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ABSTRACT  
 
Through determining the content of Equisetum ramosissimum and 8 heavy 
metals of soil by inductively coupled plasma mass spectrometry in Pb-Zn mining 
tailing in Eastern Guangdong Province, the pollution levels of soil and E. 
ramosissimum were analyzed and then the capacity of heavy metal enrichment 
and transfer were evaluated. The results showed that the single factor pollution 
index and synthetic pollution index of soil and vegetables were very high and all 
reached the heavy pollution level. The pollution level of Cd and Hg was the 
highest, while that of Ni and Cr was the lowest in soil. The enrichment 
coefficient and transfer factor of heavy metals in the fern were mostly below 1, 
indicating the fern were probably not typical heavy metal hyper accumulators. 
The contents of 8 heavy metals for this fern were mostly above the national feed 
safety standards and the exposure risk index of heavy metals was also very high 
such that the fern was not suitable for consumption. 
 
Key words: Vegetables, edible safety, rare earth tailings, heavy metals. 

 
 
 
INTRODUCTION 

 
With the rapid development of industry, many mineral 
resources were constantly exploited and utilized and 
heavy metal pollutants discharged into soil and water. 
These pollutants are not easy to break down, but easy to 
accumulate and residue in soil and crops eventually 
entered the human body (Shah and Nongkynrih, 2007; 
Wang et al., 2015). Therefore, in recent years, the research 
and development of technology for heavy metal pollution 
remediation have been hot topics in restoration ecology 
and a series of progresses made. At present, the methods 
to treat heavy metal pollution in soil mainly include 
physical remediation, chemical remediation and bio-
remediation (Mohammed et al., 2011).  

Bio-remediation is a method to reduce heavy metal 
contents in soil by the metabolic activities of plants, micro-
organisms or animals which can be divided into 
phytoremediation (plant remediation), microbial 
remediation, animal remediation and combined 

remediation. Phytoremediation is to select heavy metal 
accumulation plants and grow them in contaminated soil 
and then harvested at maturity and finally treated 
properly. The heavy metals can be removed from soils by 
growing these plants and the purpose to control pollution 
achieved. Phytoremediation has attracted much attention 
due to advantages of low input and wide adaptability 
without secondary pollution (Peuke and Rennenberg, 
2005). 

Equisetum ramosissimum is a spore-bearing fern weed 
with erect, cylindrical and hollow stems. Its branches are 
long, slender, two or three in whorl, ribbed and nodes 
encircled by a tight sheath of connate scale like leaves. It 
has oblong strobilus at the end of the branches. This fern 
propagates vegetatively by splitting of the rhizome. Its 
spore formation occurs in June to July. After dispersal, 
spores germinate within a few days at humid condition. Its 
gametophytes undergo protogynous reproduction that is, 
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formation of the female gamete before the male gamete. 
This fern is distributed in South East Asia, Southern China, 
India, Nepal and Sri Lanka. In South China, it widely 
distributes in forest margins, under bushes, meadows, 
banks of rivers and streams at elevations of 100 to 3600 m 
a.s.l. etc. It has strong adaptability and is not strict to 
edaphic requirement, so it can cover the ground quickly 
because of rapid tillering (Wu et al., 1983).  

At present, some investigations on vegetation in 
wasteland in South China proved that E. ramosissimum is 
usually the dominant species in the area around water in 
these tailing and further researches have confirmed that 
this fern have a certain tolerance to heavy metals (Pb, Zn, 
Mn, Cu, CD, Hg and Ni) pollution in soil, especially higher 
tolerance and higher accumulation for Cu and as such have 
a broad application prospects in the remediation of 
polluted soil (Wang et al., 2010).  

E. ramossisimum was utilized as a traditional medicinal 
herb in the treatment of hemoptysis, gonorrhea, bleeding 
hemorrhoids, traumatic injury, stab wounds and fractures 
etc by Chinese and Southeast Asia people. In South China, 
it is also often used as feed for grass carps.  

The mine soil, especially the deposit surface soil was 
affected by natural factors, for example, a long period of 
mining waste water irrigation and rainfall and human 
activities; the heavy metal pollution of soil and crops is 
serious (Shah and Nongkynrih, 2007; Chen et al., 2011; 
Wang et al., 2011; Jin et al., 2014). In the process of 
mining, the heavy metals easily enter the surrounding 
environment causing compound pollution of heavy metals 
in soil and water. The combined action of heavy metals 
changed the biological activity of metal and aggravated the 
damage done to soil and crop. The heavy metals are not 
easily decomposed by micro-organisms and chronically 
accumulated in the soil of tailings through enrichment of 
crops and food chain eventually enter the human body 
after reaching a certain concentration resulting in a 
negative impact on the health of humans (Shah and 
Nongkynrih, 2007; Chen et al., 2011; Wang et al., 2015a, 
2015b). 

Bencun Pb-Zn tailings (24o22'54"E, 116o13'12"N) in 
Meizhou City in East Guangdong Province, with a slope of 
15o to 20o (Figure 1) is one of the mine tailings with the 
largest volume of industrial solid waste. The mine started 
operation in 1970 and was abandoned in 1980. The 
mineral waste residue was directly discharged and piled 
up on top of this slope without any treatments for over a 
decade and the pollutants from waste residues was leached 
by rainwater which flows into pools and farmlands down 
along this slope and then resulted in severe ecological 
degradation. Meizhou city enjoys a warm and humid 
subtropical monsoon climate with abundant sunshine, 
plenty and concentrated rainfall; the average temperature 
ranges from 20.6 to 21.4oC, average annual sunshine 
hours 1714.6 to 2010.5 h, average rainy days is about 150 
days, average annual rainfall is 1483.4 to 1798.4 mm with 
75% concentrates in the months of April to September 
and the frost-free period is 309 days (Yang et al., 2012). 

In the drainage canal and the edge of pond in Bencun Pb-
Zn tailings, there are mainly four cyperaceous species, 
including Fimbristylis dichotoma, Heleocharis chaetaria, 
Scirpus filipes, Polystachyus pycreus and E. ramossisimum. 
When the weather becomes dry because of the decrease in 
rainfall or the angiosperms wither after natural flowering 
and fruiting period, there forms a single dominant 
community of E. ramossisimum after a large number of 
spore germination and rapid growth in late summer and 
autumn.  

In this study, the fern was taken as the main research 
object. We would understand the level of pollution in the 
region through measuring and analyzing of the heavy 
metal content in the mining soil, above-ground parts and 
underground parts and provides a feasible method for the 
remediation of heavy metals in the soil region. 
 
 
MATERIALS AND METHODS 
 
Collection of soil and vegetable samples 
 
Figure 1 shows the terrain diagram. The tailings could be 
divided into three parts. The pond was located in the 
lowest place, the coarse pile, mining pool and fine slag pile 
were on the same level and in the highest place. There was 
a gentle slope between the two parts and a drainage 
channel in the slope. The field observations showed that 
no other aquatic animals appeared in the pond, except that 
some water spiders (Argyroneta aquatica) crawled on the 
surface of pond and very few water scorpions (Nepa 
chinensis) ambuscaded in water grass. Almost half of the 
surface of tailings was bare, the plants were scatteredly 
distributed and there formed a band-like plant community 
along the the sewage channel. In stack area of the coarse 
slag, mining pool and fine slag, there was rarely plant 
distribution, but in the gentle slope, the vegetation cover 
degrees was nearly 30% and the dominant plant species 
were Miscanthus floridulus, Caryopteris incana, 
Kummerowia striata and E. ramosissimum, but those in the 
channel and pond were four cyperaceous species and E. 
ramossisimum, which was mainly distributed at the edge of 
the pond. 

Due to relatively low moisture content caused by the 
relatively high position, there was less distribution of E. 
ramossisimum with retarded growth in the upstream 
section of drainage channel near the mining pool. In the 
downstream of drainage channel and at the edge of pool 
(half-moon black area in Figure 1), there was more 
distribution with exuberant growth and the plant and soil 
samples were taken from the area. Figure 1 shows the 
sampling interval points and the soil sampling depth was 0 
to 10 cm below the surface. Soil and plant samples were 
packed on the spot and sealed in plastic bags and 
then taken back to the laboratory for further 
procedures of analysis. When plant samples were 
collected, the integrity of these individuals were 
maintained as much as possible. 
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Figure 1  The schematic terrain diagram of the tailings 

 
 

Figure 1: The schematic terrain diagram of the tailings. 

 
 
Pretreatment of fern and soil 
 
Plant samples were first taken out of the plastic bags, 
washed with tap water to remove the dirt and impurities 
and then cleaned thrice with deionized water and was 
finally divided into two parts: above-ground part and 
underground part. After these pretreatments, they were 
placed in a electric heating blast drying oven of 100°C to be 
fixed for 5 to 10 min and then dried for 1 to 2 days after 
the temperature was adjusted to 55°C. The treated 
samples were subsequently crushed in tissue mills, sieved 
with 20 mesh (aperture 0.85 mm) nylon sieves and sealed 
in polyethylene plastic bags respectively and kept in the 
dryers. 

Soil samples were placed in a clean tray and dried for 3 
to 5 days in an electric heating blast drying oven of 60°C 
constant temperature. All the soil samples were well mixed 
and reduced to 200 g by four-point method and after the 
impurities such as sandstone, plant roots and organic 
residue were milled and ground in mortars. Following 
sieved with 100 mesh nylon sieve (diameter 0.149 mm), 
they were sealed in polyethylene plastic bags and kept in 
the dryers. 
 
 
Determination of soil pH value  
 
The pH value was determined with reference to GB (NY/T 
1377-2007). 10 g soil samples after pretreatment were 
taken into a 50 ml beaker, 50 ml boiled CO2 added to free 
water and stirred vigorously for 5 min with a glass rod and 
allowed to stand for 60 min and thereafter measured using 
the pH meter. 
 
 
Digestion of vegetable and soil samples   
 
Digestion of plant and soil samples was implemented as 
described by Yang et al. (2012). Briefly, 0.5 g plant powder 

was placed into a 50 ml ptfe high-pressure digestion tanks 
(KH- 00 ml, Shanghai Yingdi Instrument Equipment Co., 
LTD.) and moved to a ventilation cabinet for an overnight 
cold digestion after slowly adding 5 ml HNO3. This was 
followed by adding 2 ml H2O2 and the digestion tanks 
transferred to the supporting steel liners. After covering 
inner lids and firmly tightening of stainless steel sheathes, 
the tanks were then put into a constant oven and heated 
for 3 h after the temperature rose to 120°C. Then, the 
tanks were transferred in a ventilated place. The tanks 
were placed in water baths of 90°C constant temperature 
to dispel HNO3 in digestion liquids after their covers were 
opened. The liquids was moved to 50 ml calibration test 
tubes for constant volume with 0.5% HNO3 solution which 
was then shook, allowed to stand and further used in 
subsequent tests.  

0.5 g soil sample was put into a sealed high pressure 
digestion tank and wet with 4 drops of double distilled 
water and 5 ml HNO3 added to remove organic matter 
after soaking for 0.5 h, followed by the addition of 2 ml 
H2O2 and 2 ml HF (hydrofluoric acid). After the samples 
were fully infiltrated by acid, the tanks were covered 
tightly with lids and well installed and thereafter shifted 
into an electric thermostatic drying oven. The airtight 
digestion was carried out for 9 h at 160°C. After the 
temperature dropped to ambient temperature, the 
digestion tanks were put into a fuming cupboard and then 
placed in thermostat water bath pots of 90°C to dispel 
HNO3 in the digestion liquid after their lids were carefully 
opened. The subsequent treatment for liquid of soil was 
the same as that of plant samples. For each batch of soil 
samples, double distilled water replaced samples in two 
copies of reagent blank test.  
 
 
Determination of the heavy metals of vegetable and 
soil samples   
 
Contents of heavy metals (Cr, Ni, Cu, Zn, As, Mn, Cd, Hg and 
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Table 1: Classification standard of heavy metal pollution degree (Li et al., 2008). 
  

Classification 
Single factor 
pollution index 

Pollution level 
Synthetic 
pollution index 

Pollution level 

1 Pi<1 Clean/pollution-free P≤0.7 Security 
2 1≤Pi<2 Light pollution 0.7<P≤1 Alert  
3 2≤Pi<3 Moderate pollution 1<P≤2 Light pollution 
4 Pi≥3 High pollution 2<P≤3 Moderate pollution 
5   P>3 High pollution 

 
 
Pb) in the digested solution of plant and soil samples were 
determined in parallel using an atomic absorption 
spectrophotometry (WFX-IFB2, Beijing Rayleigh Analytical 
Instrument Company).  
 
 
Assessment of heavy metal enrichment capability of 
fern   
 
The absorption and enrichment capability of heavy metals 
for plants were evaluated by indicators of transfer factor 
(TF) and enrichment coefficient (EC) of these metals. TF of 
heavy metals is the ratio of metal content in the above-
ground part to that in the underground part, indicating 
plant’s capability to transfer metals from the underground 
part to the above-ground part. EC of heavy metals is the 
ratio of metal content in organs or parts in plant to that in 
the soil where the fern grew and this indicates plant’s 
capability to enrich heavy metals from soil environment. 
Single factor pollution index and Nemerow pollution index 
were used to assess heavy metal pollution and potential 
ecological risk index were calculated referring to the 
method described by Hakanson (1989). In the study, the 
potential ecological risk level was evaluated based on the 
Second Environmental Quality Standard for Soils (GB 
15618 to 1995) and soil background values of Guangdong 
Province (Xu and Liu, 1996; Guo et al., 2011).  
 
 
Evaluation pollution of heavy metals in fern and soil   
 
Because the pollution in tailings was compound pollution 
of several heavy metals, the pollution level of different 
elements in plant and soil was evaluated by the method of 
single pollution index and the overall pollution level of 
heavy metals comprehensively evaluated using the method 
of Nemerow synthetic pollution index. 

The computation formula of single factor pollution index 
is Pi=Ci/Si. Pi refers to single factor pollution index of 
pollutants in soil; Ci refers to measured data of pollutants in 
soil; Si to evaluation standard of pollutants. P value is below 
1, indicating the plant or soil is not or hardly polluted, but 
when above 1, they are polluted (Table 1). The greater the 
value, the more serious the pollution becomes.  

The formula of Nemerow synthetic pollution index is 
P＝{[(Ci/Si)2

max+(Ci/Si)2
ave]/2}1/2. (Ci/Si) Max refers to the 

maximum of pollution index; (Ci/Si) Ave to the average 
pollution index.  

The formula of potential ecological risk index is: Er
i= 

Tr
i×Cf

i=Tr
i×Ci/Si; RI=∑Er

i. Er
i refers to the single heavy 

metal potential ecological risk index; Tr
i refers to heavy 

metal toxicity coefficient, RI to the potential ecological risk 
index of a variety of various metals. The heavy pollution 
level and potential ecological risk of heavy metal pollution 
were determined according to the classification standard of 
heavy metal pollution level. 
 
 
Data analysis   
 
All data were proceeded and analyzed with Excel2003 and 
SPSS17. Data were submitted to one-way ANOVA. If results 
were significant, a Duncan Test was applied for means 
comparisons using SPSS17. Differences between treated 
and control groups were considered statistically significant 
at P<0.05. 
 
 
RESULT 
 
Evaluation on pH value, the single factor and 
synthetic pollution index of heavy metals 
 
The pH value of soil was 5.45±0.23, which revealed it was 
acidic. In the soil environment quality standard PH was 
select as <6.5. In China, the soil pH value ranging from 4.5 
to 8.5 in most areas to the south of the Yangtze River was 
mostly acidic and more strongly acidic with the pH value 
of the red soil and yellow soil in the South and West-south 
of China ranging form 4.5 to 5.5. For these 8 heavy metals, 
the content of Hg and Cd far exceeded EQSSC while those 
of Zn and Pb and Cu 0.2 to 1.2 times exceeded EQSSC but 
that of the other three heavy metals was within the range 
of EQSSC. According to soil background values in 
Guangdong Province, the contents of Zn, Pb, Cu, Hg and Cd 
were all beyond these values, especially those of Hg and 
Cd were 400 times above EQSSC and those of Mn, Cr and 
Ni were below these values. Note: "--" means the value is 
not beyond the standard range. Reference standard I 
referred to the range of pH value below 6.5 in Class II of 
the Standard for Agriculture Land (dry land) in EQSSC 
(Environmental Quality Standard for Soils in China, 
GB15168-1995). Reference standard II referred to SBVGP 
(the soil background values in Guangdong Province) (Table 
2).  

SFPI and PERI are the abbreviation of single factor 
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Table 2: The soil heavy metal content in the tailings. 
 

Elements 
Contents 
(mg/kg) 

EQSSC (mg/kg) 
Multiples exceeding 

Class II in EQSSC 
SBVGP  

(mg/kg) 
Multiples 

exceeding SBVGP 

Zn 393.55± 0.55 ≤200 0.97 47.3 7.32 
Pb 317.72± 7.92 ≤250 0.27 36.0 7.83 
Mn 241.28± 4.95 583 - 279 - 
Cu  107.12 ± 0.5 ≤50 1.14 17.0 5.30 
Hg 35.95 ± 0.58 ≤0.3 118.93 0.078 459.90 
Cr 23.28 ± 0.12 ≤250 - 50.5 - 
Cd 23.19 ± 0.09 ≤0.3 77.20 0.056 413.11 
Ni 0.85 ± 0.04 ≤40 - 14.4 - 

 

Note: "--" means the value is not beyond the standard range. Reference standard I referred to the range of pH value below 6.5 in Class II of 
the Standard for Agriculture Land (dry land) in EQSSC (Environmental Quality Standard for Soils in China, GB15168-1995). Reference 
standard II referred to SBVGP (the soil background values in Guangdong Province). 

 
 

Table 3: Classification of potential ecological risk for heavy metal pollution (Xu et al., 2008; Jin et al., 2014).  
  

Classificatio
n 

Eri 
Ecological risk 
degree 

RI 
Total potential ecological risk 
degree 

1 Eri＜40 Low RI＜150 Low 

2 40≤Eri＜80 Moderate 
150≤RI＜30
0 

Moderate 

3 80≤Eri＜160 Considerable 
300≤RI＜60
0 

Considerate 

4 
160≤Eri＜32
0 

High RI≥600 Very high 

5 Eri≥320 Very high   

 
 

Table 4: The heavy metal pollution index and grade in soil. 
 

Standard 
Single factor pollution index Pi 

 

Synthetic 
pollution 

index 

Pollution  
level Cd Hg Zn Cu Pb Cr Ni Mn* 

SFPI I 78.20 118.93 1.97 2.14 1.27 0.09 0.01 0.41 79.12 Heavy 

SFPI II 
414.1

1 
460.90 8.32 6.30 8.83 0.46 0.02 0.86 429.11 Heavy 

 

*Note: Because no relevant standard of Mn is not determined EQSSC, the environmental soil background value of Mn in China (CEMS, 
1990) is regarded as its standard value in calculation in this table. 

 
 
pollution index and potential ecological risk index. SFPD I 
and SFPI were calculated based on the reference standard I 
and II, the same as PERI I and II. The letter behind the SFPI 
I and II indicates the level of pollution. S means security, W 
means alert; C: clean; L: light pollution; M: moderate 
pollution and H: heavy pollution. The letter behind the 
PERI I and II indicated the degree of potential ecological 
risk. L means low Ecological risk degree, M, C, H and VH 
means moderate, considerable, high and very high degree, 
respectively (Tables 1 and 3).  

Based on EQSSC, the descending order of SFPI (single 
factor pollution index) in soil was Cd, Hg, Zn, Cu, Pb, Cr and 
Ni while the SFPI of Cd, Hg, Zn and Cu was above 1, 
indicating the soil had been polluted by these four heavy 
metals. The SFPI of Cd and Hg was even far above 3 
indicating the soil had been seriously polluted by the two 
elements. Based on SBVGP, the SFPI of Cd, Hg, Zn, Cu and 
Pb was above 3 and those of Cd and Hg was even above 

400, indicating the soil was seriously polluted by these 
five elements, especially Hg and Cd. The comprehensive 
pollution index of the soil was also far above 3 whether 
according to EQSSC or SBVGP and showed that the heavy 
metal compound pollution of soil in the area has reached 
the serious degree (Table 4).  
 
 
Assessment of potential ecological risk index of heavy 
metals in soil 
 
According to EQSSC, the descending order of ecological 
risk index was Hg, Cd, Cu, Pb, Zn, Ni, Cr and Mn, the 
potential ecological risk index of Hg and Cd were very high 
and above 320, which reached a serious level more than 
other heavy metals. The potential ecological risk index of 
the other 6 heavy metals was far below 40, indicating that 
there was only a slight harm. 
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Table 5: Soil heavy metal pollution potential ecological risk index and risk level. 
 

Heavy metals ErCd ErHg ErZn ErCu ErPb ErCr ErNi Mn* RI 

S1 2346.00E 4757.20D 1.97A 10.70A 6.35D 0.18A 0.05A 0.41A 373.39C 

S2 12423.30E 18436.00E 8.32A 31.50A 44.15B 0.92A 0.10A 0.86A 4713.65E 
 

Note: The letters behind the numbers indicates the degree of potential ecological risk. A means low, B means moderate, C: considerate, D: high 
and E: very high. S1 is based on the standard of soil environmental quality standards, S2 is based on the Guangdong soil background values. 

 
 

Table 6: Part and underground part of heavy metal content (mg·kg-1) and the transfer coefficient. 
 

Part 
The content of above -ground 

part 

The content of under ground 

part 

Transfer 

coefficient 

Zn 343.35 ±1.18 382.29 ±1.26 0.90 

Mn 605.42 ±4.36 72.38 ±0.85 8.36 

Pb 433.6 ±2.35 178.44 ±0.57 2.43 

Cu 11.63 ±0.06 39.41 ±0.16 0.30 

Hg 7.84 ±0.47 39.47 ±0.13 0.20 

Cd 4.27 ±0.69 12.62 ±0.8 0.34 

Cr 4.27 ±0.23 12.62 ±0.01 0.34 

Ni 2.02 ±0.14 68.8 ±3.23 0.03 

 
 

Table 7: The enrichment coefficient of different heavy metals in above and under ground parts. 
 

Part Above-ground part Underground part 

Zn 0.87 0.97 
Mn 2.51 0.30 
Pb 1.36 0.56 
Cu 0.11 0.37 
Hg 0.22 1.10 
Cd 0.18 0.54 
Cr 0.18 0.54 
Ni 2.36 80.94 

 

 
According to SBVGP, the descending order of ecological 

risk index was Hg, Cd, Pb, Cu, Zn, Cr, Ni, Hg and Cd. The PER 
(potential ecological risk) index of Hg and Cd was far 
beyond 320 indicating the PER reached extremely strong 
levels and that of Pb was 44 indicating its PER reached a 
moderate level, but those of the other heavy metals were 
all below 40, indicating their PER reached low level (Table 
5). 
 
 
Content and transfer coefficient of heavy metals in 
every part of the grass 
 
There was little difference of Zn content in between the 
above-ground and underground part, but great difference 
of the other heavy metals. The content of Mn and Pb in 
above-ground part were far more than that in the 
underground part, but the situation was just the opposite 
for the other heavy metals. The descending order of 
content in the above-ground part was 
Mn>Pb>Zn>Cu>Hg>Cd=Cr>Ni, but that in the 
underground was Zn>Pb>Mn>Hg>Cu>Cd=Cr>Ni. The TC 
(transfer coefficient) of Mn and Pb was above 1, but those 

of the other elements were all below 1. The TC of Mn was 
the highest (8.36), but that of Ni was the lowest (only 
0.03). Therefore, the transfer ability of Mn and Pb was 
stronger than that of other heavy metals (Table 6).   
 
 
Heavy metal enrichment coefficient of each parts 
 
The descending order of EC (enrichment coefficient) of 
heavy metals in the above-ground part of the fern was 
Mn>Ni>Pb>Zn>Hg>Cr=Cd > Cu where Mn, Ni and Pb were 
all above 1 (Table 7). The EC of Mn was the highest and 
reached 2.51, but that of Cu was the lowest and only 0.11. 
The descending order of EC of heavy metals in 
underground part was Ni>Hg>Zn>Pb>Cr=Cd>Cu>Mn 
while the EC of Ni was the highest and reached 80.94, but 
that of Mn was the lowest and only 0.30. 

Both in the above-ground parts and underground parts, 
the enrichment ability of Ni were relatively strong, 
especially in the underground part such that Ni content in 
soil was very low and the clean degree of soil was high. 
However, the enrichment ability of Cu, Cd and Cr were all 
very weak while the content of Cd was relatively high and 
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reached a serious pollution level. 
 
 
DISCUSSION 
 
In most areas of Guangdong Province, the soil is acidic (Xu 
et al., 1996; Guo et al., 2014). In this study, it was also 
found that the pH value of soil in Bencun Pb-Zn tailings 
was 5.45, which showed the soil has strong acid according 
to the national soil environmental quality standards in 
China. The soil pH value directly affected the soil fertility 
and plant growth, in strong acidic soil and the heavy metal 
elements tended to accumulate in ionic forms, which was 
not conducive to improvement of the status of soil 
pollution in tailings (Schwab et al., 2008). The content of 
four heavy metals, Hg, Cd, Zn and Cu were above the 
Second National Soil Quality Standard in China and the soil 
background values in Guangdong Province and the 
contents of Pb and Cd were far above the aforementioned 
two standards and this proved that the soil was polluted to 
an extremely serious level.  

Some previous studies on Bencun Pb-Zn tailings showed 
the descending order of Cd, Cu and Zn and Pb was 
Pb＞Zn＞Cu＞Cd, but the current experimental study 
revealed that the descending order for these four elements 
was Zn＞Pb＞Cu＞Cd. After about 5 years, the Pb and Zn 
content was reduced, while the content of Pb and Zn was 
about only 1/27 and 1/9 of the previous content but there 
was no big change in those of Cd and Cu (Yang et al., 
2012). The heavy metal content in the soil was changed by 
the rain water leaching and plant absorption.  

It was deduced from the pollution index and pollution 
degree of soil heavy metals that the pollution of Hg and Cd 
was very serious and reached the heavy pollution level, 
followed by that of Pb, Zn and Cu. The potential ecological 
risk index was quite big, which suggested the potential 
ecological risk of heavy metals in soil was very serious. Cd, 
Hg and Pb were the main potential ecological risk factors, 
but that of other heavy metals was very low. 

Many studies in Pb-Zn tailings showed that there is 
usually serious compound pollution of heavy metals, such 
as Cd, Pb, Zn or Cu in soil (Wang et al., 2010; Yang et al., 
2012; Xu and Wu, 2014). Similarly, in this study, the soil in 
Bencun Pb-Zn tailings also existed in such compound 
heavy metal pollution and this experiment reflected the Hg 
pollution is the most serious. Therefore, the pollution 
control work in Bencun Pb-Zn tailings is urgently needed 
to effectively eliminate and recover these heavy metals 
including Hg, Cd, Pb, Zn and Cu. 

The hyper accumulation plant was first defined by Baker 
and Brooks (1989). The critical content of different heavy 
metals in plants was different and that of Zn was 10000 
mg/kg, Cd was 100, Hg was 10 mg/kg while Pb, Cu and Ni 
were 1000 mg/kg respectively. In addition, the transport 
coefficients and enrichment coefficients of these plants 
should be above 1.  

In the present study, except Mn and Cu, the content of 

the other six heavy metals exceeded the normal content in 
plants and the content of Hg in above-ground part of E. 
ramosissimum was even above the critical value of hyper 
accumulator and the enrichment coefficient was above 1 
such that the fern had a strong ability to enrich Hg and 
might be ideal for potential phytoremediation of Hg. 

Although the Mn content of E. ramosissimum was in the 
normal content range of plants (1 to 700.0 mg/kg), that in 
above-ground part reached 605.42 mg/kg and suggested 
that the fern had strong enrichment of Mn and the transfer 
coefficient was far above 1 such that the fern could be 
used as a pioneer plant for Mn restoration in the mining 
area. The content of Pb and Zn in above-ground and 
underground part was very high and far beyond the 
content normal range (Pb 0.1 to 4.17 mg/kg, Zn 1.0 to 160 
mg/kg) in most plants. E. ramosissimum had strong 
resistance to Pb and Zn but since the content of Pb and Zn 
did not exceed the critical content of hyper accumulator 
(10000 mg/kg) and whether it is a hyper accumulator still 
needs further researches. The content, enrichment and 
transfer ability of Cu, Cd and Cr in E. ramosissimum were 
all low and far below the critical criteria for hyper 
accumulator and such that the fern was not likely to be the 
hyperaccumulator for the three heavy metals. 

In the present study, the total content of 8 heavy metals 
in the soil and fern in the tailings were roughly measured, 
but the different forms of these heavy metals in soil and 
fern are not yet determined and analyzed. Some 
researchers pointed out that studies on different forms of 
heavy metals and their dynamic changes in polluted soils is 
more helpful to reveal the mechanism of enrichment and 
transfer in plants. This is the focus of our next research 
work. 
 
 
Conclusion 

 
The soil in Bencun Pb-Zn tailing was strong and acidic and 
the heavy metal pollution had reached the heavy level. The 
content of Zn, Cu, Cd and Hg were all above the second 
national standard of soil quality standards in China and the 
compound pollution of these heavy metals was very 
serious. According to the second national standard of soil 
quality in China, the potential ecological risk index of Cd 
and Hg was very high and reached a serious level, while 
those of the other six heavy metals was low and reached a 
slight degree. According to the soil background values in 
Guangdong province, the potential ecological risk index of 
Cd and Hg reached a very serious level, that of Pb reached 
a moderate level, while those of Cu Zn, Cr, Ni reached a low 
level. The enrichment coefficients of Mn, Ni and Pb in 
above-ground part of E. ramosissimum were all above 1, 
while those of Ni and Hg in underground part were both 
above 1. The transfer coefficients of Mn and Pb were both 
above 1, but in other cases, the two coefficients were both 
below 1. According to the standard of hyper accumulation 
plants proposed by and Brooks Baker (1989), the fern was  
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not hyperaccumulator for any of these 8 heavy metal 
elements, but in Bencun Pb-Zn tailings, the fern grew 
relatively well and even formed a mono-dominant 
community. Therefore, the fern can be used as an ideal 
pioneer plant to repair the pollution of these heavy metals, 
especially Pb and Mn in the Pb-Zn tailings. 
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