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Effects of Passivators on Stabilization of Pb, Zn and Cd in Lead and Zinc Mine Tailings

ZHU Jia—wen'*’, ZOU Dong-sheng'", XIANG Yan—ci®, WANG Hui', LIU Wen—xiang'

(1.Department of Biology Science and Technology, Hunan Agriculture University, Changsha 410128, China; 2.Department of Resource
Environment & Planning Management County of Urban/Rural Areas, Hunan Science and Technology University, Xiangtan 411201, China;
3.Hunan Province Key Laboratory of Clean Coal Resources Utilization and Mine Environment Protection, Xiangtan 411201, China)
Abstract:; The tailings collected from Xiangxi lead and zinc(Pb/Zn ) mine, in west of Hunan Province, China, had high concentrations of Pb,
Zn and Cd. In order to reduce the risk of Pb, Zn and Cd in lead—zinc tailing, passivators including rape offal, grass straw, rice straw, lime and
ammonium phosphate were added into the tailings after 30 days incubation. DTPA method and Tessier sequential extraction procedures for
different chemical fractions of Pb, Zn, and Cd, were employed to evaluate the effects of these passivators on the mobility and bioavailabity of
Pb, Zn, and Cd in the tailings. The results showed that the bioavailability and mobility of Cd was effectively reduced by the rape offal, grass
straw, rice straw, lime and ammonium phosphate, and of Zn was effectively reduced by the rape offal, grass straw, rice straw and ammonium
phosphate. While the bioavailability and mobility of Pb in the tailings was effectively reduced by the ammonium phosphate and rape offal. The
exchangeable, carbonate bound of Cd and Zn among the Tessier’s five chemical fractions were significantly correlated with Cd and Zn ex—
tracted with DTPA method, while the carbonate bound of Pb was significantly correlated Pb extracted with DTPA method in the tailings. The
concentration of bioavailable fractions of Cd, Pb, and Zn decreased, indicating that the rape offal and ammonium phosphate were the suitable
in—situ passivator for lead and zinc mine tailings.

Keywords: passivator; mine tailing; heavy metal; chemical fractions; Xiangxi
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Table 1 Properties of the tested Pb/Zn mine tailing and heavy

metal concentration

H{E HHLE/ Pb/ Zn/ cd/
P g-kg?  mg-kg?  mgekg?  mgekg?!

MEH 7.86 3.04 4679.01 2 424.30 4542

FF) K FEZE R4 (R FR K REREFT ) A K iR —
B o THSEREAT T ELRS AT OKFERSFT B AR T R, i
100 B, &M
1.2 KB AHE

PRI B 7 20.0 g, S AIASEALF] 0.4 ¢,
REYS, AR mME e e B i %t B (CK),
BN 35 1 SRR TR 2508, ¥ H Rl B KFfK & 80%
IMAEBE K, (25+1) CTFEEFR RN 30 &% M4k
YT 3 AEE

}53% 30 d J5 B9 B AR A Tessier™E 2253 2 HL
BEH#H Pb.Zn.Cd B RAFETEE (R 2) . A
(T1) BRFREEZE G (T2) BE AW E S (T3).
BHEER(T4), RES(TH)SEUESE REBRE
AT 4 FEA S EAINA, a2 daS o i 78 3R
I TIER PIRES , SIS FIIRIRER 45 A B AE R
B, KA ENSHENE ST NBTEARS, RES
—Fp 5 RA SR AT W B4 A AW A AT R A
FPRAST2, DTPA $2EUEH P Pb.Zn . Cd MHEYIH
A, R A pH5.1( A HCL &7 )4 0.005 mol - L'DT-
PA+0.1 mol- L™ TEA( = ZF#f#% )+ 0.01 mol-L™ Y Ca-
CL ¥, ¥ 1:5 L LR, HEL B4 2 A HCl-
HNO,-HCIO, {§f#%, RAREFRBOEIE{L (AAS ZEE
nit 700, Germany )| %€ Pb.Zn.Cd B& &, FtrifE L
¥t GBW07405 #:47 R &5 %], Pb [ W & 96.6% ,Zn
i % 98.4% , Cd [FI K 98.3%, W& IFE T4 6 4~
I 2 A% o (0] AR VERE A DN 25 2R . BT RIS A8 39 5%
HNO; &1 24 h [/, i E LR &Rl ge ks
g,

BIEF A Microsoft Excel 2003 1 SPSS 13.0 4i11
AT LSD #:35: (P=0.05),

2 HR5itie

2.1 BH R Cd RS S
WP ESEETENEF P ESLRE CGd 2

R 2 Tessier FELLIREUE

Table 2 Tessier's sequential extraction procedures

PREGAR]

BB AR

+7K H 1:8 51 1 mol - L"MgCl,, pH7.0

I

I 247 F/KH 1:8 10 1 mol-L NaOAc, pH5.0(HOAc )
I 4EEsEas £/KEH 1:10 50 0.04 mol- L'NH,0H - HC1(25%HOAc)
I\ iy

A (1)K 1:3 40 0.02 mol - L'HNOs, 7K k. 1:5 /il 30%H,0,, pH2.0(HNO; #35)  (1)(85+2)CIEIRMIZEIRY: 2 h
(2) 7K H 1:3 i1 30%H,0,, pH2.0( HNO; 835 )
(3) 47K k. 1:5 1 3.2 mol - L'NH,0Ac(20%HNO; UK )

(251 )ClEBZESNRY 1 h
(251 )CHEIBZESNRY 5 h
(9613 ) CIHIRWTEEIRY; 6 h

(2)(85£2)CIEIR LIRS 3 h
(3)(25+1)ClERZELEYRY 30 min
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BoR 4542 mg kg, ¥ ERBIEE HIET REBG
360.48 £, B HPH Cd 4L FTB 4310 R T5S>T3>
T4>T2>T1(F 3), 48.83%[#) Cd LABRIE S AFEFE , Hxt
AR Cd BB FIAE Py vl R P STBRAS K, X345
P4, 20.52%1 Cd S5KA 84k SR A
451 B Fe-Mn ALY Z5675;16.42%1 Cd #EASE
EAEA YRR L [FA VLA 8 s e (BY
BANLEEZ Cd);7.86%1) Cd 5 EBH BV T HRER
VIS BT BRIR 4 5 75,;6.36%1 Cd 521
W S E Ak AR S R R A e Y B AT 22

NEEEFIN BH B+ Cd BIESE A — (&
1), ARl LB 2w TR R Cd f7]35H
AOER, BT CdERE RIS . TEERT.
THEEFE AT B IR — B K REFEFT XA K fE Cd AT 32 #t
AEES B XIS T 31.49% .28.72% ,16.61%
12.11%F01 12.11% JMEFEFF TG B — 8k K
FEREFE A A RES SR ABSFIRIRER S G D) & &
FEARRCR B, Al Xt BRI/ T 27.71%.23.84%
20.90%.,14.40%.10.06% . JHIZFEFTH Cd BRESETE
HE X BRER R T 13.54%, MRERR—8% A K K FERSFT

THBEHFTEURSAIESSTEREMIMCAY
AYRTFI R, ENRESSEN ST MAEE,
WEBR — 4% mI A £ 2@ 1t HLPO BN T A AP % 1 17
LA, B2 15 T X Cd AR BN RE ) , i S A Bk R AR
HEEDEFLEED Cd HIAERBN B S

BE I B EREL T By b DTPA & Cd &
&, FFEX DTPA 45 Cd & EMREIRCRIF TR —
B AR, S A HEST BRFEAR T 78.57%.75.60% .66.67%
Xt A b H DTPA 75 Cd & &5 Tessier HL22TE &
Cd & BEHATHRMS T, F5RERH DTPA B 53cH
ARAERME(r=0.73, P<0.01 ) B4, SIRBREZ5 A/
AHRAE (r=0.70, P<0.01 R Z , UL B4R B B BP Hh 28
DRIRER G A D Cd FEAR AR B BB RS 1L
YA A (DTPA 25 )Cd, FIXCHS SRS AD
J& TRV VSRR TEA IR AL o B 5 T g™, 16
B Cd fE B i e , A RN B IRE Z)
BB R, XA R BRI, DTPAZR Cd 5
Fe-Mn EAL Y456 A M (r=-0.01 ) LA X 56 HL
A Cd MFHFME(r=-0.29) 52,

FEYFE AT — R R K 45 A AR pHL AR £+
BEAR R RSNk E B BT

R 3 AEFEUFILEXEFET T Pb L EHEE BRI (ng-kg™)

Table 3 Effects of different passivators on different chemical fractions of Pb in Pb/Zn mine tailings(mg-kg™)

atifh) T1 T2 T1+T2 T3 T4 TS5 DTPA 7
TEEFEFF 34.9+0.9b 133.1+6.1c 168.0+6.6d 576.8+23.1d 683.9+2.2d 3 260.4+15.7a 119.3+8.8¢c
JKFEREFT 49.5+1.0a 200.3+14.6b 259.7+14.1b 735.0+10.2b 831.8+34.0c 2 862.5+30.2d 134.1+£9.1b
HESERSFT 26.9+1.7¢ 117.9+1.3¢ 144.8+2.6e 771.8+25.0a 556.3+25.7¢ 3 206.2+41.3a 76.1£5.7d

AR 27.1+0.4¢ 401.8+0.5a 429.0+0.9a 612.2+11.0c 526.8+30.5¢ 3 111.1+40.7b 186.3+1.9a
W — gk 18.3+1.9d 11.7+2.4d 30.0+2.0f 156.8+19.2¢ 1517.7+8.6a 2 974.5+14.0c 8.0+0.1e
CK 32.3+5.0b 199.5+19.1b 231.8+17.7¢ 728.3+20.2b 905.7+30.3b 2 823.9+11.8e 83.7+2.8d
¥ [FIB R F RAL BRI 22 5 B % (P<0.05). T,
30r
K FRFEFT
25 [ /KFEFEFF
- B R _ -
220 @BAK
z M BiRa—e
W P @K
4u
S 10 N
5F 7] $
7N
Risa=giZRNE=E 178 4.8 . . ‘ 7,
T1 T2 T1+T2 T3 T4 T5 DTPA &

Cd (LTS

| RESAAERAHRT W Cd L E R

Figure 1 Effects of different passivators on different chemical fractions of Cd in Pb/Zn mine tailings
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B MY EME R AR A B, HAT
H Al AR S T 2 A HLER AL 50 B B R v
A HLER (DOC) R ZLR UK, DOC 7] DL 1 45 A/
AR BT R ES R Y B2, WNiiE LS
W ESE  (HREE VBRI EER , DOC FEfE, K
Sy FIERERRIG N, TR S 5 EE B A HA
R0, FEfE R YA AL A A 7R i B e T s TR BN
WIRAEY RS % 4R pH Eh B 705 &% S A AR 2
Syt £ R RS s AR WA O R I, R AR RS B
W A RS AT ORI EE S TR ATE I . ASBSEH 3
MR EERMET BT T Cd WAEYER
P BARRBOR RAT, FTRE R RO EIRKE SR T 30 d, #57F
RSy FBEURSFREER AN E, H5 Cd
MEARRER, SiL T Cd mTEHEs
2.2 BH Ry Pb SN
WAL E BN Bb Pb 28k 4 679.01 mg-
kg™, Xt BRI R4 H 485 SR 157.54 15, B wb
H Pb (&L RN 3 i, SMIEA AR
INIF A 3RS (60.35% ) > ML A 75 (19.36)>8k4E
FIMEEA D (15.57%) >STRIRER 5 A 25 (4.26% ) >3
W25 (0.69% ), FE R DAEYIR TR sRES R
B e R A KA RERRER F AR BB P
BiER AR RYE, BER—E B E KT Pb
RS . BRI A SRR E SRS TR,
Ay B T R FRAE T 43.31%.94.15% %11 87.07%, A= i
HRE A PSS Ph, itk T Pb 4= WA 3tk K
HAERH B BT RE 1 o A AT AL B AR T
Pb 5SS RIS A DS &, A T T RE T
16.57%.40.90% , 3 H{#EF >+ Pb HFRES S E
BE FFF, AR EFT 13.54%, A K IKFEFEFF
AERARE T BT Pb BIACHAS-IRIAER 5 &7
R, KEBTFERRE TXRASS R, A KE
ERE TR AT E R, LREEREN i
AbFRE AR H AR e A - R BR R 45 A4S Pb A BRI

R BE B8 K /N Sy i R — Bk (87.07 % ) > TH S A% #F
(40.90% )>T=HAEFF(27.52% ) o

BEiR — Bk B EFEL T B b DTPA &5 Pb &
B, WA BEFER T 90.49% , IHSEAS AT DTPA 75 Pb
TEBRARE, WA K KB S Em RS A Yy
BERETEVRb DTPA 5 Pb &, AR EH,
& P WYX Pb BAREIRACR T BEP, EHbE
Y—Ed i+ pH B RS EERMESRE .5
HE RS E RIS WS Pb FHE)E
EHEPREYA RS, BRI YR B
N FRECA T 1Z AR

St A b H DTPA 75 Pb & 8 5 Tessier &1L
JEAS Pb & BT, B DTPA 25 Pb 5k
TRERZE B A Pb BAHIEME(r=0.87,P<0.01 )54, 58
AN GARMIM XM (r=0.57,P<0.05) IR Z , 53
PSRN (r=0.50, P<0.05) B Z , 5HEHLA G
AR (r=-0.78,P<0.01), RIAMTFUILIES TR >
HIRREL S B B EMY S A A Pb a4
el 2R it RE A Rz fk >l DTPA 25 Pb,

2.3 B Rbth Zn O

WS RS B R 7P Zn £ 8K 2 424.30 mg-
kg™, % BRI RS 48 13 S E AT 25.55 1%, B b
Zn WAL2ETE A AN 4 B, SFIEA RGN
I R s 25 (69.19% ) > B ML & 25 (22.19% ) >8k45h
S (5.47% ) >TRIREEEE 5 75(2.31% ) >3
#(0.87%),

ANEEEALFIAL B Zn (bR R E TR KA
tho MELEER In G EBKE  BER—8 KT
FFOHSRREA A K EERB SRS Y Zn AR
BEHGEEETHR, S HXBTRET 83.86%.
64.74% .60.44% .59.82% .59.49% . HZEFEFT IEELR
FF OKFEREFT BEER— B3 B E FEAR Zn AT S H S -
IR ZE SR ETE, 50X BEKT 65.90% .
59.38% .58.40%.59.82% .56.33% , T A1 AL FEX} 7] A8

R4 AESEUFCEIEERET ®BF Zn LERSEENRME (ng-kg™)

Table 4 Effects of different passivators on different chemical fractions of Zn in Pb/Zn mine tailings(mg-kg™)

L] T1 T2 T1+T2 T3 T4 TS DTPA Z=
TEELREFT 8.6+0.1b 22.8+0d 31.4+0.1b 112.7+0.1d 624.6+58.3b 1 655.7+58.4b 16.5£0.5¢
TKFEREFT 7.5+1.3b 24.7+1.2d 32.1+2.5b 142.1+3.4b 653.7+4.7Tb 1 596.4+9.8b 18.4+1.6¢
THSEFEFE 8. 4x0.1b 18.0+1.9¢ 26.3+x1.9¢ 134.4+5.1¢ 112.1+10.1¢ 2 151.5+3.1a 16.0+0.7¢

AR 8.5+1.0b 71.6+1.8a 80.0+2.3a 193.5+2.9a 982.8+11.5a 1 168.0£15.4d 25.3+2.2b
B —4k 3.4+0.4c 30.3+3.7¢ 33.7+4.0b 114.9+2.9d 907.7+119.8a 1 334.3£20.1c 11.3+0.2d
CK 21.1£1.7a 56.1+1.5b 77.2+2.8a 131.6+2.4c 538.1x112.9b 1 677.5+121.3b 42.4+2.1a
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WA-RIREE AR EBNEMARE ., T IcH
BD-RIRER G R REYA RN BB, H
RN T REA R FRALED 1 Zn MIREERE

BERR — &% I SERE AT IS A AT KRR AT A K
¥ B ERRET S DTPA 5 Zn S8, 29 H 3R
DTPA 7% Zn & B KT 73.44% .62.28% .61.12%
56.50%.40.29% . A K FEH ke B R 18, 18
i3 pH, HEmfE(H -5 Cd.Pb.Zn WA AL
YIS IRIRER 45 A B UTNE , BRI FEKI5 YL 13 Cd. Zn
TGP, B VEYINT Cd Zn BMRIBC™, ASEEG B /P
TR , A KR T X% Cd B ElifbVERISh , & FEAIK Pb.
In WAYARSEGE, RN LA TR . A2H5H
BRERER TT RE- 5 1 FH 3 B A - ER R - Y ol R
BEITTET R IHGE Zn AMA B0

Xt b Tessier KALAEA Zn F &5 DTPA
A In EEHFATHIRESHT, B RFW DTPA X Zn &
BHA WA Zn F EEWR B E IEMHX(r=0.95, P<
0.01), SR K SRR ER 45 A 25 A 4 (r=0.67
P<0.01), 5B A DX (r=0.27), 5HHLE
AWM (r=-0.03), BT W HAI LRSS
TRIREEZE A7 Zn TSR SUR BT BB B A A
A In,

3 it

(D)WMPEEES BT P Cd.Pb.Zn T EH,
430 2 W B 1 S /Y 360.48.157.54.25.55 %,
X A5 B AR AR SR . BARP A Cd.\Pb,
Zn P RIDBRES SR E B EDSENEEE>
RIRER 45 A SIS, RIS >TE AW A 55>
B EGESRIRER G S>3, FRIES>SA YL
GRS EAYGE S D SMIREEGE S B> MBS
AT

(2)WHVE IS BE B /P DTPA 2 CdZn 5%
WA, RIREEEEA CdZn EMBEEH LR
DTPA 7 Pb 5ikEREh 4544 Pb 2 B E IEAHKR
R, 5HREE AR SRR FEHRLKR,

(3) Rl—Fpatifb 5% A R 4B AR SR A —
FE, ARG R —FE LR MRS A —
FE IR+ 4R TS YN B ST X P 4G TE
PSR EAE, RERAMFEREFX CdZn WA
B BT BE S AR Bl X Pb AOSEILACR LA
IR — S B i, FK R SERE#T . M Pb.Cd.Zn 3K
A BARS T S RE, HESRRSFT B ER — 5 LB

BT W R AL o (B R B AR B AP SRR
L REBUR B RCR  (EASHE— BT 5T . R AR —
FEFROBEALT), AT ZN HE B A B A HL AT
A T HLEAG KRR AR, TR AR S TT X Pb
Cd.Zn R EHRSEBCRIT T RARA 2 o
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