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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] China has the richest antimony (Sb) resources all over the world. In recent years, antimony and its associated arsenic
pollution have become a typical environmental problem in our country. This paper focuses on the vertical distribution and the
distribution characteristics in different functional areas of pollutants in the antimony smelting site, aiming to provide assistance in
clarifying the soil pollution risks of the antimony smelting industry. [Methods] This paper presents the results of a study conducted
to investigate the differentiated characteristics of soil antimony (Sb) and arsenic (As) pollution levels in different functional areas and
the cumulative migration of pollutant contents in the vertical direction. Soil samples were collected at different depths from four
typical antimony smelting plants in different key functional areas. The single pollution index method was employed to ascertain the
pollution degree of surface soil Sb and As in different functional areas. In order to analyse the ecological risk of surface soil Sb and
As, the grading standard for potential ecological risk was adjusted in a reasonable manner according to the toxicity response
coefficients of heavy metals Sb and As. [Results] The soil Sb and As contents exhibited a vertical distribution, with the highest
concentrations observed in the surface layer, followed by the middle layer and finally the deep layer. Furthermore, the Sb and As
contents in the surface layer exhibited high variability. The varies of Sb and As contents in different functional areas is obvious, and
the overall performance is storage area > wastewater treatment area > production area.As the depth increased, the average Sb content
exceeded the standard in all three functional zones. However, the average As content exceeded the standard only in the storage area
of the middle layer and did not exceed the standard in the deep layer. The pollution level and ecological risk of Sb and As in the three
functional zones were as follows: storage area > wastewater treatment area > production area, moreover, the maximum value of
pollution risk was in the storage area. As for Sb, heavy pollution points accounted for the highest ration in three functional zones, and
the ecological risk is “extremely strong”.As for As, the proportion of “clean”/ “not yet clean” is considerable in three functional
zones exception for storage area, and the ecological risk in the wastewater treatment area and the production area is “medium”.
[Conclusions] Years of anthropogenic production and operation activities at the antimony smelting site have resulted in significant
pollution and enrichment of Sb and As in the surface layer of soil. A vertical view of the data reveals that Sb is the primary pollutant,
with pollution levels exceeding the standard migrating to the middle and deep layers. The pollution level of its accompanying
element, As, is still acceptable, with the majority concentrated in the surface layer. In the three functional areas, the storage area
owns the highest level of pollution and ecological risk. Additionally, the wastewater treatment area should be concerned in case of

the pollution occurs.

Key words: antimony pollution; arsenic pollution; vertical distribution; different functional areas; risk assessment; environmental
geological survey engineering

Highlights: (1) The vertical distribution of major pollutants in antimony smelting plots, as well as their distribution in different
functional areas, are firstlyanalyzedin this paper. This study also determines the accumulation of Sb and As stains in the vertical
direction of the soil and the differences in their distribution in different functional areas. (2) The toxicity response coefficients and
grading standards for soil heavy metal pollution in the evaluation of potential ecological risk are optimized and adjusted according to
the actual situation in this study. This allows for a reasonable estimation of the potential ecological risk of the antimony smelting
industry on soil.
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E—MEASECENESIRITR, ZH g
Fpl, HHEA BB ESN, S EN Sb&
TR | ETE, ™ 23 B I A L O
FIEE 5 46, [A] I I ZR B A As 15 QL iy SRt vh
SIHEMUE DR | O I PN | A 28 T e P i £ XL
W, i 2> 5 B0 IR 722 55 (Oorts, 2009; Takahashi
and Shozugawa, 2010; Okkenhaug et al., 2013) . %§
A H R R 0w M, W A2 E A R 2
435 1976 4EF1 1979 4E4E As, Sb 51 1 e il
1554 (He et al., 2019; Zhang et al., 2020) .

T EHHA A F oA n 8k (Sb) BE, 2R Y]
A X AT T 200 4b, JEAFk, B IR 6 AT
TEANWIHE N, HFE60RIA LA LB B A Y3z
FH, K 86 S 4R B T 2R Rl e A 155
RAFEA T, X8 s 3 oy 3R E
LRI PR (R A% (Wang et al., 2011; Ning et al., 2015) .
H T, X XI5 YeREE A i 5T Z 5 7R R )2 1%
BA A 1) 75 2 o0 A R DL RRAF AR S T T A AF 5, %
15 QWA Tl 37 Mo AS [R] D) 68 IX 5 o 1) 25 S A )
FE L3 rh Yk m) A AR A . SRR b, & T
e XTI TR AL 7~ I 1 R HH A A (038 2 I A B IR
BUERAIS AR A, 15 G R0 A SR AR LA b —
HEI 6, $RBNAE D RE X 15 YL fe B 1 22 54k, XA
HEEAY AT PR AL EOR S, HOR 4 i 5 YL 2Ty
()3 B ™ RARIERS, A5 B R K, S T 52
IR AT G M T K S A XU A4, P9 139805
VALY e e Wl VB Tk S (1 | e SPA S

A SCA A R A U Ak MR P BV R ) A T ST
FE DX [R) R BE 9 338 o, SR FH R 1] LUK D\ ) 4
M &5 Z2 4 FE X R AR BT T AT, XF e T
1398 Sb. As TEAN R DIRE X 75 YL /K- 19 25 AL FR AR
DL R ) Y5 e B ) RPUERSAE O, SR HI LI
15 Y da FOE R ST Sb M As TEAR R T RE X 1) & 1= Al
ZAG YK, Rl AR Y 42 Jm Sb. As YBR[ R
B, A B b I B A A A XS B o bR, AT A
TIRE X OV AE A= 25 KU, DA R Tk 37 s 3R 45 45 B
PEALRL2 AR

2 MESEIE

2.1 HIREER
HIFTE DXL TR PG4 (Y 8, [k i M X 7 B

W, ORI A AR E AR Z—, R
IR XBEIRA R B Y. BEL AL . B AR
39 Ff, HH BRI SRS L AR OR, A B
BEATAIA JEA R . AR YR T U kb HLR H A
[ KT 20 FEMEEHIR R, 456 SEPR g Ol A i
25 R KT XORE, 75 AT XN L 44,
B XKW 64, CT XHNAL 64, D) XHNFE
O IRIIREXOR T, 7R 2R 77 XA 5 10 4, K
TRBRX 7 AN, BEAFIX 8 1> HARILE 1,

2.2 T RERKN

CREH RIS Y A SR | SRS IRAR DL S
oK SCHb 5T 55 B, TR BE AL TS Gt X O AT A
A, K Geoprobe JFtR H 8B MLm= 4 v i 7 =tk A 7
Bl PREURE, R 4B 48 A i IX s P 4 38 55 07 % )2 (0~
0.5m). HZ(0.5 m ZH T AKMLR) FIRZE(=HF
IKAEER) FHERE i, SRAE B 7 s 2 3 AT 4R 5,
)2 IR S TE AR AE T YR 0 E R 37 PR A DU
BTG L AR T I TR B SR A, W] B R M B
Fi A/ T BRE SRR 10% RAE ISR AL AT RE,
H B A A Ry B s i, AN 2L et o3
Bro MR T HIERE AR S | IO SR I IRAE, A
fn S EICR R 75 4

KA LA S I = RO KT, RBRSE Y
BRAK B SR, RSt 100 H R e S & TR
Keaaehas o AW, Sb Rl As i I Ty
hS R HERUTR Y R A Al 46 6 19 I 2 ) (HD
680—2013), 2K PRI IH it/ I 12 G 384 i
HATHT AL EE SR, K PRI 0.01 mg/kg. A
DA i v S0 8 7™ At e HR T AR R As A 7, JE ik
17 TR E ) TR B A A TR RRT L, B DR I 46
SR 2 R 3 3R 2k B sl L T 2K,
JR A IE ] 5
2.3 Xtk
2.3.1 FRiFEIHE

AT YR FOR TR A JE 5 2 0 S 2
RGP BRI FU(E, B8 B b S it L5 e i
(FRWESE, 2019; 5K VTLAR S, 20205 Ji 4 55, 2021) .
TR KBS

P;=C!/C! (1)

Ao, POy S 4R 0 SIS Y AR LG CL

i TCE LM R, me/kg; CL HHAENARME, me/ke,
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Fig.1 Schematic diagram of the study area

AT PN AR IE L PR BE  f Eis FH 3E
15 9 KU A R AR HE A7) ) (GB36600—2018) 111
5 S FH M (Tl M) DRSS O o 1 Ry o, e op
Sb Fl As (XU Gl BE{E R 180, 60, V5 YL 455 53
EAR Ry Pi<1 Wil 1<Pis<2 W T ; 2<Piss
3 NERREETG Yy 3<Pi<S N EETG Yy Pi>5 R E
15 GGRAEE, 2011 2 15 45, 2022)
232 B A SRICE

% 7E = A 48 B0k (Potential Ecological Risk
Index, PERD), BE 7073 % 8 T H A & 1 & i, X456
TEEE NN, RRIBLEA R ILE & @0 ER
FRES B2 M BE 1 (Chen et al., 2023), 42 H B b3
FH PP 1 4 s T Y AR R R AR AR AU 1) ik
(FREEMRAE, 20215 MOLAE, 2021) o TR AT :

G
L=TIx— 2
E=T)Xg (2)

Kb ELNESE § IBTEAESGHFERE R
WA | WSEIE, mg/ke; C, A& i 1 XU
YE(H, mg/kg; T M4 JE i (EEMEI RN 240, Sb Al
As 18P N 2R 505 B M R BOM R (Yao et al.,

2019), FEMEm N R 5053514 10(Wang et al., 2018) .
TR A, 2022) o ZITIE I BRI EEAR YR 52
R 0 R4 V8%, MR Hakanson XF E 45 —%2% | [R
E ARG G R A (C=1) 52 1F5 YY) 5k b 3 4L
S K ABAH AT 3], HoAth JRURS 200 - BRAE 430 ] |
— AR 2153, AW TR TS G Y B
REFHERBCH 10, M E 55— R ABRMEH 10, WSS
AV TE A 25 AU 48 B0 bl (5 1R 55, 20205 %2
JURLAE, 2022) WL 1,

3 4PRETHE

31 TESEH. HESEERNMIFE

XoF D Ah BLRY R B BTIR R T 4 T S T R XA (]
TREERY 75 A IR SR 3B, 45 2R an sk 2 FnfAl 2
FiR. BadT 13 Sb B FIE R 5420.63 mg/ke.
TEARFRIRE H3E P A S &, HFEE I3
ARG, Sb 7 B WAL, 25 R 5 E NN £
BT AE R — B B, 2018; MOLAF, 2021);5 +
1 v Sb Y - 3 A A3 J2(13027.44 mg/kg) > H1)2
(2581.48 mg/kg) > IR JZ (652.96 mg/kg), HFKJZ+
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R 1 BEESRERES S RIRE
Table 1 Grading criteria for the potential
ecological risk index

SR R T s Rom MR

E, <10 10~20 20~40 40~60 =60

12 Sb 1 RAR (122471 mg/kg) [AJkE TR )2 (17500
mg/kg) FIRJZ (9070 mg/kg) . MR HE 2 57 B P4y
Br, RZ 14 Sb S S EMEEM 2R B E(P<
0.05), & Sb ERZ LT AN B EE, Bk
I, 5 Sb R SRR L AR R REIA
288%, H )2 4 Sb 1A S R E(278% ) K
TRIZHAFZ(194% F1 167%) , ¥ )@ T 5 A8 57 45
2%, KW Sb FAE LIES TP ALY, HS w2
TR NI B2 B R (244055, 2012)

As I E a2 I RS Sh A BIM A, [F Sb
—E, TEARIREE b A As ki, B A +
EURBE 3NN, As B it WikFAR, #2131 As 1°F
YIE R 246.9 mg/kg> 12 (89.61 mgkg) >¥ZE
(33.6 mg/kg) , H £ 2 + 5 As 19w K {H (2195
mg/kg) A FEE T o2 (653 mgkg) FIE)Z (197
mg/kg) ., WAL, 13 As SRS REEET &,
A5 5 REGR IR 227%, P RZ A )Z 13 As i
f 78 S 2R B0 (180% HI 145%) K THZ (117%), Hi
TIR)Z T As ity fedn 8 TR As 25590, &
B ERE T As 125 8] 3 A5 [ A L AT I 255
MERIZAERRBERTHZ, v AZE X 1
As WAL T —E T4

55 (SR BT e A FH 3 Y AU A
FRUEGRAIT) )(GB 36600—2018) Xf Lk, Sb. As £
J2 TS SRR AR A e, Hirh SbIRY s AL AR R
CRETAE(E . A HIE) YEB] T 96%, As I S
FRFN 64% TR ) Al 44%GBEHIME) , B 2AK

T Sb WMBbR R, BEE RN, BiFpoCE i
PR 2 N R, (AAE 2 AR 2K IH A LE R T
EREB A RE IS, W] W5 e R E AR )2 1
Rl AAAE ) T B AR
3.2 AEIThEEX T35k . & =T[5 T iFiE
ANFITIREIX. Sb. As i 122 5 B i, SRR
FAEAT X > R AKIR X > A P2 X (] 3) . Sh i
TR Z HHERIUAAHIE X (22272.63 mg/kg) > 7K
TAHLX (10731.71 mg/kg) > 7= X (7238.3 mg/kg),
As FrR1ERIZ TR AF1X (525.38 mg/kg) >
JEAKIAPRIX (126.6 mg/kg) >4 X (108.34 mg/kg),
FEIE P AR X T WA A 508 G i, B
2 J& T M T AL AR SR AL B B RR A, K
P Wk, )2 155 KA B EY i, i
MM IX 2 )8 Tk S8 B M, BT LAIZESR )= +
HEREAFIX Sb. As &= I T HAW BT REIX .
H 2 1 Sb RN A P X > AEAE X > R KR
FIX, As F iR X > R KIAHIX > A4
X, fH =R XA & ik 22 AR T 3R )2 1458
W, I H As B (A0E) 7E R 7K IG B XA A 7
X EAFEAEBIR . IRIZ 3 Sb KB MEAKIGHEX >
HEFEIX S AEFE IR, As FRIUNEAEIX > 7= X > JE K
TR, Hoh As & & (B 75 = KRIRE X PR
B, {H Sb (1) F it 76 B2 K VA B IX Y B B e s
BRI REIX, BLIAZE K IG FEIX, — B &R A T5 4,
15 Y A KRN B S BRI 2R
SRKE, BRE R0 = RINREIX & A2 15 Y X
W6 e 1 1) X IR B A7 X, — HL R AR TS g, (A IR 2T
& IRV fi e 1) DU) 2 I 7K v B X, R T e i 7
i, 5 5 TR AF X 1 3 2 38 K R K IR B IX 1Y
AR LT ERZ 5

+R 2 15 Sb.As #HIR ST SR

Table 2 Descriptive statistical analysis of Sb and As in soil

e B ¥ME FRALEL PRz ARAK HRE BREE% O EHME ERE%
RN 5420.63 892 15599.48  10.8~122471 2.88 73 68
Sb KIZ  13027.44 2920 25266.12 44~122471 1.94 120 96 360 96
FE 258148 967 4306.71 20.1~17500 1.67 80 80
i RE 652.96 63.9 1813.72 10.8~9070 2.78 44 22
RN 123.37 36.3 280.04 7.68~2195 227 60 22
KZ 246.9 106 444.96 11.8~2195 1.80 64 44
As 60 140
2 89.61 32.9 129.58 11.6~653 1.45 44 20
RE 33.6 18.7 39.36 7.68~197 1.17 12 4

VE: SbRIASITHE(E . EHESH (LIEARERE @A L RS EERE GRUT) ) (GB 36600—2018) AR 2 FHth
(TR breE(E, FIE. b bz, . k. B HME R A Ame/ke.
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Fig.2 Vertical distribution characteristics of Sb and
As in soil

3.3 RETELESH. . MEEESKEITN
DL i A 1 b 39805 e KU A 4
FRUEGRAT) Y(GB36600—2018) H K45 — 25 HIHL (T
b FH i ) RS 5 32 {8 Sk v, R FH PR R 75 e 48 5Okt
AR P e X 22 158 Sb. As T5 YL &5 47 %) 4
(% 3), S5 IR: £JZ I Sb YIS Jes 40l
FEI7E 0.24~680.39, fre/IME s LA FA 7= X | e KAE
ST, IR 72.37, 4 84% 1) sS4k
TH TG YK, A 1A LA T i KE; Sb 7R
SRR X IR R B TS Y A e, DA BT
PARBOIER T, A7 X e (123.74), HROM K
JRFEIX (59.62) fil A= =X (40.21) . FRJZ 13 As Y

X, A 40% 4 s Ak T B | B RIS YLK, AR,
T As L Sb (975 A8 BEERAR 2, 7T DL7E 86
BHRTH, Sb 2 B Z I YY), HAEA TR As 154
IR i v 4257, WIS YA B EDR B, As 76—
KITEE X BRABAT X Ab, B IA B AN A 7= X B
T TR AL T R, DTS AR B E R R,
AT X B (8.76) , HU RIE AR BRIX (2.11) A=
X (1.81). EBMAIMT, &2 L HE Sb Al As 15 L2
I A s A7 X >R KR BRI 72 X

)2 145 Sb. As AR RS X T8 B0 A4
(G 4), 1B R 3 Sb AR A SRS F5
BCE)JEEILE 1.71~4762.76, fi RAE N TAEFE X,
H 72% B AL TR 5 AU, (45 Sb AR R BN
e R 0 P A S KU, = R I RE IX T 3 B A W
VAR A A KU, P A2 XA 87.5% By s ik T
W XU, KA BRI AT 85.7% HY A5 A0 4b T 388 XL

R 3 AEIEEX RE T IE Sb.As BEFiSREH ST

Table 3 Statistics of single—factor pollution index of Sb and As in surface soil of different functional areas

iH REX CEAED LR T GRS ¥0 ] T M BTG RS g HET Y
Mk (25) 7237 0.24~680.39 1 1 1 1 21
Sh fBEAEIX (8) 123.74 2.89~680.39 / / 1 / 7
JRKIBHEX (7) 59.62 5.78~246.87 / / / / 7
AFEX (10) 40.21 0.24~154.44 1 1 / 1 7
Mk (25) 4.12 0.2~36.58 9 5 1 6 4
As X (8) 8.76 2.47~36.58 / / 1 5 2
EAKBHEX (7 2.11 0.2~7.52 4 1 / 1 1
HEFEX (10D 1.81 0.32~9.52 5 4 / / 1
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Table 4 Ecological risk index statistics of Sb and As in surface soil of different functional areas

RJZ TR B A SR S XU A

TiH MREX CEArE0 ¥IME i B g Bl e T
Bk (25) 506.62 1.71~4762.76 2 2 3 18
S X (8) 866.16 20.18~4762.76 1 7
RAKIRHELIX (7) 417.34 40.44~1728.07 1 6
AFEIX (10) 281.49 1.71~1081.11 2 1 2 5
Bk 25 41.15 1.97~365.83 9 5 5 2 4
As fEfEIX (8) 87.56 24.67~365.83 4 2 2
RIKIGEX (7) 21.1 1.97~75.17 1 1 1
AFEIX (10) 18.06 3.22~95.17 5 4 1

Wi, 2B 77 XA 50% B A Ak T4 s XURS: . Sb #E =
KN BE X 2 M A i 14 A 245 XU AR A7 IX > R K 1R
PRI > X (K 4) . As BVSTEA SR HE5(ED)
T FITE 1.97~365.83, I KAEFIFEAL T2 X, b T
AR . B () S5 24%, = KIhBEX Hdh gt
XA AR 25 XU R 8, A 50% B A Ak TR 58 L A5
JRUBS:, 7K 36 B KRN AE 7= X35 A 1 AN AL Tk
o AU, XU S AR TR AR R R v B, e g KR
FIXA 71.42% W9 s A R 5 rp BE XUR, 2B 72 XA
90% (1) st o1 b F A rp BE RUES: As AXHEREAE IX KB A
e 1 A A5 RURS, R K A B IX e B AR 5 1 2B 25
JRURSE, FEAE 7 X R A v B AR S KU (151 4) .
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Fig.4 Comparison of ecological risk index of Sb and As in
surface soil of different functional areas
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