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weather happened frequently, causing serious pollution to the surrounding farmland by tailings with
high content of heavy metals. This study was to investigate the release and transport behavior of
arsenic and antimony after the tailings entered the soil, and assess its potential pollution risks
furtherly. The contents of arsenic and antimony in the surface and profile soil of a small antimony
gold mining area in Anhui province were analyzed. Column leaching experiments were also carried
out using the contaminated soil. The farmland soil in the study area was seriously polluted by arsenic
and antimony. The contents of arsenic and antimony in the surface soil of the contaminated farmland
were ( 141£11.4) mgekg 'and (104+5.2) mge-kg™', respectively, which were 12 and 85 times
higher than their background value in Chinese soil, and also significantly higher than the control soil.
The soil pollution reached the level of heavy pollution. Despite similar geochemical properties, the
vertical migration of As and Sb showed different characteristics. Antimony in soil was mainly
distributed in the surface layer, and its content decreased gradually with the increase of depth. In
addition to high content in surface layer ( 113 mg*kg™) , arsenic content showed a maximum value
at the depth of 60 ¢cm (114 mg*kg™'). This indicated that arsenic and antimony in surface
contaminated soils would gradually migrate downward, and the migration capacity of arsenic was
higher than that of antimony. Under leaching conditions of different pH and phosphorus
concentrations, the release intensity of arsenic was significantly greater than that of antimony. The
maximum release concentrations of arsenic and antimony were 1151 pgeL™" and 10 pg*L™" under
different pH conditions. The maximum release concentrations of arsenic and antimony were
1277 wg*L™" and 170 pgeL™", respectively, when leaching with different phosphorus solutions. The
application of phosphate fertilizer could promote the release of arsenic and antimony in the soil
contaminated by tailings, which increased a potential ecological risk.

Keywords: mining area, farmland soil , arsenic, antimony, release and transport.
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1 M5 J7 i ( Materials and methods)

L1 WFFE XA

FELLVBE 0, 1986 41 phy 22 80048 W T 4R 28 EL 4 W At , 1988 AF4% 7 JF- R Fl W B8 4207 JF R )y
AW T IR, 0 I TARZEEIRAL 11 km 4505 090 5 MR, D R BRBEE  Bk, ikA
WK 785 A RERD AR Y T R AL M SbaAs BT Au, 574 A T2 S R Au AEINBE G 1 5
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Fig.1 Sketch map of sampling sites

(2) -3 pH i e S AL FTRL AR 43 H

PR L 12 50 2 g WEARRESIAS] 10 mL KB F/K P, 7R A5 300 remin” 735 30 min, 235
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PR TR B T B TR AT B T VR I ( DCB 2%) , RIS ME 25 Wbk L 2 303000 22 . = 3 JOUR A A% 00 7 1) FH % ) 5 /R S
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EIRZETE IS4 T Sb 4.6% As 3.3% , FHXHMR2ZE < 5%.
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10 mmol L™ BLH IR M. 5256 L 0.01 mol L™ Y KCL #WVE M1 BHE I, F 20 Fréll HNO, A1 NaOH i fin
B9 SR WP BCHIA R A pH G AN PR ROE H K HPO, 7875 S i P e ).

IRTEE B hy DR AL, B SE R IE AR S  H — R AR AR, AR5 A WA L A G A B RD,
I BRI 50 g - HERE S AR AE T, A7 SERD FIAR A3 X 25 1A 52 M. 6K 0 S 36 g U n Ik 8
200 mL, R A7 10 S MRIETR , M b 10 SFT TR bk 8 A 16 2E L0 I I8 AT P A B8 90 08 80 A et v
FR A8 SR 0.45 wm JEBELEUE ) 10 mL FE 5, RAF, RN 80 A3 A i FH T B 000 2 ki
W pH A1 EC.HUFAE i 5, PRI B, Wt 52, 0 501 55 23245267815 RIUHE, B 2H JLHUHE
8 A, B 15 d. A% 15 RIFESLEL A 55 8 REUHE G I AWIEIRIZ L 7 d J5 I8
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WP AR B 58 AT UL 3066 BE TN S . S5 v i R Y S D 4D o A 4.
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Table 1 Classification of pollution degree by Single Factor Index Method

V5 Y48 BGEE Pollution index P, <1 1<P; <2 2<P; <3 3<P;
V5 YRR 732 Pollution level FREES BT R Y WY

2 759 545118 ( Results and discussion)

20 LHEREH I AT

R R AR B S AT E A3 2 BT 7% RS 00 AT MR fh 10 pHL (K136 P 6 5.53—6.91
IR A 6,12, (A , Forb 5 Y 09 pH WS TR B 4, 35 R R pH (R T4 1
7.76) 4. TS YA I 14 60 em FTTIE K pH 6.84, 54¢IH S0—60 em 1K) pH 6.91 2. + b A
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SRR A R SRR 4, EOXT B 4 0 ST RSB LA T R B R T A R, V5 e 2 4 i
BRI o BN IR 1Y 3—4 4%, B TR IR 45X 5 %2+ 5 R s o %, B
b T A IR L 1R A L B i 2 22 7 B Rk A R . 38 2205 e i B SR e A R
BT T IRE I, V)2 00 B UL A Bt ) 5 7 T AR I S S R, R A e
AL 1) TR 2R TR 3, 75 5 i O i A Bk 4 T 100 B84 8 1 V2 - BRI V5 e T 2
FEZ M TR, X5 T A TIRFST S SR80 2 15 Y M 4 Bl R A R 1 1 240 A 5 R R B 2
X5 595 Yo AR AT O, EL K8 PR M 5 A e 3t FEL P 74 ot R 26 2 - A LR
AR IETE 29.9—36.4 gekg ' 2], 1 T A E AR MPHR LA HUTF R & ik (24.7 gokg ™) 7

R2 IR RORVRUKAR AR B

Table 2 Basic physical and chemical properties of soil, tailings and water samples

T s S Ak R A R AL

SRR Y5 Free iron Total Available Organic

Sampling sites Number pH oxide/ phosphorus / phosphorus/ matter/

(g°kg™) (g°kg™) (mgekg™) (gkg™)
XHEERZE A 1 DBCI 5.64 1.75 0.77 23.3 33.4
XHEERZE L2 DBC2 5.55 1.72 0.70 21.5 30.9
HYEREL 1 WBC1 5.55 7.17 1.34 47.0 36.4
HHRERREE2 WBC2 5.87 7.15 1.37 46.5 30.0
HHREEL3 WBC3 6.23 7.53 1.33 46.4 36.9
HYRZEL 4 WBC4 6.20 7.02 1.41 44.2 32.3
HRRZELS WBC5 5.91 6.41 1.29 46.3 34.7
HYHRZEL6 WBC6 5.79 6.32 1.32 44.2 31.2
HHREEET WBC7 5.53 6.36 1.33 44.8 30.5
EHREZL 8 WBCS 5.90 6.05 1.18 51.3 35.3
V5 L3018 £ ( 0—10 cm) WPMI 6.55 7.17 1.34 47.0 36.4
V5 YT £ ( 10—20 cm) WPM2 6.13 6.92 1.16 40.9 31.7
V5 YL T £ ( 20—30 cm) WPM3 6.84 1.74 0.67 9.2 23.5
75 YL 30T £ ( 30—40 cm) WPM4 6.28 2.50 0.81 14.0 11.1
V5 YL i - ( 40—50 cm) WPMS5 6.1 2.97 0.87 16.7 11.7
V5 YL +( 50—60 cm) WPM6 6.91 2.63 0.99 18.3 1.2
| SRYFEEY Y WKS1 7.85 — — — 12.3
2 SRR WKS2 7.67 — — — 12.3
154 B 7K (60 cm) Ss 6.84 — — — —

2.2 RHERH RS TS LR AR

TS YA 2 1 e As I Sb B9 i 205 ( 141211.4) mgekg™ FI( 10425.2) mgekg™, IT 5 T4
N 222 1398014 22.4 mgekg ™' H19.25 mgekg ™' k2 P O AT PR B UK ik R BB T AR L V5 e 2
M ARG EY T As R Sh B E AR 4 50 3813 mgekg ™ I 1079 mgekg (5] 2) A R L HEZ
FVBH T BTG %, AN PR T AR AR 7™ AR SR I S R T R T Y B S TR ksl

15 YA TH - S T e 6 1) T 1) 3 A AN 1] 3 s i 38 P As N1 Sb B3 A A7 AERR 22 5%, Sb fE3R
JZ LSRR ST 20 em DUR RHEREARY Sb i, [ 3R BIIR R B B AR A 4 (H R AR
20—30 em o # -3 Sb FEWIE/NT 30—40 em 1HE Sb F i, IXIE A 20—30 em {7 # T IE IR S
(3R 3) URDRIAR R, 36 L & AU X R S AR b 7E 40—60 em IRJE L5
As & EWIE & T Sh X RN NTERA BSh As RS EEGS & Sb #Y 3 f5LL .40 em PR, Sb Fl As /Y
FH A 28K, 40—60 om L HERE S P Sh 1y i B 20 mg kg A AT, T As 19 % AT LAk £
100 mgekg ' LA I, 532 LHEHT. TSR HECE R 70 R0 05 YR b As (93T A2 Al
WK T Sh, XTI AR R A A Y5 G b 58 op i sl PR ) S B S [ 38 6 75 T R AW ST
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Fig.2 Antimony and arsenic content in surface Fig.3 Vertical distribution of antimony and arsenic
soil and tailings in contaminated soil profile samples
®3 Bl IEAPRAL S A
Table 3  Grain size distribution of profile soils
R kL Clay/ % Foyki Silt/ % WKL Sand /%
Depth (<0.002 mm) (0.002—0.05 mm) (0.05—2.00 mm)
0—10 cm 16.4 62.2 21.4
10—20 cm 15.2 60.6 24.1
20—30 cm 9.4 52.2 38.4
30—40 cm 15.9 61.7 22.4
40—50 ¢m 14.5 59.0 26.5
50—60 cm 15.9 59.2 24.9

2.3 L IEPREE TS Y

Pl X RAE BN 1 HRE S pH (AR E 5.5—6.5 Z[H)( 35 2) , AR YTk [ L e bR 8 R bR, 75
A pH X 4] A3 [ P 398 As By U 05 6 (1 30 mgekg™ 4. FL T L B _b b T4 b - 986 B
G5 — B BRARL , AR 2E AR In 52 R Al P b - AR VR (B 20 mgekg™ Y 5T 4141 WHO) FUE A& H
TR AR EE H7 36 mgekg ' IR E Y TR B A T Sh (K4 KU TR RE R, DR R X g, A
TR 1o 6 3 [ 398 Sb 75 S A 1 2.98 meg kg7 f5h Sb Aty UG 5 1 (i AR B0 DK 145 M0k T
Hy As il S 975 44N L2 4. 7T LA H I8 T ERE 20—30 em B9 + A0 T As B2 T5 Y k41, 1
LT AT RE B2 5 As A1 Sb [ 2 5 e, b F 8 5 e KT

RA TGYAR M E T SRR B S YRR L

Table 4 Contamination index of arsenic and antimony in contaminated farmland profiles

YRE Depth/cm 1—10 10—20 20—30 30—40 40—50 50—60
P, 3.75 4.60 1.79 3.80 3.18 3.81
Pg, 359 30.7 10.8 24.5 5.0 7.6

2.4 R[A] pH WO e h A BE R

ST RIS R I 4h pH B2 50 4.0.7.0 F19.0, i T R BRI 2 wPHETT, 3 R
PUKAE G 8 pH AEAHZZ A K AE 6.4—7.5 Z[BI( 18] 4) . TR (EC) ZHW & T R r UK, BH
S WA TR TS M R EC B ERBE 3 AR AR BB Be( 1 4) 5 1 BB, 7RI g Y R
3K RN EC TUE T [, e AR BUAE I 08 S 36 B 5 — UK IBURE L 3 4> pH Gk B &0 T EC AR
220—260 mS*em” 2 [H] , X —iod B, 98 1A R 1T S 14 5 e 2 RS B K R L B 2 AN B
Bt WRAE R RIBRE A TS OU T IR EC {EREA FRAR (E AR E AE 50 mSeom™ 247, 302 Ky £ ¢
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AR S TR O B 2% s 357 1 BT B 2R DRt 22 i K S 008 2 e TR ) A5 8 U S e R R T
WA g 1 B 1 e I BRI 55 3 S B, /KR BEN TR A I, RIS S S I feg 34 i 2 7 L, itk i i EC
W11, TR F) 120 mSeem™ L b b B I RO — 1 8h 1 2 R 1

756 m pH=4 300 m pH=4
8 0 O pH=7
A pH=9 A s0f A pH=9
TEr B A
a O =
a ﬁ e ~ ~ 200t
69F A 5
o L 150t
z AN = A
66r o & 100 B
r n
~
63k
CLooo
6.0 1 1 L 1 1 L ] L 1 0 1 L L 1 1 1 -y ! J
1 2 3 4 5 6 7 8 15 1 2 3 4 5 6 7 8 15
ihd id

Bl 4 IR pH O UE SR I pH - A A BB I 18] ) 22 1
Fig.4 Changes of leachate pH, EC with leaching time

FERRBEA B L3 KRS, pH R I TE 2 BRI i ek R 26— I 5 R 7E R[] pH
VEWHIE S5 E T L IR TR A 29028 As I Sb Yk J3E I bk e et 1 F0 25 AL 95 00 5 SR 6 W, 3275 1% - 97 )
4 pH VIR IE S5 T L As BOBERCR I T Sh, As B ACBERCHE A F 1151 pgeL ™", S R kR
TR BE FUA 10 g L7 LT EL As (93 1 v BE SRR 14 , 17 Sb (934K 1 T 00080/ KU 6 d =205 L Wbk HE R
w1 Sh () B B 2K TR E KPR AERRE 5 pg L7 520045 5 om0 Fok i3, As (93 7 1T 7%
SEFRSEAT 0, 7 ELK IR B IR, As 1h 722 L3RR G 240 S Tl 3 R /K SRS R 0 AR L 3X — 485
IERITRA R AE B3I TG -5 As TR [ 40 25 52— S0 ([ 3) L 3% 5 R Sb 1R A F G E T T
PEGAbFE, I SR Sh 4RGN T AR K T4 Sh 2 R BRIk A R 5RO, WA X As AT 1]
(BRI, JIF LA T B RCHR 0 As 76T B0 rh 40 7R B8 AR A 46 146 F , Sb th 282 -HHERE I & A T i) 3T RS 11
AR TS S TR AT TSR A B T T P45 SR — B 1 3) AT L, X TR R TS Y i R U A
As 1 Sh (I HERAL SV , ELIZAR 48— 3 05 Yo AR 5 ( 35 5) L0 As 1% S KT S, 455
SRAEFATIFST (R FH vy DRI 5 SR BT S48 6 T 140 (X, A< Sb 15 % + B i 5 T 1. 55 4h,
TEWRUE IR 8 d, FEAR TR pH IR IE S0 F As IOBSHORA B MR MEC F , LI S0 F L3 As
(TR T Sy W B, 3t 5 5 ARS8 36— 3T L Ol As RV R LI B T 1 SAEE I, T DA AE
TR A 1 R O 5 5 A R TN Y X5 e e p Sb B AT M AR T RIS AT T LA S A T
VRHEVR TR Sb (e i , % PR TR BE R A , 5 Sb Vi BETVHR R AIG L 322 By Sb AR P st
VR 3 R AL 5T B 5 L AR 2 A S S e TR 2 I T K.

[~ 45 A
1200F T R A o m .
i 30 A O M
= gud”
Z 15t @ st o
~ go0f ~ B =~ A n ©
= 0 o - A A @]
P 2345678 o | o &
2 S 2 n
2 m pH—4 i = Q
< 400F ph= @ m pH=4
O pH=7 4r 0 pH=7 n fa
ApH=9 n 4 pH=9 g u
oo BB & B 8 2t
1 1 1 1 L 1 1 7, 1 ] 1 1 1 1 1 1
1 2 3 4 5 6 7 8 15 1 2 3 4 5 6 7 8 15
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Fig.5 Release kinetics of antimony and arsenic under leaching conditions with different pH
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Fig.7 Release kinetics of antimony and arsenic by leaching solutions with different phosphorus concentrations
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