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Antimony Pollution in Water and Soil and Its Ecotoxicological Effects
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Abstract The ever-increasing antimony (Sb) pollution has drawn more and more attention from scientists and governments.
Sb pollution in water and soil and its ecotoxicological effects on plants and microorganisms are reviewed in this paper.
Phytoaccumulation of Sb varies greatly with plant species and contamination sites. The translocation coefficients of Sb from
plant roots to above-ground biomass also varies greatly with plant species. Chemical forms of Sb exist mainly at +3 and +5 in
aquatic environment and are affected by the redox conditions. Bioaccumulation of Sb in aquatic environment focuses on the
algae. The mechanisms involved in adsorption and partition of Sb inside cell are unclear. So far little information was available
on environmental behavior of Sb and its toxicity to higher plants and microbes. The transport and transformation of Sb in
pedosphere, hydrosphere and atmosphere and among them, and the molecular mechanisms of toxicity of Sb to higher plants

and microorganisms need further study. Tab 1, Ref 36
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Table 1 The half maximal effective concentration (EC,)) values for Sb toxicity on plants in literature I

T 245 [ERYE 23 3 Shik G EC,/ EC,/ itk
Plant species Parameter Sb compounds in soil mg kg soil mg L' soil solution Reference

Chlorococcum infusionum 28 Z W FE Chlorophyll content K(SbO)C H,0, >1000 [16]
Chlorococcum infusionum 4% Z ¥ £ Chlorophyll content Sb,S, 125->1000 [16]
Chlorococcum infusionum £k Z W Chlorophyll content Sb,S, >1000 [16]
Hordeum vulgare cv. Mauritia A Root growth Sb,0, 6819 39 [23]
Lactuca sativa cv. Pontiac ZXH A4 Shoot biomass 7549 41.4 [23]
Trifolium pretense cv. Milvus A Root growth KSb(OH), 1247 [24]
Trifolium pretense cv. Milvus 2L A9 i Shoot biomass KSb(OH), 1111 10.6 [24]
Zea mays cv. Magister HA K Root growth KSb(OH), 829 [24]
Zea mays cv. Magister 2595 Shoot biomass KSb(OH), 1178 [24]
Brassica juncea A Root growth KSb(OH), >2463 [24]
Helianthus annuus cv. Iregi HA K Root growth KSb(OH), 829 [24]
Helianthus annuus cv. Iregi 2K Shoot biomass KSb(OH), 1122 10.1 [24]
Triticum aestivum cv. Galaxie M A Root growth KSb(OH), 631 [24]




6 11 FRIE A K R EREE B (Sb) 15 5% K X R R G A 1) B4 A 25 2 BN BT 5 B i 893

TENZIE B T Shiy ik B BE A% 35 21100 pg LA AT, 29004
KR FAA 100450, — 2B 7E & 4 Sbiy M BRfb 5 11 F ok
AREHE T YL A R K Sb iy il ik B g L. A MR K
Sbiig 57K H A BR IE 2% A 128, 7E — S8 2 R MEAT 1L R K TS
YLy PR, SO EE T DL X Se i AR 2. W R80T 1
B LR K | ]RGS e IR 1) S & 43 331 4 1.33~21.79
0.063~0.037F124.02~42.03 mg L 25, i [F L RH™ 1L B 3 ) 3
rF Y Sbifk i 14 249~385 g L U, 7E 3 3 5 45 J A0 34l 5% 7K
FRAEAE G Sb, T 7E A 1 R K H UL AN 55 Sb.

BT AW 58 138 & B T 3B 20 78 R b kL (PET)
TR, 2 K PP A T 3] 1S P 200, AR IR A 40T 1284 [
FI32A AR K G, & B H A 24~ R A0 A 2% 7K Sb
SR T AKARIE (2 ug L) . Wi K b i Shar hk £ i A7
JHCH ) i3S 22, PR HIAE VR PETHEE FH 1 Sb,0,7E R i £k
|, X Sb, 0,23 N Wi ik BE i B 7K o),

Sb7E I AR K BRI Z2 LASh (T11) FISb (V) W F 484k S 77
TE I 52 K IR 5L 1) S8 AL I8 J5 25 11 52 . 30 AR 35 44 8l ) 2431
T8, Sb (111) FISb (V) I 143 il 2 3 J5 A 401k 4 45 v Sy 32
ZLAL2E B, (H— S 58 34 48 T ShZE MR B8 v 1 M 45 5 44
B 7 2E TR 45 SR AR SIS oL, RIFE SR Ak K A b % 3 TS

(1) , eI JEH KRR BT Sb (V) B HSL kit te £
b 7K PR R gl e B, i L S R T K A 3 e R R B Ik
FE = 1 #a Y. AndrewesZSE A K& B SbRT LU Asht 4= 4 H ik
b, i AsEIRESS s Sbiy A= 9 FH ZE AL B2 . Sb,O JL-F- AT
K, AEAT TR 7K I R A B A R s po,

4 SbIEZK IR RN SR A BRI

SHAE /K I 1 A W b ) B SR 43 L 4R 06 1 3
J50Y. SOAE T B A BRI EARAE, &4 R T A X AR, IR
TR I 7K B Hh Y Sbk B2 38 B TEng ¢! DWIK, AT/ D 40¢
Tt v = Y Sk B Y FRE B, — BB I SR A T e
Sbis YL KR, #E2%) SbHAG AP R BAE 4. fllMaeda™s
NWIHIE 5T J BRIR K 3 28 Chlorella vulgarisTR 5 1) Sbifk B k112
mg g, 1fii H.Chlorella vulgarisBEXF WIS (TIT) H44k Ay 7k
FEALAISh (V) , X ATHESE Chlorella vulgarisfi- 3 A B 41 i) % 4=
AR EE AL 5 ALATTE e SR /N 358 400 it w55 A0 X5 43 ot
TAX104 B [ B o T45 4 0. BT, B2l Sy bl 3 f H
TESEIS AN 30 IR R AR RIS 22

SOXJ I 5 i A 4 1) B B AN B SR EH A B Nam
SE ORI 5T 0H , T A TR Bh A X 4% 3 Pseudokirchneriella
subcapitata /)72 h EC, ;206 mg L. Zhang™# A i 52 % W] Sb
XT 1 # Synechocystis sp. G RGNE A T FHVEM, U1 H
GBI R G 1P HL 1% 33 R 1 7 B A5 1oL,

5 R EE

JUE RIS Ry Shis YL H 25 8, R H B TR Z )
B R E, (BS54 M. KEL AT ESEMLL, X
ShTEFREE 1 47 S FI SO A8 4 FI G A= 4 1 A 25 3 B350 3 A
ZE D ShrE KA L KB - IgERE N VB Z B E 2 R 3T 7%
Al (U HR S ER R ERIT R ) . Sh s 8 A 4 9 it A 24

T BRI 10 73 1 LR 2 HLA A5 1 22 07 TR A T IR AR

References
1 Smichowski P. Antimony in the environment as a global pollutant: A
review on analytical methodologies for its determination in atmospheric
aerosols. Talanta, 2008, 75: 2~14
2 TARC. Some organic solvents, resin monomers and related compounds,
pigments and occupational exposures in paint manufacture and painting.
Lyon, International Agency for Research on Cancer. IARC Monographs
on the Evaluation of Carcinogenic Risks to Humans (Vol 47), 1989.
291~305
3 Filella M, Belzile N, Chen YW. Antimony in the environment: a review
focused on natural waters I. Occurence. Earth Sci Rev, 2002, 57:
125~176.
4 Filella M, Belzile N, Chen YW. Antimony in the environment: a review
focused on natural waters I1. Relevant solution chemistry. Earth Sci Rev,
2002, 59: 265~285
5 Tschan M, Robinson BH, Schulin R. Antimony in the soil-plant system —
Areview. Environ Chem, 2009, 6: 106~115
6 Krachler M, Zheng J, Koerner R, Zdanowicz C, Fisher D, Shotyk
W. Increasing atmospheric antimony contamination in the northern
hemisphere: Snow, ice and evidence from Devon Island, Arctic Canada.
J Environ Monit, 2005, 7: 1169~1176
7  Shotyk W, Chen B, Krachler M. Lithogenic, oceanic and anthropogenic
sources of atmospheric Sb to a maritime blanket bog,Myrarnar, Faroe
Islands. J Environ Monit, 2005, 7: 1148~1154
8 Maher WA. Antimony in the environment — The new global puzzle.
Environ Chem, 2009, 6: 93~94
9 Goémez D, Giné MF, Bellato ACS, Smichowski P. Antimony: A traffic-
related element in the atmosphere of Buenos Aires, Argentina. J Environ
Monit, 2005, 7: 1162~1168
10 Johnson CA, Moench H, Wersin P, Kugler P, Wenger C. Solubility of
antimony and other elements in samples taken from shooting ranges. J
Environ Qual, 2005, 34: 248~254

11 He MC (fi] # %), Wan HY (JT41#{t). Distribution, speciation, toxicity
and bioavailability of antimony in the environment. Progr Chem (fb.%
HERE), 2004, 16 (1): 131~135

12 He MC, Ji HB, Zhao CY, Xie J, Wu XM, Li ZF. Preliminary studies
of heavy metal pollution in soil and plant near antimony mine area. J
Beijing Norm Univ Nat Sci, 2002, 38: 417~420

13 Baroni F, Boscagli A, Protano G, Riccoboano F. Antimony accumulation
in Achillea ageratum, Lantago lanceolata and Silene vulgaris growing
in an old Sb-mining area. Environ Poll, 2000, 109: 347~352
14 Adriano DC. Trace Elements in Terrestrial Environments. 2nd ed. New
York, Berlin, Heidelberg: Springer-Verlag, 2001

15 Lintschinger J, Michalke B, Schulte-Hustede S, Schramel P. Studies on
speciation of antimony in soil contaminated by industrial activity. /nt J
Environ Anal Chem, 1998, 72: 11~25

16 Hammel W, Debus R, Steubing L. Mobility of antimony in soil and its

availability to plants. Chemosphere, 2000, 41: 1791~1798

17 Flynn HC, Meharg AA, Bowyer PK, Paton GI. Antimony bioavailability



894

IR TIESEZ s R/ ¢

Chin J Appl Environ Biol

16 %

20

21

22

23

24

25

26

27

in mine soils. Environ Pollut, 2003, 124: 93~100

Ashley PM, Craw D, Graham BP, Chappell DA. Environmental mobility
of antimony around mesothermal stibnite deposits, New South Wales,
Australia and southern New Zealand. J Geochem Explor, 2003, 77: 1~14
Hozhina EI, Khramov AA, Gerasimov PA, Kumarkov AA. Uptake of
heavy metals, arsenic, and antimony by aquatic plants in the vicinity
of ore mining and processing industries. J Geochem Explor, 2001, 74:
153~162

Pratas J, Prasad MNYV, Freitas H, Conde L. Plants growing in abandoned
mines of Portugal are useful for biogeochemical exploration of arsenic,
antimony, tungsten and mine reclamation. J Geochem Explor, 2005, 85:
99~107

Dominguez MT, Maranon T, Murillo JM, Schulin R, Robinson BH.
Trace element accumulation in woody plants of the Guadiamar Valley,
SW Spain: A large-scale phytomanagement case study. Environ Pollut,
2008, 152: 50~59

Leduc C, Gardou C, Biochemical prospecting for antimony — Results of
an orientation study on the Brouzils deposit (Vendée, France). Bulletin
de la société botanique de France — Actualités botaniques, 1992. 139,
123

Oorts K, Smolders E, Degryse F, Buekers J, Gasco G, Cornelis G,
Mertens J. Solubility and toxicity of antimony trioxide (Sb,0,) in soil.
Environ. Sci Technol, 2008, 42: 4378~4383

Tschan M, Robinson BH, Nodari M, Schulin R. Antimony uptake by
different plant species from nutrient solution, agar and soil. Environ
Chem, 2008, 6: 144~152

He MC, Yang JR. Effects of different forms of antimony on rice during
the period of germination and growth and antimony concentration in
rice tissue. Sci Total Environ, 1999, 243~244: 149~155

Ulrich N. Determination of antimony species with fluoride as modifier
and flow injection hydride generation inductivelycoupled plasma
emission spectrometry. Anal Chim Acta, 2000, 417: 201~209
Niedzielski P, Siepak J, Siepak M. Total content of arsenic, antimony

and selenium in groundwater samples from western Poland. Polish J

28

29

30

31

32

33

34

35

36

Environ Studies, 2001, 10: 347~350

Niedzielski P, Siepak M, Grabowski K. Microtrace Contents of arsenic,
antimony and selenium in surface waters of Pszczewski Landscape
Park as a region potentially free from anthropogenic pressure. Polish J
Environ Studies, 2002, 11: 547~553

Shotyk W, Krachler A. Contamination of bottled waters with antimony
leaching from polyethylene terephthalate (PET) increases upon storage.
Environ Sci Technol, 2007, 41: 1560~1563

Andrewes P, Cullen WR, Polishchuk E. Arsenic and antimony
biomethylation by Scopulariopsis bredicaulis: Interaction of arsenic and
antimony compounds. Environ Sci Technol, 2000, 34: 2249~2253
Sanchez-Rodriguez I, Huerta-Diaz MA, Choumiline E, Holguin-
Quifiones O, Zertuche-Gonzalez JA. Elemental concentrations in
different species of seaweeds from Loreto Bay, Baja California Sur,
Mexico: Implications for the geochemical control of metals in algal
tissue. Environ Pollut, 2001, 114: 145~160

Filella M, Belzile N, Lett M. Antimony in the environment: A review
focused on natural waters. I1I. Microbiota relevant interactions. Earth
Sci Rev, 2007, 80: 195~217

Maeda S, Fukuyama H, Yokoyama E, Kuroiwa T, Ohki A, Naka K.
Bioaccumulation of antimony by Chlorella vulgaris and the association
mode of antimony in the cell. Appl Organometallic Chem, 1997, 11:
393~396

Maeda S, Ohki A. Bioaccumulation and biotransformation of arsenic,
antimony, and bismuth compounds by freshwater algae. In: Wong YS.,
Tam NFY eds. Wastewater Treatment with Algae. Springer-Verlag and
Landes Bioscience, 1998. 73~92

Nam SH, Yang CY, An YJ. Effects of antimony on aquatic organisms
(Larva and embryo of Oryzias latipes, Moina macrocopa, Simocephalus
mixtus, and Pseudokirchneriella subcapitata). Chemosphere, 2009, 75:
889~893

Zhang DY, Pan XL, Chen X, Mu GJ, Li LH, Bao AM. Toxic effects of

antimony on photosystem II of Synechocystis sp. as probed by in vivo

chlorophyll fluorescence. J Appl Phycol, 2010, 22: 479-488



NG 54 5 4 B2

B 201 AR ARG Z B, O 55 IR 2R 24 ) 4 3 A AR 3 A 32 2 7 B o 2 B ol 2B W A 5 T R AR R i i 2
Bigs, A

JITA AN VEE RS,

JITA AT i A & GRS

B St SEREART TAERI & SRR &

JIEA o 01 D= e s R A A R
TR B A R B AN B B0 BB BLBE K OB AR AR | AR TR LR L A )

20104, (RS IEE A 244 ) TR LA 2330 25 0 8 L +E 3025 5 A0 8028 T IR L, T ST S R 5 A D )
R A T B L IR 3 B, R 28 AL B RIS T AR R R T R L Btk e, R S5 R I R AR TS A
BYINTIE S, W 5 I B 3k R 5ol 5 msi AR AN G A bR 09 TARBR A “LIVE H - - b
HINR 55 SEAR, skl 53511, AkSe G BIGE , SEBAESOR S, AT~ AR Tt | G BT it A K S0 ) F1 9625 B 1 AR B4 T

hnsEER ML FEREEE I A3 44 G 20 14 FERHB R A 45 B U1, AR AT P H U B e — BRI 4k S R 25 L UE 13, LA
R 456 Fi P 15 5 7 30 SR B R A 1 W P A ) e 8k e

FREREMRERE ARPIUALHEIE . 3T T “Waa fuik 2R3 K or FHLH” RIS 245 . A a4 4k Sk Bk
ANTE T TR R R OGS S8 5

MU RBIREFEE AP LR G RS C 8 AR, FEM WIS e, ROpitm TAERCR, BRTEfER TR ER
BESC 3, 201 14E 4] RLEF S 30

BT BB RERA JirhER AR AE BT (Q0104F R FERH TS RIER A (i) ) , AT ik
FF MR A F 2351666 F10.795 (AR 15427H10.741) , FEOIFP R0 A2 AR L5 G HEA S 1200 (AR EE1407 ) 5 R AR
IR GER M) HLF 2o st (PRI PR m AR 4 (AR E 5 TR R-201000) ) , ARIE S 7 41.474, W25
BN T-80.917 (_EAER0.840) , ZESSFHIAIFFHEG S 1107 (_EAERMER1907 ) , JE4 8 SCHER0.98 (_LE4E0.90) .

i CPEAMT AT SERR S TR E-2010/R) , AT A 3505 WU T (EAFER31744%) , SEm i) 32 .

WX ERANBERKRKE AP L8 & 5w 8 BARE RO Zn R, 7Em s E 4w B iR A Bl T ie s
R FJRIAEN KA ST, V35 R T F B 5 1A e 30 299 H

KIEEERFETERBE APROIHERAFEE SR ERHE AT g R S (P ERH I E 2 B0, AFPFE LK) .

FE201 VAR —AE 8L, (NS PREE A4 ) SR Al A RN DU S NS5 ) TAE, SRIUA Tyt it it — B3R AT 22 AR KCF,
SRR SCRIE A, BRI IR En o i, YRAL A S B R IR 55 FRATTARIMS , AP R ZBWAR R #fe . Bise . 91 H . @i, J155%
SR A RFEL S T, — @ BRI, YR = SRR | BT J (4 146 5 28 A 3 K BTk -

TECTE RS O S IR BT 2#4) 201048 BE RS TAERILL 17647 LR (Felk A5 P HES) ) 3678 20 1) BT |

Ymfh adxE BAE ¥ B OKEE K OB OK O ® O OREE O BTX B KEMN
g BAeE O #FA O BKE®R O NWF N F 0 Tiag  HER KB R O FEH B P
BrE  BER X % B BEX  ERXK  #HRM  REx HEF O AmE [ #
ez B F 0 H/RAE R4 dRE HESM ' £ EAN 'mER IWE HIE#
e ALER  FE ZRF FHEM FATF F % FEX  FxXH  FEE FHE
%K% FEL FE4E FEF FER O REM FE O BERE EAKR o R MBS
% oA X & xR AEE xBRkE xiiRE AFRE kA& AERE BEE
BEE ¥ E R ¥ EmER & % IZAG  ExE EXE  PHER  ® K HRE
WEKR  OBIHR PWE O RESRE LERF O #xE 0 kAR KEH ke® RER REW
H o I o kT ESEF EEE EIHE E4H  EIA O EEzx O E T OE X

ExMA EE#  EEE O EE#E ExMk EAE Iz EHFLa #HEF XEE XAM
AW OEXFE O ERA om0 HEeX  # ok W # #mT B % #%h B K R
wAlm frER %RER AR BRZ O BERS EHzE  BE¥E  HEX & P 4w
wFL BES BEER BREE fRF fiF gEs KEE O KEA Kk B KER
KER ket  KEE O KeE KRE  KAE O KER EALFE O OR #2 R P OBH#EA
RERE  HRXE  AEF  #T8  ASE AE®R FRT Akt KNE #ER ATX



(FEEEZE) TN

PTH, HOXRIERR RSO EZ T4 (P AT B ) — A3 b A SRR A R, 5 A B R A2 6T

AR A, 7 A T P A B A bR o 2T FRE A P i 50T e T2 BN 2R G A B A R R R S R S TS O
%0 200849 LIR I B 42 BRI S AlE L, (A5 11 545 6 22 0 22 450 58 A B I L BTE , WA 45 76 Uy BR SE 48 B LT IR
BBV TT A IS A 5K, PR R DT B (EL, DR o 211t 28 R i R ORI 20 . Mo R G B, SRR P E L
RO, g A AR IR E S, TR E A R H AR TUE. CPEEHY) —BEE IER N X 5 5l
K, VAR rp I A8 B G Bl B A BUEAEL, BT T8 B S0 2 A L P A BB A B AR LR L AT Ik, R
R A SR 0 SR A AN (AR

MG AR i, ChEE ) AR B, 408 BRIP4 B = A B 2 oA N Z, S8 At i, &
DR, PR BoE e B A A T4 O S PR BIF T A, RO K ST 1), A v A B A N AR AU B —
T BT AR B AU B R AR B DU AN SR B B s A T IR A 1 ST 28 LUK v [ 3 A S B R T 4 1 0 45 e A BELELAR
AR, S — Lo e g A9 BB, B 1k K P BT AR R B BRI BR R B DU ER R SR B, B R R
Gt B IR TR R B ) B AR S R T 1, A v A B A R SRR TR IR AR P X R AN B A LA
e, BB 0o A BRSSP B ), 2 T RN 2 S R R s A, T LR — S S A B A A (R RUBE
B AR B B, N8 T Crp A8 PR ) RO BRIB TR L | IR B mT e

AATRAGR A, R AT DAL G 45, 2% G5 RL L AT BT 02 Be A1 o okt 2O A, ol 0 A8 SR A B 5 A Rt
SR TAEA B~ 2] 225 B A IR

Introduction to a New Journal
Asian Herpetological Research

Asian Herpetological Research (AHR), an international English language journal, is published quarterly by the Chengdu
Institute of Biology, Chinese Academy of Sciences, and the Science Press of China, cooperated with the Asiatic Herpetological
Research Society (AHRS). The scope of the journal includes all contemporary herpetological research areas including taxonomy,
fauna, morphology, phylogeny, systematics, evolution, zoogeography, physiology, ecology, toxicology and conservation biology of
amphibians and reptiles.

AHR quarterly publication was initiated in 2010. Historically, however, the AHR was proceeded by the journal, Acta
Herpetologica Sinica which the CIB began publishing in China in 1977 and ceased publishing in 1989. The Acta Herpetologica
Sinica was then published by the Museum of Vertebrate Zoology, University of California, USA as an international journal for the
Chinese Society for the Study of Amphibians and Reptiles (CSSAR). In 1990-2004, the journal was renamed Asiatic Herpetological
Research and published by the AHRS and CSSAR at the same Museum. In 2008 Volume 11 of the AHS was published by the CIB
and AHRS at the same Museum in the USA. AHR has an international Editorial Board consisting of specialists from many countries
around the world.

AHR aims to provide a forum for herpetologists and related specialists interested in conducting international academic
exchanges and joint studies, and a platform for introducing their newly made scientific and technological data, and publishing their
research results and achievements as well.

The principal criteria of AHR for acceptance of articles for publication are the quality and significance of the research,
breadth of interest of the work to the readership, and the clarity and effectiveness of communication. AHR welcomes submission
of manuscripts from authors in all countries of the world, though with a focus on the herpetological studies in the Asian and Pacific
regions including original articles, short notes, brief communications and review articles.

Editorial Office of AHR
Based at: Chengdu Institute of Biology, Chinese Academy of Sciences
Add: No. 9, Sect. 4, South Renmin Str., Chengdu 610041, Sichuan, China
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Wang Yuezhao (Editor-in-Chief)
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Zhong Shengxian (Director of Editorial Office)
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