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Zn F Pb BORE, HRBURHUERIEE LF, AR .

KHEIR  pihammeTERAEGE; EAIR; RWE; Bk
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10t B VR BRI s MG s S T AR T R Cr e 2 S U 5 (AR A 0 RS s 2 s )
REY, T RNBR R T L EEER PR R, BEARZ REIGEERNTOECEE, SEOCH S HEE
FREATEIR SR, I RCATZ DT s i B X B B A 4 R 15 i —

BRI, DAV pg b X R ER R ) Dy st YRR A BB IR %, R TR a8 et . FPiE
TS RIRAFIEA A0, BT 3 Fh pH FRZKAMIA RS, IR Tk Zn, As, Pb, Cu, Cd il Cr %
BV, 40T TRERE P E S B RBCREE, A0 XA AR 1 4B 15 Y KA s Lt TR
SIS
1 #MR5E*%
1.1 SCIeHPRY

YRR ELE TR VU p b X R BRI R D st B A ER RIS, FEZ D s SRR EE A 20 Al
50 cm iR, TSI E PR AR EE R B R A S B TR TR R E . ngR 1 R, X TR
TR, R I E AR S N Fe,0, Fll Si0,, 20 cm AL IGHRIE &40 5N 38.04% Al
24.13%, 50 cm IRALS 1 35.00% F11 26.00% ., ZnO F1 PbO & EAHXTEL, 20 em HANE R 05005 1
4.64% F1 1.86%, 50 cm LS5 HE 3.08% 1 2.20%

® 1 SESPAKENNERS

Table 1 Chemical composition of lead and zinc smelting slag

RFRSE/em  Fe0, 80,  BaO  ALO,  CaO SO, ZnO  PbO
20 38.04% 24.13% 10.20% 5.35% 3.19% 3.38% 4.64% 1.86%
50 35.00% 26.00% 10.90% 6.28% 3.37% 3.16% 3.08% 2.20%

1.2 LAk

1) BRI B4R CEIAREY =R AR ) (HI557—2010) , KRR HRET
105 C HtT, KRR TESAUKHERE HE) 10:1 (i) B FREERMREAI5. #E, BERE
KRG (TP-12 1, Wip RAE(ERR A RAR ) b, #RGRERE N (110£10) RKemin™' ., HRIEH
40 mm, FEZE R 8h, SRGHFE 16 h JFHUHIEW, 13 0.45 pm JERRFERL 2 50 mL 0%, HCE R ET
PRAERED . ATEBRREALRZE , BHRFERIIHEAT 3 AP TRE A,

2) EEJRWAAESIRBOAL . RASEAELAEGE (BCR) , EEHH 1.000 g #H50F 100 mL Zi0»
G, A 0.11 mol - L™ ABSRREEIUR 40 mL, ZEiE LA 180 rmin' AYHRIFIRY 16 h, #8514 000 r'min™
A RS0 20 min, U B2 T 50 mL 204, OAFET 4 °C WKFETH AR, A 20 mL S2lizKig sk
Y, P85 15 min, B0 20 min, FRVEVER . WEUELEEE 2 K. R E SRV AP P IinA
0.5 mol-L™' NH,OH-HCI #£5(#% 40 mL, #&¥% 16 h J5E5.0» 20 min, i FJZWERT 50 mL B8, 477
T 4 C KA RN . I LiKIEDE 2 IR .. B 1058 R BUE s h 12 A 10 mL 30% i
H,0,, i FREIL, A0 15 min #25% 1K, fEZHE FHA 1 h, KENAE] 85 C {HMF 1 h, FTHFELE
W, 95 C IAERBGL T, FIA 10 mL H,0,, ®EL FidfE. 5 IREBEEZEE THEHE, A
1 mol-L™' i NH,OAc 2k 50 mL, il MY 16 h IFHATE.040 8, Wil BZ23EH T 50 mL 20048
H, R 4 °C UKFE R . AR aiKIE IR AR . e, WSt B RBUS Y 100 mL 250
395 °C /KB, ZE TR RGN/ NBTRL, B 0.1 g SR AR RIS T, SRS IEMAAIR - SR : XU
UK HERIR N 4:1:1:1 BYLLH], JA 4 mL HNO,. 1 mL HF . 1 mL H,0, fil I mL $hif2, oifee T
i HARTERUR AL BRI L, 180 C HERFE G —HIFFE] 50 mL A, HRETIKMYE n G
BNBERELR . M BSRIRRAALYIE 0.45 pm JERE,

3) EEEMIIRE , BRI SIS NN 5 em, R 30 cm,  IRIEFETRES AU S B R
AZKMALE AR . o, Ak H TR SRR IS, USRI SRR, KR U A FB 1k
BES K IVEFITTR S . FEMRAREI IR 2~4 mm RiARIA TR (120 ¢) FUERREYZE (53Kk) , LU
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HehnRE, SRAE L 2:1 19 H,SO,-HNO, FCUEMAR, WIESCISRFERTEY 20 d, BCYH S a RN,
3R 10 R, BRI SR N 22.04 mL-h', PRRIREESIZE 2 d W52 MR Y R4 5t 48

(2013—2022 4 ) X Y HbpR T i S MK pH A WE I, B Sk SRR AR 1.06 L, pH 20510k
3.00. 4.25 Fi15.50,

1.3 SWEE

FH X BB ST ( ARL ADVANT XP+#, 24[E Thermo Fisher Scientific 23w ) 43 ik2=4H

B, R X SHRATSHY (D8 Advance %, f#[E Bruker AW ) R HTIA MR T W2 B, SR A HE
pH/ORP it (YHBJ-2662 A, IFHEHERIAEARRAF] ) Bllid i pH FIARIERAL (Eh) |, SRTH
TR (EC) Mt (AZ8362 A, HEEGEABEINFHMARRA R ) MR Ec, RATHBBMMEEE T
PR (7500a %, 5[ Agilent 23F) ) FrFHIE &4 Bk E

2 HR5TH
2.1 ESEARERHE SRR AR ERTS

1) RiliwErE. MR CEARRY) B #ER T 20000 N
FHK RS ) (HI557—2010) f320A kR 18007, =50 cm
ARV, 20 F1 50 cm BRANA IR 1 pH 4> ;b 1223 ; 7 B
I 6.93 A 7.03, Pk, BB Cr. Cu, EIE 5
Zn, As. CAMI PO 1, SZHXIEE £ ooles, Sl
FATERA IR B R BT A AR, BT sl olek %

(e W 1 A 6 30 o 2 R R ) (GB & oo %
5085.3—2007) FTHLERR(E. &M, Hrh 20 F1 50 - ao0p .

em FAMG IR MW Zn WRES 0 1563.37 202' 1
73271 pg L', BLRARTHED ARG AR, o Zn As Cd P

X UL 7 S DR BRI i K 52 B R KR 1 PR ESRRLIRE

A, G5 Zn B 400 A R T KSR IR Fig. 1 Lead and zinc smelting slag heavy metal leaching
oo MR CHY . BE IS e W HE RCRR E D) concentration

(2025466—2010 ) , 20 cm AMAHRHER IR As HREEFT 50 cm AR HRIEIR R Cu YRR, 2l
FrifE 2.48 F1 0.03 £, HAWTE & @A ARBIR. 2 FRERHE D Cr il Cd A FHAMI LM ESE, (H2
Cd 1 Cr ARSI B0E SAEE0@ RS2, HI S 4256 Cu, Zn, As, Pb, Cd Fl CriX 6 Ff
HEE,

2) EEBIRIEEA M, BCR BEHREGER Pb. Zn, Cu. Cr. As fil Cd Z5&E 4@ MIRIAIE A 59
PRARECS . TREAS . "R EGEDS 4 #, 17 3 FESHA TR, RIEARES. WREURRE %
B ESRAIES G E 2 fon, HERH, WANEDESEANTSIRIEIES . WIREE, nrES AR

By = ¥ ) B =
B R A SN AT 4 A A 222 AT A CO S5 MRS BRI A Y] A1
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Fig. 2 Distribution of heavy metals in lead and zinc smelting slag at different sampling depths.
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BESE G HIEEN 19%~18% . 3%~23%. 1%~36% F1 20%~92%, LI T, SR, 50 cm HALIGE
T As il Cd LIRS 3. Pb. Zn, Cu A1 Cd 1Y 4 FESAREEARRL, LIBREAS T, HEARES
di LHEF i Pb>Zn>Cu>Cr, X5 FHZM A W oE 25 - —3 . HiG i 55 MR P2 UGS | Lo s 1902 Pb Al
Zn, Cu fll Cr 5 HEAL, X H5FEFP RN, AT P ESRREEEGES Pb Al Zn 5 FLEH B
e BORFCAARRT R NGRS TR B e, SR RMEAAR RIS A, FERIHMKIE T, #553
A AT IR IR AL N SSRGS, PRI AT 8 D7 50 3t B ARG R (1Y) Pb FT Zn TEPEEEIR
IR R

o TR FIRGER, ABEAT T iR Y 1B S
FISSHT, HC XRD L 3. (IR, Pb 3% RS
WHIANIT8 (PbS ) ANE (PbO) |, JE TR ey | VEKBBEL SHEG
WA, Holr 20 cm ANRERIE P 5 L2 AT T el

50 cm Abifi i, 5 BCR 42 HUR SR Z5 B — 5 S 231

Zn, Cu, Cr, Cd fl As ¥JJCH By Sl . HA

TP N A (SI0,) | WA . BUCH . K e

BERIL. WEAT . ZOKBREREES . RERRm 4, P ;21 38 |
ARMEALAAE D Cr TR,

2.2 %ﬁ$$yﬁ',\lﬁlﬁtlj;ﬁﬂ"JQ'Tt*ﬂ?i 0 5 101520 25 30 ;Z/(t(; 45 50 55 60 65 70 75

1) BRI pH. Ec M1 Eh i97254k, A
W] pH PIBEFAR K ks it FE RS pH. Ec
F1 Eh 2051 LI 4(a). (b) A1 (c). H1E 4(a) AI %0,

—a—pH=3.00-20 cm ——pH=4.25-20 cm —— pH=5.50—20 cm —a—pH=3.00—20 cm —— pH=4.25-20 cm —— pH=5.50-20 cm
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3 SRERAKNE XRD ELESHT
Fig. 3 XRD analysis of lead and zinc smelting slag
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Fig. 4 Variation of pH, EC and Eh of the seeded leaching solution during simulated acid rain leaching at different pHs
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1F pH=3.00 Zb¥E T, kil pH (HE IS T 5 S22 m ka1 pH=5.5 1 4.25 23T, ki
pH LIRS, REAR SRR pH BRI pH B B, ik SRR R0 S A —
O, SO AR BRI R M) TO BRI B — TR RIRE ), I HRDRT, RENS(EIM
pH (HAFFRAE—EE RN . AR S F AR B H 5B HE R R CaO. Fe,0, il BaO 254 Fi s ;2
N, IR RITHALZE i OOk /D B e i TR RIRE S, S EOR pH (E R AERIZVESL . WS
W, PREASHTEANRARL, NERIREES BRI, S pH (EA T BT X RN EE R R I
pH, 50 cm AMEEAAE T 20 em, X UL 50 om AbvEERETRER HAIRE IR . 1l 3(b) AT, 3 Ff pH AbEE
T, & 2~4 d N, WK EC EREEAR, 7ERIR0 4~20 d NEETPLE, X5 F/NED FIEREs 45 misy
SEFARLL. ORPATERTPRRIART , SR H b s e YR, R i il se i it
WAPPZS R, B TR NIRRT TS . AN, WA pH 4 3.00 B, S itk
W EC Y E T HAMPIF pH kA, SIS & A . I 3(c) %, Ak Eh (E01EH
BEbRI S R S B b, SRIBBIR A IR AR A B A A PR A inmisgam . ki Eh 4
UMK P RORRIR . ERRSE R EIE 26, MR IREIRIA BN, 1R Fe,0,. CaO Y5
BN, W HTRPARER . AR SE M O, SRR Eh (HHOREE

2) WRHREM R P E S BRI, 2 RSB EAT pH KA T, WS E LB IR AL W
K5, A (a)~(c) N 20 cm ARIBHREIKIALEA, (d)~() N 50 cm AMGHHEALR . RAEFRE (B, BT
WIS YYIHERIE ) (2025466—2010) , 3 Ff pH WK T, 2 FEERIEIRES I Zn WREESAEAERIPRIG I,
B HERAE 0.20~13.11 £i%; 20 cm AMAKRETRHRH As WREEYIHIbR, bR 0.11~5.78 5. pH=3.00 T,
50 cm LG A T Po MREEYSEE HARAE, HAR 1.11~4.02 £, FFHET SSOOAEE T Zn, Pb F1 As ik
SER . GAYHTATAL, TEEEANREIIN, 2 FRAREIR IR Zn WRBEIE SRS IR, 2 FAREAEMIASE 2 d
BF, WRHHVREY Zn WREEIRBIE(E, FEEZRETE TP, 51 /INEE LR —8 OEFATEA I,
TR FE T R BN R AR e A A Zn Dbk, TR R IR B Zn EEMLASAAE TR
As Fl Pb W B SMAASAEIRBE RN, o 20 om AMGERIEIR IR As WREE R IUPEZ18 T TS B HiE LAY
B OX RSN EVER AR IR As FEEAAE T UNRERR R Eh 2 S5 A0 M RRE B I 25 2 ), i
SEPIAEIX 3 Fl pH A FMELAAAR , (FURIMA G WIREE ARG, TR K B T A S R s
TR T N EREER, As BB ZAS R, Wb i iR BEH 5 TFURIZHT TR 20 cmAs B4R JE & T
50 cm AMAKEE, T 50 cm AMEEE KT Zn F1 P VEEEYIE T 20 em Ab. X AT RE D Azl M FE
o, FRZK PR SERT As ZEGNIR) EIIERE AN, KRR B AE IR ZR T, 1 Pb. Zn FERRZKIKI
FRUITRERES R, RPN E S B TR M P, PFES As IR 225 TRER As #r
ERENY, HIARMN TAEN & B EARN ST R BT, DIamiTi RS RS T
o AN, ARt T As R AUKEIEE AYERS, T E SRV ERAIRAR SR 2 Fivhik
BRI Cr. Cu F Cd WREEHAR HAZWI LRI pH AR AN, VBB 733 0~4.79. 0~13.87 Fil
0~16.22 pg L', AT L/ HERED ot 25 L, XS PIFNG IR ~ 4 T AA . SR, 50 cm AbVRIRIELE
WSS 14 dBF, Cu. Zn. As. Cd Hl Pb iFHMRER B EFHAL, BE)S =S EE Mk E X ETHFaEE T
Fa, XATREER AR R Z R SIRIEFARZ IS, RS RERE PR AN . A TR Tk
WG AL KSRIE RURERRRREL, (BB (b2 el T e E I EE &, SRtk 4 m ik
BERRAR, eAh, pH=3.00 ZbHE T, Zn F1 Pb ¥ B3 & T pH=4.25 Fl pH=5.50 4, W BAEitif i
Zn F Pb BRI, X522 ATHIRFTEEE FARRIE,

3) HYERGHRE AR RERICR . 2 FAERETEART] pH WA T, kR4S A B R AR
B 6, HH (a)~(c) K 20 em Abif kit SR RS SRR, (D)~ 4 50 em ANG S T E 4R IA 2
ORI, R S AL, 7EEANMIAIAN, 2 FinaikiEd Zn SRR ES R, 20, 50 cm bS5
h 74.82~345.23 F1 194.18~445.79 mg'kg . pH=4.25 Fl 5.50 AT, BAMEWIN, Zn BERGESN T
%, WSS 2 d B, 20 em AbiEERE ) SRR B0 AR B BRI 62.10% F1 69.00%, 50 cm 4b
M43 5355 5] 58.219% Fl 58.33%. 1fif pH=3.00 ZbH T, 20 il 50 cm Abif B 23 I ZE R IASS 10 A1 6 d B,
Zn RRREHGEA S B RBRE R, A BRI . XA pH=3.00 A T, Zn BEHEREE



%5 8 PR 45 i Sst BT XA RRa ki b o i ) s A R O A 1967

12500 ~15 12 500 15
o —a—Cr = —a—Cr
;1010 ° gu Z;‘EIO +(Z:u
= —A—Zn = —A—/n
10 000} s ~ 10 000 - = s
~ & ——ad ~ E 3 ——Cd
T [ S S AN O ——Pb
B 75004 2 4 6i§i%0%g21161820 o 75001} @ 0
§ E, 246 8101214161820
il N TR
&£ 5000f X 5000F
& &
#2500 = 2500
ok :M::::h:ﬁé OfF #=———+—+—¢ ¢ o o+
0 2 4 6 g§ 10 12 14 16 18 20 0 2 4 6 8§ 10 12 14 16 18 20
WA K AUd AR Hd
(a) pH=3.00 (b) pH= 4.25
_ - =20
12 500 _: 15 Cr %g 888 F :In Cr
e Lo e
10 000 F @ iz 22 000L g 10 ig
~ g5 ——Cd ~ o s ——Cd
_ P —*—Pb — 10000} & o —*—Pb
& 75001 & 0 & 2746 8101214161820
;E; 246 8101214161820 ’E 8000 HISEES |
W R
& &
s 2 500k i 4000
2000
oF of
0 2 4 6 8§ 10 12 14 16 18 20 0 2 4 6 8§ 10 12 14 16 18 20
WA KEUd AR Hd
(c) pH=5.0 (d) pH=3.00
30000 20 30000 ¢ 80
28 000 F 7 —=—Cr 28 000 F 7 ——Cr
26 000 F w15 ——Cu 26 000 F 2,60 ——Cu
24000 F Ei Za7n 24 000F E. . 7n
22 000% S0 S As 220002 4 5y —x—As
= ¥ +C§ = g ——Cd
~ 10000} ﬁ 5 —F = 10000} ﬁzo ——Pb
on on
g 0 g e
= 8000 2 4 6 8101214161820 f 8000 02453101214151320
B W M B R A
X 6000f £ 6000}
P 4000 P 4000
2000 2000 F
ot 0f ey
0 2 4 6 g§ 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
WA KEUd MR EUd
(e) pH=4.25 (f) pH=5.0

5 2 MRESHRETESREARE pH KA THSHLRTESRIRE

Fig. 5 Concentration of heavy metals in leachate obtained from two deep smelting slags at different pH leaching

R, FAEHE RN, 2 MRt Po S SRV SZ WA pH SN ., 5 3Gk SR
fEe—2. 350 pH AL, 2 M it As 09 RV DI IR EE YRR 2808, SR1MT 20 cm Abif ki
As B RBBILE R R T 50 cm AMGHHAE, UM pH MG As FBEHCEREY N SR, Cr,
Cu Ml Cd & R BRHUR MR EAZEAR, FREXEY N IEH pH XHEHRE P ESEIRT TR, X
55 SHI A58 R pH X B G m iR AT IR T i g @ A2 ahie—.
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Fig. 6 Cumulative release of heavy metals in two deep smelting slags under different pH leaching
3 ZEip

1) %S0 X3 A PR B R R = B AR Zn, HOKCA As. Cu 1 Pb, fii Cr Fil Cd ik
THAIUFVE S JE . R CFY . 8 TS R HERE ) (2025466—2010) , 20 cm AbVEHRIE R R
As YREEHB HARIE 2.48 17, 50 cm AbiGHIEIR R Cu #HARE 0.03 7. 2 Fivaas b 6 MhE 4R 184
IR ML, b Pb Ml Zn S9RRPRIGE 5 Heasr, KSR, 1 As. Cd, Cu. Cr (5§ HIFEAL, KU

EROE Y39
2) HYERAHREXT pH=4.25 Fl 5.50 A IRCELA BOR IBRER T FIRE 1, 101 pH=3.00 AR G
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Abstract Due to historical reasons, there are still instances of open storage of lead-zinc smelting slag in China.
These slags continue to release heavy metal ions into the environment, posing potential risks to the surrounding
ecological environment. This study focused on lead-zinc smelting slag from a historical mining area in
Southwest China, analyzing the leaching toxicity and heavy metal speciation distribution of slag samples at two
depths. Through continuous dynamic leaching simulation tests with varying pH values (3.00, 4.25, and 5.00), the
release characteristics of heavy metals such as Zn, As, Pb, Cu, Cd, and Cr from the slag were investigated. The
results showed that: 1) Zn, As, Cu and Pb leaching concentration was high, while Cr and Cd leaching
concentration was very low, in which Pb and Zn weak acid extraction state accounted for a higher proportion,
and the risk was greater; 2) The lower the pH of the leachate solution, the worse the ability of smelting slag acid-
base neutralization, in which the concentration of As in the smelting slag leachate solution at 20 cm was more
obvious, and the concentration of Zn and Pb at 50 cm was more obvious, and the concentration of Zn and Pb in
the leachate solution at pH=3.00 significantly promoted the release of Zn and Pb in the two smelting slag, and
the cumulative release continued to rise, and there was a greater risk. At pH=3.00, the release of Zn and Pb from
the two smelting slags was significantly promoted, and the cumulative release continued to rise, which was a
greater risk.
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