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Spatial Distribution Characteristics and Potential Ecological Risk of Antimony
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Abstract: In order to investigate the spatial distribution characteristics of Sb and selected heavy metals and to discriminate their
sources and potential ecological risks in surface sediments of the Duliujiang river a total of 62 surface sediment samples were collected
in this study. Total contents of Sb As Cd Co Cr Cu Mo Ni Pb Tl Zn and Fe in these samples were measured by inductively
coupled plasma mass spectrometry( ICP-MS) and the inductive plasma optical emission spectrometry( ICP-OES) . Principal component
analysis( PCA) and Pearson correlation analysis were used to deduce the potential sources of these elements. Geo-accumulation index
(1,,) enrichment factor( EF) and Hakanson’s potential ecological risk index( E' and RI) were calculated to evaluate the pollution
degree of heavy metals in sediments. The results indicated that the contents of heavy metals in sediments were impacted by human
activities to different extents and the Duliujiang River was significantly contaminated by Sb. The contents of Sb in sediments reached
up to 7080 mgekg ™' and gradually decreased from upstream to downstream while the contents of As Cd Co Cr Cu Mo Ni

Pb Tl and Zn varied indistinctively. The PCA results showed that the cumulative proportion of the first two components accounted for
77.67% of the total variables suggesting that two major sources of Sb and other heavy metals were mining/smelting industry and
natural sources. The calculated /,,, and EFs also showed that the surface sediments of the Duliujiang River were majorly polluted by Sh

followed by As and Co lightly contaminated with Co Cu Mo Ni Pb and Tl and uncontaminated with Cr. The ecological hazards
(E') for each metals in a descending order were Sb > Cd > As > Co > Ni > Pb > Cu > Zn > Cr. The comprehensive index of potential
ecological risks( RI) for heavy metals indicated that 58. 1% of the 62 sediments samples had more than moderate ecological risks and
the sites with high Rls were generally located around Sh mining area and the downstream of the Baluo River. In addition the E' of Sh
was a predominant component of Rl indicating that the Duliujiang River is an area with extremely high potential ecological risk of Sh.
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1

Fig. 1 Study area and sediment sampling locations
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Table 1 The IE" and contamination grades of heavy metals
I,
<0 0~1 1~2 2~3 3~4 4-~5 5~6
0 1 2 3 4 5 6
1.3.2
. Fe
B (0.7% ~10.5%) 3.26%
( Fe (3.82%) *
) Fe
EF = ( M/Fe) sample/ (M/Fe) background
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Table 2 Enrichment factors and pollution levels 2
2.1
EF <2
2 <EF <5 Sh
5<EF <20 4
2 P <0 Sh. Ass Cd. Cos Crv Cus Mos Niv Ph. Tl. Zn
>40
Fe : 468. 6+ 30.6.
1.3.3 0.42.17.9.38.6.22.7.1.78.33.4. 27.2. 0.56.
Hakanson 93.4  3.26 x 10" mgekg ™"
1980
7 Shy Asy Cds Cos Mo Zn
N N Crv Cu.~ Ni. Pb. Tl Fe
4
Sb As
2 28 . Sb
As. Cd+ Co. Cr+ Cu. Ni. Pb  Zn ( 4
Sb. As. Cd. Co~ Ni  Zn
RI 66.13% « 22.58% « 11.29% « 4.84% .
RI=3E =3TxC=3TxE& 4.84% 3.23%. Sh
i=1 i=1 i=1 Cn Sb
_ RI ; (1.38 mgekg ™)
E, P ¢ (10 mgekg™') 2 ~3 Sh
P ¢ i 7080 mg-kg '
G, ‘ : Sh Sh
T, Wilding
i 30
> Shb. As. Cd. Co. Cr. Cus Mo+ Ni. Pb. Tl. Zn  Fe
As. Cd. Co. Cr\ Cus Niv Pb Zn (53.8% ~305.9%) 36%
10, 30. 5. 2. 5. 5. 5. ) Sh
177 Sh i Sb Sh
As Sh As Sh .
Cu.Pb.Ni As( 10) Sh. As. Cd. Co. Cr.
Cu~Pb.Ni( 5) Sb- Cu. Mo. Niv Pb. Tl Zn 2
5~10 5
Sb Sh
(E, RI 17.3 mgekg ' (S62 ) 6870 mg-kg ' ( S57
3 ) Sh (
3 S42 S34
Table 3 Ecological risk index and grading of risk intensity ) ( S51 )
E! RI Sh
E' <40 RI <150
40<FEi <80 150 <RI <300 Lol
80<E! <160 300 <RI <600 Sb 6.58 mg-kg™" (S0 )

160<E! <320 600 <RI
320<E! / /
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4

Table 4  Descriptive statistics of heavy metals in sediments

ol ol ol / /9
/mg°kg /mgekg /mgekg % % /mgekg ! /mgekg !

Sh 1.21 7080 468. 66 1433 305.9 66. 13 1.38 10

As 1.9 189 30. 61 38.87 127.0 22.58 15 30

Cd 0.05 6.43 0.42 0.82 192.8 11.29 0.26 0.6

Co 1.7 191.5 17.91 31.82 177.7 4.84 15 40

Cr 7 92 38.6 20.75 53.8 0.00 84 250

Cu 3.0 89.4 22.65 15.32 67.6 0.00 30 100

Mo 0.20 17.50 1.78 3.07 172.7 — 1.10 —

Ni 4.1 356 33.36 59.51 178. 4 4.84 36 60

Pb 5.4 156 27.21 20. 66 75.9 0.00 30 350

Tl 0.07 3.14 0.56 0.55 98.5 — 0.62 —

Zn 14 513 93.4 76.49 81.9 3.23 87 300

Fe 0.70 10. 50 3.26 1.90 58.3 — 3.85 —

2
Fig. 2 Spatial distribution characteristics of heavy metals in sediments of the mainstream of the Duliujiang River
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0.660( P <0.01) . 0.732(Zn Cd).
Sby Co. Cu. Mo. Ni  TI Pb. Zn. Cd
Pb (30 mgekg™') . Zn( 87
(S57  S61) . mgekg™')  Cd(0.26 mgekg™")
(S51) 27.21.93.4  0.42 mg-kg .
Sb Cr Pb. Zn. Cd
Sb Cr (7 ~92 mgekg™'
Sby Ass Co. Cu. Mo~ Ni. Tl  Fe 38.6 mgekg™')
Cr (84 mgekg™').
22.07% Pb. Zn. Cd . 3
Cr . Pearson
Pb. Zn. Cd
0.807(Pb  Zn) .0.776(Pb  Cd) .
5 Pearson h
Table 5 Pearson correlation coefficients of heavy metals in sediments
Sh As Cd Co Cr Cu Mo Ni Pb Tl Zn Fe
Sh 1
As 0.5117* 1
Cd -0.012 0.032 1
Co 0.920* 0. 461 0. 008 1
Cr 0. 181 0.226™ 0.257"  0.333* 1
Cu  0.584™  0.258"  0.099  0.761™  0.658™ 1
Mo  0.959* 0.562* 0. 063 0.925* 0.269" 0. 647 1
Ni 0.914™ 0. 468 0. 053 0. 995 0. 385 0.771 0.927 1
Pb -0.122 0. 006 0.776 ™ -0.032 0.501 0.348*  -0.005 0. 006 1
Tl 0. 881 0.420™ 0.139 0.857* 0. 489 0.734™ 0. 860 ™ 0.866™  0.128 1
Zn 0.300 0.212" 0.7327 0.420* 0.554™ 0. 689 ™ 0.4217* 0.451™  0.807™ 0.486™ 1
Fe 0.584™ 0. 660 ** 0. 033 0. 684 0. 495 0.673™ 0. 666 ™ 0.695*  0.164 0.637™  0.494™ 1
1) * * 0.01 ;¥ 0. 05 n =62
Co~ Cr. Cu~ Mo+ Ni, Pb. Tl  Zn
4 3.89( -0.77 ~11.74) . -0.25
(-3.57~3.07) . -0.53( -2.96~4.04) . -1.00
(-3.73 ~3.09) ., -1.92( —-4.17 ~ -0.45) .
-1.30( -3.91 ~0.99) . -0.66( -3.04 ~3.41) .
-1.38( -3.72~2.72) . -0.99( -3.06 ~1.79) .
-1.10( -3.73~1.76) . —-0.84( -3.22 ~1.97).
Sbh. As Cd 3
Sh 10% (6
) L 19% (12 ) 13% (8 ) 27%
3 (17 )
Fig. 3 Plot of loading of the first two principal components . . . , As
2.3 19
2.3.1 15% (9 ). 6% (4 ) . 8% (5 )
Sb. As. Cd. 2% (1 ) N N
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Fig. 5 Whisker-box plots for the EFs of heavy metals
in the sediments of the Duliujiang River
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Fig. 4 Plot of the average values of /., of heavy metals
in sediments of the Duliujiang River
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Table 6 Potential ecological risk assessment results of heavy metals in sediments of the Duliujiang River
(E)

Sb As Cd Co Cr Cu Ni Pb Zn RI
6.14~35913 1.27~126 5.77~741.9 0.57~63.8 0.17~2.19 0.50 ~14.90 0.57 ~49.44 0.90~26.00 0.16~5.90  26.63 ~36 188
2371.26 20.41 49.02 5.97 0.92 3.78 4.63 4.54 1.07 2467.59
( S61 S56 ~ 859) . ( S50 ~ 553) . 3 Sun W M Xiao E Z Dong Y R et al. Profiling microbial
( s34 537) ( 509) community in a watershed heavily contaminated by an active

antimony( Sb) mine in Southwest China J . Science of the Total

Environment 2016 550: 297-308.

Sb 4 :

Sh J . 2012 33(38):

2599-2606.
Wang . Wang Y P Xu C X et al. Pollution characteristics and
3 ecological risk assessment of heavy metals in the surface
sediments of the Yangtze River ] . Evironmental Science

( 1) 2012 33(8): 2599-2606.
5 Shotyk W Krachler M Chen B. Antimony: global
Sh environmental contaminant J . Journal of Environmental
Sh Monitoring 2005 7(12) : 1135-1136.

6 Wu J D. Antimony vein deposits of China J . Ore Geology
Reviews 1993 8(3-4): 213-232.

(2) Pearson ) i ) o
7 Keith L Telliard W. ES&T special report: priority pollutants: I-
12 a perspective view J . Environmental Science & Technology
Sb. As. Co~ Cu. Mo. 1979 13(4): 416-423.
Niv Tl Fe ; 8

J. 2007 35(2): 176-182.
Pb. Zn. Cd Cr Ning Z P Xiao T F. Supergene geochemical behavior and
environmental risk of antimony J . Earth and Environment
( 3) 2007 35(2): 176-182.
Sh As cd 9 He M C Wang X Q Wu F C et al. Antimony pollution in
China J . Science of the Total Environment 2012 421-422:
; Co. Cu~ Mo. Ni, Pb, Tl 41-50.
/n Cr . 10 Tian HZ Zhao D Cheng K et al. Anthropogenic atmospheric
( 4) emissions of antimony and its spatial distribution characteristics in
China J . Environmental Science & Technology 2012 46(7) :
Sb > Cd > As > 39733980
Co >Ni >Pb > Cu >Zn > Cr. 11 He M C. Distribution and phytoavailability of antimony at an
( RI) antimony mining and smelting area Hunan China ]
58. 1% Environmental Geochemistry and Health 2007 29(3): 209-
219.
12 . Sbh
As I 2009 22(6):
682-687.

Sb Sh

1 Bermejo ] C S Belran R Ariza J L G. Spatial variations of Li L Zhang G P Liu H et al. Antimony and arsenic migration
heavy metals contamination in sediments from Odiel river and environmental impacts on river draining in the Dachang
( Southwest Spain) J . Environment International 2003 29 multi-metalliferous mine area in Guangxi China J . Research of
(1): 69-77. Environmental Sciences 2009 22(6): 682-687.
2 . . 13 Wang X Q He M C XiJH et al. Antimony distribution and
N 7. mobility in rivers around the world’s largest antimony mine of
2015 36(2): 490-496. Xikuangshan ~ Hunan Province China J . Microchemical
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