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Effects of Fe,(SO.); combined with solidification agents on the distribution of different antimony forms and
ecological risk in antimony—-contaminated soil around an antimony mining area

BAO Qiongli', LIU Zongyang’, WANG Ke’, BAO Wankui*', HUANG Yizong'

(1. Agro-Environmental Protection Institute, Ministry of Agriculture and Rural Affars, Tianjin 300191, China; 2. Tianjin Agricultural
University, Tianjin 300384, China; 3.Institute of Agricultural Resource and Regional Planning, CAAS, Beijing 100081, China)

Abstract: In order to understand the effects of Fe,(S0.); combined with lime and cement on the content of different forms of antimony
(Sb) and its ecological risk in soils with different pollution degrees in a Sb mining area of an antimony mine, the content of different forms
of Sh, pH, and ecological risk in soil treated with different remediation agents through a soil culture experiment were taken into account.
The results showed that the addition of Fe,(SO4)s alone reduced the contents of soluble + exchangeable and carbonate—bound Sb by 53%~
70% and 31%~70%, respectively; Fe, (SO4); + lime treatment only significantly reduced the content of iron-manganese—oxide—bound,

organic—bound, or residual Sb in individual sampling sites soils. The treatments of Fe,(S0,); compound cement increased the content of
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soluble + exchangeable and carbonate—bound Sb by 52%~1 264%. Moreover, the addition of Fe,(S0.); alone reduced the biological of Sh

by 15%~51% and reduced the ecological risk. However, treatments of Fe,(S0.); compound cement increased the biological activity of Sh

by 56%~828%, and its ecological risk increased to a high or extremely high level. Correlation analysis showed that the change of soil pH

significantly affected the available Sb (water—soluble + exchangeable) and potential available Sbh (carbonate—bound and iron—-manganese—

oxide—bound). Overall, Fe,(SO,)s alone showed good effects on Sb solidification stabilization. Fe,(S04)s; compound lime weakened the

solidification stabilization of Sbh by increasing the soil pH compared to the addition of Fe»(SO4)s alone, while Fe;(S04); compound cement

significantly increased the soil pH, available=Sb content, and mobility, bioavailability, and ecological risk of Sb.

Keywords : antimony contamination; soil; Fe,(SO4)s; lime; cement; distribution of different Sh forms; ecological risk
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Table 1 Physical and chemical properties of soil and Sb contents in soil samples and solidification agents
S1 S2 S3 sS4 A1 K Lime K Cement
BA TN/ (g-kg™) 1.02+0.04¢ 1.96+0.06a 1.89+0.05a 1.54+0.07b — —
TP/ (g-kg™) 0.28+0.01d 0.99+0.01a 0.47+0.01c 0.86+0.02b — —
ALFEPEA PR DOC/ (mg kg ™) 27.06+0.96d 69.58+12.48¢ 127.70+6.27a 100.64+15.06b — —
AlEMEAHLE DON/(mg-kg™) 5.25+0.66¢ 72.10£12.21a 16.65+1.23h 22.24+0.92h — —
45 %4 Available P/(mg-kg™) 9.09+0.83d 130.25+6.54h 43.78+4.29¢ 162.13+8.25a — —
BALHM Available K/(mg-kg™")  174.66+18.70b  447.41+58.13a 36.61+8.44c 44.02+12.13¢ — —
AR OM/(g-kg ™) 14.77+0.91b 30.18+4.16a 33.92+3.11a 33.07+1.36a — —
pH 5.35+0.04d 7.14£0.19a 5.56x0.13¢ 6.40+0.06b — —
HEEEC/(pS-em™) 40.95+9.16¢ 157.83+16.30a 26.10+0.35d 63.00+1.68b — —
Sh % Sb content/(mg-kg™) 3.19+0.32d 19.17+1.86a 4.96+0.76¢ 11.67+0.65h 0.04+0.01e 0.01+0.01e
T« [ —A TR T S [R) /NG R RER 22 5 (P<0.05) o T IR
Note: Different lowercase letters after the data in the same line represent significant differences at P<0.05. The same below.
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Figure 1 Effects of different treatments on the distribution of the different forms of Sbh
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Figure 2 Changes of soil pH in different treatments
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Table 2 Correlation analysis between different forms of

Sb content and soil pH

ShIE& pH

Sb form J5 7 equation R
KT +38 Y=8.37x[1-exp(-6.79X)] 0.54
RIREREE 57 Y=8.28x[1-exp(-2.06X)] 0.53
R R IR S Y=1.19X+5.15 0.33

YR Sh &, X M pH,
Note: Y indicates Sb content, X indicates pH.
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Table 3 Biological activity and bioavailability of Sb in different treatments

R b Sh A= WiE R B Sh XU 1A 2 it IR S5 2%
Sampling site Treatment Bioactivity coefficients of Sh Risk assessment codes of Sh Risk level
S1 CK 0.125 12.47 XU Medium
F 0.069 6.88 JERAUE: Low
F+L 0.162 16.20 XU Medium
F+C 0.325 32.53 {5 AU High
F+L+C 0.283 28.32 rF XU Medium
S2 CK 0.290 29.04 rF XU Medium
F 0.226 22.64 rF XU Medium
F+L 0.247 24.74 rF XU Medium
F+C 0.508 50.86 2 i KUBS: Extremly high
F+L+C 0.453 45.34 = XUBS: High
S3 CK 0.021 2.14 AU Low
F 0.034 3.40 fRRRUES: Low
F+L 0.039 3.93 RS Low
F+C 0.139 13.91 XU Medium
F+L+C 0.199 19.91 XU Medium
S4 CK 0.170 17.04 R XU Medium
F 0.083 8.34 B Low
F+L 0.136 13.62 rF XU Medium
F+C 0.351 35.16 1= AU High
F+L+C 0.293 29.34 rF XU Medium

B AR EYE . SPULLER 2525t il ] 540
Yy 43 Sb iy B8 shtE HEA TIF 5T Lk B o VS 1 2k
15 R RENS A R REAR Sh 7E L T RS RE 1. ALVA-
REZ-AYUSO %™k 3L LK R 15 R 13388 52 I se g
FRE RE Sb, U 5% WK BT, 100% 1) Sh 4 fig
BhE e o SR, 76 T [ B B % 0 i i 42 5 15 e
T HEAT A DG 5E B, YR IN 3% 1) Fea(SO4) s AE PR +-
HE KA Sh i FL X RSN T 37%~56%, 1 I A
FE S5 RR) - 58 pH 80X IR i 25 FEAIR T 35%0~50% , 22 i
KR FeS0.8% Fea (SO.) s 23 B HY, 3 Al - 3R 11
Fe, (SO.)s & L A KA [R] B B b R AR T A 308
Sh £t (K A+ 38 B 45 Sh K R £h 45 45 & Sh &
i) (AP R E B E K. SRIMA R R A K
Fe,(S0,): Z B2 5 1 Feo (S0, %t Sh I F @ 0%,
B RUE A KBS T e pH, 38 i T U 3%
AT 17 FL AT, B S AR A sl ik R R 245 5 B AR 2R T TE
BH IR HAT RS 78, T4 T Fea(S04)s X Sh A FR A2
BRI, R FE  HALE S5 ifF 58 & B, 7€ Sb 15 Yt 3
Hi RIS I K REAS A Sh RS fE 1 o SR R4
WEFEHE ), FESm B 250 T B 4R RB s FIR L BT
AR ILE AW, B s bE RO s, A K REdR & 1

58 pH, JLR Bt AR F R T R i L AR ™
4N, 7 FH A R A F T As 759 3 As a2 1k
PR A B 1 T 3 As 1 B8 Sl P, kT LA R 4 TR
Ph . Cu Z5 A5 2500 59 2% BR , 3k il FH A0 K 25 1
T ) 2 3 pH T 10 By i, 234 E -3 v Ph
()% 2>, GARRIDO %PV & B8 4 5+t it FH A K 45 Bk
PEY) 5 38 pH T+ 2 8 LU BB, Cu BORRE M RIR T
R, 24 pH KT 100, Ca 5] A LY H (1) OH B
A, R SR AT Fea(SO.) s+ 41 KAk
FRACG BN T -3 pH (& 2) , 3% v] B2 % A0 FE
HAG 80 Sh ORI A +38 8 2s Sb K kR +h 45 64 Sh)
T AR B TR B R 44 pH 4IRS, Sh
TE 1 38 vh S R A W AE ) B AR AR, BT Sh AR
FERY, DR R TS RS e 3 LA R AE A AR A R
B, I AR PR S A 250 1 STl X Sb [ AR RICR 1
R

IV ER AT IRZEARL, 2 H T PR AE 52 05 e -3 AR
HEEAA R, DFSE R T, AT A K KU X Sb 5 G
- S R 8 AR AR R A TR R K U P A R R R O
FRALBTEH R R YL R 2R Y (CSH) , CSH X} 5
& BB TP PR B R e Ak AR A A SR A
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Mk FFERR . Lh1.5% Fe,(S04):4E NEaE I,
15% B9 7K PR AE A 8 1 b1 R % Sh 5 e +- Bk A B &
J&i S HYIR H R EAR T 0.02 mg- L1, SR, K PR
IKAR S = A 1) S R A S RE S 3 i i pHL, (T 4
o e Ak R VS A B AR ) A SR A s R £ . ANAE
pH &4 F L3 19 Sh(OH ) B T 52+ &
IR AR FIAT BT 25 1T 1 B R g Ik A 22 (R R
HERBLG, B4 M 17 ShOV ) IR RS PERY . AR g
Fe,(S04): & Bt /K P AL FE (F+C A1 F+L+C) ff + 3 pH %5
XTREIE TN T 1.77~5.00, 1 HEAT RS Sh K S +28 4
A Sb Kk R £h 45445 Sh) S N T 52%~1 264%
(& 2) , Z BRI AE A stk [ Ak 5200 T ShIE A5 1
Ak, H R EE S 5 pH BRI &, A ek
TR A Sh S pH B MK (£3), W
b, R K VR A Sy AR A R A& 52 05 e 1 45
ol i Al K Je P i . (EAS T B R AT P RE
RUS3 1 Fea (S04 & Be A K B /K e ib 3 oK 3 A8 +48
e S Sh I IR BE IR 3] 1 264% ., XBR T 5 T4
pH A SCHh, i AT g 5300 i+ LA B8 1 B A Bl
AR AL B A 6 (R 1) o A WLTFE 2 i
TL R A A LR (U BOR s LR R ) HE
KRR ARAMMEAE YRS & B ALY &R A
b K ) 4 8 s 1 R AR 25 L TE A HLES &
P, A HEEFRTE As 5 8RS I mT vt L (5
TR HA Fs HLER FA) B, Al B HA-As Fll FA-As 28
AW, NI G T As 8 sh ), Sh Rl R & A= T 254U
B BN, T S 2 3 0 T K RS+ S A Sh
HAE R pH 254 T 88 (% Sh(OH) o FH &+ 5 A ML)
21T 07 A o SR A 2 DA A e L HE R B 3 T
Sh RS ENIE . 55 4k, RE A5 S2 1Y BT A7 b B rp 4 S5 A 5L
A ShOUKIE B +3H A5 Sh IR TR ER 25 575 Sh) T 3
HH S i T E A A TR) AR L, T 5 R AT S2 R A
7% 5 (0.99 g~ kg™ ) FIAT R4 75 £ (130.25 mg-kg ')
M E A . PLAs FIShb ¥R T VAL E , E1]
Z I BAMPB IR, P Y As ZIAfF1E 55 G
WG B, P A A 2 S 25 LRSI R R Ak X Als 11 W B2
fit. P55 Sh 2[R A AEHLAFLE XA 5 4 M W B, R A
WFFE HHRE 1 S2 g A B H A 508 Sh s 8 e

fibFE
3.2 Fex(S0s); B B Bl 4644 434 %t Sh 2 1 7% 1 49 55 i B
SR

G R AR WG M AR LR A W 7 R R AN
S E YO PRI . TR RIIRELA T TR RE

1% WHART]

FAE W 16 PEAEAR KRR B oo R e .
H it T Sh A= 91 R0 53 K 22 B0 ok HoAE +
BB IR A A0, 3 D A — AR
BARBUL ATk R 2T B AR . ASF
S A A 3 OB 248 4 B vk 247 42 BO 2 , & 3
Fex(S04) sl Fea(S04) s 52 Bt Aa Kl Sh A= H1i& PHEREAR T
15%~51%, 1fi Fe,(S0,)s & L K Jefi Sh A 93 3 i
T 56%~828% , oA 4 S3 A 48 Sb A= 976 1k 38
Wi 5 755 3% 550%~830% . A W7 [RIFE & B8R, 7€ Sb i5 4L
T AR RS, 5 0 AT E S A AT S 4 A
Sh B A= 4 756 P 3 e By S SRR e IR S X
X Shig e+ ek B E , W E I T Sh b AEYIETE
A B P 2 TEAL th AN AR R R S 80T B kA=
SUETE R A AR AR e . RS RS TEAN
7 F A A SEM/AVS J7 ik T A2 25 KUK
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FH XGPS 2 05 2 (RAC) S B A 56 38 IXURS: , 4%
FEH : Fer (SO b PR g - 398 JRURS: 55 9 3 R AIK AU
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FHABIIEH Feo(SO.) A0 BRFAAR T 1358 Sh 9 A4 25 K
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G, 4 Sh 5y W sh AR W W, v R R ED . A YR
BT, B B R B 1 A8 2 I 71X Sh ¥5 Yt - S pEF 11
52,4 AN Sh B AR A KB
4

it

(D)W KL B ™ X i 4 3 i Sh 2 DLBR i
BAEERAS . AEE BB 438 Sh I A0 A Y
R0 22 52K, Fea (SO 5 1 2 BURE 55, 11 0] A FH 25 Sb
FR A3V TE T A FHZS Sb 2 3 B MG, £ Sh AE 998 7 %
I, S T e PR A 2 XU

(2)Fex(S04)s K LA RALE A BIFE 8 R 43 TS TE
A RIS Sh & it i FEAK. Fea(S0.): & B K JefH Al
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Sh [ E WA R0

(3) B RS It 2 5 i i1 £k — o Al G 5, %)
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