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Table 1  Criteria for heavy metals in the soil environmental standards of different countries and regions

i 2 I

JLHR 5 I xH Y IEPN The Y A KR W Py o E 7 ik

Elements Symbol China USA Canada Netherland Germany Japan Australia Taiwan Hong Kong
fif As . . . . . . . . .
i Ag .
1 Ba . . . . .
11 Be . o
i Cd . . . . . . . . .
[ Co . . .
% (E) Cr( Total) . . . . o .
#% (1) Cr(1D) . o . o o
#% (VD) Cr( V) . . . . . . .
4 Cu . . . . . . . .
F(m)  Hg(Total) . o . . . .
TotLoR Hg( Tnorganic ) . . .
ALK Hg( Organic) . . .
kit Mn . .
H Mo . o
B Ni . . . . . . . o
L4 Pb . . . . . . . °
B Sh . . o
il Se . . .
B Sn .
# Tl . . o
#l v . o .
= Zn . . o . . . . .

T 1) 8 R M B AR v v S T 4 T SR R R e B IS A 52) H AR 1 AR o T TR A B AT A AT B RK IR AR S W I AR #E Note:1)

For some heavy metals,Germany uses the total content and the content of ammonium nitrate extracted form of the metals in the standard for agricultural

soils. 2) Japan has two criteria for heavy metals; one for heavy metals content in the soil and the other for content of water extracted form of heavy metals
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Table 2 Benchmark values for different forms of Cr and Hg

JLE xmE" pIE-5 N foy 227 ) H 4> i SNIRAR A
Elements USA Canada The Netherland Germany Japan Australia Hong Kong
% Cr( Total) 230 64 — 50 — — —
=M Cr(I) 120 000 — 180 — — 12% 10 000
ANHEE Cr( V) 230 0.4 78 8 0. 05 100 221
5% Hg( Total ) 23 — — 1 0.000 5 — 11
JEHLFK Hg( Inorganic) — 6.6 36 — — 15 —
4 LK Hg( Organic) — — 4 — <LOD 10 —

TE 1) S J A 1 B R W A 8 A A 1 A 5 2) D S A RO FE M A AR U 53) S T TR 54 ) T T KGR AR B il R A 55) MR HE 6)
S M AR U 7)) 3k T e A L ; LOD K HUBR Note:1) Benchmark for adsorption through dermal exposure in residential land; 2) Benchmark for resi-

dential land and agricultural land; 3) Threshold for intervention; 4) Trigger value for exposure via soil ground water; 5) Content of water extracted form

6) For residential land; 7) For urban residential land; LOD:Limits of detection
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Table 3 Commonly used extracting agents for characterizing phytoavailability of heavy metals in soil

PEHUF Extract agents JtZ Elements %% Lk References
1 mol L ™' NH,OAc,pH 7 Mo, Ni,Pb,Zn [26-28]
1 mol L™" NH,OAc + 0.01 mol L™" EDTA,pH 7 Cu,Mn,Zn [28]
0.5 mol L ™' NH,OAc + 0.02/0.05 mol L™" EDTA Cu,Mn,Zn,Mo,Pb,Zn,Cd [29]
0.005 mol L ™' DTPA + 0.01 ~0.1 mol L' CaCl, Cd,Cu,Mn,Zn,Ni [29-30]
0.01/0.05/0. 1 mol L =" CaCl, Zn,Cd,Pb [31-35]
1 mol L' NH,NO, Cd,Ni [35]
0.1 mol L ™' NaNO, Cd,Zn,Cu,Pb [36]
1 mol L™' NH,Cl1 Cd,Cu [25,37]
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Table 4 Human health risks of beryllium, antimony, thallium and vanadium and their compounds

AR B2 (Be) B (Sb) £ (T1) V)
Toxicity | o o . o o . o 5 ; o .
HAE M Death . .
4 5 [ Systemic Z 1 Acute . . o . .
Hi[a] Intermediate . .
12 4% Chronic . . . .
RPETE/ B R G . . .
Immunologic/ Lymphoretic
1 2 5 ¥ Neurologic . . N
HE B 73 M Reproductive .
% & 7% 1k Developmental . .
A% Genotoxic o
HUETE ¥ Cancer . .

TE T RoR PR A S AR, 0 38R 1SR A GRS, D FoR BB i 42 5 » B BUBME N 1 9 B BUE LN 2B 24 Note: 1: Exposure via inha-

lation, O ; Exposure via ingestion, D ; Exposure via dermal contact. # Beryllium and antimony was sorted into Grade 1 and 2B, respectively in cancerogeny
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Fig. 1  Histogram of the mean background values of beryllium, antimony, thallium and vanadium in different types of soils in the

country (The arrow in the graph indicates the mean content of the elements in calcareous (rock) soil,and the data are sourced

from China National Environmental Monitoring Centre *))
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Table 5 Cadmium concentrations in soil and grown vegetables in the calcareous rock soils with higher cadmium background

from Guizhou Province, China

TR EE LT

Soil Cd concentration(mg kg ~")

Vegetable Cd concentration(mg kg ')

+ S +4 pH AL Organic matter 0.01 mol L'

. . , DTPA 14 TH K
Soil code Soil pH (gkg™) B I CaCl, #E A" ERE A 3

DPTA Green

Total 0.01 mol L™ Lettuce
extractable vegetable
CaCl, extractable

BJ - 15 7.8 30.5 7.55 0. 035 1.46 0.16 0.39
BJ -5 7.8 57.7 6.76 0. 084 4.74 0.15 0.36
ON -1 8.1 40.0 2.38 0. 028 30.9 0.12 0.26
BJ -17 7.9 23.5 1.61 0.019 5.17 0.08 0.13
GY -3 8.1 70.5 0.88 0.013 0.21 0.03 0.05

1) 8474 wg kg ™' The unit is pg kg ™'

standard ; Soil Environmental Quality Standard ( In Chinese ).

3 425 i 2009—09
[ 4] RLLHR,BKUT, J UL, . BT XU Y - 18 2 85 o7 &t b v
[ P e 5 8 s . R Rl 24,2011,32(3) :795—802. Zhang
?‘z IEI ﬂ'—l“ ?ji E(J + ig % f% Dﬁ: % *ﬂ? ‘{E 12': /% c Z< ﬁ m H Z,Luo Y M,Xia J Q,et al. Some thoughts of the comparison of
%/I Eﬁ + % H;f% '/%Ex B E]/‘J Eﬁ% ;k s ;H: EF' 7]:/]? YE 4:5 T/_I‘ 'fﬁ //I\ IEIL: Im risk based soil environmental standards between different coun-
1?1:/—"—; ‘{/ﬁzﬁ E E](J 3‘%% I‘,ﬂ E@Z —, @t /FH'—*? U 71—‘ ik % tries ( In Chinese ) . Environmental Science, 2011, 32 (3 ).
ALK RSB bR 2 1 B M S e B
B Y — N nite tates lnvironmenta rotection Agency. Soil screening
tt& (5% E]/‘J i 2 ‘rjﬁa o ’ T:E ?ﬁ éj\Xd‘ t é} 1:}? Eq: % A E'L-H = ’ guidance ; User’s guide. Office of Solid Waste and Emergency Re-
T ] L e R BT (0 5% ok VHY B0 A% DT R Y B R bR sponse, Washington, DC , 1996
?’E s %ﬁ@ﬁ {j’l\ %%’ VH 3SR % % ﬁ % Eige-y- ’fﬂ' & HIE [ 6 ] Environmental Protection Department, Hong Kong SAR Govern-
?S [)J\ &%E \%}B \%”B . %JIL /Sﬁ‘o'—‘-‘ %ﬁ LFQ E é&\ }E \2?5 é'f% fl:% E/‘J j: % ﬂ: ment. Guidance manual for use of risk-based remediation goals for
%Dﬁ\%*ﬂ? YE : Iﬁ] EH_ ) %%67}? ( %) + [%3 ;'%s% X j:i%% ) contaminated land management. Hong Kong,2007
R B . . B [ 7] Environment Agency. Using soil guideline values, Science report:
ﬁ%@j HTH ;dl EXE 4*/]‘ fry - e 7 <62 Ji B e A5 *ﬂ‘ SC050021/SGV introduction. Bristol ,2009
Yﬁ MS FA 5 %j & 5] j:i%? EEJRT % PR Izﬁ % IE%{#\: jFll‘ [ 8] VROM ( Ministry of Housing, Spatial Planning and Environ-
AR ment) . Soil Remediation Circular 2009. The Hague 2009
[ 9] Canadian Council of Ministers of the Environment. Canadian soil
% % 3k quality guidelines for the protection of environmental and human
- health ; Summary tables. Winnipeg 2004
L] A hE LS AZmBtbplds g . QDB R, 2011 (11) ¢
[10]  The National Environment Protection Council. Guideline on the
4. Zhou S X. The area of polluted farmland has reached up to ten investigation levels for soil and groundwater. Canberra , 1999
million hectors in China ( In Chinese ) . Innovative Science and (117 BUM (Federal Ministry for Environment, Nature Conservation &
Technology , 2011 (1) :4 Nuclear) . Federal soil protection and contaminated sites ordi-
(2] SEEW,XIRAL, £ BRAE, 46 . 3R [ b 4 50 050 0 o s o 2 5 nance (BBodSchV ). Berlin, 1999
FLACIIRFESER. 2006, 23 (U T 24037406 Cal XM (o) o e, e F A LR R BRI 395 S BIR o
Liu ¥ Z, Wang Y H, et al. Discussion about soil environmental FE BRHE W5 T, 2004, 20 (3) : 63— 66, 62. Chen P, Chen Y, Bai
quality standard in China (In Chinese). Journal of Agro-Environ- L. Environmental quality standards for soil and state of soil pollu-
ment Science,2006,25 (Suppl. ) :403—406 tion in Japan (In Chinese). Environmental Monitoring in China,
[3] HEERARERPE. XTEITERZAE R E IR 5ER 2004,20(3) :63—66,62
B M) 24 TFAE SR % TS0 . 2009—09. Minisiry of Environ- — [13] & (BB SRS AP B . L0V S BUARME . 5L, 2011,

mental Protection, PRC. The announcement about seeking public

opinion on the revision of the state environmental protection

“Environmental Protection Administration, Executive Yuan, Tai-

wan” . Control standard for soil pollution ( In Chinese ).

http : //pedologica. issas. ac. cn



436

+ b

£l 51 %

[14]

[15]

[16]

[17]

[18]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[29]

[30]

Taipei,2011

WG R R, X AE W . PR O A5 T Yl W O 0 B O R
WRBE TR 45 R 22,2013 ,3(4) :363—368. Pei S W, Zhou J L,
Liu Z T. Research progress on screening of environment priority
pollutants (In Chinese ) . Journal of Environmental Engineering
Technology,2013,3(4) :363—368

Rodriguez-Lado L, Sun G, Berg M, et al. Groundwater arsenic
contamination throughout China. Science, 2013, 341 ( 6148 ).
866—868

Zhu Y G,Williams P N,Meharg A A. Exposure to inorganic arse-
nic from rice; A global health issue? Environmental Pollution,
2008,154(2) :169—171

Codex Alimentarius. Codex general standard for contaminants and
toxins in food and feed. Codex Standard 193—1995. 2012
Harada M. Minamata disease ; Methylmercury poisoning in Japan
caused by environmental pollution. Critical Reviews in Toxicolo-
gy,1995,25.1—24

Mason R P,Sheu G -R. Role of the ocean in the global mercury
cycle. Global Biogeochemical Cycles,2002,16(4) :1093

X, ETE, s . EaRES S LY KA YA R
PESER IR IERE . FRBERL 7 ,1996,17 (1) :89—92. Liu Q,
Wang Z J,Tang H X. Research progress in heavy metal speciation
and toxicity and bioavailability of heavy metals (In Chinese). En-
vironmental Science,1996,17(1) :89—92

Armienta M A, Quére A. Hydrogeochemical behavior of chromi-
umin the unsaturated zone and in the aquifer of Leon Valley,
México. Water, Air & Soil Pollution 2004 ,84(1/2) :11—29

Qiu G L,Feng X B, Wang S F, et al. Environmental contamination
of mercury from Hg-mining areas in Wuchuan, northeastern
Guizhou, China. Environmental Pollution,2006,142 :549—558
Janssen C R, Heijerick D G, De SchampHelaere K A , et al. Envi-
ronmental risk assessment of metals: Tools for incorporating bio-
availability. Environmental International ,2003,28(8) :793—800
Swiss Agency for the Environment, Forests and Landscape. Com-
mentary on the Ordinance of 1 July 1998 relating to impacts on
the soil (OIS). Berne,2001

Krishnamurti G S R. Chemical methods for assessing contaminant
bioavailability in soils//Naidu R. Chemical bioavailability in ter-
restrial environments. Amsterdam ; Elsevier,2008 :495—520
Johns M K. Lead availability related to soil properties and extract-
able lead. Journal of Environmental Quality, 1972, 1 (3 ).
295—298

Soon Y K,Bates T E. Chemical pools of Cd,Ni and Zn in some
polluted soils and some preliminary indications of their availability
to plants. Journal of Soil Science,1982,33 :477—488
Sterckeman T, Gomez A, Cielsielski H. Soil and waste analysis for
environmental risk assessment in France. Science of the Total En-
vironment, 1996 ,178 :63—69

Sillenpaa M. Micronutrients and the nutrient status of soils: A
global study. FAO Soils Bulletin 48 ,FAO, Rome, Italy,1982. 444
Houba V J G,Novozamsky I, Lexmond T M, et al. Applicability of
0.01 M CaCl, as a single extraction solution for the assessment of

nutrient status of soils and other diagnostic purposes. Communica-

[31]

[32]

[33]

[34]

[35]

[38]

[39]

[40]

[41]

[42]

[43]

tions in Soil Science and Plant Analysis,1990,21:2281—2290
Sauerbeck D, Styperek P. Predicting the cadmium availability
from different soils by CaCl, extraction//L'Hermite P, Ott
H. Processing and use of sewage sludge. Dordrecht, The Nether-
lands: D Reidel Publishing Company,1985:431—435

Jackson A P, Alloway B J. The bioavailability of cadmium to let-
tuce and cabbage in soils previously treated with sewage slud-
ges. Plant Soil ,1991,132:179—186

Smilde K W,van Luit B,van Driel W. The extraction by soil and
absorption by plants of applied zinc and cadmium. Plant Soil,
1992,143.233—238

Andrewes P,Town R M,Hedley M J, et al. Measurement of plant
available cadmium in New Zealand soils. Australian Journal of
Soil Research 1996 ,34 :441—452

Merkel D. Cadmium, copper, nickel, lead and zinc contents of
wheat grain and soils extracted with CaCl,/DTPA (CAD) ,CaCl,
and NH, NO;. Agrobiological Research-Zeitschrift Fur Agrobiolo-
gie Agrikulturchemie Okologie,1996,49 :30—37

Haeni H, Gupta S K. Total and biorelevent heavy metal contents
and their usefulness in establishing limiting values in soils//Davis
R D, Hucker G,L’Hermite P. Environmental effects of organic and
inorganic contaminants in sewage sludge. Amsterdam: Elsevier,
1982 :49—53

Gray C W, McLaren R G, Roberts A H C, et al. Cadmium phy-
toavailability in some New Zealand soils. Australian Journal of Soil
Research,1999 ,37:461—477

FHEE . RRAMLB R TS5 A R BUR . B A
{44 J& ,2007,30 (4):31—33. Li C L. Introduction about the
current market demanding and producing technology status of be-
ryllium oxide (In Chinese). Xinjiang Nonferrous Metals,2007,30
(4):31—33

AL, PR, WO AL LA . TR VT = A U B DX T K B
B9 o> A Koo BB BF . [® b T, 2011, 38 (1) 197—
203. Zhang Y X,Sun J C,Huang G X, et al. Distribution of beryl-
lium in shallow groundwater of the Zhujiang Delta and aprelimi-
nary analysis of its origin (In Chinese). Geology in China,2011,
38(1):197—203

W PRI P E R HOT R S . Jua h E RS
B4 R 4L, 1990. China National Environmental Monitoring
Center. Element background values of soils in China (In Chi-
nese). Beijing: China Environmental Science Press, 1990
fEE . o . B0 XL EPEES R AEWABE . HE
k2% 2003,22(2) :126—130. He M C, Yun Y. The speciation
and bioavailability of antimony in the soils near antimony mine ar-
ea (In Chinese) . Environmental Chemistry, 2003, 22 (2 )
126—130

T R B VR A XA M P R AR AT . IR
Bl 55 R ,1997 (1) :12—14,45. Nie A G, Long J P. A re-
search on pathway of chronic thallium poisoning in Southwestern
of Guizhou Province,China (In Chinese). Environmental Science
and Technology,1997 (1) :12—14 ,45

B, 2 E . SRS R E Z ARG BB AR . £
HE @ ik, 2008, 39 (2): 448—452. Jiao X D, Teng Y

http : //pedologica. issas. ac. cn



3 I 5 o[- B M o R 0 437

G. Techniques on soil remediation and disposal of vanadium pol- residue piling yard in Haibei chemical plant, Qinghai (In Chi-
lution (In Chinese ). Chinese Journal of Soil Science, 2008, 39 nese). Yangling, Shaanxi: College of Natural Resources and Envi-
(2) :448—452 ronment, Northwest A&F University ,2006
[44]  ZRIGEL RVDH 8 22 8 . BEAAE T % I A L 2 M 4 B LBk [47] Qiu G L,Feng X B,Li P, et al. Methylmercury accumulation in
K TR AN H . [ 4 {5 A, 2005 ,20 (1) s 117—118. Li rice ( Oryza sativa L. ) grown at abandoned mercury mines in
S P,Wen S L, Zhou L P. The investigation on the Ph,V and Ti Guizhou, China. Journal of Agricultural and Food Chemistry,
levels in the blood of pre-school children in Panzhihua City (In 2008 ,56 :2465—2468
Chinese ). Maternal & Child Health Care of China,2005,20(1) . [48] Li B,ShiJ B,Wang X,et al. Variations and constancy of mercury
117—118 and methylmercury accumulation in rice grown at contaminated
[45]  XU& . HEvhiss i s Je 3 XU PF M 58 B BRI . Al - paddy field sites in three Provinces of China. Environmental Pol-
WL K 2% B0 55 5 %R 22 B, 2010. Liu L. Risk assessment and lution ,2013,181:91—97
remediation technology screening of a typical urban chrome resi- [49]  Flg&, sk A& . B4 EAMES S + B 5 R br e
due contaminated site ( In Chinese). Hangzhou; College of Envi- FIT . TR M T E R ,2008,15(1) :7—10. Li F,Zhang X
ronmental & Resource Sciences of Zhejiang University,2010 X,Dai R Z. The bioavailability of heavy metal and environmental
[46] D atlg . TG A0 10 T 8% 85 FL 4 4 B o4 19 3R BT 1k 2 quality standard for soil (In Chinese). Trace Elements Science,
TP RWTSE . BTG 4 2 - P b AR bR B 50 R 2 B R B0 45 54 B 2008,15(1) :7—10

2006. Luo J F. Environmental behavior of chrome in soils around

SCREENING OF CRITERIA FOR HEAVY METALS FOR REVISION OF THE
NATIONAL STANDARD FOR SOIL ENVIRONMENTAL QUALITY OF CHINA

Zhang Haibo Luo Yongming' Li Yuan Zhou Qian Liu Xinghua
(Yantai Institute of Coastal Zone Research ,Chinese Academy of Sciences,Yantai,Shandong 264003, China)

Abstract Soil pollution,in particular,soil heavy metal pollution is a severe problem in China,which has now come
to the extent of threatening food security of the nation,for heavy metals accumulate in edible parts of the crops produced in
some severely contaminated areas. However the currently used standard for soil environmental quality does not fit the de-
mands of the soil environmental management today, which manifested in the index system is that the number of indices cov-
ering heavy metals pollution is limited. So far the standard of China has only eight heavy metals covered, much fewer than
that of the USA, Canada, the Netherland etc. , which has led to inefficient management of some soil pollution problems
popped up recently with the development of economy in China. Therefore, the objective of this study is to find the gaps be-
tween China and those developed countries and regions in the establishment of soil standard for heavy metals,and to pro-
vide some proposal for the revision of China’s soil environment quality standard in the future.

A worldwide investigation has been conducted on the soil environmental standard of those developed counties and re-
gions,such as USA, Candia,the Netherland, Germany, Australia, Japan, Taiwan ( China) and so on. The item counts, kinds
and species of the heavy metals involved in these soil standards were mainly concerned of. Meanwhile,in depth study and
systematic analysis was conducted of indices of heavy metals in the standards for soil environment of some developed coun-
tries and regions for comparisons with ours. Similarity and difference were both found based on the comparison. The similar-
ity is that the high toxic elements such as Cd, Hg and As are contained in the soil standards of most countries and re-
gions. The differences are mainly in relation to the speciation of the elements. The hexavalent chromium and organic mercu-
ry are contained in the soil standard of some developed countries and regions due to their high toxicities. However, stand-
ards of chromium and mercury are simply provided based on the total content in China’s Soil Environmental Quality Stand-
ard. Another difference is the usage of extractable speciation in addition to the total content of heavy metals in the standard
of some developed countries such as Germany,Switzerland and Japan while not in the standard of China. This could be ow-
ing to the large diversity of soil types in China and be difficult to find a common extracting agent for all the soil
types. Meanwhile, China has its own characteristics in soil heavy metal pollution, which includes beryllium , antimony , thal-
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lium and vanadium pollution as a result of high geochemical background in the calcareous rock soil or some mining areas
that mainly located in the south China. These heavy metals pollution have threatened to human health of local residents. On
such a basis, suggestions are put forth for revising the current standard of the country,including amendment of the criteria
for valences and forms of highly toxic heavy metals,like hexavalent chromium and organic mercury; setting up of criteria
for newly emerged heavy metal pollutants,like beryllium, antimony , thallium , vanadium , etc. ; and exploration for establish-
ment of a bioavailability-based index system for extractable forms of heavy metals,by taking into account soils or rocks in
calcareous regions with high heavy metals background values,so as to provide some scientific basis for management of soil
heavy metal pollution risks in China.

Key words Heavy metals; Soil benchmark/standard; Bioavailability; Environmental risk; International investiga-

tion
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