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Acid mine drainage and heavy metal elements of solid waste in Tonglinig mines
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Abstract: On the basis of investigating characieristics of solid wastes in two different kinds of mines, 1. e., the Fenghuangshan copper
mine and the Xingiao pyrite mine in Tongling, the possibility of acid drainage of the mine tailings and the waste rocks and the differ
ence in acid drainage between these two sorts of materials are discussed, and the modes of occurrence of heavy metal elements in the
mine solid waste are also studied. The results indicate that the Fenghuangshan copper mine on the whole does not produce AMD,
w hereas the Xingiao pyrite mine produces such materials. What is more, the modes of occurrence of heavy metal elements in the tail
ings of the Fenghuangshan copper mine are different from those in the mining waste rocks of the Xingiao pyrite mine. In the former,
the toxic heavy metals such as Cu, Pb, Zn, Cd, As and Hg mostly exist in the slag phase, while in the latter, the deoxidization state
has much higher content, which suggests that large amounts of heavy metals have migrated in the tailings, and minerals in the waste
rocks have begun to oxidize at the surface. T he existence of AM D is beneficial to the migration and spread of the heavy metals in min-
ing waste rocks, and hence leads to the environment pollution of the surrounding areas.
Key words: acid mine drainage; solid waste material; heavy metal pollution; Tongling
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B 25 0008, AT e AT BB R 55 . gy D BIEIMRIGRR, BORRRYTE

ARAB LG B AT (G ST Ll TR DX — B8 4, % DX 1 AL W AE

FR T AR LB R B A 0 M A O AR AN A L A

TS (R LA, b AT T TSR B HR ke, b 3 S e (R 40 186 5 ARG 257 16 AT AR KR T 22 S, DRLIEA 1L O R0 Ji
FELAUK R, SRR 9 15KV A (Y AL R ) . SR 2588 T L AR K 077
RUBLLI G R B3 80 5, F /e R B @iy T PUCR IITR RGO AT IO . 4 1 Sk TS

U1, A H 4 2 300 28 3070 A0 T B 0 - S T ke, B AN B AR A e, ARl DU B O R R
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Table 1 Chemical components of the crude ores

Au Ag Cu S Fe Ph Zn As Cal MgO AlLO3
il T
wy 1077 w1072

KOs 0,73 16.60  1.27 3.53  31.47 0.057 0.121 0.014 9.99 1.51 1. 59
FHFRIEET  0.82 14.00 0.40  36.27  33.73  0.067 0.21  0.054 3.06 1.44  2.85

UL 30 51 E AT 2001) « BEHFGE B 24551 1 1 b 1 2000) |

DA G, R o 1A P (1 T < B G 3% RIS ) A6

Si0; P20s CO-

16.32  0.128 10.53
14.12  0.063  6.89
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BERE AL 200 H o B A0 4 T B AR RS, P TR B BT RKBE R AR BRI R B
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B, Ay dpe IR RE 1, BB e SEAT L ST R kg( HaSO4) /1,
WL h kg (CaCOs) /1, 85 H 5 T 3¢ 2. [ b A I i 19
Lawrence Fl Wang( 1997) 4 Hi 1) 5k 2 06 v £ B i) 25 98
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D FEFARAR I 1 AR S R A K TR HE (NP>
AP), JCRRPEHEAK ™ 2, 2 ANFE ORI ) B e e g,
FAEM A NP< AP, BVAR /™ A ML HEAK . &5 B ek
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Table 2 Analytical results of tailing and the waste rock samples by the improved neotralization potential acid aikali

counting method and the possibitity of producing AMD

R L R

kL

il LCH. 49 LCH 48 LCH_ 45 LCH_ 4.1 XSGl X5G_2
w($)/% 167 167 167 167 224 2.4
AP 52.14 52. 14 52.14 5214 69. 94 69. 94
Vie/ mL 9. 54 9,135 9.41 5.59 9,21 8.15
Vyeo/ mL 17, 86 18.97 15. 50 10.94 15. 49 15.09
NP 191,27  183.92  196.11 110.49 188.72 165.61
‘;}uz‘;‘r DUR R R AR Ak AR

Bk A
ALNQUL A1XQ2 A1 XQ3 41.XQ4 fiXQ5 fiXQ6 {1XQ7

0.42 0. 04 0.05 1.42 0.62 0.33 3.44
13,12 1.20 1. 56 44, 37 19. 37 10. 31 107.5
2.40 2.40 2.40 2.00 4.20 2. 10 2.50
23.00 23.70 23.20 11.90 0. 60 20. 40 23.60
2.50 0.75 2.00 20. 25 103. 50 1. 50 3.50
P " T N P L S N R S L
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ARG, HATE AN SR, R A7 5 0 2247 1R 9
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oW

woA

2,

= 924 A

594 E
Tk SR AR JCE & At th BT J0 2 B & Lok o5 o0 BRAT 2 200
(R A W BTH ol T il N —@— M F150cmEEf1~10
43 R 4 52 BB T FRA SEURHE b B A A7 T Bl I bt
RMTCE A BRI 2 40 X AR AR . & 5 R iviliion
2 6 FUH T P AT S BB RV EEAS R B AU o0 % F
ik, [ 3 R 4 g3 ) el N A ) B L b T T Yk
AT LG 24, 2 HE B ] A It 25 15 Bk IS AR A i 12
K21y pH A, IR, 4 5 38 gt &R A Jgt A& b 1 4 08 oc
FEIERAT I, — IR R s .
3.2.1 RF PG e o0 K WAF T 5
(1) _ AEHE KREE TS TRAS ERES
ML haT LA Y, & A o 1 AS ) 3 BE (AR
) AR A T A — B, A ki AT A8, (E LA RS L B BT R e i e AR s T
W HE W] b AN H] . Fig. 1 Contents and modes of occurrence of Cu
ZRATVET 3 PR LR bl 2 bR A i 1) 1 i AE A AN
() 3% 25 A2 il 11 ) A 00 24 O 5 Ak B ARUAE i e 9 i A5 AT 600
S A 11 5 Ak 4 1) 3 AT D G A e, Ak T J —@— BT 150cm#Ffal~10
500 |- — il B R20cmBE R 1-1
— —aih— %2
®3 RUPHETENZREMERER mgke 00 b
Table 3 Sequential extraction experimental results B
of heavy metal Cu in mine tailings § 300 |
5 sl mEgih A EGE WAk S EERE L : o |
LCH_1_9 2.85 20 12,6 296.5 223.05 555
LCH_IL6 2.8 6 35 237.5 2157 497 100 |-
LCH_I_1 2. 15 3. 15 68 66 482.7 622
XSG_2 411.5 154.5 262 262 604.2 1694.2 0 ! L |
#: LCH_1L1 LCH_I_6 LCH_1_9 Bt [ 4 By Mkoh R b iy 17 5 Bmas IRE THRES BRES
ARSI CRFE A il i LU 10,70 1130 em . B2 R AR A E
Fig.2 Contents and modes of occurrence of Zn
®4 RUPESEAFZHMNERRBNEREER mgke
Table 4 Sequential extraction experimental results A 10 5 Ak D) S R B R Ak B L AR R IIJ"'\'JJ‘)Q*-”-
of heavy metal Zn in mine tailings O 3 P A R IR, AR AR S AL SRR AR 4 HT R

CL 28 AR E AL O s 72 MR UL P R IR A A 1 B kA A

B WA MR AR A R UA A RERA A MG
LCH19 2.85 8.5 1199 10 265.75 407 A EmAAATaE, WG4 T3 Gb I E BN 48
LCH_I_I 0 4.65 297 22 85.65 142 JCH MG Eh A AL B R e A e, e B
XSG2  34.5 46.5 325  27.5  536.5 970 WAHIL 3 AL . BRI R A AT AL AR S AL — Rl e &,
PRI 22 35 1% 1 (0R b PR A LA 7 65 1 ELAE T 0 o AL L 0 0 T e AT B e I R,
£S5 EAPRARTENZERIENIEER mg/ kg
Table 5 Sequential extraction experimental results of the heavy metal Cu in the waste rocks
AR 1.XQ_1 i XQ.2 1.XQ.3 £i X0 4 41.XQ_5 11.XQ6 41.XQ_7
nf g g 2.2 0.4 1.25 6. 65 1.1 1.35 0.55
B L& 19. 1 0.15 3.5 28.75 2.25 17.8 2.05
it Ji A 214.5 5.85 39.15 191.5 40.3 414.0 17.4
QIE R F 95.5 1.8 2.95 96.5 13. 15 205.5 1.7
RERE A 447.2 86. 2 425. 45 44.8 36.7 333.35 55.0
STy 778.5 94. 4 472.3 368. 2 93.5 972.0 76.7

T A T AL SRR AR TR A b Al
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Table 6 Sequential extraction experimental result of the heavy metal Zn in the waste rocks

TN f1.XQ_1 f1.XQ2 f1.XQ_3
QT 7.85 0.35 1.05
B iR & 16. 55 9.7 0.6
i I 2 507.0 3.2 2.2
IR (%) 6.51 2.38 3.46
QE K% 206. 0 14. 4 10. 15
AL AR ( %) 2. 64 10.71 15. 96
kM ih & 7056. 1 106. 7 49,55
REg 7793.5 134. 4 63. 6

T Fe P I B R Ak DAy A IR A TR B LR 4 BT £
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Fig.3 Modes of occurrence of Cu in the waste rocks
2001) BT I LR AR R R AR . A TR R
R FAT L R MR 1 P B U Bk R A T # AR
bc’-étrut%um.% FUAE I A ) UL BRI, o Ml 5 g
I S i by WL .
Fok, B0 7 B AR S R FERE b B AN TR, B R
JE v il 0 ik B R R R R AR S R L R SR
Kedls, PRl 2 AT b 0 1 7% 4k AE 500~ 650 mg/ kg z_l‘ﬂ
A S5 S R PR oh 4 11 7% AR 1000 mg/ kg A E,
REE] H AT IR T2 M 20 BEEAIIMLE, LR D iu
IR AT 5 Bt R AE 1000 mg/ kg BL L, B2 4 G R
3 TR A AN R E S M e A A A BT, A B AR N Y
K AEMPT R FEE F) 20 48 f5, 36 i T G 8 0 3 2 e SR
RF A T B R I8 XE B, 3K a5 R B AT
AL EGCR A B O A LLUE W S S0k )
MBE & AT P v A 1) 25 A AR 3 5 ik HOR A ( &
3), RAER I AR 5, Serh A2 s kiR 3 Mk et as
0 1) 5 ik 2 BRI, DRIk, A O R 2 AR T O vl xii@
A BRI SR A AL IS A L JUIE AT R 6 A
ATt R R a2, B RS B33, 4% n] W H

TR AR AP L A HE A R A P A b ) 4 oo 595
mg/ kg
f1.XQ 4 f1.XQ_5 f1.XQ_6 f1XQ7
4.8 8.25 1.4 2.75
49, 05 69.0 32.1 3.7
528.5 646. 5 1608. 5 7.8
37.19 28.52 19.29 8. 39
162 422.5 407.5 23.45
11. 40 18. 64 4.89 25.22
676. 55 1120. 55 6290. 1 55.25
1420. 9 2266. 8 8339. 6 93.0
9000
—+—-1-XQ-1
8000 | —3—F-XQ-2
—&— F-XQ-3
7000 F 5 F.XQ-4
—%—R-XQ-5
s 6000 —O0— F/-XQ-6
= ——F-XQ-7
& soo0 | A-XQ
™1
4n 4000
3000 b
2000 |
1000 b
0
Lk 3. $03 Y o HEES
BRES TEAS o8 ¢

[€l 4 PEA o B G 2 IR AE JE X

Fig.4 Modes of occurrence of Zn in the waste rocks

i (1) R A R O, AT R 0 A A AR B LT
P A LLAT R R

(2) ¥

Pl 2 SEOREEAE R E R S ARSI . ZR
WP v B R (R REA T80 AT v i B B (R 4)
325 1) A A O — B, 0 A 2 3 A AR R E AT D B ) g
ARG . R R B (1) n] A2 300 45 R0 B R SR S BOB IS
s TR ARAR, DR, 3 2 A A 3k bR AR 1 T 6 s
F. LRI T MR R B g TR SRR AR A b, B A
MR A PE T, B e S R . SRR S 03
A i A AR S WD Sk A I, E T e A R 1 R A
T, 33 58 W AR STk A B e S 0 ) I D AR A MR
MR DG 4 A v JEAS il R Bk 1R B 1z, i 2 L R S A A 1 Ak
W76 3 LA SRS M RERR SR A A AE . BT R PR RE S P B AE AL It
AP F I L ST 2000) XK v 4 1L
PTG ORI B R A1k i 2k FL AT AR
3.2.2 AP ES 0 £ MR AEE L

(1) 4

M s R 3 a] LUt BEA R f ol o0 3% SEMRAE 7R ik
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B TR A R A, AR E SRS T R,
Ub T RERR R A W0 F AR RoE, — B F R AN S X R
Bire e fads o 0T a5 A 004 0 3 B DA AR TE 3047
1, HLAR R T AU A& 0F T, 1R 28 50 e U BRI, 6 o R A
KB &AET, T S T B M WAATE 2 . A T3t I 38 1) i
9 A £1XQ_6 P i, 3k 414, 0 mg/kg, B B
42.60% , F M UAT Kb & Jm B Al WAt . BRI D0 #1934 i
AT R PP AN TR A DG I, (L IR A T A
RARY . BRI, B2 A v B oG 26 f T TR BE e 2 —

(2) #F

M 6 ] LU Y, AS ) B AT RE S P B G 2 AR b
A, HP AXQ_L AT XQ_4 AT_XQ5 A1_XQ_6 P HICHEM
St EL 1 000 me/ ke, £1_XQ_6 17 ft 4w v, ik 8 339. 6
me/ ke: I A_XQ_1,7793.5 mg/kg. WA XQ 2 41 XQ_
3 A1 XQ_T PEEIC F M B AR, B4 X Q3 M b dt i,
1 63.6 mg/ kg .

¢ 6 R 4 n] g, A R G 3 T RAE T 2 5 H AT 4L,
A CARERR 5 A A A, JE OO I A R T A A L RS AL
XQ_6 P EEICEE I LA 7 fdse i, 1E 1608, 5 mg/ ke FEM A
XQAh o EMEREFTER M T i A
37.19% . A1 XQ_S5 i se # i vl Sl tb A& b dw i, 42205
mg/ kg, MA_XQ_7 EEIC# 1] %00k & & BT T 45 T
i, N 25.22% . b TR AL A AL = G Lk
A BE T #E ISR AR AN S PR G, (LD (R B B A
FEICZE 0 RERR o, B A L5 A RS A 2R 1 7 S AT 1
JE AT R G S AR RS R A b S e R AR & E R, TR
MBEA B BT, JEICRE AR LA AR HTR, B4 n
JR)SE R E R R, 97 i 30 B ] 1 e SACOR A 4y o i v e BR T L

4 HiRAtie
J0 I PRI 0 AN (] 288 B oL O SR 3 o (1 ] A P 54
AT LR A LB G TR 4 i 0 S A B X, A T L
T E

(1) AR bR opn AT KA R R R &b ) 1 A
NEPRTPRRAESI(NP> AP), #AS ™ A RRAEW™ (i Hl K i B
PRl gen™ o A P K L ol B S AR R e
HEAK 1] A L5 0™ A b R G 35 07 A [R5 PR AR A s
27 B4 R R 2 D) AH O, U B S T LA A AR R T L
FEAK, i g s 15 1 AL AT B AT 1) B A
JE AL 5 A

(2) B Z R P B R R A B N & R LR
W, R eI M HEAF fS, JErh WA s R BR A O s
P S T R G AR (1 A R BRI T, DRk, e AT T
PEIT RS Ik n] A s R Eh A ORE U A Y b L T
HREH R IR m A s S R RS, Hit
BRI A i 0 PR, BERT R 1 A K 2 AR, i)

Fh A L

m. 1 S, G

L il

Sk

HEHT

AT AT RS 4 1, V5 AR HE

(3) B Ao AV G 4 0 7 Ak 0 2 e, L IAE JE A
feh, B FEALARE MR Sh A AE e, HUO G AR f s . &b T
I I 3 AR A 2 1) T < i o % 110 5 i g PR b T i T SR )
S BN R RE OGRS PR A v 5 B, e AT
3 JiE 2 A SEA 25 00 55 kB0 AT % 1 i S AR S AR
T JCIAEAERAE AT WL HE A B AR TR, T LB A R T
K, BRI 5 R .
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