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Abstract: Accumulation of heavy metals in agricultural soils tends to increase crop uptake of heavy metals, and can adversely
impact human health through food chains. This study assessed the heavy metal pollution status and the potential ecological
risk of tea plantation soils in southern Shaanxi Province, China. A total of 330 topsoil samples were collected to analyze the
concentrations of seven heavy metals (Pb, Zn, Cu, Cr, Hg, As and Cd) and the pH level. The Hakanson potential ecological
risk index was used based on the background levels of soil heavy metals in Shaanxi. Results showed that the averaged
concentrations of soil Pb, Zn, Cu, Cr, Hg, As, and Cd were 10.0, 87.6, 16.4, 12.4, 0.2, 6.9 and 0.1 mg/kg, respectively. Cd and
Hg concentrations exceeded level II of China’s Soil Environment Quality Standard (GB 15618-2009) in 9.3% and 7.0% of the
total samples, respectively. The coefficient of variation ranged from 29.2% to 52.2% for different elements, and was 49.3%
for Cd and 48.6% for Hg. The averaged comprehensive potential ecological risk index was 95.4, and the overall potential
ecological risk was low, with 82.4% of the total samples at a low level of potential ecological risk. Cd and Hg contributed
most to the potential ecological risk (35.5% and 46.5%, respectively), and the risks associated with other elements were

relatively minor. This study suggested that soil Cd and Hg pollution should be controlled to ensure the safe production of tea

in the study area.
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1 Introduction

In recent decades, urban and rural planning process has
accelerated, while industry and agriculture have developed rapidly.
Consequently, there has been increasingly environmental pollution
caused by the emissions of industrial ‘three wastes’ (waste gas,
waste water and waste residue), overexploitation of mining
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resources, extensive application of chemical fertilizers, and
automobile exhaust emissions. In particular, problems resulted
from soil heavy metal pollution have drawn widespread attention
from researchers!' ™). The area of arable land subjected to heavy
metal pollution has reached more than 2000 hm? in China,
accounting for about 20% of the total arable land in the country; the
annual output of grains polluted by heavy metals is up to 12 million
tons, resulting in an economic loss of more than $12.4 billion™.

Unlike other pollution, soil heavy metal pollution is
cumulative, complex, concealed, irreversible, hysteretic, and severe.
Once heavy metals enter the soil environment, they can accumulate
in agricultural products and endanger human health through food
chains?®!.  Thus, assessment of soil heavy metal pollution and the
ecological risk in agricultural areas have become increasingly
important. In recent years, numerous studies have been conducted
to assess heavy metal levels and soil quality in vegetable-producing
areas'®” farmlandst® %, production areas of economic crops[“‘lz],
and wastewater irrigation and mining areast'>'4,

Since the health benefits of drinking tea have been
recognized!"), the soil environmental quality in tea plantations has
begun to receive more attention. Previous studies in tea
plantations have focused on the investigation of soil fertility and
physicochemistry, and the influence of beneficial trace metals on
tea quality!'®'”, As soil heavy metal pollution became
increasingly prominent, there has been growing concern about its
effects in tea plantations!"*2%.  Chen et al.*" found that tea trees,
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which are perennial evergreen plants, have greater ability to enrich
heavy metals in the soil and higher sensitivity to pollutants
compared with other plants under the same conditions. Heavy
metals in tea plantation soils have low leach ability and are difficult
to be degraded by microbes; thus, they often accumulate in tea
plantation soils and can be transformed into methyl compounds,
which have a greater toxicity®.

Soil heavy metal pollution in tea plantations is mainly due to
agricultural production, extensive use of fertilizers and pesticides,
and application of organic sludge and manure. Wu et al.*
showed that long-term use of fertilizers and pesticides led to
different degrees of Ni pollution in tea plantation soils and
increased Ni concentration in tea through root absorption. Shi et
al.?"! showed that Cd and As concentrations almost doubled in tea
over the past 10 years, mainly due to extensive application of
chemical fertilizers and pesticides. Michael et al.”” found that
there was a linear correlation between heavy metal concentrations
in tea plantation soils and tea. As tea plants are used to produce
beverages for human consumption, there is a high possibility of
extracting pollutants by continuous soaking of tea leaves from
polluted tea plantation soils, which poses a potential threat to
human health. Therefore, soil heavy metal pollution of tea plants
appears to be more important than that in other plants.

Shaanxi Province is the largest tea-planting area in
Northwestern China, with a tea plantation area of 143 900 hm?,
accounting for 5% of the total tea plantation area in China. In the
past five years, Shaanxi was one of the provinces that had highest
increase of tea plantation area in the country. The tea plantations
are mainly located in southern Shaanxi, where tea plantation and
production have become a major industry for local farmers to
overcome poverty and protect the ecological environment.
However, during the development of tea plantations, few studies
have systemically investigated the tea-growing environment in this
region.

In the present study, soils were collected from the major
tea-growing areas in southern Shaanxi and the Hakanson potential
ecological risk index was used to assess heavy metal pollution and
the ecological risk of tea plantation soil. This study provides
reference data for pollution-free cultivation, early warning of
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ecology risk, and the safe production of tea in southern Shaanxi.
2 Materials and methods

2.1 Study area

The study area is located in Hanzhong Basin (106°51'-
108°05'E, 32°12'-33°15'N), the main tea-growing area of southern
Shaanxi, China. The topography ranges from flat to hilly to
mountainous, with low elevation in the south and high elevation in
the north. The flat areas are usually 500-600 m above sea level,
with flatterrain and fertile soil, accounting for 34.6% of the total
area. The hilly areas are 600-800 m above sea level, with a large
relief, accounting for about 28.1% of the total area. The
remaining 37.2% of the area consists of mountains, with complex
terrain and poor soil, between 700-2038 m above sea level.

The area is located in a warm sub-humid zone with a northern
subtropical monsoon climate. The annual average temperature
ranges from 12°C to 16°C and the annual average precipitation is
between 700-1800 mm. The Qinling Mountain blocks cold air
from the north, resulting in a warm and humid climate; hence, this
region has one of the largest tea-planting areas in Shaanxi Province.
This is a representative area for investigating the present soil heavy
metal pollution status in tea plantations.

2.2 Soil sampling

Eight tea-growing areas were selected in Hanzhong Basin:
Xixiang, Ningqiang, Nanzheng, Mianxian, Zhenba, Chenggu,
Yangxian, and Lueyang. The number and distribution of soil
sampling sites were determined based on the total tea plantation
area in the eight selected areas and the location of the sampling
sites in the second soil census.

A total of 330 soil samples (0-30 cm) were selected from
33 tea plantations (T1-T33) in the eight tea-growing areas (Figure
1). The GPS instrument was used for accurate positioning.  Soil
samples were collected in an S-shaped pattern and every five
samples from the same plot were mixed to form a composite
sample. The samples were transported to the laboratory, dried to
remove weeds, crop residues, and gravel. All samples were
grounded using an agate mortar and passed through 20 mesh and
100 mesh nylon sieves for the analysis of pH and total heavy
metals, respectively.
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Figure 1  Study area and distribution of the sampling sites in 33 tea plantations (T1-T33) in southern Shaanxi province, China
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2.3 Sample analysis

Heavy metals were analyzed using soil samples through
100 mesh sieve. Concentrations of Pb, Cu, Cr, and Zn were
determined by flame atomic absorption spectrometry after soil
samples were digested with HNO;—HCIO,—HF. Concentrations
of Cd, As, and Hg were determined by graphite furnace atomic
absorption spectrometry after soil samples were digested with
HNO;-H,SO,. The standard material of GSS-14 was used for
quality control and the spiked recoveries were 96.4%-101.3% for
Cr, 95.9%-101.5% for Cu, 96.5%-108.2% for Pb, 92.9%-100.6%
for Zn, 93.2%-104.9% for Cd, 93.6%-99.8% for Hg, and
94.3%-99.6% for As. The soil pH was measured by
potentiometry using soil samples through 20 mesh sieve at a soil to
water ratio of 1:52%],

2.4 Statistical analysis

One-way analysis of variance (ANOVA) and least significant
difference (LSD) multiple comparison were applied to determine
the significance of difference between the soil heavy metal
concentrations and the national standard or provincial background
levels. Before the ANOVA analysis, the normality of distribution
and homogeneity of variance were tested. The relationships
between soil heavy metal concentrations and pH were evaluated by
Pearson’s correlation analysis. A p value of lower than 0.05 was
considered statistically significant. All statistical analyses were
conducted using the SPSS 13.0 software (SPSS Inc., Chicago, IL,
USA).

2.5 Assessment methods and criteria

The single factor pollution index and the comprehensive
pollution index are commonly used to evaluate soil heavy metal
pollution in China™¥. However, these methods often use level 11
of China’s Soil Environment Quality Standard as the assessment
criteria. As the soil background levels of heavy metals vary
across different regions, there may be a risk of pollution in some
areas with low soil background level based on the national standard,
although the critical value for heavy metal pollution is not reached
after years of accumulation.

Herein, the Hakanson potential ecological risk index was used
for assessment of soil pollution risk in tea plantations based on the
background levels of soil heavy metals in Shaanxi Province. This
index was put forward by Hakanson from Switzerland, mainly for
the potential ecological risk assessment of soil heavy metals. It
gives comprehensive consideration to the concentration, toxicity,
ecological sensitivity, and synergy of multi-elements®®**). The
index is calculated as follows:

¢ =cl/c
=y,
E =T'C!

k=YE
where, Cjis the single factor pollution index of the ith heavy

metal; C! is the measured level of the ith heavy metal; C, is the

background level of the ith heavy metal, C, = ZC " is the sum of

the pollution index of multiple heavy metals; E! is the potential

ecological risk factor of a single heavy metal; 7, is the toxic
response factor of the ith heavy metal, and /; is the comprehensive
potential ecological risk factor of multiple heavy metals.

The toxic response factors of the seven heavy metals tested
were ranked as Hg (40) >Cd (30) >As (10) >Cu (5) = Pb (5) >Cr

(2) >Zn (1)!"**. The potential ecological risk factor of a single
heavy metal was classified as follows: E.< 40, low pollution;
40 <E!< 80, moderate pollution; 80 <E!< 160, high pollution;
160 < E!< 320, very high pollution; £, > 320, extremely high
pollution. The comprehensive potential ecological risk factor of
multiple heavy metals was classified as follows: Iz<150, low
pollution, 150</;<300, moderate pollution; 300</;<600, high
pollution; /z>600, very high pollution.

3 Results

3.1 Characteristics of soil heavy metal concentrations

The descriptive statistics of the concentrations of the seven
heavy metals in the 330 soil samples are shown in Table 1. The
pollution assessment was performed using level II of China’s Soil
Environment Quality Standard®”), and the cumulative potential of
heavy metals was analyzed using the soil background levels in
Shaanxi.

There were significant differences in the concentrations of
various heavy metals in the tea plantation soils in southern Shaanxi:
2.4-29.2 mg/kg for Pb, 25.7-46.9 mg/kg for Zn, 7.5-29.0 mg/kg for
Cu, 0.8-27.8 mg/kg for Cr, 0.08-0.38 mg/kg for Hg, 2.1-13.9 mg/kg
for As, and 0.03-0.33 mg/kg for Cd. The Cd and Hg
concentrations in some samples (9.3% and 6.9% of the total
samples, respectively) were higher than the level II national
standard, which indicates Hg and Cd pollution in tea plantation
soils of the sampling areas. The concentrations of the remaining
five heavy metals (Pb, Zn, Cu, Cr, and As) did not exceed the level
II national standard, which indicates that the study area was not
polluted by these five heavy metals. The mean concentrations of
the seven heavy metals did not exceed the level II national
standard.

Table 1 Summary statistics of heavy metal concentrations in
the topsoil from tea plantations in the study area

Heavy rnetal/mg-kg'1 Pb Zn Cu Cr Hg As Cd
Maximum 292 1469 290 278 038 139 033
Minimum 24 257 75 08 008 23 0.03
Mean 10.1 876 164 124 020 69 0.11
Coefticient of variation/% 374 374 29.1 459 486 522 493
Standard deviation 375 3279 479 5.69 0.10 3.60 0.07

Provincial background levelf 209 69.4 195 61.1 0.18 64 0.09
Permitted maximum levelf 250 200 50 250 0.30 30 0.30
pH 6.5-7.5 300 250 100 300 050 25 0.60
pH>75 350 300 100 350 1.00 20 1.00

Note: T Soil background levels of heavy metals in Shaanxi province, Chinal';

1 Level I China’s Soil Environment Quality Standard (GB15618-2009)™".
Compared with the provincial background levels, the
maximum concentrations of Pb and Cu were higher, but their mean
In addition, the mean concentrations
of Zn, Hg, As, and Cd were higher than the provincial background
levels.

concentrations were lower.

This indicated that the six heavy metals have accumulated
to a certain extent in tea plantation soils in the study area. In
particular, the mean concentrations of Zn, Hg, As, and Cd were
1.26, 1.11, 1.07, and 1.11 times as much as the provincial
background levels. = However, according to the frequency
distribution (Figure 2), the frequencies of Cd, Hg, Pb, Cu, Zn, and
As concentrations that exceeding the provincial background levels
were 41.2%, 35.3%, 15.7%, 19.6%, 43.1% and 27.5%, respectively.
These results indicated that in the tea-growing environment,
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external factors such as human activities have led to an increase in
soil heavy metal concentrations, with greater accumulation of Zn,
Cd, and Hg.
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Figure 2 Frequency histograms of heavy metal
concentrations in tea plantation soils

The difference in the regional distribution and pollution degree
of heavy metals can be reflected by the coefficient of variation
(CV). Higher CV value usually led to greater difference of the
BO3 - The CV
values of the seven heavy metals in tea plantation soils ranked as
As>Cd>Hg>Cr>Zn>Pb>Cu (Table 1). The CV values of As,
Cd, Hg, Cr, Zn, and Pb were greater than 30%. In particular, the
CV values of As, Cd, and Hg were up to 52.2%, 49.3%, and 48.6%,
respectively, indicating a large difference in the distribution of
these three elements across the study area. The CV values of Pb

sampling site compared with the overall study area

and Zn were between 30% and 40%, suggesting a similar degree of
pollution. The CV value of Cu was 29.1% (<30%), indicating a
relatively uniform spatial distribution of this element.

3.2 Correlations between soil heavy metal concentrations and
pH

Correlations were found between the concentrations of most
heavy metals tested in tea plantation soils in southern Shaanxi
(Table 2). The correlation coefficients between Cd and Pb, Hg,
and As concentrations were greater than 0.224(p<0.01). Cd and
Zn had correlation coefficient of 0.139 (p<0.05). The correlation
coefficients between Cu and Cr and Zn were 0.638 and 0.482,
respectively (p<0.01). The correlation between Pb and Hg and Zn
was also significant, with the value of 0.235 and 0.348, respectively
(»<0.01). The correlation between Cr and Zn was 0.399 (p<0.01).
These results suggest that soil Cd, Pb, Hg, and As have similar
origins, therefore they accumulated simultaneously and caused
combined pollution in the study area. The correlations between
soil Cu, Cr, and Zn were also significant, these three elements
might also have similar origins.

The correlation analysis showed that the correlation
coefficients between pH and Cd and Cu were 0.275 and 0.354,
respectively (p<0.01).No significant correlations were found
between pH and the other five elements (Table 2).

Table 2 Pearson’s correlation coefficient between heavy metal

concentrations and pH of tea plantation soils in southern
Shaanxi, China

Heavy metal Cd Cu Pb Cr Hg As Zn pH

Cd 1.000

Cu —-0.057 1.000

Pb 0.319** —0.133  1.000

Cr —0.083 0.638** 0.037 1.000

Hg  0.858%% —0.042 0.235** —0.093 1.000

As 0.865** —0.092 0.037 —0.144 0.795%* 1.000

Zn 0.139% 0.482%* 0.348** 0.399%* 0.061 0.015 1.000

pH  0275%%0354%% —0.254 —0.092 0.092 -0.157 —0.017 1.000
Note: p<0.05 and ~"p<0.01.

3.3 Potential ecological risk assessment of soil heavy metal
pollution

The ranges of the Hakanson potential ecological risk index for
a single heavy metal were obtained: 0-103.7 for Cd, 1.927.44 for
Cu, 0-6.97 for Pb, 0.030.91 for Cr, 17.6783.97 for Hg, 3.58-21.76
for As and 0.37-2.11 for Zn. The means of the single index values
for Cd, Cu, Pb, Cr, Hg, As and Zn were 33.89, 4.26, 2.32, 0.41,
44 .46, 9.37, and 0.83, respectively, ranking as Hg>Cd>As>Cu>
Pb>Zn>Cr. Apart from Hg, all the elements had single index
values less than 40. The maximum single index values of As, Pb,
Cu, Zn, and Cr were less than 40, indicating that the sampling areas
were exposed to these five heavy metals at a low ecological risk
level; these five elements had a lower contribution to the potential
ecological risk and generally showed no effect in the tea plantation
soils.

Although the mean of the ecological risk index of Cd was
33.89 (<40), the range of the index value was wide and the
maximum value was 103.7.There were 18 samples with an
ecological risk index greater than 80, which accounted for 5.5% of
the total samples. These 18 samples were mainly distributed in
the T2, TS5, and T12 sampling areas, indicated a high level of
ecological risk for Cd pollution in these three tea plantations.
Meanwhile, 29.1% of the samples were exposed to a moderate
level of ecological risk and 65.5% of the samples were at a lower
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level of ecological risk for Cd pollution. The mean of the
ecological risk index of Hg was 44.46 (>40), and the maximum
value reached 83.97. The overall ecological risk analysis of Hg
pollution showed that low and moderate levels of ecological risk
were dominant, accounting for 42.4% and 51.8% of the total
samples, respectively. Only 5.8% of the samples were exposed to

a high level of ecological risk for Hg pollution, which were mainly
distributed in the T5, T6, T8, and T22 sampling areas. Cd and Hg
contributed 35.5% and 46.5%, respectively, to the ecological risk
of the tea plantation soils. Thus, Hg and Cd were the dominant
factors in the potential ecological risk of tea plantation soils in
southern Shaanxi, contributing 82% of the total ecological risk.

Table 3 Statistical analysis of the single ecological risk index for soil pollution with heavy metals in tea plantations

Distribution frequency of samples

';f:tzly Maximum Minimum Mean 3;3‘1‘;?;‘31 E' <40 40< E! <80 80<E' <160  160< E' <320 E 2320
Low Medium Strong Very strong Greatly strong
Cd 103.70 0 33.89 27.95 216 96 18 0 0
Cu 7.44 1.92 4.26 1.21 330 0 0 0
Pb 6.97 0 2.32 2.09 330 0 0 0
Cr 091 0.03 0.41 0.18 330 0 0 0 0
Hg 83.97 17.67 44.46 20.30 140 171 19 0 0
As 21.76 3.58 9.37 4.86 330 0 0 0
Zn 2.11 0.37 0.83 0.33 330 0 0 0 0

The comprehensive potential ecological risk index (/z) of the
seven heavy metals had a maximum of 226.90 and a minimum of
23.58, with a mean of 95.37 (<150). This result indicated that the
study area has an overall low level of potential ecological risk.
Statistical analysis showed that 272 samples (82.4%) were at a low
level of potential ecological risk, and 58 samples (17.6%) were at a
moderate level of potential ecological risk. This indicated that
most of the tea plantation soils have a low level of potential
ecological risk for soil heavy metal pollution.

Table 4 Statistical analysis of the potential ecological risk
index for soil pollution with heavy metals in tea plantations

Potential ecological risk  [z<150  150<[z <300  300<I; <600 1z>600
Degree Low Medium Strong Very strong
Frequency 272 58 0 0
Percentage 82.4 17.6 0 0
4 Discussion
The single factor pollution index and the Nemerow

comprehensive pollution index are the two most commonly used
methods to evaluate soil heavy metal pollutiont'*! based on level II
of China’s Soil Environment Quality Standard. As the
background levels of soil heavy metals vary across regions, the use
of a unified standard may result in a risk of pollution in some areas
where the threshold for pollution has not been reached after years
of accumulation. For example, when the soil pH is greater than
7.5, the limit of soil Cr pollution is defined at 350 mg/kg by the
Soil Environment Quality Standard of China. However, a
previous study™? pointed out that a pH higher than 7 is conducive
to the formation of hexavalent chromium and the limit of soil total
Cr for toxicity to plants is 75 mg/kg. Therefore, the critical value
of soil Cr pollution defined by the Soil Environment Quality
Standard of China is relatively high.
levels of soil heavy metals in some areas are relatively high and

In contrast, the background

exceed the critical values even without an anthropogenic pollution.

The geoaccumulation index is another commonly used method
for the evaluation of soil heavy metal pollution™. Unlike the
above mentioned two indices, the geoaccumulation index is based
on local background levels of soil heavy metals, and this method
sets a constant based on possible fluctuations of the background

levels caused by diagenesis. However, this method is only for

evaluating the pollution level of a single heavy metal, does not
support comprehensive evaluation of multiple heavy metals. The
pollution loading index allows the comprehensive pollution load of
multiple heavy metals and the regional pollution load in soils to be
assessed, but it is not suitable for the evaluation of soil heavy metal
pollution with low concentrations and toxicity of heavy metal''®.
As the pollution loading index may underestimate the pollution
level of some heavy metals, such as a Cd, it is only suitable for
evaluating areas with higher concentrations and serious pollution of
heavy metals.

In this study, the Hakanson potential ecological risk index was
chosen to evaluate heavy metal pollution in tea plantation soils.
This method can overcome the shortcomings of the single factor
pollution index, the Nemerow comprehensive pollution index, the
geoaccumulation index, and the pollution loading index. The
Hakanson ecological risk index combines the ecological,
environmental, and toxicological effects of heavy metals, and
quantitatively describes the potential risk level of heavy metals.
The assessment based on this index showed that among the seven
heavy metals, Cd and Hg had higher ecological risk index values,
of 103.7 and 83.97, respectively.
Statistical data showed that Cd and Hg were the dominant factors
in the potential ecological risk in the tea plantation soils in southern

with maximum values

Shaanxi. The contribution of Cd and Hg to the ecological risk
was 35.5% and 46.5%, respectively, and a total 0f82% of the
potential ecological risk was attributed to these two elements.
The areas that exposed to a high level of Cd and Hg ecological risk
were mainly distributed in the T2, T5, T6, T8, Tl12and T22
sampling areas. The high ecological risk index values could be
For example, the T8 and T22 sites
were adjacent to a highway, which increased the risk of potential
heavy metal pollution from the vehicle exhaust. Meanwhile, the
T2, TS, T6 and T12 sites were adjacent to mining enterprises, thus
the dust deposition was inevitable in those sites. Therefore, the
soil Cd and Hg concentrations were higher in these tea planting
areas.

attributed to several factors.

Numerous studies have shown that the correlations between
heavy metals reflect their homologous relationship or combined
pollution®*%" In this study, correlation analysis of seven heavy
metals in the soil samples revealed that Cd, Pb, Hg and As had a
similar origin and caused combined pollution. In addition, Cu, Cr
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and Zn in the tea plantation soils might also have a similar origin.
These results are in agreement with previous studies. Xiao et
al.”” found that Hg, Pb, Zn, Cd, Cr and Cu in farmland soils in
Kunshan, China may have a similar origin based on a correlation
Sun et al.*® also found that the
origins of Cd, Cu, Pb, and Zn in soils in Shenyang, China are

analysis of soil heavy metals.

similar based on a correlation analysis of soil heavy metals. In
addition, Xie et al.*® found that Pb, Zn, Cu, Ni, Cr, As and Cd in
soils samples collected from a pollution area in Taiyuan, China
may have a similar origin.

The soil pH level reflects soil acidity, which can affect the
form and activity of heavy metals. In this study, it was found that
soil pH was significantly correlated with Cd and Cu concentrations
(»<0.01), and the soil pH was below 6 in the sampling areas. A
previous study found that a low pH level can promote the
dissolution and activation of heavy metals in soils'*]. One of the
main requirements for the survival and growth of tea trees is acidic
soil. In acidic conditions, soil Cd and Cu have high solubility,
resulting in increased leaching and thus decreasing soil Cd and Cu
concentrations.  Moreover, the acidic soil environment may
improve the bioavailability of Cd and Cu in tea plantation soils and
thus increase the uptake and removal of these heavy metals by the
shoots, which also decreases soil Cd and Cu concentrations.

It is worth noting that compared with other plants, tea trees are
perennial evergreen plants with higher ability to enrich heavy
metals in the soil and higher sensitivity to pollutants!'®.
Therefore, long-term uptake and removal of soil Cd and Cu by tea
can decrease soil Cd and Cu concentrations. But this may
adversely affect the tea quality, resulting in an increased potential
threat to human health. With increasing soil acidity (i.e., decline
of soil pH), the mobility and bioavailability of heavy metals in soils
were significantly increased. A similar conclusion was drawn by
Qin et al.™ in an assessment of heavy metal pollution in paddy
soils from the northern Chengdu Plain. Higher soil acidity leads
to easier uptake and accumulation of soil heavy metals by tea and
greater threat to human health. Therefore, in acidic soils with a
low level of heavy metal pollution, alkaline medium such as
biochar can be appropriately applied to increase soil pH and in turn
reduce the bioavailability of heavy metals, ultimately achieve safe
production of tea.

It is strictly required to control the discharge of ‘three wastes’
into tea plantations that have been exposed to a high risk of Cd and
Hg pollution. =~ When establishing new tea plantations, the
selection of locations should strictly follow the requirements of
organic tea plantations and avoid pollution sources of heavy metals.
It is not suitable to develop tea plantations in areas with a high
background level of heavy metals (e.g., regions adjacent to
industrial mining enterprises or with developed transportation).
When these kinds of tea plantation have been established, a
shelterbelt should be built to reduce the risk of heavy metal
pollution caused by automobile exhaust emissions. When tea
plantations are applied with large amounts of pesticides, fertilizers,
and manures, more attention should be paid, as harmful elements
such as Cd, Hg and Pb might be introduced into soils. Thus
fertilizers and pesticides should be applied properly based on soil
and plant conditions to avoid unnecessary heavy metal pollution in
tea plantations.

5 Conclusions

The mean concentrations of Zn, Hg, As and Cd in tea
plantation soils of southern Shaanxi province were higher than the

provincial background levels and showed different degrees of
The frequency of soil Cd concentration that
exceeding the provincial background level was more than 41.2%,
and the maximum concentration was higher than the level II of
China’s Soil Environment Quality Standard. There were
significant correlations between concentrations of most heavy
metals tested in this study. The Cd had significant correlations

accumulation.

with Pb, Hg and As concentrations, and these four elements might
also have a similar origin and could cause combined pollution in
the study area. The Cu, Cr and Zn also had significant
correlations with each other, and these three elements might have a
similar origin. The study area overall was at a low level of
potential ecological risk for soil heavy metal pollution. The Cd
and Hg were the two dominant elements in the soil potential
ecological risk, and the As, Pb, Cu, Zn and Cr contributed less to
the soil potential ecological risk and generally had no effects on tea
plantation soils.
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