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ABSTRACT

Linglong gold-mining areahas ahistory of mining for over 1000 years. To
understand the effect on heavy metal accumulation in soil by gold mining
and smelting for a long term, the contents and the potential ecological
risksof heavy metalsin Linglong gold mine areawere studied. The content
range of Hg and Cd in soil varied respectively from 0.094-4.04 mg/kg and
0.03-2.23 mg/kg. The corresponding average value was 0.36 mg/kg and
0.30 mg/kg. The average Pb and Cr content was 64.37 mg/kg and 23.23 mg/
kg. Compared with Chinese Soil Reference (Grade I1), the over standard
rate of Hg and Cd was 50.0% and 26.1%, respectively. The geoaccumulation
index evaluation presented that Hg and Cd in soil demonstrated a
comparatively highlevel of accumulation characterigtics. Medium or severe
contamination was detected in most sample points. Cd content in soil was
positively proportional to clay particles. The potential ecological risk
assessment presented that the average ecological risk index of Hg and Cd
was 344.3 and 221.9 respectively, indicating remarkable ecological risk.
The average comprehensive risk index of heavy metal pollutant reached
632.2, showing significant comprehensive ecological risk of heavy metal
pollutant. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Heavy metd pollutionin soil not only serioudly af-
fectsand changes the ecosystem function of soil, but
also jeopardizesquality of agricultural productsand
threatsto human hedth. Thedusivenessand toxicity of
heavy metal pollutant in soil makesthisanimportant
focusinthecurrent research fidd of environmentd sci-
ence™, At present, dl over theglobe, sudieson heavy
meta pollutionin soil mainly concentrateontheinvesti-
gation of sources, pollution evaluation, ecological risk
assessment, effectson human health aswell aspollu-

tionremediation®9. In China, sawageirrigation, dudge
utilization, mining and smelting arethemain sources of
heavy metasin soil®. Themining and smelting opera-
tionsharm the surface ecosystems of themining field.
Besides, their emissions, wastewater dischargesand
waste stocking al so produce serious heavy meta pol-
lutiontothesoilsof mining area.

Zhaoyuan City of Shandong Provinceisarenowned
“City of Gold”” in China. It is of great importance in terms
of goldyidld, thegeologica and mineralization rulesof
gold mines. Zhaoyuan now ownsover 20 gold minesof
different scdles Amongthem, Linglonggold-miningarea
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isoneof theoldest gold mines, with ahistory of mining
for over 1000 years. To understand the effect of gold
mining and smdtingfor alongterm, weinvestigated the
contentsand distribution of heavy metd insoil inLinglong
GoldFed, aswell astheir rd aionshipwiththephysica
and chemical propertiesof soil. Onthisbags, potentia
ecologicd risksof heavy metd insoilsfromthegoldfield
werealso evaluated, with theaim to provide basisfor
heavy metd pollution remediationinminingareaaswell
asthesafety of agricultura products.

METHODS

Samplecollection

In May 2010, soil samples were collected from
Linglonggoldminingarea. Thelayout of sampling points
was arranged by the grid method and atotal of 46 soil
sampleswere collected. Each sample wastreated by
multipoint mixing method. Every 6 to 7 surface soil
samples(0-20 cm) weremixed into onefina sample.
Soil sampleswereair-dried, ground and sieved through
2mmmeshfor determining physca and chemica prop-
erties. The plastic or wooden toolswereused in sam-
pling processto avoid pollution of metals. A part of
each samplewas ground and passed through a0.149
mm nylon sievefor analysisof total concentrations of
mercury (Hg), cadmium (Cd), lead (Pb) and chromium
(Cn).

Sampleanalysisand quality assurance

Soil chemica propertieswere measured using rou-
tine method. After digested in mixture of HNO,-HF-
HCIQO,, the concentrations of Cd, Pb and Cr in soils
weredetermined by AAS (AA-7000, Shimadzu, Ja-
pan). Hg content was determined by H,SO,-HNO,-
V0, digestion method and measured by cold vapor
atomic absorption spectrometry (CVAAYS) (F732-V,
Huaguang, China). Glass apparatus used for sample
anaysiswereimmersedin 15%nitricacid (v/v) for 24
h, thenthoroughly washed with dei onized water before
use. Certified standard soil samplesGBW07401 (GSS-
1) were used to ensure precision of the measurement.

Evaluation methodology
Geoaccumulationindex
Geoaccumulation index method was proposed by
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Mullel™. Thismethod reflectstheintuitivepol lution leve
of heavy meta pollutantsaswell asthe accumulation
degree of heavy metal pollutantsin soils/sediments.
Currently, itiswiddy usedintheresearchfidd of evdu-
ating heavy metal pollutionin soil. Theequationisas
follows
| o=100,[C/(kxB)]

| oo isthegeoaccumulaionindex; C, istheconcen-
tration of evaluation element i insoil; B, isthe back-
groundvaueof i; kisgenerally taken as 1.5, whichisa
correctionfactor todiminaepossblebackground vaue
variation caused by rock differencesinvariousaress.
Forstner et al. divided the geoaccumulation index into
7leveld®. Different levelsrepresent different degrees
of pollution.

Potential ecological risk index method

Potentia ecological risk index method was estab-
lished by Hakanson using principles of sedimentology
to eva uate heavy metd pollution and potential ecologi-
cd riskg?¥. Thismethod reflects not only theimpact of
different pollutantsin acertain circumstance, but also
thecompreheng veinfluenceof variouspollutants. It can
quantitatively identify the degree of potentia ecologica
risksof heavy meta pollutant, and isconsidered asthe
most widely used method to eva uate potentia ecol ogi-
cal risksof heavy meta pollutants. The computational
formulaisasfollows:

C=C/C E=TxC,

Rl = Z E = Zn:Trixc‘f
i=1 i=1

C.isthepollution coefficient of thei-th heavy metal
pollutant; C'isthe measured value of thei-th heavy
metal pollutant content among samples(mg/kg); C' is
the background va ue of thei-th heavy metal pollutant
(mg/kg); E' isthepotential ecological risk coefficient of
thei-th heavy metal pollutant; T' isthetoxicity coeffi-
cient of thei-th heavy metd pollutant, reflecting thetox-
icity levelsand biological sensitivity of thepollution; RI
isthecombined potentia ecological risk index of vari-
ousheavy meta pollutants. In our research, the back-
ground va ueof brown soil areain Shandong Peninsula
wastaken asthereference. The standard toxicity coef-
ficient of heavy metal established by Hakanson (T')
was. Cr (2) <Pb (5) <Cd (30) <Hg (40). The classi-
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fication criteriaof ecologica risk index and ecological
risk index of metal pollutionareshownin TABLE 1.

RESULTSAND DISCUSSIONS

Heavy metal contents

In Linglong gold mine area, Pb and Cr content in
soil wasnormally distributed. Theskewed ditribution
of Hg and Cd content was observed. After theloga-
rithmic conversion, Hg and Cd content wasinlinewith
norma distribution. Hg and Cd content among heavy
metal pollutants presented great dispersion, and the
content range of Hg and Cd was 0.094-4.04 mg/kg
and 0.03-2.23 mg/kg respectively. The geometric mean
of Hg and Cd was 0.36 mg/kg and 0.30 mg/kg. The
dispersion degree of Pb and Cr content was smaller
and their arithmetic mean was 64.37 mg/kg and 23.23
mg/kg respectively (TABLE 2). Compared with local
background contents of metal§'%, Hg and Pb content
of all sample points exceeded the background value.
The exceeding median point of Cd content reached
97.2%, showing the pollution status. According to Chi-
nese Soil Reference (Grade 1), the exceeding rate of

Hg and Cd was 50.0% and 26.1% respectively, indi-
cating that the gold mining and smelting have caused
seriousheavy metd pollution of theloca farmland soil.

The correlation anaysiswas carried out between
heavy metal pollutant content and soil propertiesof soil
at different sample points (TABLE 3). Therewasan
extremely significant positive correlation between Hg
and Cr, and between Pb and Cd (p<0.01), indicating
the possiblehomology of different heavy metal pollut-
ants. Tailing stocking, leaching and dispersion of pollut-
ants, wastewater, dust spreading of exhaust gasemis-
sonswill influencethe content and distribution of heavy
metal in surface soils. Cd content in soil wassignifi-
cantly positively correlated with the proportion of clay
particles (particle size < 0.002mm). Besides, cation
exchange capacity (CEC) was significantly positively
correl ated with organic matter content. Pb showed ex-
tremely significant negative correlation with CEC. Cr
wasg gnificantly and positively correated with the pro-
portion of coarse soil particles(0.02-1 mm). Compared
with other metal dements, Cdtendsto migratein soil.
Meanwhile, itscombinationwith organic matter andfine
particles can retain more Cd elementsin the surface
layer of soil, leading to theincrease of Cd content!12,

TABLE 1: Theclassification of assessment index of potential ecological risk levels

Level of risk A B C D E
E, 240 40-80 80-160 160-320 >320
RI ?150 150-300 300-600 >600
Degree of ecological risk Slight Medium Strong Severe Extremely severe

TABLE 2: Satistical characteristicsof heavy metalsin study areas

Exceeding rate(%)

Range Geometric Median Arithmetic mean SD
Background Soil Quality
(mg/kg) mean(mg/kg) (mg/kg) (mg/kg) (mg/kg)
value Standard (Gradell)
Hg 0.09-4.04 0.36 0.31 0.56 0.69 1.22 100 50
Cd 0.03-2.23 0.30 0.28 041 041 1.00 97.2 26.1
Pb 36.36-170.24 59.33 56.61 64.37 31.94 050 100 0
Cr  7.54-52.27 21.88 21.68 23.23 883 038 17.4 0
TABLE 3: Correlation analysisbetween contentsof metalsand soil properties
Hg Cd Pb Cr pH CEC OM P1(1-0.02mm) P2 (0.02-0.002 mm) P3(<0.002 mm)
Hg 1 0042 0.085 0.322** -0.069 0.141 0.018 0.005 0.129 -0.114
Cd 1 0529** 0.019 0.154 0.379** 0.227* 0.128 -0.059 0.420**
Pb 1 -0.295* -0.022 0.331** 0.133 -0.082 0.238* 0.026
Cr 1 0.029 -0.128 -0.015 0.295* -0.040 -0.135

BioTechnology —

Hn Tudian Jounual



BTAIJ, 10(6) 2014

Lei Zhang

1663

————, FyurL PAPER

Crinsoil wasless affected by external pollutionsand
more possibly originated fromthe soil parent material.

Geoaccumulation index evaluation

To evduatethe accumul ation of heavy metd in soil
inLinglong Gold Field, the background values of ele-
mentsin brown soil areaof Shandong Provincewere
referred to cal culate the geoaccumul ation index (1 ge0).
The calculation resultsare shownin TABLE 4. The
geoaccumulationindex gradeof Cdin soil samplesvar-
ied between Grade 0 and 6. In other words, it was
distributed from the pol lution-freeareato severdly pol-
|uted areas. Theamount of thethe geoaccumulationin-
dex of Cd >1-2 and that >2-3 was 14 and 19 respec-
tively, accounting for 30.4% and 41.3% of al samples.
Thisindicated that Cdin soil wasmainly distributedin
medium pollution and medium-severe pollution aress.
The geoaccumulationindexesof Hgweremainly dis-
tributed inareaswith at |east medium pollution, which
accounted for 84.8% of al samplepoints. Theindexes
in areas above severe pollution still accounted for
30.4%, whichindicated extremely seriousHg and Cd
pollution in soil of the research area. The
geoaccumulation indexesof Pbinmedium pollutionar-
eas accounted for 82.6% of all sample points. Com-
pared with other heavy metal pollutant elements, Cr
did not present any tendency of pollution.

Previousstudieshaveshownthat intheachemical
process of amalgamation, for every 1 g of gold pro-
duced, 1.2-1.5 g of mercury wasdischarged into the
environment. Themercury inthetailingsaccumulated
ontheground surfaceviaprocesseslikeleaching, per-
colation, volatilization and depogition. Themercury may
exist for thousands of years, leading to horrible mer-

TABLE 4: Digribution and dassification of geoaccumulation
index for soilssamples

Pollution Geoaccumulation ~ Number of samples
Grade

level Index (1 geo) Hg Cd Pb Cr

0 No pollution <0 0 1 0 4

1  Light 0~1 7 2 3 2

2 Medium >1~2 9 14 38 O

3 Median-severe >2~3 6 19 4 0

4 Severe >3~4 8 6 1 0

5 Severe-extreme >4~5 4 3 0 0

6 Extreme >5 2 1 0 0

cury pollution of soil, sedimentsand water inthegold
fidd™4, In 1996, Chinaquit the practice of amalgam
treatment for gold meta lurgy. However, the previous
gold metallurgy based on indigenous methods hasre-
|eased acertain amount of mercury into the environ-
ment, which may exist for along term. Thishas pro-
duced seriousmercury pollutioningoldfieds. Cd con-
comitant in oresmay be akey reason for Cd accumu-
lationinsoil.

Potential ecological risk assessment of heavy
metal in soil

Based on potential ecological risk index (E') of a
singlemeta dement (TABLE 5), thescopeof changes
intheecologicd risk index of Hgand Cd waslargeand
theaverage value was 344.3 and 221.9 respectively,
showing extremely strong and very strong ecological
risks. Theecological risk of Pb and Cr was compara-
tively smd|, which wasrespectively dight and medium.
The comprehensiverisk index of heavy metal pollut-
antsintheresearch areavaried from 132.7 t0 5747.5,
and theaveragerisk index was632.2, showing strong
comprehensiveecological risksof heavy metal pollut-
ants(TABLED).

According to thedistribution of potentia ecologi-
cal risk coefficient of varioussample pointsinthere-
search area(Figure 1), Pband Cr wasmainly distrib-
uted intherange of 0-40, which accounted for 90.2%
and 100% of all sample points. Meanwhile, Hgwas
mainly distributed in the range >160, accounting for
78.2% of al samples. Theecological risk index of Cd
wasmainly distributed in therange of 80-320, account-
ingfor 71.7%of samplepoints. Thisindicatedthat indl
thesoil of Linglong gold mining area, heavy metd pol-
lutant Hg and Cd presented intensive potential ecol ogi-
cal risks. According to the comprehensiveecological

TABLE 5: Satisticsof potential ecological risk index and
comprehensiverisk index of heavy metalsin study area

Potential ecological

o i Comprehensive
risk index (E,") o
risk index (RI)
Hg Cd Pb
Maximum 832 223 136 13.6 132.7
Minimum 3847.4 17425 635 94.1 5747.5
Average 3443 2219 24.0 420 632.2
sD 6525 306.6 11.9 159 986.9
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Figure1: Distribution of potential ecological risk index (E,') and compr ehensiverisk index (RI) of heavy metalsin study

Area

risks, indl samples, theamount of indexesin thestrong
risk range between 300 and 600 accounted for 41.3%
of dl samples. That >600 took up for 47.8%. Thispre-
sented that long-term gold mining and smelting and other
human activitieshave caused serious heavy metd pol-
Iutiontothesurface soil of theminingfield. It presented
sgnificant potential ecological risks. Theresearchre-
sultsdemonsirated that further measuresshould betaken
to restorethe heavy meta pollutionin Linglong gold
mining area, andto prevent themigration of heavy metd
pollutantstothefood chainintheagriculturd utilization.

CONCLUSION

The range of Hg and Cd content in the soil of
Linglong gold mining areawas 0.094-4.04 mg/kg and
0.03-2.23 mg/kg respectively. TheaverageHgand Cd
content was 0.36 mg/kg and 0.30 mg/kg. Theaverage
Pb and Cr content was 64.37 mg/kg and 23.23 mg/kg.
Compared with Chinese Soil Reference(Gradell), the
exceeding rate of Hg and Cd was 50.0% and 26.1%.
The geoaccumul ation index eval uation presented that
Cd dementsin soil weredistributed mainly inmedium
and medium-severepol lutionareas. Among dl samples,
84.8% of the geoaccumulation indexes of Hg were
mainly distributed in areas above medium pollutions. It
indicated extremely seriousHg and Cd pollution in soil
of theresearch area. The average value of theecol ogi-
cal risk index of Hg and Cd was 344.3 and 221.9 re-
spectively, indicating extremey strong and very strong
ecologicd risks. Thecomprehengverisk index of heavy
meta pollutantsintheresearch areavaried from 132.7
to5747.5, andthe averagerisk index was 632.2, show-

BioTechnology

ing strong comprehensiveecol ogicd risksof heavy metd
pollutants.
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