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Distribution characteristics and risk-assessment of heavy metals
in overlying water and surface sediments in rivers in typical
mining areas of southern Jiangxi Province
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(Jiangxi Key Laberatory of Mining and Metallurgy Enviromental Pollution Control, Jiangxi University of
Science and Technology, Ganzhou, 341000, China)

Abstract; In order to reveal the heavy metal content, occurrence form and ecological risk of the
rivers in the typical _mining area of southern Jiangxi province, this paper selects Taojiang as the
research object and collects the overlying water and sediments from 10 monitored points.The contents
and morphology of heavy metals Cu, Zn, As and W in overlying water and sediment were analyzed
by inductively coupled plasma mass spectrometry. The pollution status of four heavy metals in
Taojiang sediments was evaluated by Nemero comprehensive pollution index method and risk
assessment coding method.The results show that the average contents of Cu, Zn, As and W in the
overlying water are 53.12, 38.92, 1.71 and 0.15 pg-L™", respectively. The average values of Cu,
Zn, As and W in sediments are respectively 43.09, 135.55, 16.43 and 17.23 mg - kg™'; The

comparison of the proportion of the four heavy metals is residue state > oxidizable state > reducible
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state > acid soluble state from high to low ;the evaluation results of Nemero comprehensive pollution
index method show that 50% of the sampling points belong to the middle pollution level, and 40% of
the sampling points are at the level of heavy pollution; Only 10% of the sampling points in the risk
assessment coding method are at low ecological risk, and 90% of the sampling points are at medium
ecological risk.

Keywords : Taojiang River, heavy metal, overlying water, sediment, pollution assessment.
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1 #8571 ( Materials and.methods )

1.1 DX S5 i R A

BVT & 5 T S ) 4R B AR 1145 m B4Rt 0 = 06 | Ja 380 PHS R 80 VT K R 1 S0,
0, T 43 SO B FE AL E A T 24°20'—25°30'N, 114°11'—116°13'E, i 44w e f5 £ s a
FRH SICASUKEA G 01K 289 km, Hils Hi A2 7800 km®.

ARSGF 2017 4 10 AT 10 ASSRAE S P T RAE WA 1 iR AE SCHE R AR R op, 7800 A LS
TSk T L P A A 7 AR T X K SR I, SR GPS 28 7 R GE Xt 45 SRR s A7 22 (00 L, VRN IC SRR B o5 JE
AR 35 K SCAAE A Tl AR JRy A B SCIT K SR s AR IE AN 3% 1. K (8 55 T U 1)
IKJZ ) RAEFH 500 mL 3R 24 SERHHL , BORE R 10% A4 FRIZ I 10 h 5 Yedsdt T BORERT , 2% Ruttner SRAR
PERIMET 10—50 em WEEIKRE, MR E pH<2, W bFFRZ . IR R 8600 PSRN =R RE S,
KHZSIRATRERZE(0—10 em) UUEY 2 AR MBS IR HER 2 R, B G0k g 5. UL b 1
BOK GUIRYIRAE 3 0y LA/ INRZE ARTEORAE , I B A% 1] 52 56 28 04 7 Aar 0.

1.2 FESLALEES 537

BOKEERE 0.45 pwm U8 IR U8 IS AR UL DT RE S TE A SR A1 TR, B 105 CHb)E E4E i S
BRAAr DL K shAE Y R AR S5 2% i, 2 IR Al ok 200 H JE Je i 5, FREX 0.5000 ¢ (K5 £10.0001 g)
DURIRE SR A R DGR AR R I A 10 mL $h R (24l GR) ,90°C A& T & 3 mL, F4lmA
5 mLAYER (P44l GR,500 mL, [E24) |5 mL ZHER (444l GR,500 mL, E24) Fl 3 mL 5 SR (24l
GR,500 mL, [E25) , N 120°C 4%, FEoC 2R G 180 CHERR 1 h, B J5 FH 25 55 /K 1 VR R | BERE 5
SEREERS BRERORN , R 1 %R B E R E 50 mL 38R N7 B4R o BCR =45 #2057
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HAbEE ) BRI 1.000 g VOB T 50 mL SR JEH 40 mL 0. Imol - L™ BRRVAL, 240 r-min”' #% AR
% 18 h RIBUEZA 1 (FRIEZR) s T4 T 40 mL 0.5 mol - L™ SRR KERIA W (9 pH=1.5) ,240 r-min”'
FERIR D 18h $EBUEZS 2R JEZS) s ARG RIEZS 2 R 10 mL 30% 1 Ak S B £ 7 B 1h ik
£ 85°C , F i 10 mL 30% 3 S AL A W (85+2) CIKIAHRE ARG 1mol - L™ L FRELHE W 50 mL(# pH=2)
240 r-min” FEIRHR Y 18h RPULAS 3 (AT EMAR) ;&5 , EA 3 BFRE M 15 mL fiffR+ 10mL B2 +
5 mL 30% i AL ETH R 1B 4 (BRI .
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Fig.1 /Sampling sites distribution
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Table 1 Environmental characteristics at the sampling sites
KA R SALAFR A bR JR PR SERFAIE
Sampling point Point name Coordinate Surrounding environment characteristics
1 R T-1 E114°13'54" N24°40'09" BRTLUE Sk A, 4 H Taojiang source, village, farmland
2 YL T2 E114°16'43",N24°39'02" Fe453% , V03 Pig farm, battlefield
3 R T-3 E114°25'36" N24°41'31" TIPSR X, B, A Mining area, village, farmland
4 HRYLT-4 E114°30'34",N24°42'30" B PETFR X, F25E 3 Mineral mining area, Breeding base
5 BT T-5 E114°3631" ,N24°46'57" SBIT /N, %) Adjacent road, brick factory
6 BRIT. T-6 E114°40'45" ,N24°49'59" AR E Adjacent road, village
7 BRI T-7 E114°47'14" ,N25°02'17" SRIT NI A4S B Adjacent road, farmland
8 RV T-8 E114°55'22",N25°09'25" K, 4 H Village, farmland
9 RV T-9 E114°56'08",N25°42'51" {5 EE B, A% X Xinfeng County, living area
10 YT T-10 E115°04'43" ,N25°41'04" R A€ 1T, BRIT A 1% Village, farmland, adjacent road

PLLESRICE CuZn W As B M 3 A FATHE, R A B A 55 5 TR I (X (1CP-MS,
Agilent 8800) 5 > B il I 22 26 VT PG B TR 2 TR BT 5% Be 52 ). 40 Fr ok 2 b SR F b vfE 2 2% ) TR
(GBWO07309) #E47 H S5, iR 22 /N T +10% , 454 J& JU R [FISCRAE 89%—110% 2 [H].

K H Excel 2016, Spss 22.0Origin 2017 SFE A A TEEE 7047, I Arcgis 10.0 23 RAF 5.

1.3 Pk
1.3.1 WM LR AT et 5k

WS 3548 B0 32 2R AR BN 75 QeAR BTN A RE A XS DR XN 2 Fh 46 Jm i 258 5 15 e e
FEFEATIPA ) ORI PP D5 1 HE B 1 22 4 J o A5 DX AR 775 e ] 7 A 12 .
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Py = /(P +P.)/2 (1)

Cia\e P Cimax 2
ave S 2 max S ( )

K, Py FORNEE 515 RAR BUERI RN i FoR R DU B SR MR €, S i 3R 1) 2
DURY G Jm © B9 IINHE BAFNARIE ; P, F7R A — DX ISTT AR A 2% ol B 4 Ja BRI e AR 50
FIIME (mg kg™ ), P, TR — XG4 T 53 15 Yo B R (B (mg - kg™ ) AR A A
BEEA T AR TS R 5 T 5 ANSEG, AR 2 FIs %P I N R 6% S e B T 4 Ja X 9T IX
Sl A T SRR JEE | i REAS A AIF 5 DX S A Y 22 o < i PO i ) 2 5 5 e AR

R2 NP AT YHREGE

Table 2 Nemero comprehensive pollution index evaluation method

imax

15 YA E 3 PATHE Pollution index grading standard

Grade {H Value 7‘9‘11}3%2& ‘Eﬂyqu o
Pollution level Pollution Discription
1 Py <0.7 44 Safety ¥ Clean
2 0.7<Pyp <1 YL Alert level i 1# Still clean
3 1<Pyzp <2 1275 4¢ Light pollution FFfZ 75 5% Start contaminated
4 2<Pyp <3 #1544 Medium pollution Z F| T EETS5 Y Moderately polluted
5 Py > 3 V5% (heavy pollution) 52 | FEE 5 7% (Severely polluted)

1.3.2 UG HE B dm i

AU HE Bt % (RAC) 5 1 42 8 T A5 4 88 DA O 8 Ao — R oE o 8 4 IXURS: I IPAN T 15 %
Ik BRI T E & B IR A S A8 45T A Z RN AR R X% 4 1 R AR S KR E AT 1
o WE TS, RIE SRS PR, 5 TEBMEL AL, 5 T A I s, MM 25 525 X 5% 1 1 v
TERUN. RAC (R, 0192 T 4 i % 558 T s A RGBSRt st R, IXUBS: PPN S5 R N 3% 3 .

R3RHE R TR G o
Table 3. Risk index coding method

BN FRVRZS TS H 43t AU S
Grade standard Percentage of acid soluble state /% Risk level
1 RAC<I1 TEXUE: Nno risk
2 1<RAC<I10 RS Low risk
3 10<RAC<30 A2 XU Medium risk
4 30<RAC<50 XU High risk
5 RAC>50 % =5 XU Extremely high risk

2 R 51718 (Results and discussion)

2.1 FEKSUIBYESE S ESM6

BEVT 7K 4 RS TR S AT LR 4,Ca Zn As I W & L4000 31.5—111,19.1—81.2
1.26—2.77 0.1—0.34 pg-L™", 10 RAE S Cu S REE AL T —JK obn i FRAE 5 = 2K Bibr i FRAE
Z[8],10% [RFERL Zn T B — K BARHERRAE , 3R W Zn B8 — 27K BTARE Y LU BEAR. 10 A RAE A
As B & A AIR B — K BIhnifERR (A, W 3 5 B T 2 Sl el i A K Babs if , R W EAE K
PR As R W) F e A e ot b 38 /K BRI T it — 28 bR o R A .

MRV 4 FhE SR SRS 5, Cu Zn As F1 W HI& 50 WA T 37.4—87.49 55.12—
252.69.8.92—31.33 3.56—49.44 mg kg™ Z[H]; DI 4 FhEE 48 00 & AR EVMNETF N Zn>Cu>W>
As VR I = B2 Zn, SEXMRE R 135.55 mg-ke ™', (5 4 MR EE 48 B 1 64% , UK JE: Cu F As, PR
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3R 43.09 mg-kg™' 16.42 mg-kg ™ W EERARIJE As, FIIWRE R 17.23 mg-kg KRS ESR S
FARMEE R, ot W AR B BB K, K 97.54% , AT AR AEAE SRS UL, Zn  As  Cu (978 5 RN,
S 41.50% 38.10% 24.20% , 7] HE J2 1 PR 75 4.

x4 ML EAEDKPESR SR
Table 4 Heavy metal content in the overlying water of Taojiang

EROK A A

JH Heavy metal content in overlying water/( pg-L™")

Project Cu Zn As w*

by F K PRI o e — AR E R 10 50 50

Hb FE K IRBE i = hrifi R 1000 1000 50 8
KEEE 48 &= (n=10) 31.5—111 19.1—81.2 1.26—2.77 0.1—0.34
T 1E 53.12 38.92 1.71 0.15
Bl 22 24.23 19.78 0.48 0.08
ot — bR HERR R % 100 10 0

ot = AR UERR{EL % 0 0 0 0

B8 R i KRR (0 S0 Ml TSt 9 D K B ol (PR T D T oA o 5 T8 B K A i KR AED)

®5 HHLIIBYHE S & i (mg-kg™")

Table 5 Heavy metal content in Taojiang sediments( mg=kg™")

TURR Yy i 4 TR )2 ik
Heavy metal content in sediments/ (mg-kg™')

Cu Zn As W
TEPEA ey S 2 35 78 9.6 5.1
WEJE S ENH(n=10) 37.4—87.49 5512—252.69 8.92—31.33 3.56—49.44
T 1H 43.09 135.55 16.42 17.23
Bt 22 11.96 56.25 6.25 16.81
CV/% 24.20 41.50 38.10 97.54
T S AH E A % 100 100 90 100

K2 BT DU b 4 PG R ARG, K 2 AT, 1 5 3 54 SRS 4 R RS R S EY
A, AR T 4 B 4 S s YA o P EE BT A R B AN A B R RNV INEI R 87 X, i85 1
PR X, AR G R S ks, REE S BHEA G, & W% TR ESE IS U 3 4 5k
FES W S i VTV R SR o 5 LA E.7—10 SRR S T &R 15 Yo ™ 8, il B85 A N5
(AN A A = IR BB I HES 5 ) A K.

= Cu
250 - I C_17n
~ [ As
D R
<~ 200}
=
£
5 150}
=
3
£ 100
g
-
z 50
\
0 : N L N N TN [ N e N ]
1 2 3 4 5 6 7 8 9 10

Sampling point
B2 BRI E & )E S R A
Fig.2 Heavy metal content in Taojiang sediments

2.2 DU E G R AT
FHRAE T £ RO TR AL i Z [ A U RE X TCRR W) b o 3 s EA T AH O 0 A, R LA AN [+
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R Z AN ASC O 2, S AHSC R B /AN, mT LA 20 A Ui T LA B 4 Ja =22 ] S U5 40 A S A 1 R
Pearson H5C RBP4 Bl G I8 Z A1 R AHSC R BOHEAT 00T 45 R U036 6 FT7s ,Cu 5 Zn (As FI W
Z AR R FEANSCNE  Zn 5 W AR B EAMSENE (0 As ZIAIRIRRIEAR K, As 5 W Z 8] 7776 12 3%
Kbk, R 4 hEEE T, Cu As W A BEAFTEH R ORI, (H Zn 15 As 22 [8] B9 2K I8 AT RE A7 75— € 1Y 22
S, ST H P Z TA) A A G R Bt AR, ST 4 e <6 mT AR 22 0T LU R RS 1 BUAG AT LU A TR
SRR K Zn 59— 0015 e PTREAL B2 T AR 16 75 .

F 6 FHEJEIUEN Pearson K1

Table 6 Pearson correlation between heavy metal elements

Cu Zn As W
Cu 1
Zn 0.860 ** 1
As 0.847 " 0.568 1
W 0.804 ** 0.679 ™ 0.784 ™ 1

W o# % P<0.01.

2.3 VU E & R IE A A FEIE

B3 BT IR 4 FRE 4R Cu Zn As I W BRSO HRE  IAFTE SRS A N BR VA ZS AT ik
JRAS AL AR A B 3 al g, TUR T 4 Fh iR 4 B IR S RIF & A 225 4B A 3G (AR 0K R
A TSRS ] RS Z AN S0S ) I K/NIF R Zn>Cu»As>W , Zn 4G 5038 % & 5 Fe il 7E
36.59%—64.25% 2 [], Cu YA A &5 e BIAE 19.61%—661.51% Z [f], As Fil W iX B Fh o0 % = Z
IR R FRIE S, 2300 (5 MY 72.28%—89.34% FlI 74.6% —99.54% , W] As Fl W X Pifh T R 55 ks
SE P A B A S KU LA, T Zn I Cu AEAE 10 A5 285 JRUSE R % 65

Cu AIIRJEZS | Al S8 4k 25 T 3% i 25 40 0l o BCEE B9, 6.109%—25.95% , 6. 14%—27.43% F11 38.49%—
83.42% 2 8], 5L 25 B o Fu 5] P = 2R HE P R i 8 1T AL S > TR RS > TR IR S Zn MR JRZS 7] 4R
A AFRE 500 5 5 BR A E J3 FE o 10.20%—27.46% , 13.30%—23.80% Fil 25.74%—63.40% , %I 25
ST o5 He A v BRI A iR 25 > AT IS TS > 1T AL S S TRV AS.

XX %% ZResidual state XN AT 4k A Oxidizable state
7 "TiE A Reducible state [ BR¥EASAcid soluble state

100 100
80 80
60 60

N
N7
N7
N
N7

N7

Cu form partition coefficient /%
Zn form partition coefficient /%

40 >
20 > > } > 20 L
0 A (A v/ /] /] i 0 A v/
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Sampling Sampling
B 100 . 100
2 80 5 80
5 2
S 60 8 60
2 =
E .2
g 40 ‘g 40
£ a
& 20 E 2
1] “~
< L = >
0 0
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Sampling Sampling

3 REVIBWE SRS iRk

Fig.3 Distribution characteristics of heavy metals in surface sediments
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Zn Al Cu EZEWAFE S BORFRES BT S AL AR I8 5 A — 2 H i), 2 B P Fh 4 T8 AR
P55y 5% IS RS S Ak, IR 7K P45 22 G0 gk . 7 30 S 285 ) o 46 J — e LA 0 ) /b 3 ) 4
W BURLAAAE , & T W R FH LB, 72 AR AR A3 i Fi 457 B3 TR i /K AR Sk ST 2 i B il , LA R I A )
AR A W PREE U 5 T AR A T 4 2 S WK AE AR W T B0 e N HERCE S A WL 5 K VE Y
50 DU X FIIE S AR R E 4 B R AR RS 1 (R E R AR T, AR BGE RS RE JT i ATKAA ; Zn 7E
TUR R T R A X PRI AR A B AU, A BR YL AN P 45 BT Bt ke, ] DA B e A= R >
24 DIBRWhESIRIS T

BRITZR)Z VTR & 8 15 Y NS 25 5 15 JedR BOL TN S5 RN 7 PR 10 AR SRR T-8 J& T
RS YRR FARRAE SUE TP B A DL s YR B Pk vT T-3 1 T-4 15 G fi ™ 5. 50% 1) R A A H R I
F s Yo, 52 2 rh SRR TS Y, 40% O RAE s AL FE TS Yo g ), B R Az 3 T TS5 Y. — 7 K
32 BN 1A AN HAD B A ™ LLITFR A 8 B IR B  5 5 — 5 TS PR R SR s 48 30T 2 I B
L PRI R SR SR ML B = S i 16 AN, 3 5 () it v 25 = A DGR G S 5 Rz, A
M—LE 8 G JRm i AKIATF 5 4R TUURY) I s .

KT EEEABWP LRGN SR

Table 7 Evaluation results of heavy metal Nemero comprehensive pollution index

FRE Por T YLER TGP
Sampling sites e Pollution level Pollution Discription

BEIT. T-1 2.20 Hays g rhEE T g
BEIT T-2 2.71 5 g rhEET g
BT T-3 18.91 EIGY ENEREHA
BEIT T-4 20.45 Hi{5 WG
BEIT. T-5 2.89 HrG rpEET g
BEIT T-6 2.48 i g rp T g
BIT T-7 11.28 HiGH il REE
BEIT T-8 1.80 5 RS
BEIT. T-9 2.50 i g rhET g
BEIT. T-10 7.46 Hi5g HEEIGY

DRSPS TR BOE AN 4 RN 8 T/ 4 MHELGJE T Zn B KUR: S5 9t i , B 109 RAE 1AL TR USRS A
JE AT 90% RAE RS T o S MBS AR RE ; Cu FEFTA KA RIS LR 2 8 TR AR MR R E | As 18 70%
R RUE TARAE KSR IL ,30% RYZRAF XU K- Ja T JC KU AL 5 W AR T AT KA i IS R KP4
TR FERE ; SARE 4 B E G m X A 8 BSE 2 R B TN Zn>Cu>As>W.

&8 HEEBENE IR LOFM 4R

Table 8 Evaluation results of heavy metal speciation risk assessment index

-~ Cu Zn As w
Y G2y Y e
HEYL T-1 2.13 2 16.98 3 0.68 1 0.45 1
BRI T-2 5.13 2 17.01 3 0.90 1 0.32 1
BRI T-3 7.27 2 11.30 3 1.25 2 0.82 1
HRYT T-4 8.09 2 12.68 3 1.12 2 0.67 1
BRYL T-5 5.31 2 10.87 3 1.11 2 0.46 1
BT T-6 1.04 2 3.13 2 1.65 2 0.36 1
BT T-7 4.24 2 14.58 3 2.13 2 0.07 1
BT T-8 1.28 2 14.74 3 0.73 1 0.28 1
BEIT. T-9 4.20 2 16.50 3 0.80 1 0.36 1
BT T-10 7.03 2 19.65 3 1.59 2 0.17 1
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(IR EE 2 AEETT T-3 FIBRYT T-4 ) RAC (X%, E2UR i T2 2 IESH TR ISR 57 T
SREATHUE T 0 B9 2 H O B8 8 T M, AT 2% B0 2R W B A B 28 5 HAF eI 0 AR 7R
A, 57 T SRR, 288 R <o 1) PR ARG i, 3 A DA N 3 AR L R U AR ) ) i A e
RIS Y ST B 3 S TR AR AR IRV R 25 26280 - My o 43 5 Yok AR b3

3 4518 ( Conclusion)

(1) BRI B 4 FhE 48 S RN T 61.68—136.55 wg- L' ZH]  FIE K 99.41 ng L™ .4 M4
JE KRBT N . Cu>Zn>As>W TR 4 FE &8 & &2 A T 121.07—143.95 mg-ke™' , FHIME N
218.62 mg-kg ' .4 FhE 4R S KREVNKFR Zn>Cu>W>As 250 /0K F  BRIT T-1 Bt Zn &40 bk
1L T-2 YU 4 FhEE 428 A s 295, BT T-3 A T-4 BEUTEW v 4 Rl 43 )8 09 & 5o la I S ) BT,
X FFAZ BRI FFR SR ) 52 . AR YT T BE 4 D 4R 1Y) 2 i B BRI, o T-5 R T-6
B W, EB TR B DA BER , B Shsg AR XN,

(2) FHRAE ST BT AR R W] 4 e £ Jm iR AR — 2, Horh Cu As AT WORTEA DGRBS, Zn 5 As Z
[ (R AE—RE R 2552, E B Z 200 T= PRI R R A 8. & BB A 0 A KWL DU 4 FhE 4R
HITE AR A 22 5 T2 B A S R/ RIRT K Zn>Cu>As>W  As 5 W AP0 % ke, A1
A AR AR

(3) WD A TG YR B 2, BRARTT. T-8 APy 3552 30 i S DL AR B A 7 e, bk
Y1 T-3 F1 T-4 15 YLIRIUE ™ 5. KU GRS ITAh 45 S R | 4 P 4 s S PFo s IX Sl i il 75 YA 1 K/ NHEF N
Zn>Cu>As>W , HAEREIT T-3 1 T-4 Bt Zn Cu F1 As PIFFEAEARE a2 4 245 UK

5 % 3 (References)
[ 1] T, e XUBESE 55, HUN T B B 4R 15 Yo PPN SR IR TR EERTSE [ ) ] I Rk442%41k ,2015,35(3) :911-917.

DING T,TIAN Y J,LIU J B, et al. Heavy metal pollution assessment and environmental dredging depth of river bottom sediment in Hangzhou
[J]. Acta Scientiae Circumstantiae, 2015,35(3) :911-917(in Chinese).

[ 2] B3, W, 5%, A R U T 4 JR A 15 YRR S e A S XU [ ) ) PR R4, 2013,33 (1) £ 147-153.

JIA Y,FANG M,WU Y ], et al. Pollution characteristics and potential ecological risk of heavy metals in Shanghai river sediments[ J]. China
Environmental Science, 2013,33( 1) ; 147-153(in Chinese ) .

[3] HA&AL, LI, K, 5. PObERMRETBWYE SR & 12 WA RHE RS RPE [ 1], 356, 2017,36(12) :2719-2728.
XIAO D D,SHI Z T,SU B, et al. Spatial distribution characteristics and pollution evaluation of heavy metal content in surface sediments of
Baoxiang River, Dianchi Lake[J]. Envitonmental Chemistry, 2017,36(12) ;:2719-2728(in Chinese).

[ 4] ROGNERU S, FJELD/E. Trace Element contamination of norwegian lake sediments[ J]. Ambio, 2001, 30(1) :11-19.

[ 5] BR/INMBARGREE 30, 55 B KR e a i IX T @ 2= ) 434 DR S5 PP (1], B34k, 2015, 34(12) :2248-2256.
CHEN X M,ZHU B H,YANG W et al. Spatial distribution, source and pollution evaluation of soil heavy metals in gold deposits in the upper
miyun reservoir| J |.Environmental Chemistry, 2015, 34(12) ;2248-2256(in Chinese).

[6] BBl Bk, IR, 55 BAHE X It Cd P MR SRHE AR XURATH [ 1]. PRBEfb:, 2015, 34(12) :2257-2262.

CHEN M, YANG T, XU H, et al. Distribution characteristics and ecological risk assessment of heavy metals Cd and Pb in soils around a
tungsten mine of Gannan[ J]. Environmental Chemistry, 2015, 34(12) ;2257-2262. (in Chinese)

(7] BRW, Wk, 25030, 45, g AL B0 DR H e v o R ¥ eI R A S U PR [ ) ] A (A JB T AR, 2016, 6(2) :89-95.

CHEN M, YANG T, LID Y, et al. Pollution characteristics and ecological risk assessment of heavy metals in rice field soils around a tungsten
mine in Gannan of Jiangxi[ J]. Nonferrous Metals Engineering, 2016, 6(2) :89-95. (in Chinese)

[8] F/NF, F#k, XEx 5. IPY EERME SR 15 R BUR MBS ], TT5RlE, 2014, 1(5) :594-599.

WANG X, WANG X, LIU T Y, et al. Contaminated situation and remediation practice of the main types by heavy metals in Jiangxi Province
[J]. Jiangxi Science, 2014, 1(5) :594-599(in Chinese)

[9] T2 HaRSE, T/NE S TIPS 1 e Jm AR S XU P AT IR I LR ()], BRBE4kS,2015,34(2) :225-233.

WANG F,HUANG Z, WANG X L, et al. Ecological risk assessment of heavy metals in soil around Jiangxi tungsten mine: Comparison of
different evaluation methods|[ J]. Environmental Chemistry, 2015,34(2) ;225-233(in Chinese).

[10] B4, RS, WIRTURYH LoeR X E RIS Qe bn [ 1], B Iiaipe# 4, 2017(3) :34-41.

ZENG K Z, YAN X L. Analysis of heavy metalpollution indexes of rare earth elements in river bed sediments[ J]. Journal of Shangqiu Teachers
College, 2017(3) ; 34-41(in Chinese)



7

WRIVT 45 . d g ML R0 DX 3L K 5 SRR U W) o 5 S o A1 R A B AU AR 1469

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

L BRIL, BT B AR ARV K AN TR T SR TS AR B R4 [ 1] R84k, 2015,34(9) :1671-1684.

WANG L,CHEN F,MA Q L,et al. Pollution characteristics and risk assessment of surface water and sediment heavy metals in the Dajiang
River Basin of Dongjiang River [ J]. Environmental Chemistry, 2015,34(9) :1671-1684(in Chinese).

VIACEE  RVBRZE, U 16] , 25 VLI JE T ¥ AR E S5 AR SIS I [ ). PR4R4k4% ,2016,35(1) :189-198.

XU Y Z,LIU J J,CHENG Y X, et al. Heavy metal pollution characteristics and ecological risk assessment of Xiangjiang River sediment[ J].
Environmental Chemistry, 2016,35(1) :189-198(in Chinese) .

LIU Y, ZHANG J, HUIJUN H E. Assessment of the tessier and BCR sequential extraction procedures for elemental partitioning of Ca, Fe,
Mn, Al,and Ti and their application to surface sediments from Chinese continental shelf[ J]. Acta Oceanologica Sinica, 2018, 37(5) :22-28.
CHEN S Y,LIN J G.Bioleaching of heavy metals from sediment ; Significance of pH [ J].Chemosphere,2001,44 (5) :1093-1102.

RO, SRR, BN LTIl TR 1 SRS BRI [T A RSB (97104 | 2016, 68(4) :81-85.

SU W Z, ZHU Y B. Evaluation of heavy metal pollution in wasteland of Ganzhou rare earth mine[ J]. Nonferrous Metals( Mine) , 2016, 68
(4) :81-85(in Chinese).

B, BRI IR Bk R & S SR RE M B RIS AT [ D] M . TP T K%, 2018.

YANG Q. Eutrophication characteristics and heavy metal pollution assessment of the upper reaches of the Taojiang-River.[ D ]. Ganzhou .
Jiangxi University of Technology Master’s Thesis,2018(in Chinese).

US EPA. Microwave assisted acid digestion of sediments, sludges, soils, and oils. SW-846 method 305143, 1997 [ EB/OL ]. 2018-11-20.
https ;://www.epa.gov/lep/simplified-chinese.

CHABUKDHARA M, NEMA A K. Assessment of heavy metal contamination in hindon river sediments; A ¢hemometric and geochemical
approach[ J ].Chemosphere ,2012,87 (8) : 945-953.

TORE BAMEEE  XURE A, BT R IR DU T R MR 2 B AR S [ T ] R A627,2015,34(1) : 178-185.

FENG J L,HU P Z, et al. Occurrence and ecological risk of heavy metals in the main stream sediments of the middle and lower reaches of the
Yellow River[ J]. Environmental Chemistry, 2015,34(1) ;178-185(in Chinese).

BEDNAR A J, JONES W T, CHAPPELL M A, et al. A modified acid digestion procedure for extraction of tungsten from soil[ J]. Talanta,
2010, 80(3) :1257-1263.

ZHAO G, YE S, YUAN H, et al. Surface sediment properties and heavy metal-pollution assessment in the Pearl River Estuary, China[J].
Environmental Science & Pollution Research, 2017, 24(3) :2966-2979.

B, PN, R AR PERITE R TR RIS RE X 0 5 @ Vs P IE ATAN [ T ] PR AL, 2013, 34(4) :1561-1567

GUO W,SUN W H,ZHOU R X, et al. Characteristics and evaluation‘of heavy metal pollution in different functional areas of Hohhot City[ J].
Environmental Science, 2013, 34(4) :1561-1567(in Chinese) .

RIEL, SR JEP T, AR B A X S B TS UIRBUT S [ )] P R RLA  2015,35(8) :2477-2484.

ZHOU Y H,ZHANG J,ZHOU D et al. Study on soil heavy metal pollution in a tungsten mine area in southern Anhui [ J]. China
Environmental Science, 2015,35(8) ;:2477-2484(in Chinese).

GONZALEZ M J, RAMOS L, HEMANDEZ L M. Distribution of trace metals in sediments and the relationship with their accumulation in
earthworms[ J]. International Jouimal of Environmental Analytical Chemistry,1994,57(2) :135-150.

NG, ARASH:, Borie S8, TR IR R DI RE X I G T e i BT [ ] PR, 2016, 37(6) :2322-2328.

YIU Y N, ZHU S F, WEI X F, et al. Characteristics and evaluation of heavy metal pollution in different functional areas of Luoyang City,
Henan Proyince [J]: Environmental Science, 2016, 37(6) ;2322-2328(in Chinese).





