, HEREGR USSR wE, £%
g FIZRAL TRRTTIR S AR 52 A T5 G/ 25 1 DU Cd Hg A1 W AL 500 5 48

3001
= Cr
’ e Cu
1 250 A 7n
B v As
- 200f g
4
» Pb
7 = 150 « W
2 =
5
100
10 bt
| i
I 12 sor ]
8 < 1 1 4 i 3
9 of e # § t e s @ * $ . '
@ é\ @ & ‘%\ 6\ & @ 1 1 1 1 1 | 1 1
V¥ O O o 1 2 3 4 5 6 7 8§ 9 10 11 12
*“8 S &Y ES $® Sample
B3 A RAE U E R E B4 SHoEEERLK
Fig.3 Two-way hierarchical clustering of trace Fig.4 Enrichment factors (EF) of heavy metals

elements and different sites

T 4 R ) B B0 ) S TEC {ERFPEC 251
TEHAT S, w( Cr) W EEBUEAR T TEC {H, 38 Cr X

S B W) A 7= A2 18w (As) Jw (Cu) cw (Pb) | 2?
w(Zn) WM EE{E A T . TEC {55 PEC {H Z [0], % W 81

As Cu,Pb fl Zn ALRE 2% IR W s 4 7= A £5 354 H
w( Cd) Al w( He) HeJEAE K T PEC {H, £ Cd # Hg
XA S rE A 5 B SRR T 45 SRR S ) mPEC-
O 18 LA % Fh 0 42 J8 W mPEC-Q (14 5Tk B S B 5%
IR RAE 1.2.4.5.7.8.9.10. 11 iYW EL)E
) mPEC-Q {HALF 0.1—1 Z [8], RWHX 9 4 & 4
A YRS RIS I (Y RT REPE AL T 15%—29% 2 7], Ak
T USRS s AT HAt O AN, RAERT 3,612 1
mPEC-Q {HAL T 1—5 Z[a], 3RUIX 3 A i i &
4@ KA AR PEAS RS0 5 AT BEMEAL T 33%—58% Z [] , b T i MU AR 25 SR EE £ 1 B BRIT IRk , mPEC-
Q {7 0.11, HeFEI5 YW As 1 Zn; AL 3 F16 59 mPEC-Q {84351y 1.88 F12.21, 3 HAR K —#B/34K
JEH Cd DTk, 3X—45 M HIESE T 3w 2 PRI oo SR A S SRS SR 2 8 R 9 1 mPEC-Q {E 43
B8 0.67 F10.63, W5 i A BAE , I H 48 M ATBUA L SRR A 2.3 .4.5.7 12 IRAFRSE A2 %) He 54
2 (Hg X mPEC-Q STHREEAE 30% V) 1)

RIS TS EAE B S FE BN 3% 3, mPEC-Q 5 RI AUAHCRECH 0.9833  IEI PRI R bR7EPEMN 15
YURREE B — R b 0 — S ARV R AR A KU AR BTN i RS SRR 43, RAE A 2.4 5.7 8.9,
11 5 AU 77 B S X 2 s e R RS2 5 FLHE R (B O o2 % 4R B A OB 3 4 s Vi I

B 5 s

Fig.5 Assessment of adverse effects of heavy metals
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AT A (1) A1 (2) W1 mPEC-Q HAEM N R FEEELRURE ¢, M RIH R A i3
R T MELSRRE CYJE RS 2.4.5.7.8.9.11 [ mPEC-Q EZETTHRE K Cd F1 He, W& 1%
BRI 2 S 20X BE R RE 5 10 RI (R K.

R3 ARMAM RUES K SFH
Table 3 RI and risk level of sample

D 1=
*ﬁéu 2 3 4 5 6 7 8 9 10 11 12
Sample

RI 80.7 640.57  7476.12 1420.46  1158.33 10022.53 735.55 1016.23 95322 271.16  1186.65 3553.17

Risk level XU MUBE  dmBBS  dmBABS  smUS:  smMUR:  sRMUR: SRR SRURE SR SRR SRR

3 78 ( Conclusion)

(1) BRI 4 r BI] i O AR W) vh 4 )8 o o B s, b Cd Hg A1 W AR A5 o0 il oy 2.1—
263.2 15 2.7—82.5 £ .2.4—30.2 15 ;w(Zn) .w(Pb) w(As) w( Cu) I (E w( Cr) KHE 5
{H; 48 As W Cr Zn F1 Pb BAFARURIE , W RESZ 207 7 HFR A G A8 s [ma iRy
B Cd,Cu.Zn As .Pb Ml W 5§ 6 FpEE &)@ 1544, b LliF3Z Cd .Cu Hg 154, FUi#sZ Pb W Zn As V5L

(2)8 i 4 Jm i 4 R 5 KRB/ Cd>Hg>W>HAM (Zn \Ph (As . Cu \Cr I E E R 2ZEAK) ,
Cd 1 Hg 1Y & 4R B f ™ B, Cd Fl Hg XA S 7= A= /8 3, As \Cu (Pb Zn FIBESSXTIRAN B ) 7= A 18
YEFE AL Cr XTSI F= A 5 5 5 Huge A= W a M A RS2 i R s e 25 XU 48 580, R B0 A AR K )
AT (HR R & OGR4 T4 R T e AR B3 i X0 T Cd AN Hg 75 45 50 0 A SRR S (I cd %
AR R R AE AL 3.6,12) 23 i R A 5 K, 38 PRI 77 =X 08 XU S5 A7 AE 25 5

(3) KA DURY h 250 4w S B R A T AR A AT i v 4 815 L IR, BR VAT B )
HEBH W A K S8, JUHIE Cd Hg W5 e DR X W A S 8 240, 330 PEC \TEC #I T,
SEHOCHEAR SR Z | DL E T Y B0 T EA R 15 ) — 2B Z PR BRI, U P SE 8 AH DA 5T
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