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

1) 2)

Elements Symbol China  USA  Camada UK ngjaﬂd Germany  Japan  Australia  Hong Kong
As . . . . ° . ° . . .
Ag .
Ba . ° . . .
Be . .
Cd . . . . . . . . . .
Co . . .
( ) Cr( Total) . . . . . .
(1) Cr( 1) . N . . .
(V) Cr( VI) . . . . . . .
Cu . . o . . . . .
( ) Hg( Total) . . . . . . .
Hg( Tnorganic) . . .
Hg( Organic) ) ° .
Mn . .
Mo o .
Ni . . . ° . . . . .
Pb . . . . . . ° .
Sh o . .
Se . . . °
Sn .
Tl . . .
Vv . . .
7/n . ° ° ° ° ° . °
1) ;2) 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
1) 2) 3) 4) 5) 6) 7)
Elements USA Canada The Netherland Germany Japan Australia Hong Kong
Cr( Total) 230 64 — 50 — — —
Cr( II) 120 000 — 180 — — 12% 10 000
Cr( VI) 230 0.4 78 8 0.05 100 221
Hg( Total) 23 — — 1 0.000 5 — 11
Hg( Inorganic) — 6.6 36 — — 15 —
Hg( Organic) — — 4 — <LOD 10 —
1) 12) :3) i4) ) 16)
0 7) ; LOD: 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
Extract agents Elements References
1 mol L.=! NH,0Ac pH 7 Mo Ni Pb Zn 2628
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 2930
0.01/0.05/0. 1 mol L™" CaCl, Zn Cd Pb 3135
1 mol L ™' NH,NO, Cd Ni 35
0.1 mol L™ NaNO, Cd Zn Cu Pb 36
1 mol =" NH,Cl Cd Cu 25 37
( 3 DBI1/1811 —
) 2011) 11
20 °
90 o
2.1 N
8
. o 4
2B
1/3~1/2 o
o 2007 §
( ) M( HJ350 —2007) e
13 2011
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Table 4 Human health risks of beryllium antimony thallium and vanadium and their compounds
(Be) (Sh) (1) (v)
Toxicity I 0 D 0 D I 0 D 1 0 D
Death U °
Systemic Acute U . . .
Intermediate .
Chronic . . .
/
. . .
Immunologic / Lymphoretic
Neurologic . . .
Reproductive
Developmental o
Genotoxic U
" Cancer .
1 0 D ;* | N 2B Note: I: 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

18_'
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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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mental Protection PRC. The announcement about seeking public

opinion on the revision of the state environmental protection

5 N
Table 5 Cadmium concentrations in soil and grown vegetables in the calcareous rock soils with higher cadmium background
from Guizhou Province China
Soil Cd concentration( mg kg ™) Vegetable Cd concentration( mg kg ")
pH Organic matter 0.01 mol L.°!
. . _ DTPA
Soil code Soil pH (gkg™) CaCl, 1)
DPTA Green
Total 0.01 mol I,7! 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
QN -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) pg kg ! The unit is pg kg ™!
standard: Soil Environmental Quality Standard ( In Chinese) .
2009—09
4
2011 32(3):795—802. Zhang
HZ Luo YM XiaJ Q et al. Some thoughts of the comparison of
risk based soil environmental standards between different coun—
o tries ( In Chinese) . Environmental Science 2011 32 ( 3):
795—802
5 United States Environmental Protection Agency. Soil screening
guidance: User’s guide. Office of Solid Waste and Emergency Re—
oy sponse Washington DC 1996
N 6 Environmental Protection Department Hong Kong SAR Govern—
N ment. Guidance manual for use of risk-based remediation goals for
( ) contaminated land management. Hong Kong 2007
' 7 Environment Agency. Using soil guideline values Science report:
SC050021 /SGV introduction. Bristol 2009
; 8 VROM ( Ministry of Housing Spatial Planning and Environ—
o ment) . Soil Remediation Circular 2009. The Hague 2009
9 Canadian Council of Ministers of the Environment. Canadian soil
quality guidelines for the protection of environmental and human
health: Summary tables. Winnipeg 2004
1.5 . 2011(11) : © ry ables. Tnmipeg
10 The National Environment Protection Council. Guideline on the
4. Zhou S X. The area of polluted farmland has reached up to ten o
investigation levels for soil and groundwater. Canberra 1999
million hectors in China ( In Chinese) . Innovative Science and . . .
11 BUM ( Federal Ministry for Environment Nature Conservation &
Technol 2011(11) : 4
echnology 2011(11) Nuclear) . Federal soil protection and contaminated sites ordi—
nance ( BBodSchV) . Berlin 1999
2006 25( ) :403—406. Cai Y M 12
Liu F Z Wang Y H et al. Discussion about soil environmental 2004 20(3):63—66 62. Chen P Chen Y Bai
quality standard in China (Tn 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
( 2004 20(3) :63—66 62
» .2009—09. Ministry of Environ— 13 “ 7. 2011.

“Environmental Protection Administration Executive Yuan Tai—

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