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Hazard assessment of heavy metal pollution of valley sediment in
mining area of Jialing River upstream

XUE Xi-cheng,LIU Gang

(College of Geology and Environment » Xi’an University of Science and Technology ,Xi’an,Shaanxi 710054 ,China)

Abstract: [Objective) This research focused on the level of heavy metal pollution of watercourse sedi-
ment in mining area of Jialing River upstream to provide scientific basis for the remediation of heavy metal
polluted soil. [Method) The surface sediments of the watercourse were taken at the source,upstream, mid-
dle reaches,and downstream for measurement of Pb,Zn,Cu,Cd,Cr,Ni,and As by Flame atomic absorption
method and Atomic fluorescence spectrometry method. Then the pollution and hazard degrees of heavy
metals in valley sediments of the mining area were evaluated by Tomlinson pollution load index and Hakan-
son potential ecological risk index. The correlations of heavy metal, pH and organic matter were also ana-
lyzed. [Result] Overall, the contents of Pb,Zn,and Cu changed significantly in the study area, while the
contents of Cd,Ni,As,and Cr changed slightly. The pollution load index showed that the source of water-

course was not polluted,upstream was moderately polluted,and middle reaches and downstream were heav-
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ily polluted. The pollution levels were in a decreasing order of Pb>>Cd>Ni>As>Cu>7Zn>Cr. The order
of total pollution degrees in study areas was midstream™>downstream>upstream>>source. The order of po-
tential ecological risk degrees was Cd>>As>>Pb>>Ni>Cr>Zn">Cu. The comprehensive potential ecological
risk values (RI) were 33.38—131. 03. The source suffered low hazardous pollution,but the upstream,mid-
stream and downstream suffered medium level pollution. Correlation analysis indicated that pH was signifi-
cantly correlated with the contents of Pb,Cu,and As in sediment. The organic matter significantly affected
the changes of heavy metal Zn and pH in sediment. In addition, the accumulation of Pb,Cu,Cr,and Ni in
sediment decreased significantly as the increase of organic matter. [Conclusion) The pollution of water-

course in mining area of Jialing River upstream caused damage to the environment and affected the living of

downstream residents. Treatment is urgently needed to the ecological environment.

Key words: heavy metal;sediment;pollution evaluation;mining area of Jialing River upstream
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Table 1  Classification standard of potential ecological risk index
EiER 4 & E R Eig i 1 ESF
Index Pollution level Index Pollution level
Ei<C40 %45 Low RI<C40 %% Low
40<CE.<80 F14% Moderate 40<CRI<C150 146 Moderate
80<CEL<C160 I 2% Significant 150<<RI<C300 it & Significant
160<CEi<320 iR Serious 300<<RI<C600 5f Serious
320<E; e 5k Strong RIZ=600 5k Strong

3 4R 5

3.1 MARYPEEEMNIFTERR

R 2R B B T R A 5 B VT T AT X
P LW Pl R iR AR B 3 AL il AT
1.2, 3. A R S TUR Y P & s & & 25
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s TR RS . T 5 B VU8 Sk 9 35 vy o A
B B AR IX R Z AR IR, A Sk DT
R % G Jm & B L T L IEARE.
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Table 2 Heavy metal contents of valley sediments in mining area of Jialing River upstream mg/kg

Sampﬁi@é llfcation gﬁf Ph Zn Cu Cd Cr Ni As
1 14.73 26.76 15. 56 0.078 31.56 18. 67 6.05
W Sk 2 17.23 32.54 16. 34 0. 067 44, 32 22.59 8.10
Source 3 26.16 57.45 17. 34 0.096 32.45 31.40 8.01
S Average 19. 37 38.92 16. 41 0. 080 36.11 24.22 7.38
1 64. 67 63.65 22.45 0. 210 45. 34 43.78 5.24
&3 2 73.12 97. 44 34.45 0.102 56.78 47,57 12.42
Upstream 3 87.67 86. 34 44,23 0.132 66.42 54. 69 15.51
SEHH Average 75.15 82.48 33.71 0.148 56. 18 18. 68 11. 06
1 92.67 198. 43 52.78 0. 286 43. 89 49. 64 16. 44
i 2 117. 86 174.23 43.43 0. 329 55.67 56.42 20. 56
Middle reaches 3 103. 63 199. 34 65. 34 0.432 63. 22 54.53 18.57
SEH{E Average 104. 72 190. 67 53. 85 0. 349 54. 26 53.53 18.52
1 100. 34 137. 49 43.54 0. 367 67. 34 48.23 10. 42
T 2 98. 45 147.46 34. 45 0.473 71.51 53.37 11. 37
Downstream 3 95. 34 104. 54 32.79 0.218 66. 30 63.43 13.53
SEH{E Average 98. 04 129. 83 36.93 0. 357 68. 38 55.01 11.77
W5 X & & Content of the study area  49. 81 110. 48 35.23 0.230 53.73 45. 36 12.18
+ 4 A F{H Soil background value 26.00 74.20 22. 60 0.097 61.00 26. 90 11. 20

T LA b SR T BT 3 S (R b [ - TR SR AP

Note: The soil element background values are the arithmetic average of background soil in Chinal'2],

M2 2 50, LU RAE SR h & 48 &
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MG e #5300 o 10 B B0 AE A X0 A 35 0L T R s o IE 25
O3 ) A0 ik e, B SE AT X 4, P Zn R E .

F 2 R, 5 AH L . rbiE g2 e 20 /N i ol — B
FURLYI 1 Pb. Zn, Cu & & FF &2 3 m. 40 513 m 1
85.35,151. 75,37, 44 mg/kg. X & P K % W /NG
W Pb.Zn " %4, Foe 0 r 7= 25 19 2 7K D R s

W) ZE WK kil 3= 6 . 73 Pb.Zn. As D& BE ik
HEATKARGR T ADLRRY), S BOLE S S SR B #
b g E, PR A CroNiL As P
YA LR Sk 3G s 35 g WY i, Cd & o B A 4 ¢
A, T Cr Niy As 15 94 38 58 (1 J5 B /N Au
TS S AR B IR SO E TR
W, 22 KA R S S R 0 4 R B R ik 4
M &% A DLAR

M 2 ] LLE . TR S TRy h 4R
Pb.Zn.Cu.Cd.Cr.Ni.As F¥ & HEHmE THEL;H
SigA L, FiF Pb.Zn, Cu “F3 & & T FE 6. 68,
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60.84,16. 92 mg/kg, Cr.Ni.Cd “F ¥ & = 0% A 3
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B AR IO, 23 U SR AR UL A, A Zn &
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x3
Table 3

CF, AHFIS YA far 48 80 PLI, 45 R W& 3, K3 B
ALERVIER A ESE CF EX/NT 1L, ¥kR
XFIREE A TS Y. b Ui BRI R 4 ) U5 s vk fh K E)
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&)@ 15 Y otk R E/N K Pb>Cd>Zn>Cu>As™>
Ni>>Cr, F il B0 8 4 J& 75 Y 5Tk K2/ A Pb>
Cd>Ni>As>7Zn>Cu>Cr, [fl—I0CZEEARNFRKEE
MG YRR AR . Pb.Zn . Cu, As 15 YL F2 £
Hr R B /N Ry i > T > i > U Sk s Cd LN AR
AR > > B> TSk s Cr B8 46 T i >
B> riE> k. WSk E 4 JE 0 PLI S 0. 65,
INF TR R Z 5 0y Biig PLI {628 1. 75,
T 1~2, )8 T A5 gy, vhilfe LT i B 4 Jm 75 G B
fif PLI, (H¥KTF 2. )8 Fomig e, BRI E . 5 &
VL b Ui T T M Bt BRI 4 R 5 e sk K BN
Pb>Cd>Ni>As>Cu>>Zn>Cr., J5 4 T ik 1 45 /K
Fo
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Evaluation of heavy mental pollution based on pollution load index of valley

sediments in mining area of Jialing River upstream

o 15 g RE(CFD 15 YL i for 5 5L ERARE
ﬂéﬁli . The highest coefficient of pollution (PLI,)Pollution Degree of
Sampling location b 7n Cu Cd Cr Ni As load index pollution
i3 Source 0.75 0.52 0.73 0. 82 0.59 0. 90 0.63 0. 65 F V54 Unpolluted
i Upstream 2. 89 1.11 1.49 1.53 0.92 1.81 1.63 1.75 f146 Moderate
Hii% Middle reaches 4. 03 2.58 2.38 3.58 0. 89 1. 99 2.17 2.39 5§ Strength
R % Downstream 3.77 1.75 1.63 3.68 1.12 2.04 1.83 2.16 of Strength
S-H4{H Average 2. 86 1.49 1.56 2.40 0. 88 1.68 1.57 1.74 14 Moderate

3.3 BELSERERHENNRYIESENIT
MER
W a R ISIE b I R TR R E A E 4

J H) B R IO R (R TR AR S G AR ROk

A AT BRI R KO A IR R
W) 5 4 @ 1Y ST AE AR S fE FEARBU(ED MEES B TE
HEBEEE(RD 255 m3 1 R,

F4 ERILBVRASARYFTECREEEESETHASTREITNER

Table 4 Evaluation of heavy mental pollution based on potential economical risk index of valley

sediments in mining area of Jialing River upstream

o TR L A S A R M (ED GRS
ﬂéﬁlﬁ Sing?i ;(::Ic:j—;i/jlzl ccz‘:liiz#%isk index ﬁ’;%?‘ééﬁ[(RI) fa e
Sampling Composite Degree of
location Ph Zn Cu cd Cr Ni As rﬁ’:’ﬁ‘l‘;ﬂi damage
3k Source 3.59 0.55 0.71 13. 33 1.78 4.67 8.75 33.38 K4 Low
9% Upstream 16. 24 1.16 1.47 24. 67 1. 84 11.92 22.75 80. 05 H14E Moderate
H13F Middle reaches 19. 39 2.69 2.34 58. 17 2.24 13.50 32.70 131.03 148 Moderate
T iF Downstream 18. 16 1. 83 1.61 59.50 2.12 14. 04 26.78 124.04 H145 Moderate
SEH{E Average 14. 35 1.55 1. 54 38.92 2.00 11.03 22.75 96.73 H14E Moderate

F e A4 AL Rk B R T A R S e R
J1HEF  Cd>As™>Ni>Pb>Cr>Cu™>Zn, % #H &
JoE BRIV A AL A T AR BUE S S I R A e
BUEY/NT 40, J8 TR G FH . b 05 Jm Lt v
TR A6 % S HEF 9 Cd™> As™Pb>Ni>Cr>

Cu>>Zn, & #H 4 & P I0E R4 S fe FHIEUE /N T
40, 55 W TE AR S fE F PR BUE S 80. 05, A~ F 40~
150, J7 T e faE . hiifE & )E pms e S aE
fie JTHEF HCd>As>Pb>Ni>Zn>Cu>Cr, Fiif
R P BAEESEER TN Cd>As>
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Pb>Ni>Cr>Zn>Cu, . Nt HE 48 Cd M7
HE A AEE 8B R T 40, XF A48 25 B0 55 7 b 45 G
F HAE GBI BUE /N T 40, TR RS G T AE
ARG FERRE YR TR PRI 4R A A
foEH P £ .Cd As . Pb & EME &5, B b F
IFHE 4 )8 Ni.Zn.Cu.Cr MIBHEAESAEERE S5H
BCRA G, AR b DOV Sk B I Y T 4 R R S
DG ERE R Cd>As>Pb>Ni>Cr>7Zn>
Cu, i 3% 8 B 38 h 4 KOF
3.4 MBYMHPLAEEEESES pH RENEW
B R
1z 1 SPSS 20 B A% 5 b V1 L i DX ] 3 T AR

Yy A & L pHE A LS HE AT A O 23 A
ZERIFE S, K5 Won.pH HSIURY b EE R
Zn.Cd.Cr Ni & #7246 12 B2 ¢ S ULy &
@& Pb.Cu,As & i 28 A B4R 2 35 A1 ¢ I IR pH
AT E g JE Pb.Cu.As % H AE TR b 1 A7 2
AR HIR S IR h E AR Zn Al
pH ML B E M, UL P E &8 Pb.Cu,
Cr Ni & 52 505G J5t 2 TORR) b A BT &
WE AR T Pb.Cu . Cr Ni /LU PR T
Yyrb pHAES A AL R B & 8 F A OC. 2 pH H
The i U b AT AL B PR BT N R T A LR
14 531 .

x5 ERILBFVRAARNBRYFIFANECESES pH REVRZEHEXYE

Table 5 Correlation coefficients between heavy metal contents,pH and organic matter of valley

sediments in mining area of Jialing River upstream

47 , . ‘ ‘ . ATBLR
Index Pb Zn Cu Cd Cr Ni As pH Organic
matter
Pb 1 0.95"~ 0.85"* 0.63" 0.54 0.78* 0.71~% 0.86* —0.46
Zn 1 0.84" " 0.78% 0.79" 0.69* 0.69" 0.87* 0.87"
Cu 1 —0. 44 —0.21 0.87** 0.94** 0.79** —0. 36
Cd 1 0.87" 0.78* 0.83" 0.92" 0.24
Cr 1 0.47 0.79" 0.67" —0.56
Ni 1 0.87" 0.74~ —0.56
As 1 0.87*~ 0.16
pH 1 0.89"
A BT

Organic matter

TEeox B ox s 305 7R 3 M DG B R 3 MK

Note: * and * * represent significant and highly significant correlations, respectively.

4 7t B

DTEF B B0 K 5 — B U8k H AR &=
X, &l KRR MR ZEE B £ EL
J& R TR R TR b E SR
Pb.Zn W] W38, fH A R B 0 435 G L V5 YL e BE A
XTI s il 45 A B o A BT N, Pb.Zn Cu,
As i B A A i s B i KAE , H bl TS Y AR i
JEHE R DL T H A8 Pb.Zn,Cu As F i
B AR T %, Cd Cr Ni & 6 {8 78 T i ik B /oK
X 55 B R i A RS R T B A G

2) 15 Ye A 18 B0 PEAN 45 R R L 58 BV R
W XA TOAR ) v o 4 S BRI e R A ST R HE )Y
Pb>Cd>Ni>As>Cu>Zn>Cr, L& ELEG
P Z BT 1, B PR T E PblZn, Cu, As,
Ni,.CAd5 R RT 1. Ml Cr s RBKT 1,
FH 75 e 17 A i R0ORT L 5 B VL BT X A i 4
Ja& B AR T Y R Oy op Ui > R iE > Rl > RSk L TS

DeFLJEE Ja vh S G

WAL SE F 15 MOE WA 45 2R R W] 5 R
TR DT A% — i 2% SR R Y B 4 J PRI 7 2
SREFHFAZSR . B LTS X R0 4 8 1
EEGEEREHERF N Cd>As>Pb>Ni>Cr>7Zn>
Cu. HIZEE A4 SIE BT AL P8k 2R 551G
RN LN S B L Sk

DPLRY P EER SRS pH EU LA LK
FHAENE ST R W . pHE A9 2072 X0 AR W) v B 4
Pb.Cu,As & BE MM EF. IIRYTEEE
Zn Al pH {EBUEZ A HLB A ARG 3% . te b,
A PLBT 5 A F T E 4 )8 Pb.Cu Cr Ni 7R
UIRGAEZ/SRDEAE 8
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