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Abstract; Flotation agents can enter the soil and water enylronment around mining areas through benefic udtlon wastewater discharge and overflow from tailings ponds The
adsorption of sz *larid G on soil apound a lead-zire dressing plant Was mvesugated in the presence of potassium hutyl xanthate (PBX). Batch experiments were conducted
with different initial le PBX, P, and Cd>* solution concentrations. The frac_uerli of lead and cadmium were altered after treatment with different concentrations of PBX.

The reSult€ sowed that adsorption of Pb2 *and Cd** on soil was seriously* fiibited by PBX. When PBX concentration was 40 mg+L ™", the adsorption capacity of Ph** and
Cd?* decreased from 3 540 mg-kg ™" and 387 mg+kg ™" 103085 mg+kg ™" and 100 mg+kg ™", respectively. The Ph** and Cd** adsorpllon kinetic process was best fitted
by the quasi-second-order kinetic model, which indicated that the adsorption process of Ph** and Cd®* on soil was mainly chemical adsorption. The formation of a
hydrophobic and insoluble complex and competitive adsorption between PBX, Ph** | and Cd** on the soil surface was the main reason for reducing the adsorption capacity.
The results showed that PBX could increase the mobility of Ph** and Cd®* on soil. The degree of impact improved with increasing initial concentration of PBX and pH but
decreased with increasing initial concentration of Ph** and Cd** , and the adsorption isotherms conformed to the Freundlich isotherm. Under low PBX content (100
mg+kg "), exchangeable and reducible cadmium contents in the soil increased, which could lead to the activation of cadmium in soil. However, the addition of PBX to the
treated soil could reduce the content of exchangeable and reducible lead. As the concentration of PBX increased, the reduction effect also increased , which was related to the
stronger complex stability of Ph(C,HyOCS, ), than that of Cd(C,H,0CS, ),. The results showed that residual flotation reagents in heneficiation wastewater may increase the
potential ecological risk of heavy metals such as Ph and Cd in soil, and the prevention and control of the potential ecological risk should be strengthened.

Key words: mining area soil; butyl xanthate; lead and cadmium; adsorption; migration
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Table/1 ,Basic pHy;.i&ochem’ical properties of the tested soil
TBT g J £ o(FHUR) JGBd :_;‘Z)( ) w( &5 W R /% 1
“ AV skt JaweliE gk /mg-ke 7! R Wik FhL
sl fracd 13.5 1301 oy f & s | o 10,55 4

o >~

1) B2 0. 02 hm G EE 0. 02 ~0. 002 mm FfE: <0.002 mm |

P 35 26 (PBX) (G 1, KOS, , 40 98, 0%
AR oM R B A F ;U4 (cde,)
FEFRET [ (Pb(NO, ), 1 SR 99. 0%; i R A
(NaNO;) |, #:72 (HC) FI & A AL 4H (NaOH ) 2578 73
Brati, W [ [ 25 4 A4k X 50 A BR A | 548 Al
PBX ¥4 F 252 oK me il , e EL .

1.2 LIk
1.2.1  WRREBh 2R 508

LI 0.01 mol-L~"# NaNO, ( 32 45 H i 5t ) 1
F ST, RIS 0.2 ¢ BT 100 mL 5.0
B K £ 1000 15EE A PH2 T Cd*T Al
PBX ¥, i Pb** FIl Cd** ¥R 4 514 150 mg-L~"
120 mg-L~", PBX ¥RIE N 40 mg-L~", B ARFH
420 mL. A ALFRAE 25°C R LA 250 remin =" H 3 B
TR, 7 lfE 1, 5, 10, 15, 30, 60, 120,
240, 480 F1720 min J5 BCGHEES , U4 500 remin ~'
FEESL> 8 min, B 10 mL FVEWRE 50 mL &I,
P T ~2 mL AR E 25 5 W VS W P P> N Cd*
WeRE. DL AbEA A 3 4547, [RIHAE B R A
PBX X} HRAITC 25 .
1.2.2  WRBAAEIR 2 e i

-

FREL 0.2 ¢ 3T 100 mL B0, A 20
mL L1 0.01 mol-L~" 4 NaNO, & 75 5 1A W ic 1 /Y
Pb’* | Cd** F1 PBX ¥ ¥, PBX ¥k B [ % k40
mg- L' W Ph> V& BEABREE R 150, 300, 450, 600
1750 mg-L~" 7&K CA* ¥R FEBLJE A 20, 40, 60,
80 A1 100 mg-L~", N5 J5 7€ 25°C T LA 250 r-min ™'
()3 B AR IR KA 7 720 min, 2500 UE, INAS R &
HIG A,
1.2.3 PBX ¥ pH X+ 3EM Bt Pb>* F1 Cd** AY
A

S 2.1 SRR, B PP A Cd T vk
4354 150 mg-L ™" 120 mg-L ™", PR FFH A 54
A Ok AE PBX WBEREE S 0, 20, 40, 60, 80
A1 100 mg-L™'; @ 0.1 mol-L™" HCI F1 0.1
mol - L™ NaOH #8745 WA pH (E5r 5183 . 4.5,
6 17, W5 AR 2% F Pb** | Cd** F1 PBX &
FERT AR B RRAIE.
1.2.4  PBX Xf L3R EHVERIAF L 45 1 52 i)

 EEER I A 21 %3 100 ¢ 3, % 3 4
AT, 72 2 AR AR5 I I AR A 500 mg- L7
1100 mg-L™" 9 PH>* A1 CA** WM AEE 1 d, 209
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Table 2 Concentration of pollutants in each experimental soil

FHH/mg-kg ™!

AR Control s1 2 S3 4 S5 S6
it 0 250 250 250 0 0 0
% 0 0 0 0 50 50 50

TR 0 0 100 200 0 100 200

1.2.5  BEJFRRATAIE RN H & 52D b

S35 Bk & 0.02 mol 9 PBX 5 0.01 mol A9
CdCl, #1 Ph(NO,),, % T 50 mL 55 100 mL 1 25
TR K PBX VRS A Bedh b, ff 5 4 J& I TR
W A JE A EE | 9725 10 min. 840N J5 #E474h
U WSS [ A i FH 25 B8 TR DUTE 0 78 A B R v vk
ﬁﬁhaﬁ,iz 3K, Hil A 4B I AE 35°C T #EAT AR

TR T RE BRER A FTIR P, 44

7. FEl A4 000 ~ 400 ¢m ™! 6};@#3’;5@4 em™! ?a#w;\
BUMA0 UK.
L3 RS TSR b R

S ot 2 0ia P 437 2% ot
pH {E*Fﬁ%ﬂ’/éﬂﬂlﬂm(jjkttj?l 4 5) ﬁ*ﬂﬁ‘?‘
mﬁﬁﬁ%ﬁa%‘?ﬁﬂ: RN R ﬁH%%ﬁQﬁi(CEC)
ﬂ%ﬁﬁaﬁa’f}r% A% SR L 5 601 4
HNO, -HCI-H,Q, 43 Y fif (MDS- 36 ﬁugg_a%ﬁwg
|7H1&/BZ{$W>(> ST Ph A G LR IFICP-
OES (4 8 T 1K % 5 It 3% {X Optima 8000, 2 [
PerkinElmer 23 7] ) Wl %2, £ 3 8 F 15 08 15 18 46
(HSX-150, g B W48 ) Kr . 2 IR R A o Ji
FREGIEAT FTIR (i BLH-21 4 5635 TR Affinity- 1S,
H A By 8w ) 404

FIFH 22T X Ph 1 Cd* A IR
PBX 7AER H3EXF Ph>* Fl Cd>* AW it 4 PBX A1l

4000

3500

3000

2500

2000

1500 -

Ph* 0 B lit/mg-kg” 1

1000

—a— FIMPBX
—>— {RIMPBX

500

0L

1 L | L 1
300 400 500 600 700 800
t/min

1 L
0 100 200

FIEILAERT Ph> F1 Cd®* AW BRI 25 PBX B Y
W B . SR FH I — SR 3h ) 24 N % 8y ) 2 A R4
i Pb** Fl Cd®* AW B0 1 2 REAE. SR Freundlich
A Langmuir W ffF A5 IRARILL G PH> " 1 Cd** 7F £
A S TR B AE . R AL FHER FH Excel 2019 #K1F
58 L, BRI A R OriginPro 8 HRAFSEML.

#BEiE '

WHEE A A L
WA 1T £8P i B S e
FhY T A L. AMPBX 75 15 agin pﬁ it
VRIE 150 mg - 1 1y thlﬁﬁﬁilﬁ B0 9289
BT HE I EE 5 18 ~ 240 min, Ph® LR K
KA 98/ 49, A T e ST B B PBX AEAE I,
i%ﬁ%“%%mfﬁwmmLﬂ{Eﬁ%%W
B 41 28 K O B R 4 R L 76 240 min S5 35
FIP-A7. 53X AT RE S Ph>* 5 PBX F7-1E 3 4+ W B, i it
6] P Ph* S FE IS, PBX T B 4 25 4 Bl 1t
B s A Ph> " DA -3 LA . JCI8 & A IS PBX,
FHEXT Cd* B W B AR 7E 10 min 22 45 3k 2 F 1,
PBX X H: S 7 15 (8] 52 me) 82 /. PBX ¥k BE Ry 40
mg- L, R HEXF Ph> T RN Cd® AP I B S
& 24 PBX 4b 3 B} /93540 mg-kg ' I 387
mg-kg ' [ %3 085 mg-kg ™' Ml 100 mg-kg ™", BRI K

2

—

2.1

RiF 5 S BRAR T 12. 85% #1174, 16% . PBX Zy1EK
450
400 _E
350
Tm 300 |
E’ 250
g 150 F
S 100 L —l'h——___P__,
50
0k

2

300 400 ﬂOO 600 '.-‘00 800
t/min

E1 PBX 777 Pb?* 1 Cd*+ £ 15 AR B 3h 1 28 dh 2k

Fig. 1 Adsorption kinetic curves of Ph**

and Cd**

on soil in the presence of PBX
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Ph>* Fl Cd>* SBT3 D R
WETE TR, SRR PHY R Cd® R B
L.

K FHE— R ofE — sl g 2% 7 B LA R
Ph** Al Cd** I B 2 Ty 2= i 2. B2k 3 ARl 2 W]
A TCIB B AEAE PBX, Ph>* Hl Cd>* 1 145 F g

BRI — g sh 1 24 O B A SO e, HonT o R
R Y93k E] 0.999, [A] i, £ 3EXT Ph* T Fl Cd**
A 1) W B R 4 9 3521 mg-kg ' N 386
mg-kg ™', 552 {83 540 mg-kg ' Fl 387 mg-kg
Aewiir. FRGE R FEW Ph> T A1 Cd* AE 3 B 1K
W o o AN 2 8T B 4R T A T DA A 2 T
y\jjz[nﬁs].

®3 WHWHNFFEUESH

Table 3 Fitted parameters of adsorption kinetic equation
YHE 1% 5 2, = o e, =1
SR T —— g JUJJ)'J#J?‘?‘& /ﬁg—&lﬁlﬁ%—ﬁ‘&
F PBX 7 PBX # i PBX N PBX
qe 3384.742 3070. 069 3 520. 631 3037.012
Ph2* k 1.788 1.790 0. 001 0.114
R? 0. 958 0.963 0.999 0.999
q. 368. 787 107. 221 386. 101 99. 206
Cd?* k 2.021 2.173 0. 002 0.003
R? 0.972 0. 965 0.999 0.999 _
4000 _ — - )
o (@ POT-E—EREh S TR 400 (b) Cd*- i~z hy 2 T e
3500 | o . & " P . [
> 350 | r'
> »
3 L o
3000 : = - o
_ 2500 | M _
2 ;* 250 |
2 2000 2 200 |
= =
1500 |- 150 |- L
1000 |- 100 | P> > > >
L = ANMPBX 50 F
0 > i MPBX
n C l L 1 1 L L 1 A 0 i L L 1 1 L L 1 A
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
0.30 8
(c) PO 4B Eh ) 22 i 7 (d) Cd>"- i g ah 1y 27 Ji i
0.25 | Tr
2 6
_ 020t - i
'sy // ‘g 5
g = )
';5? 015 | }/,/ éu 4
£ 010 £ 3¢
= = 2
0.05
1k
0} il

1 1 1
0 100 200 300 400 500 o600 700 800
t/min

1 1 1 1
0 100 200 300 400 500 600 700 800
t/min

B2 Pb>* 0 Cd** FELIERAIRME HF A L

Fig. 2 Fitted curves of Pb?* and Cd>* adsorption kinetics on soil
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Table 4  Adsorption isothermal model parameters
PBX Pb2 + C dz +
, Lot Freundlich 757 Langmuir T Freundlich 75 & Langmuir yiRi3
me -
i K n R In K, Ky n R I K, R
0 567.414 0. 408 0.959 12768.131 0.003 0. 839 80. 353 0. 626 0.962 2376.991 0.014 0. 898
40 279. 898 0. 476 0.943 7613.827 0.004 0. 940 13.99 0.911 0.986 2757.859 0.005 0. 887
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