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Distribution of Heavy Metals in Xiangsi River Valley of Tongling, China

CHEN Li-wei'?,XU Xiao-chun', WANG Jun’, CHEN Fang*

(1. School of Resources and Environment Engineering, Hefei University of Technology, Hefei 230009, China; 2. School of Chemical
Engineering, Qinghai University, Xining 810016, China; 3. Anhui Provincial Academy of Environmental Science, Hefei 230061,
China; 4. Geological Survey of Anhui Province, Hefei 230001, China)

Abstract: The Xiangsi River valley was selected to study the distribution of heavy metals in mining area. Waste rocks, soils,
sediments and waters of Xiangsi River valley were sampled. The concentrations of Cu, Pb, Zn, Cd, Cr, As and Hg were analyzed.
The possibility of generating acid drainage of the waste rocks was studied. Meanwhile, the speciation of Pb and Cr in waste rocks was
analyzed by the five-step sequential chemical extract method developed by Fortsner. And then the distribution of heavy metals in various
samples was summarized, and the ecological risk of heavy metals in mining area was discussed. The results indicated that the waste
rocks of Fenghuangshan copper mine upriver barely generated acid mine drainage (AMD). But the waste rocks of Xingiao pyrite mine
in the middle area generated AMD. The content of sulfide mineral rich of heavy metals was lower and the content of CaO was higher in
the waste rocks of Fenghuangshan copper mine, resulting in the different AMD generation ability. The contents of heavy metals in waste
rocks were higher, and the deoxidization of Pb and Cr was positively correlated with their concentrations in waste rocks. The results
indicated that heavy metals in waste rocks would be most likely dissolved in AMD and then contaminate the environment. There was
obvious regularity in the distributions of heavy metals in soils, sediments and waters of Xiangsi river valley. The concentrations of heavy
metals upriver were lower than those of corresponding national standards and elements background values. But there was obvious heavy
metal contamination in the middle area. It was shown that the mining activities of Xingiao pyrite mine in the middle area had ecological
harm to the surrounding environment. And mining enterprises should pay attention to the emissions of mining wastes and the treatment
of AMD.

Key words : heavy metals ; distribution ; waste rock ;acid mine drainage( AMD) ;speciation
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Fig. 1 Location of samples in Xiangsi River valley
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Table 1  Locations and characteristics of soil samples

S MRV RAEHLN
S1 Wi+ MPERR
2 Bt AEITRERE BN L 2 km AR HL
3 RHAL AHPGRIAME B AR
4 Bt EERUEULAR T HERH 100 m AR
S5 R BRI HEEHZ 500 m R R A
S6 Bt HRE L 200 m S
S7 Wi+ AR RN 1.5 km 1L
S8 RHL BT A HE 100 m AbR H
S li¥EE EwUKIZEIIR L

SI0 RHA  ZEelKZEIUR FRL A SEA

SIL RHAE ARSI RIFARH SR M

10 AN KB A L] A 1 30 3 T e R 45 (1R 1
PL W1 ~ W10 #57R , SRAE M S SR S Mo L3R 3).
FEMRETKE F 0.2 ~0.5 m  {R-AF7E LB T KT
ET-HIT TR AE S/ BERL 19 500 mL 2R 2.
JKEE ISR TR AL 2 pH < 2, I MEOCARFET 4°C 1Y
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Table 2 Locations and colors of sediment samples

S R B SR L

Sed1 I BT BRARD 17 2 km
Sed2 TRAR £ A R R S M
Sed3 IR E A BRI 200 m
Sed4 oy gl NS e ]

KW AR S JUER & R AR K 2 #E
PRYEINE | FERRBE 17 (AP) #% Sobek %% Ayt 5
PARR], A EK R AR T, R F AR 4
T3 4. WP AT S (NP) #2 18 Lawrence 2512 2
H0 A A PR A5 v 7 2P R AT S L RS
SRR 2 o, iR THAFERY HCI(1. 0 mol-L™") I NaOH
(0. 1 mol-L™") BYMAF (mL) , 3F i1 242 NP [kg-t™']
={[HCl (mL) x HCl(mol-L™") = NaOH (mL) x
NaOH(mol-L™") ] x50} + FEShFi R (g).

®3 EB R R A R R AR

Table 3 Locations and characteristics of water samples

S BRI pH KA L,

W1 BT EHNIK 5.5 MBS B N
w2 R EEBIK 6 AHER Y FEIT
w3 Ik 6 HHEA

W4 A% H K 6 AR AR A H

w5 AH BT /K 6 BB L 2 km
W6 WK 4 HR R BT

w7 KK 6 K

w8 BIEH 2 BB A e
W9 A I K 4.5~5.5 HR R R

Wi0 MR 6 BRI 200 m

x4 BV MR EAHEREEHOBEITEE
B3 45 SRR 7 R PT RE
Table 4  Test results of the waste rock samples in the Xingiao
pyrite mine by the method of improved neutralization potential

acid-alkali counting and the possibility of producing AMD

Rl 0.42 13.12 240 23.00 2.50 Jaacs
R2  0.04 1.20 2.40 23.70 0.75 N
R3  0.05 1.56  2.40 23.20 2.00 A E
R4  1.42 44.37 2.00 11.90 20.25 s
R5 0.62 19.37 4.20 0.60 103.50 AR
R6 0.33 10.31 2.10 20.40 1.50 e
R7  3.44 107.5 2.50 23.60 3.50 s

2 ZR5iTie

2.1 RERAFEE AMD B nl BETES M

W IR MEHEK (AMD) /& pH <5, 74 F &/
WD, R0, R AR S ik
KPP AMD AT DL R KR A % Fe, M,
Ca, Mg, Al T H o] LU iR R 2 B 4 J8 401 Pb, Cu,
Zn, Ni, Co, Cr, As, Hg FIl Cd AR ALEAY
SHE MK, ARSI RIT Y. R B
LIRS T f R B Y R B Rk
W, BT TR N AR X S R Ak
PITEMRIEVE T 2377 A & A e v B L 4 S v
IHEZK O 7= R A AR v R ) 2 4 TR AR AL
W ILTF R PV TP S S bR, 29 AP >
NP ], AT e 2= AR PR HEZK. th3% 4 W LUE Hh Bl
PR AT XU LA ™ MU SR R k™ 1 7 AR IR A
Fefh, S M ZERIRK(0.04% ~3.44% ), Hitk
AR P IR RE ) 25 AR, T H., BEALR BT R
W AR S A P 40 B ] R Hh RNk o 22 Sl
R, Hrp 1 MEES NP > AP, R HEHEK 7742 5 2
KRS NP 32T AP, HUARFER 0 NP < AP, B = 4:
FRYEHEZK. 256 0 PRI BTRAE , JRUEL L 4 4 i A
wr A DB R N S A s (RBE) b 3 HEEH
HEZHCRE AR CaO & @i Al T sk
W A R L R HEK BT DLRUE LU A A R4
BB I EREHEK s AT B 2k 11
IR FElA ARD DUA R 3 kiR b A b REHORE
(1) CaO & AR, ICHH Sk 1R R A K2
AT R PEHEK .
2.2 REEAPINESEICE R HBAIEE

KW IEATESEICEMN GRS TRS. ik
5 AT SR AT He (9 & B, AN 2% i i B0
i fa® {HJE Cu, Pb, Zn, Cd, Cr Fll As iU &
B, WTRE S I A L. ERAEZRM N, AF
LR AP S T B X W A FERE, AR
AL TR G BISE T ESAWHEAEH LK
B RS S TLE . BIRFRED SRR
G AR IR Cu F Zn 4T T IRAEE A BFSE,
5 Cu A Zn WRAE TR RS MAMESN & &
50 4 0 3 AE R A P R R R SR AN A
FHOC E SRR A rh B i i AT RS
AR B & AR B, 50 Cu F1 Zn 25 5 15
T AMD i & A T i B U R X IR B 7 A M A
. S AT, BAR P Ml Cr BYF AN Cu Al Zn
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5 e, (R e A PR 5 X AN S A 1) 3
M A B2 A8 R, AR SRS SR A R it v Pb AT Cre Y
AL AT

FE6. WNHal A, R KA H i) Pb 2 DAREFRER
DA, OB R4 A miRih s, H
'43 ik R £ A ) Pb & = B = B9 N R3, ik 29.3

2.2.1 PbRAIES mg ke WA Pb & E &S KN RL, &
RS R R AR PO AETE 5% 126.0 mg-kg ™', HAEFT A R0 K A FE 5 B R
£5 RUBEEAEEBEESE mg-ke ! RS B Ph T O A A Rl R,
Table 5  Concentrations of heavy metal elements 29.39% . R6 ':P T %\"ﬂ: PN E/J Pb /EI’\E_ EEL I_LJ_‘ 1}_\ 40.5
i vaste ocks/mgkg me-ke ™ T R HATEALAS 0 Ph T 4 0 B 8
S ~ ~ . -9 NN
B2 Cu  Pb Zn  Cd Cr As  Hgx10 B N 13.5%. Hih P IRt S 51 Ak
Rl 778.5 429.8 7793.5 12.3 56.9  380.2 84 S5 R i BT :
R2 944 5414 1344 0.3 132.8 148.0 26 EE*H%EEP F A JC I S AR DG, (L it
R3 472.3 4149 63.6 0.2 839 237.5 313 SEEERTEA TR Ph BEBIEMCKER. W
R4 368.2 176.3 1420.9 4.3 129.0 168.6 139 TFUTFTRES S HASH P IE—EF T
R5 93.5 269.5 2266.8 5.6 920 124.6 148 L) A A H A T AL 4k T 1 JE L RS T AL R
R6 972.0 443.0 8339.6 35.9 44.2  190.6 130
PR R A R Pb 2R A SN
R7 76.7 72.1 93.0 0.3 135.8 68.8 187 -
HEILR.
*®6 RUEATPbHEERS/mg-kg™!
Table 6  Speciation of Pb in waste rocks/mg-kg ™!
AT T4 R1 R2 R3 R4 R5 R6 R7
B A H A 2.6 0.4 KA H FeA Fe A
KRR ERAS 10.0 1.3 29.3 4.6 1.0 0.8 1.4
B RS 126.0 5.5 29.2 35.5 16. 1 99.5 4.8
R BB % 29.3 1.0 7.0 20. 1 6.0 22.5 6.7
GRS 35.4 3.7 23.7 8.2 16.0 40.5 9.7
AR AL R 4B % 8.2 0.7 5.7 4.6 5.9 9.1 13.5
R RS 258.5 531.0 330.2 127.3 236.5 302.3 56.3
a8 429.8 541. 4 414.9 176.3 269. 5 443.0 72.1

2.2.2 Cr WIRAFIEDS

KW AR Cr MRAAIEES TR 7. HE
7 AL R AT T Cr E%T%ﬁﬂk R7
Cr &g K, 135.8 mg-kg™'; R6 H Cr & E %
IN, K 44.2 mg-kg ', ﬁﬁ%ﬁf%ﬁﬁénn*‘ Cr 7]
SRS AR T A T R, Bk IRER A L AT A Ak
SHEREWEMR R EA TR Cr LRI S N
HE(RS R7 BRAL) BRI KRS Y Cr %M\ﬂmiﬂj‘:
. Cr RS & A X Bm, JUHR RT ik 5

BEHEEANT3.6 mg-keg ' HIZRHIEA T Cr BER
54.2%. PR IEARET, RS B Cr id RS S =
AT 5 B BT B R, O 55. 2% . Cr IR RS
HSREEAT Cr R R IEMEER, BREE
A Cr A& DBy A RS B gl vmr . i oAb
TR Cr 76 J8 Bl &R & A AR U HDE K 4b
TR XA AL S5 T 2 ) A S 4 i Ak, HOE
TE SR R 9, 3 TR 16 35 A A B i 4
JRITEZ —.

®7 RWER® Cr RERS/mg kg

Table 7 Speciation of Cr in waste rocks/mg-kg ~!

IR A R1 R2 R3 R4 R5 R6 R7
QB ES KA R A ENiohH N4 N4 A
BRTRERAS 0.3 A 0.7 2.2 5.7 0.2 0.9
WS 12.9 48.4 13.9 47.9 50. 8 6.5 73.6
SRR % 22.7 36.4 16.5 37.1 55.2 14.7 54.2
A 1.6 9.6 0.4 2.3 1.9 0.8 4.0
RIS 42.1 74.6 68.9 76.7 33.6 36.7 57.3
S8y 56.9 132.8 83.9 129.0 92.0 44.2 135.8
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2.3 +HEERESTPMESETTR

AT - ek R E A B TR M e T
8. I, LR b E AR TR W E i L
WA, PR, HLBR T He AEURAY Cr 2
Ah HAR AR N E 4 8 T R & E AN T b
HiX 3T R S(H. Hg M EGE Cr (9L T £
SEFRES R bR vfE (GB 15618-1995 ) H1 i — 2% A 1.
X B AR DN AN AEAE He A Cr V552, 5 S6
1 Cr, Pb, Zn, As, Hg MJHEERIFES S11  Cu,
Cd 1 B 78 I AT R b B 8, 3 A SR A T AH
SRR A T R s X, B 2 b8 Cu, Pb,

Zn, Cd, As, Hg WREALFEE WE AT LUE H
XEEH 4 R T R A MR AR . HgehE 4
JBICE & IR, i SR e, PR T
R, BVARTIE, il 4 R T R AR T
RS T AR o (GB 15618-1995) H i) — b i ( pH
<6.5) , S ARAEA T v i i DX B4 BT R A T
JAR RN E S BTG Y. — 7, B R
W R P 4 R 0 B A KR A TR A
I Sy, B TR R AR AR AMD, K i
(TR 48 U 3R I R AR TR MR I K v Bl A b AR U
HEA L35

®8 HBARETEEFTEEETEEE x10*/mg-kg™!

Table 8 Concentrations of heavy metal elements in soils of Xiangsi River valley x 10 ~¢/mg-kg~

1

=2 Cr Cu 7n Pb cd As Hg x 10 ~°
S1 35.50 121. 80 80.7 25. 00 0.20 13.0 38
2 35. 60 258. 30 149. 6 68. 10 0.32 25.4 42
S3 46.20 95.00 243.3 126. 80 0. 60 29.2 112
4 58. 80 903. 40 541.6 146. 30 2.00 85.5 93
S5 16. 60 120. 50 155.2 69.70 0.44 11.6 48
S6 102. 00 1 264. 60 2245.5 863. 90 25.00 259.8 183
S7 71.55 246. 05 332.0 230. 25 2.60 33.5 73
S8 74. 65 663. 10 127.9 111.35 2.45 34.9 86
S9 76.70 34. 80 80.6 31.80 0. 90 19.3 44
S10 95. 40 62.00 351.7 220. 40 4.30 34.1 112
S11 59. 50 1543.70 1121.4 374.10 28.95 135.8 156

FriED 150. 00 50. 00 200. 00 250. 00 0.30 40. 00 0.30

Y 62. 00 32.15 85. 50 47.79 0. 086 12. 44 0.25

1) bidfi: THEIRBE T AEPRIE (GB 15618-1995) ( =4k ) 5 2) 1 5efH : B b X L300 AT (>
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Fig. 2 Concentrations of heavy metals in soils of Xinagsi River valley

2.4 JKAVIBWIME MR E S EILR

TR DURRY) 32 2R Bl R 2 0 U™ A Y D
A R AR A W) RORE 22 7K S s DU T A 7= )
PR SRDLAR Y TR A & B AR AR — e R
S 7 H s 4 TR 15 K M A L BF
ST OUAR R OC R 1 & B A ER AL 2 R, % T
T TR M ER A AR BT E A

R BOK R TR b G R TR A & R
FO PR, K9 AIHI,Cu, Pb, Zn, Cd, As &HHY
AR A W B2 AR K, G R R R 22 G e T R M X
K ZUURPI T T SHE. AR 0K R DT

®9 HEEREBXARNIRYTEEGETERE /mg-kg ™'

Table 9  Concentrations of heavy metal elements in sediments of xiangsi River/mg-kg~

1

s Cr Cu Zn Pb Cd As Hg x 10 ~?
Sed1 30. 60 949. 80 504. 60 67.30 2.15 81.20 84
Sed2 33.00 885. 10 582.30 67.00 1.70 75.20 73
Sed3 40.20 1768. 20 1 444. 80 222.10 48.90 125. 00 110
Sed4 47.10 2 181. 80 2 162.50 410. 00 79.55 138. 40 93
HREY 69.25 58. 80 118. 15 56.70 0. 050 18. 00 0. 08

1) 5 S 4 b X IR 7T 2575 i [28)



2972 2N 5%

B % 35 %

W B TR I R S i R S A I R
S OMERHE 2B — S0 A B i X (R
i Sedl FIFEMh Sed2) 4 J@ Ju 2R & S ARXT AL, h
U X A B s BT, RE S Sed3 FIAE A Sedd T A
() 4 o AR

HFIK FR P E 4B TR (530 RS 25 YLl
TR SCIRGL . B IFY (VD) 12 shAL R VE T A 45 5.
B R — AR IR TR A/ INR , B B2 K B A 2%
BEAN , HAFACGRANK, I, Mo 375 YL IR 52 7K R DT
By a4 8 ou 2 & | SO AR F 2R, — 7
T, 4 R T E A R AR T KA A IR K
il SRAT XA S DRI R ROk R o5 — 5, R
1 A7 TR 3t 3 IR S0P R 7 9 30 1 7 A R ™ 1L
HoK, F i KL E R R AR ALK R, B
AT 7K ZR h KA 4 8 o 2R & T, R T B
KR TTR Y E SR TR S TS,
2.5 KHEPTMESETER

AR As | Hg, Cu, Pb, Zn, Cd F
Cr B & aN5R 10 Pros, MKAER) pH B WL 3. H
3 FIER 10 AT, thfE SR ok R T A BB R TR
pH (EARME | WAL, b 8 4 & J0 28 A9 & S AR X A
T, 100 K R UERI K pH (A e v ik, F 4

JE A RBK. MXTEARAY pH EJE i R % A HE Y
HST BT W T T RS 1 Y

U XK R 4 JE TR I S LT R
JK IR AR (GB 38389-2002) ( —4%). {HJErh
T HiL X SR BE A WS R WO iR 4Rt K S AR
. W8 M H & JE T Rk I T b B KA T
bR, As, Cu, Zn, Cd Fl Cr 9 fe K AE 43 9 3k 2]
0.107, 25.08, 29.88, 0.365 10.056 mg-kg™'. X
AR R TR G R D™ A R PR LUK 7
fE KEESBICRIEAKRITE. XEHERLEICER
SR RIK Z T B KA TR ) T B I 2
KA DX ) T VR B I I E A R TR SRR
R (R A v 5 g, H LA B )5 055

K EERUK RUTBYIFE E 4B TR &R
Mrad 2 B, AR SET] v Ui b DT AR B R 1) R T
SRR B A7 HE 37 % 8 B M 26 /K JR 7 A 5K 5%
i), 35 A T M KR B I5 . M 4R u R EAK
WG AU — /N o3 A T, T 46 R 4 T2 42 JR T
R PR ARSI AH , BTG 45 A B8 07 P sk T
Byrh. 456208 % Y E L B KRR Z
b Y H A e A R T e (R A A K R T
B,

F10 HBARBAEPEEETREE /mg-kg™!

Table 10 Concentrations of heavy melal elements in waters of xiangsi River valley/mg-kg ~!

== As Hg Cu Pb Zn Cd Cr
Wi 0.001 2 0. 000 011 0.032 UTB? 0.017 UTB 0. 002
w2 0. 000 4 0. 000 044 0.011 UTB 0. 008 UTB 0. 002
w3 0. 0007 0. 000 006 0.003 UTB 0. 004 UTB 0. 002
W4 0.001 7 0. 000 050 0.017 UTB 0.015 UTB UTB
w5 0.001 0 0. 000 058 0.021 UTB 0. 009 UTB UTB
W6 0.0007 0. 000 012 1.775 0. 050 2.84 0.958 0. 002
w7 0.000 2 0. 000 025 0.038 UTB 0.23 0. 006 0. 002
w8 0.1070 0. 000 012 25.08 UTB 29. 88 0.365 0. 056
w9 0.000 5 0. 000 012 4. 420 0. 049 6.28 0.482 0. 003
w10 0.000 6 0. 000 040 0.374 UTB 0.72 0.083 0. 002
Frife? 0.1 0. 001 1.0 0.1 2.0 0.01 0.1

1) b - M FR /K PR A7 74 ( GB 38389-2002) ( —2K) 5 2) UTB AL T A R

3 g

(1) B BRERE RB™ K A B PR BE 1 K T Al
Wy, A R HE K.

(2)RWEA T Cu, Pb, Zn, Cr, Cd Fl As JC
R R, P A Cr B BAR R R e i, (U2
HAFiRJFSM A SR 2, fER AL
HoZ AMD WIFEH T HAER 0 s ik 5 A4 B EE PR

R, AT 16 T TR SR 2 A1 373 J) PB4 A 253 05
(3) AHREAT AL Jo 7 2 | K R DA FIK 1A
P R R T AR R B R A Y K TS
Gbrife, LR _E e st X A 07 L R R T6 S AR A AL
BONE WA E E Emin g, (BT I
DX PR TR R R A 1A i MR i i 1 A 3 4
KRBT BB {508, AHX TR R UL, RO K
ATAEE AN 235 AR PRI 5 G ] B 5 R DG T
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