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Abstract: This study aimed to determine the concentration levels, potential sources and ecological
risks of eleven trace elements, namely Cr, Fe, Co, Ni, Cu, As, Sb, Cd, Zn, Hg and Pb, in the
soil from Huangpi district, Wuhan, Central China. Soil samples were collected from eighteen
sites at soil depths of 1-10 and 10-20 cm and analyzed using Inductively Coupled Plasma-Mass
Spectrometer ICP-MS (Thermo X SERIES 2, Scientific and Innovative Technology Co. Ltd.,
Beijing, China). The recorded mean concentration of the elements were in a decreasing order of
Fe > Co > Cr>Ni>Pb>Cu> As>Cd >Sb > Zn > Hg. The mean concentration of trace elements,
soil pH and total organic carbon (TOC) were higher at a soil depth of 1-10 cm. The obtained mean
concentration of Cr, Co, As, Cd, Ni, Cu, Hg and Pb were above the soil background values of Wuhan
and Hubei Province. The mean concentration values of Co, Ni and Cd, exceeded the recommended
FAO (Food and Agriculture Organization)/ISRIC (International Soil Reference and Information
Centre) (2004) and WHO/FAO (2001) values. Pearson’s correlation analysis illustrated that there was
a strong and significant correlation between trace elements, whereas, a weak positive and negative
correlation between elements and soil properties (pH and TOC). The principal component analysis
(PCA) and cluster analysis (CA) result indicated that the concentration of trace elements in Huangpi
soil were originated from anthropogenic sources. Potential ecological risk index (RI) of this study
revealed that there is a high ecological risk of trace elements in the soil. Enrichment factor (EF) and
geo-accumulation index (Igeo) of trace elements for this study indicated that the study area is strongly
contaminated with Cd and Co. Generally, the finding of this research showed that Huangpi soil
is contaminated.

Keywords: trace elements; concentration; microwave digester; Wuhan; soil contamination; ecological risk

1. Introduction

Trace elements are identified as a dangerous group of environmental pollutants, due to their
persistence, non-degradability and toxicity to living organisms [1,2]. Unlike many organic pollutants,
which eventually degrade to carbon dioxide and water, trace elements tend to accumulate in the
environment, especially in soil and sediments [3]. Trace elements have specific gravity greater than
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5g/ cm? and they include elements such as Cd, Zn, Pb, Hg, Sb, Cr, Co, As, Ni Cu, Mo, and Mg [4,5].
Trace elements like Cd, Cr, Pb, Hg, Ni and As have been listed as the most dangerous elements and
priority control pollutants by the United States Environmental Protection Agency (USEPA) [6-8].
Trace elements can originate from natural sources (e.g., parent materials, weathering of rocks, volcanic
eruptions and soil erosion) and anthropogenic sources (e.g., industrialization, urbanization, vehicular
emissions, mining activities, smelting, burning of fossil fuels and agricultural inputs such as fertilizers,
pesticides, herbicides and fungicides [9,10]. However, currently anthropogenic activities significantly
accelerate the accumulation of trace elements in the environment [11,12].

Soil is one of the environmental compartments which plays an important role in plant growth,
development and other ecosystem services [8,13]. On the other hand, it also serves as a sink for
different environmental pollutants like toxic trace elements [14-16]. Several studies from different
countries point out the toxic effects of trace elements on soil, plants and animals [1,3,12]. Excessive
accumulation of trace elements in soil can reduce soil microorganism levels which results in soil quality
degradation [16,17], and reduction of agricultural productivity [3,15,18]. It has been reported that
foodstuffs and domestic feeds in Asian countries are severely contaminated with trace metals [19].
According to China national census of pollution report, more than 1.5 million sites in China have been
exposed to toxic trace elements, 20 million hectares of agricultural lands have been polluted [20] and
over 12 million tons of grains are contaminated by toxic elements per year [7]. About 1.5 x 10° km? of
cultivated lands is polluted by Cd [21]. In addition to the above reports, a survey conducted in 2014
indicated that 16.1% of the sampled lands were contaminated by Hg, As and Pb [6].

Plants not only absorb essential nutrients, they also absorb toxic elements from the environmental
compartments [22], which results in a bio-accumulation effect [14,23]. Consequently, consumption of
contaminated plants and animals can cause health problems [24]. Particularly, Cd is amongst trace
metals that increased international concern due its carcinogenic effect [21]. The adverse effects of toxic
trace elements on human beings have been reported from different countries of the world [24,25].
For example: As causes dermal lesions, skin cancer, peripheral vascular diseases and peripheral
neuropathy [26,27], Cd can result in kidney dysfunction, hypertension, lung cancer, bone fractures,
prostatic hyperplasia and adenocarcinomas, Cu can cause Alzheimer’s, prion disease [28,29], and Pb
can affect the endocrine system, immune system, skeletal, circulatory system and nervous system [30].

Due to the rapid economic growth in China, there are heterogeneous anthropogenic activities
which increase the accumulation of trace elements in the environment [31]. Agricultural inputs
(fertilizers, herbicides, pesticides and fungicides), the use of wastewater for irrigation, urbanization,
industrialization and construction of road networks are the major anthropogenic activities in Wuhan,
Hubei Province [32-34]. Huangpi is one of the districts in Wuhan, in which the above anthropogenic
activities are commonly observed [20]. However, there is lack of data and research works on the status
of trace elements in Huangpi district. Previously conducted studies in Wuhan were focused only on
few trace elements such as Cd, Cr, Pb Ni, As, Cu and Hg. Therefore, it’s important to investigate
the status of the above listed and other additional trace elements like Co, Sb, Fe, Zn in the soil of
Huangpi district. Thus, the objectives of this study were: (1) to determine the concentration level of
trace elements, (2) to identify the potential sources of trace elements, (3) to evaluate pollution status
and ecological risks of trace elements in the soil and (4) to determine the effect of soil pH and total
organic matter on the concentration of trace elements.

2. Materials and Methods

2.1. Study Area

Soil samples were collected from Huangpi district, Wuhan, Central China. Huangpi is one
of thirteen districts of Wuhan, located on northern outskirts of Wuhan between 30°52’30” N and
114°22°30” E (Figure 1). The area of the district is about 2261 km?, with a population of 1,107,565 [31].
From the total area of the land 56.12%, 18.29%, 0.22%, 7.09%, 0.21%, 23% and 4.08% are covered by
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cultivated land, forest land, grassland, settlements and industrial sites, land for transport, water area
and unused land, respectively [35].
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Figure 1. Study area. (The number (1-18) represents sampling sites: S1 (Tangjiawan), S2 (Fengdouhu)
S3 (Erpaiqu), S4 (Changdi), S5 (Zhujiashan), S6 (Tujiadun), S7 (Zhulinyuan). S8 (Zhoujiawan), S9
(Lishuwan), S10 (Xinyang), S11 (Leqianwan), S12 (Bomogang), S13 (Hanjiafan), S14 (Wanjiatian), S15
(Hongguanshanxiawan), S16 (Dujiatian), S17 (Tianjiaxiaowan), 518 (Tianjiaxiaowan).

2.2. Sample Collection and Pretreatment

Soil samples were collected from eighteen sampling sites of different land use types (barren land,
farmland, paddy field, plastic greenhouse) at soil depths of 1-10 and 10-20 cm. The sample sites
were located using a global positioning system (GPS). For each site, three replicates were taken to
make up a composite soil. The collected samples were packed in polyethylene containers, labeled
and transported to the laboratory for analysis. All samples were dried using a benchtop lab vacuum
freeze dryer (Xinzhi Biotechnology Co., Ltd., Ningbo, China) at —40 °C for 24 h, the samples were
ground, sieved through 0.6 mm mesh nylon sieve and stored in a refrigerator at —20 °C for further
analysis [12,36].

2.3. Sample Extraction and Analysis

About 0.1-0.15 g of soil samples were measured using a digital analytical balance (METTLER
TOLEDO, Columbus, OH, USA), placed into Teflon vessels, digested with 4 mL of nitric acid (HNOs3,
63%), 2 mL of hydrogen fluoride (HF > 40%) and perchloric acid (HCIO4 70-72%) using a microwave
digester (ETHOS ONE, Milestone, Leutkirch im Allgau, Germany). The digester was operated for
2 h at a controlled pressure, temperature and output power according to [37]. The digested samples
were heated on the heating plate at a temperature of 135 °C for 2 h and cooled to room temperature.
Then the final volume was topped up to 50 mL using double distilled water and filtered using 0.22
um membrane filter paper for analysis [22,36] and the filtered samples were stored in plastic bottles
at —4 °C to minimize volatilization and biodegradation [38]. Finally, the samples were analyzed
using ICP-MS (Thermo XSERIES2, Beijing, Scientific and Innovative Technology Co. Ltd., Beijing,
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China). In addition, selected soil properties (soil pH and TOC) were measured. Soil pH was measured
according to [22], using a pH meter (METTLER TOLEDO) and the total organic carbon (TOC) of the
soil was measured by [39] method using a TOC analyzer (Elementar GmbH, Langenselbold, Germany).

2.4. Standard Preparations and Calibration Curves

All chemicals and reagents used were analytical grades with purity of 99%. Five working
solutions with concentrations of 0.1, 0.5, 1, 5, 10 and 20 pg/L were prepared from the stock solutions
of 1000 ug/mL using double distilled water with 10% nitric acid (HNOj3, 63%). The working
solutions were analyzed before running samples to check the accuracy and reliability of the instrument.
Calibration curves produced for all elements indicated that the obtained curves had r? values greater
than 0.994.

2.5. Statistical Analysis

Statistical Package for Social Sciences (SPSS) version 20 (IBM, Armonk, NY, USA) and Microsoft
Offices Excel 2013 (Microsoft Corporation, Albuquerque, NM, United States) were used to analyze
the data. Pearson’s correlation coefficient was used to analyze the relationships between elements,
soil pH and TOC. The potential sources of trace elements were identified using factor analysis (PCA
and cluster analyses).

2.6. Quality Analysis and Quality Control

To ensure the quality of the experiment all reagents and chemicals used were analytical-reagent
grades. All plastic containers were soaked with 10% HNO3 (63%) for 12 h and washed three times with
double distilled water to remove other contaminants, dried in oven at 60-65 °C for 24 h. The relative
standard deviations (RSD) of three consecutive measurements of the standard solutions were used to
determine the precision of ICP-MS. The obtained percentage of relative standard deviation (% RSD)
was less than 10% indicating a good precision of the instrument. The recovery value of elements
ranged between (90-104%).

2.7. Methods of Evaluating Contamination Level and Ecological Risk of Trace Elements

2.7.1. Potential Ecological Risk Index (RI)

Potential ecological risk index helps to evaluate the pollution of trace elements in the soil [40].
It is the sum of the ecological risk factor of a single element in the sample [41]. The following formulas
given by [41] were used to calculate potential ecological risk indices of the elements.

Cj = C5/Ck @)
Cd = £4.C} @
Ep = CpxT; €)
RI =X} /E} @)

where Cif is the contamination factor for trace elements; C'g is the measured concentrations value of
elements in the soil; C'y is the background reference values of trace elements in the soil; Cy; is a degree
of contamination; Eif is the ecological risk index of a single element; Tif is the toxicity coefficient of an
element and RI represents the total potential risk index of elements [40] (Table 1).

Due to the absence of soil background reference values of trace elements in Huangpi district,
Wuhan soil background values were used as a reference: Cr (90), Ni (40), Cu (35), Zn (100), As (15),
Cd (0.20), Hg (0.15), Pb (35) mg/kg [42] and Hubei Province soil background values were used for
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Co (15.4) [32], Sb (1.65 mg/kg) [43] and Fe (29,400 mg/kg) [40]. I"if values given by [41] were Cr =2,
As=10,Cd =30,Ni=Cu=Pb=5Zn=1, Hg=40and Co =2, Fe =0 and Sb = 15.

Table 1. The standard given for the contamination factor, degree of contamination, ecological risk
factor and risk index of elements.

Degree

Cit Contamination C, Class Contamination Ei; Pollution RI Risk Degree
Level Degree
Level
) Low ) Low
<1 contamination Ci<8 Low 'r<40 Low risk RI <150 ) .
ecological risk
factor
1<Cipcg  Moderate g 46 Moderate  40<FE;<80 Moderaterisk 150 <RI<300 _ Mioderate
contamination ecological risk
Considerable . .
3<Cf<6 contamination 16<C;<32  Considerable 80 < Ei;<160 Considerable 5,  pr_gpg ~ Considerable
risk ecological risk
factor
Cir>6 Very high Ci>3 Very high 160 < Eif< 320 high risk RI > 600 Very stron
f contamination 4= yhig SEf & y g

E"f > 320 Extremely high
Source: [41].

2.7.2. Enrichment Factor (EF)

Enrichment factor (EF) was evaluated to determine the degree of anthropogenic factors on trace
elements accumulation in the soil. It reflects the disturbance degree of human activities on the natural
environment [44]. EF is calculated as follows:

—_ (Ci"f ) sample

( Biif ) background

©)

where C; is the concentration of trace elements in the sample; C,,s is the concentration of reference
element in the sample; B; is the background value of interest element and B, is the background value
of reference elements in the study area. Fe was selected as the reference element for this study because
Fe is a major sorbent and it is a quasi-conservative tracer of natural elements in fluvial and coastal
sediments [12]. Wuhan soil background was used as the reference. The following EF class were given
for elements; EF <2,2 < EF <5,5 < EF < 20,20 < EF <40 and EF > 40 indicated low, moderate,
significant, very high and extremely high enrichment factor, respectively.

2.7.3. Geo-accumulation Index (Igeo)

The geo-accumulation indexes (Igeo) of elements were calculated to identify the degree of
contamination and to compare it with the pre-industrial level [45]. This method classifies the pollution
level of elements in terms of seven enrichment classes. It is calculated using the following formula:

C
Igeo = Log, ﬁ (6)

where Ig, is the geo-accumulation index, C; is the measured concentration of an element (mg/kg) in
the sample, B, is the geochemical background value of an element (mg/kg) and 1.5 is the factor used
for lithological variations of elements.

Seven classes and contamination intensity are given for Ig: Igeo < 0 (uncontaminated), 0 < Igep < 1
(uncontaminated to moderately contaminated), 1 < Ige, < 2 (moderately contaminated), 2 < Igeo < 3
(moderately to strongly contaminated), 3 < Igep < 4 (strongly contaminated), 4 < Igep < 5 (strongly to
extremely contaminated) and Ige, > 5 (extremely contaminated) [45].
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3. Result and Discussion

3.1. Spatial Distribution of Selected Soil Properties (pH and TOC)

It has been reported that soil properties such as soil pH and total organic carbon (TOC) are the most
important factors that influence cation mobility and regulate the solubility of trace elements in the soil.
The obtained mean result of soil pH and TOC for this study were presented in Table 2. As illustrated,
the mean soil pH results ranged from 4.20-6.87 with a mean value of 5.71. The comparison between
individual samples (Table 3) indicated the soil pH ranged from 4.12-8.07 with an average of 5.87 at the
soil depth of 1-10 cm and 4.28-6.52 with an average of 5.55 at the soil depth of 10-20 cm. The highest
soil pH value (8.07) was recorded in the greenhouse soil from Changdi site at a soil depth of 1-10 cm.
The main reason for this might be connected with relatively low precipitation amount and less leaching
of base-forming cation in the green house. The mean comparison between the two depths indicated
that the soil pH at 1-10 cm (5.87) is higher than the soil depth of 10-20 cm (5.55) (Figure 2). The result is
in line with the findings of [46,47], whereas the result is different from the findings of [48]. According
to the classification of soil pH grade, the pH value of (<5) indicated slightly acidic, (5-6.5) mildly acidic,
(6.5-7.5) neutral, (7.5-8.5) mildly alkaline and (>8.5) indicated strongly alkaline [49]. According to these
classifications, Huangpi soil is classified as slightly acidic, mildly acidic, neutral and mildly alkaline.

The average total organic carbon of soil ranged from 0.65-2.41 with the mean value of 1.71.
The highest mean value of TOC (2.41) was recorded in Dujiatian site (farmland), whereas the lowest
TOC (0.65) was recorded from barren land at the Zhoujiawan site. TOC ranged from 0.63-2.60 with a
mean value of 1.74 at soil depth of 1-10 cm and 0.66-2.71 with a mean value of 1.71 at the soil depth of
10-20 cm. The highest mean was recorded at the soil depth of 1-10 cm (Figure 2). A similar result was
reported by [47,50]. Numerous studies indicated that TOC of soil decreases with soil depth [50,51].
The main reason for this might be biological activity in the top layer of soil [51].

3.2. Concentrations and Distribution of Trace Elements

Eleven trace elements in Huangpi district soil were studied. The results of descriptive statistics;
mean, maximum, minimum, standard deviation and Skewness were presented in Table 2 and
individual results of all samples and mean for both depths were presented in Table 3 and Figure 2,
respectively. The results indicated that the concentrations of the elements showed variation between
samples and within samples at different soil depths. All elements except As, Sb, Hg and Cd were
detected in all samples at soil depths of 1-10 and 10-20 cm with detection frequency of 100%
for Cr, Fe, Co, Ni, Cu, Zn and Pb; and 72%, 89%, 78% and 42% for As, Sb, Cd, Hg respectively.
The mean concentration of trace elements at soil depth of 1-10 cm were in decreasing order of
Fe > Co > Cr > Ni > Pb > Cu > Cd > As > Zn > Sb > Hg, whereas, Fe > Co > Cr > Ni>
Pb > Cu > As > Cd > Zn > Sb > Hg at soil depth 10-20 cm (Figure 2).The highest mean concentration
values for all elements were recorded at a soil depth of 1-10 cm. The results of this study was in line
with those of [52-54]. According to Camobreco [55] the highest accumulation of trace elements in the
surface layer of the soil might be due to a high sorption capacity of trace elements which results from
soil chemical reactions between soil solid phases, including silicate clays, hydroxides and oxides of
elements. Another study by Rahaman [53] also indicated that trace elements were found abundantly in
the surface layer and the value decreased with an increase in soil depth with few exceptions. Converse
to the results obtained in this study, the report by [56] from Kenya, indicated that subsurface soil
accumulates high concentration of trace elements than surface soil due to soil leaching.
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Table 2. Descriptive statistics of trace elements (mg/kg) and selected soil properties (pH and TOC) of

soil from Huangpi district and background value of Wuhan, Hubei and China.

Elements Min Max Mean SD Skewness (a) (b) (c) (d) (e) f)
Cr 66.56 321.73 140.1 58.84 1.795 90 86 200 250 - 1000
Fe 13,583.04 55,398.01 27,3049 10,705.1 1.148 - 29,400 29,400 - - -
Co 724446 5462191 22,656.94 10,317.8 1.578 - 154 40 50 50 -
Ni 51.18 210.63 117.8 50.93 0.701 40 37.3 50 100 100 500
Cu 26.09 139.98 60.73 30.06 1.197 35 30.7 100 100 100 100
As ND 47.58 15.58 17.68 0.826 15 12.3 30 - - 75
Sb ND 1.54 0.58 0.42 0.662 - 1.65 10 - - -
Cd 0.07 77.62 15.44 23.84 1.69 0.2 0.172 0.5 5 3 0.7
Zn 1.53 481 3.32 0.94 —0.544 100 83.6 250 500 300 300
Hg ND 1.13 0.15 0.26 3.458 0.15 0.08 0.7 - 2 1
Pb 38.81 117.9 74.16 20.22 0.395 35 26.7 80 150 50 200
pH 4.2 6.87 5.71 0.73 —0.543 - 6.5 - - - -

TOC 0.65 241 1.72 047 —0.815 - - - - - -

ND: Not detected; Max = Maximum; Min=minimum; SD = Standard deviation. (a), Wuhan soil background value
[42], (b), Hubei province soil background [37], (c), china soil background value [27], (d), Food and Agriculture
Organization (FAO)/International Soil Reference and Information Centre (ISRIC) (2004) [57] (e), World Health
Organization (WHO)/Food and Agricultural Organization (FAO) (2001) [12], (f), United States and Environmental
Protection Agency (USEPA) (1983) [58].

Table 3. The concentration of trace elements (mg/kg), soil pH and TOC for each sample at soil depths of
(1-10 and 10-20 cm).

S Cr Fe Ni Cu As Sb Cd Zn Hg Pb PH TOC
Depth of 1-10 cm
1 94.20 14,491.1 10,1339 73.64 39 ND 0.58 ND 285 015 5342 5.21 1.59
2 169.20 28,732.1  22,910.7 163.3 109 3178 1.09 3461 435 036 7071 5091 1.75
3 163.13 28,6339 23,232.1 160.8 61 2211 0.63 1382 438 051 7795 7.86 1.71
4 251.54 40,557.7 33,375 293.75 123 4293 175 7513 565 0.19 10644 8.07 2.6
5 266.25 46,817.3 36,7404 253.08 138 6383 195 12459 657 058 151.06 5.39 214
6 112.69 20,019.2  16,653.9 97.6 62 ND 0.2 ND 197 0.19 6188 573 1.51
7 224.50 39,650 31,433.3 181 165 60.82 1.78 10846 5.4 0.31 14133 6.29 1.03
8 137.77 23,946.4  35,053.6 120.27 33 43.64 065 2845 428 ND 7577 6.57 0.63
9 124.04 21,750 22,846.2 96.92 93 1.01 0.7 0.71 413 ND 9417 614 258
10 130.17 20,175 20,925 120.08 53 3.24 0.52 1.67 3.67 0.08 10675 658 231
11 138.56 28,903.9 24,884.6 100.19 43 10.02 0.52 5.2 258 ND 7423 5.86 1.14
12 149.02 29,151.8  29,098.2 122.86 61 1828 071 1289 4.03 0.08 101.07 4.79 2.23
13 88.51 15,875 10,846.2 57.9 52 ND 0.04 ND 275 ND 6577 648 225
14 172.50 29,033.3  28,258.3 125.42 60 ND 0.71 ND 347 ND 83.05 576 1.71
15 110.36 23,0714 15,116.1 70.31 36 1.3 ND ND 265 ND 6543 4.6 1.46
16 328.66 51,901.8 55,580.4 203.75 131 2303 013 3.08 373 141 576 5.05 1.4
17 138.17 20,908.3  25,366.7 109.33 47 5.52 087 478 493 033 8717 4.12 1.55
18 107.05 16,6429  19,991.1 81 35 ND 0.56 ND 348 ND 748 533 1.68
Depth of 10-20 cm

1 38.93 12,675 28.71 13 0.69 022 0.15 1.13 ND 242 6.01 2
2 165.17 46,416.7 23,508.3 207.67 69 29.74 1.03 3073 384 ND 7734 5.89 1.85
3 95 26,758.3  13,491.7 87.08 51 1543 036 553 2.6 ND 4059 546 1.81
4 125.42 33,083.3 17,733.3 127.5 42 3059 039 1198 227 ND 5528 5.66 1.5
5 145.09 36,5179 21,232.1 138.93 57 2724 113 3065 3.06 ND 6551 547 2
6 61.47 16,575 10,041.7 48.78 18 5.36 0.08 04 1.09 ND 3076 6.07 142
7 130.63 34,928.6  20,723.2 107.23 30 3434 053 1809 282 0.05 9446 59 0.93
8 118.75 31,000 28,875 100.8 42 4449 058 2582 32 0.18 7941 566 0.66
9 99.13 20,884.6  17,682.7 82.69 46 ND 0.45 ND 254 ND 67.79 6.3 2.24
10 113.3 20,232.1  17,598.2 101.34 42 ND 0.29 ND 316 ND 7818 642 2.17
11 70.08 17,044.6  11,857.1 65.87 12 ND ND 0.74 1.01 ND 394 6.52 1.08
12 106.16 25,500 21,000 90.36 34 13.6 039 534 247 ND 6259 44 1.94
13 65.62 13,182.7  8,005.77 49.54 57 ND ND 252 238 ND 4965 536 204
14 135.45 23,3929 22,187.5 106.52 50 2.73 0.14 0.39 264 ND 5849 5.35 1.99
15 93.71 19,682.7  12,990.4 59.91 23 ND ND 0.29 193 ND 5213 4.65 1.71
16 314.81 58,894.2  53,663.5 207.02 149 1605 0.14 231 408 08 704 515 271
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Table 3. Cont.

S Cr Fe Co Ni Cu As Sb Cd Zn Hg Pb PH TOC

17 112.23 20,4464 21,9821 93.39 43 1254 056 706 371 ND 7878 428 146
18 146.52 25,500  26,276.8 106.52 66 054 108 059 479 026 9625 538 128

S: Sample, ND: Not detected.

100%
90%
80%
70%
60%

50% u Depth 10-20
40% Depth 1-10

30%

Total percent

20%
10%

0%
Cr Fe Co Ni Cu As Sb Cd Zn Hg Pb PH TOC
Mean concentrations of trace metals, pH and TOC at soil depths of 1-10 cm and 10-20 cm

Figure 2. The mean concentrations of trace elements and selected soil properties (pH and TOC) at soil
depth of (1-10 and 10-20 cm).

The highest mean of Cr was recorded in the sample from Dujiatian (farmland), whereas the
lowest was recorded at Tangjiawan (barren land). The obtained mean result of Cr (140.10 mg/kg)
was higher than the soil background value of Wuhan (90 mg/kg) and Hubei Province (86 mg/kg),
but less than soil background of China (200 mg/kg). In comparison to the permissible limit of FAO
(Food and Agriculture Organization)/ISRIC (International Soil Reference and Information Centre)
(2004) (250 mg/kg) and USEPA (1983) (1000 mg/kg) the mean concentration value of Cr (140.10 mg/kg)
was lower. However, the individual mean result of single site indicated that the sample from Dujiatian
tea farmland (321.73 mg/kg) was above the permissible limit of FAO/ISRIC (2004). As compared
to the other findings in Wuhan, the obtained mean value of Cr for this study was higher than the
finding of [32] (85 mg/kg), but less than the finding by [33] (152.78 mg/kg). In comparison to the other
studies from other places, the mean concentration of Cr for this study was higher than the findings
from Cuba (85.9 mg/kg) [59], Bangladesh (53.7, 34.2 mg/kg) [60], India (8.01 mg/kg) [61], Tanzania
(7.68 mg/kg) [10], Brazil (20.61 mg/kg) [62], Pakistan (5.86 mg/kg) [63], Iran (48.08, 53.21 mg/kg) [64],
along Chao River in China (118 mg/kg) [65] and Northern Pakistan (29.94 mg/kg) [66].

The maximum mean value of Fe (55,398.01 mg/kg) was recorded at Dujiatian farmland site,
whereas the lowest value was recorded at Tangjiawan site in the soil from a barren land. The recorded
mean value of Fe was below the soil background value of Hubei Province and China (29,400 mg/kg).
As compared to the other studies, the mean concentration of Fe (27,304.9 mg/kg) from this study
was higher than a study from Bangladesh [11] (1800 mg/kg).The highest concentration of Co
(55,580.36 mg/kg was obtained at the Dujiatian site (farmland), whereas, the lowest value (4355 mg/kg)
was recorded at Tangjiawan site (barren land). The obtained mean Co was higher than the soil
background value of Wuhan, Hubei Province and China (Table 2). The mean concentration value of
Co (22,656.94 mg/kg) was above the permissible limit of FAO/ISRIC (2004) and WHO/FAO (2001)
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(Table 2). Compared to other findings the mean concentration of Co was higher than the study in Cuba
(9.16 mg/kg) [59], Brazil (7.44 mg/kg) [62], Pakistan (7.56 mg/kg) [63], Wuhan (China) (16 mg/kg) [32]
and (16.37 mg/kg) [33], Iran (38.5, 16.51 mg/kg) [64], Chao River China (17.5 mg/kg) [65] and Northern
Pakistan (36.76 mg/kg) [66].

The recorded mean concentration of Ni (117.80 mg/kg) was higher than the soil background value
of Wuhan, Hubei province and China. In addition, the mean value of Ni (117.80 mg/kg) was above the
permissible limit of FAO/ISRIC (2004) (100 mg/kg), WHO /FAO (2001), whereas below the permissible
limit of USEPA (1983) (500 mg/kg). The highest value of Cu was recorded at Dujiatian (farmland),
whereas the lowest was obtained from the soil of Tangjiawan site (grassland soil). According to the
obtained result, the mean concentration of Cu recorded was below the permissible limit of FAO/ISRIC
(2004), WHO/FAO (2001), USEPA (1983) and China (Table 2). However, the individual result of
each site indicated that the concentration of Cu at Dujiatian site exceeded the permissible limit of
FAO/ISRIC (2004), WHO/FAO (2001) and USEPA (1983). As compared to the other studies the
mean concentration value of Cu (60.73 mg/kg)was less than the finding in Brazil (111.54 mg/kg) [62],
Wuhan, China (60.85 mg/kg) [33], Hubei Province, China (386mg/kg), Democratic Republic of Congo
(10,320 mg/kg) [67], Iran (100.84 mg/kg) [64], but the result was higher than the findings in soil
from Cuba (43.10 mg/kg) [59], Bangladesh (20.6 mg/kg) [11], India (52.72 mg/kg) [61], Tanzania
(5.62 mg/kg) [10], Pakistan (18.12 mg/kg) [63], Northern Pakistan (35.28 mg/kg) [66] and in soil along
the Chao River in China (46.5 mg/kg) [65].

The highest value of As was recorded at Zhulinyuan site from a barren land, whereas the lowest
was recorded at Hanjiafan from a paddy field. The mean concentration result of As was higher than soil
background values of Wuhan and Hubei province (Table 2). The average concentration of As recorded
was below the permissible limit of USEPA (1983). However, the individual result of each site indicated
that the concentrations of As in samples from Fengdouhu, Changdi, Zhulinyuan, Zhoujiawan and
Zhujiashan sites were above the soil background value of China (30 mg/kg). The mean comparison of
As concentration of this study with the other studies are presented in Table 4.
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Table 4. Comparison of the median concentrations (mg/kg) result of trace elements for this study with the other studies.

Trace Elements

Countries Cr Fe Co Ni Cu As Sb Cd Zn Hg Pb Reference
China (Wuhan) 140.10 27,304.9 22,656.94 119.12 60.73 15.58 0.58 15.44 3.32 0.15 7416  This study
Bangladesh - 18,000 - 24.48 20.06 8.34 - - - - 0.85 [11]
Cuba 85.9 - 9.16 69.57 43.1 20.32 - 0.52 100.2 95.4 14.22 [59]
Bangladesh 53.7 30,404 - 48.1 60 4073.1 - 0.0072 209 486.6  49.66 [60]
China (Xihu district) 53.3 - 7.32 22.9 38.7 - - 0.387 139 - 70 [8]
China (Hubei) - - - - 386 35.4 - 2.59 - - 120 [34]
India 8.01 32.12 - 10.86 52.72 - - - 44.72 - - [61]
Tanzania 7.68 - - - 5.62 - - 0.22 33.18 - 14.32 [10]
Brazil 20.61 20,273.75 7.44 12.86 111.54 - 13.81 38.31 224.29 954.88 - [62]
Pakistan 5.86 - 7.56 22.16 18.12 - - 0.59 - - 16.18 [64]
Wuhan (China) 85 - 16 34 34 - - 0.2 85 0.11 33 [32]
Wuhan (China) 152.78 - 16.37 52.87 60.85 - - 3.98 86.4 - 30.17 [33]
Democratic republic of Congo - 4.5 990 20 10,320 29 - 49 726 - 135 [67]
Iran 48.08 101,588.89 38.5 74.69 100.84 16 0.22 0.16 72.96 22.30 10.80 [64]
Iran 53.21 33,428.13 16.51 71.56 38.95 11.77 0.21 0.22 71.91 31.45 15.07 [64]
Soil along Chao River (China) 118 - 17.5 20 46.5 6.07 - 0.16 113 0.360 20.3 [65]
Northern Pakistan 29.94 - 36.76 26.61 35.28 - - 2.04 101.76 4.69 [66]
Miyun Reservoir (China) - - 10.7-38.74 - - - - - - - - [68]
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The obtained mean concentrations of Sb (0.58 mg/kg) was lower than the soil background
value of Hubei (1.65 mg/kg) and China (10 mg/kg). The mean result of Sb in this study was
lower than the finding from Brazil (13.81 mg/kg) [62], whereas higher than the finding from Iran
(0.22, 0.21 mg/kg) [64]. The maximum value of Cd was recorded in the sample from Zhujiashan
from a greenhouse, whereas the lowest was recorded at Tangjiawan from barren land. The mean
concentration of Cd (15.44 mg/kg) was above the soil background values of Wuhan, Hubei Province
and China. In addition the concentration of Cd in this study passes the permissible limit of FAO/ISRIC
(2004), WHO/FAO (2001) USEPA (1983). In comparison to the other studies the concentration of Cd
for this study was lower than the finding of [62] (13.81 mg/kg) and [67] (49 mg/kg) (Table 4).

The mean concentration of Zn for this was lower than the soil background value of Wuhan, Hubei
and China. As compared to the permissible limit of FAO/ISRIC (2004) (500 mg/kg), WHO/FAO (2001)
(300 mg/kg), USEPA (1983) (500 mg/kg) and China 250 mg/kg the mean concentration of Zn in this
study was lower.

The mean result of Hg was higher than the soil background value of Wuhan, Hubei Province and
China (Table 2), but below, however, the permissible limits of FAO/ISRIC (2004), WHO/FAO (2001)
and USEPA (1983). However, the result of the individual site indicated that sample from Dujiatian
farm (1.13 mg/kg) exceeded the permissible limit of WHO/FAO (2001) (1 mg/kg). In comparison to
the other studies, the obtained mean concentration of Hg was lower than the finding of in soil from
Cuba [59], Bangladesh [60], Brazil [62], Iran [64] and soil along the Chao River in China [65].

The mean concentration of Pb was below the recommended value of FAO/ISRIC (2004)
and USEPA (1983), however, above the permissible limit of WHO/FAO (2001) (Table 2).
The concentration of Pb in samples from Changdi, Zhujiashan, Zhulinyuan, Lishuwan, Xinyang,
Bomogang and Tianjiaxiaowan site exceeded the soil background value of China (80 mg/kg) (Table 2).

3.3. Relationships of Trace Elements and Selected Soil Properties (pH and TOC)

Pearson’s correlation was applied to analyse the relationships between trace elements, soil pH
and TOC. The obtained result indicated that there was a significant positive correlation between
trace elements at a significant level of 0.01 and 0.05 (2-tailed) whereas, there was a negative and
weak correlation between trace elements and selected soil propertis (pH and TOC). Strong positive
correlations of Cr with Fe, Co, Ni, Cu, and Hg, Fe with Co, Ni, Cu and Hg, Co with Ni, Cu, and Hg,
Cu with Hg, As with Cd, Sb with Cd, Zn and Pb and Zn with Pb were observed at a significance level
of 0.01 and 0.05 (Table 5). Moderate and weak correlations between trace elements were also obtained
(Table 5). The relationships between trace elements and soil properties indicated that soil pH has a
weak positive correlation with Fe, Ni, Cu, As, Sb, Cd and Pb, whereas a negative correlation with
Cr, Co, Zn and Hg. The same finding was reported by [47], for Cr, As, Hg and Pb from Guangzhou
(China). TOC had a negative correlation with Co, As, Sb, Cd and Hg, and a weak correlation with Cr,
Fe, Ni, Cu, Zn and Hg. The same result was reported on Cd by [69]. Weak and negative correlations
were observed between soil pH and TOC. A significant positive correlation among elements indicates
a common origin. Moderate correlations among elements show those elements share a common source
but they are not totally from the same sources, and a weak correlation among those elements indicates
they have different origins. A negative correlation among elements and soil properties indicates no
influence of soil properties (pH and TOC) on the distribution and concentration of trace elements in
the soil.
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Table 5. Pearson’s correlation coefficient between individual trace elements and soil properties.
Elements Cr Fe Co Ni Cu As Sb Cd Zn Hg Pb pH TOC

Cr 1
Fe 0.961 ** 1

Co 0.920**  0.861 ** 1
Ni 0.874** 0.917**  0.730 ** 1

Cu 0.904** 0.895* 0.750 **  0.838 ** 1

As 0.535* 0.692* 0.489* 0.725* 0.544* 1
Sb 0.34 0.445 0235 0.634* 0426  0.733** 1

Cd 0.422 0.576* 0273  0.662* 0514* 0.902* 0.854** 1

Zn 0.618** 0.609** 0.599* 0.719** 0.631** 0.635** 0.770**  0.609 ** 1

Hg 0.849** 0.772** 0.809** 0.588* 0.763**  0.269 -0.003 0.1 0.363 1

Pb 0.388 0.412 0.375 0.495 * 0.448  0.592*  0.759* 0.694** 0.786**  0.022 1

pH —0.07 0.008 —0.165 0.173 0.07 0.222 0.139 0.202 —0.072 —-0.182 0.017 1

TOC 0.148 0.059 —0.024 0.175 0.292 —0.318 —0.048 —0.162 0.087 0.118 —0.026  0.007 1

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed).

12 of 19
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3.4. Factor Analysis

Principal Component Analysis (PCA) is a dimensional reduction tool that is used to reduce
large and complex data to a small set of variables which makes it easy for interpretation [70]. It is
used to identify correlated variables having common sources [71]. PCA result for trace elements
is presented in Table 6. The significant principal component is selected based on the basis of
Varimax rotation of Kaiser Criteria with an eigenvalue of greater than 1 [9]. The result indicated
that eigenvalues greater than 1 gave a total cumulative value of 86.029%. The variables were correlated
with two principal components.

Table 6. Rotated component matrix of trace elements in soil.

Component
Elements
1 2
Cr 0.949 0.282
Fe 0.886 0.408
Co 0.904 0.198
Ni 0.737 0.579
Cu 0.846 0.377
As 0.357 0.805
Sb 0.077 0.949
Cd 0.178 0.911
/n 0.438 0.748
Hg 0.948 —0.103
Pb 0.130 0.848
Eigenvalues % of 7.167 2.296
Variance 65.152 20.877

Cumulative % 65.152 86.029

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization.

Two-component factors were extracted and the result indicated that the first component with
an eigenvalue of 7.167 and with a variance of 65.125% was highly correlated with the high loadings
of Cr, Fe, Co, Ni, Cu and Hg (Table 6). According to PCA 1values, high and strong positive loading
of the elements Cr, Fe, Co, Ni and Cu was connected to anthropogenic factors. The samples were
collected from different agricultural fields (paddy field, farm land, vegetable field, plastic greenhouse
and barren land). Comparison between fields indicated that the highest value of Cr, Fe, Co, Ni, Cu
and Hg was recorded in farmland field. This indicated that the potential sources for these elements
might be associated with agricultural inputs (fertilizers, pesticides, herbicides and fungicides) and
use of wastewater for irrigation. Different studies have indicated that phosphate fertilizers are highly
used in China [6]. A previous study [6] reported that phosphate fertilizers are the main sources of
trace elements in the environment. PCA 2 gave eigenvalue of 2.296 and % variance of 20.877 with high
loading of As, Sb, Cd Zn and Pb. The PCA 2 might be connected with both anthropogenic and natural
factors (parent minerals, weathering processes) and different point and nonpoint sources (application
fertilizer, mining, industrial discharge, using wastewater for irrigation). A study by [19] indicated that
As might have originated from parent minerals.

3.5. Cluster Analysis

Cluster Analysis (CA) is a method used to group data according to their similarity [19].
Hierarchical Cluster Analysis (HCA) was applied based on the Wards method and Euclidean distance
methods [9]. The HCA result (Figure 3) indicated that elements were clustered into two major clusters.
The first cluster includes Crt, Fe, Cu, Ni, Co and Hg. The second cluster includes As, Cd, Zn, Pb and
Sb. HCA indicated that there is a close cluster between Cr and Fe, Ni and Cu, Co and Hg, As and Cd
and Zn and Pb. This implied that those elements were from the same sources. Pearson’s correlation
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analysis also pointed out that those elements had a strong positive correlation which suggested that the
elements have the same common origin. The moderate cluster between elements (Figure 3) indicated

that these elements share similar sources.
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Figure 3. Dendrogram of hierarchal cluster analysis for trace elements in soil using Ward methods.

3.6. Contamination Level and Ecological Risk of Trace Elements

Contamination factor, degree of contamination, ecological risk factor, potential ecological risk
index and enrichment factor and the geo-accumulation index of trace elements were evaluated and the

results presented in Table 7.

Table 7. Contamination Factor (C'f), Degree of Contamination (C;), Ecological Risk Factor (E’;), Risk
f V€8 S f

Index (RI), Enrichment Factor (EF) and Geo-accumulation Index (Ig) of trace elements.

Elements Cif Eif EF Degree of EF Igeo Contamination Level
Cr 1.56 3.11 1.75 Low enrichment 0.05 Uncontaminated to
moderately contaminated
Fe 0.93 0 1 Low enrichment —0.69 Uncontaminated
Co 147123 294246 1584.12 Extremely high 994  Extremely contaminated
enrichment
Ni 298 1489 344  Moderate enrichment 099 Uncontaminated to
moderately contaminated
Cu 1.74 8.68 2.13 Moderate enrichment ~ 0.21 Uncontaminated to
moderately contaminated
As 1.04 10.39 1.36 Low enrichment —0.53 Uncontaminated
Sb 0.35 5.27 0.38 Low enrichment —2.09 Uncontaminated
cd 7722 231661 904 Extremely high 569  Extremely contaminated
enrichment
Zn 0.03 0.03 0.04 Low enrichment —5.5 Uncontaminated
Hg 1 40 2.02 Moderate enrichment —0.58 Uncontaminated
Pb 2.12 10.59 2.99 Moderate enrichment 0.5 Uncontammated. to
moderately contaminated
Cy=XC'r=1560.2, RI = ZE'¢ = 5352.03

The obtained result of (Cif) indicated that Co > Cd > Ni > Pb > Cu > Cr > As > Hg > Fe > Sb > Zn.
According to the obtained value of (Cif), the contamination level of trace elements are grouped
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as low contamination from Zn (0.03), Fe (0.93) and Sb (0.35), moderate contamination from Cr,
Ni, Cu, As, Hg and Pb and a high contamination of soil from Co and Cd. The degree of
contamination (Cj;) for elements for this the study was 1560.2, which indicates a high degree of
soil contamination. Ecological risk factors (Eif) for single elements were in the decreasing order of
Co>Cd>Hg>Ni>Pb>As>Cu>5b>Cr>Zn>Fe. According to the classification given for
ecological risk factor for single elements in Table 1, Cr, Ni, Cu, As, Zn, Pb, Fe and Sb had low-risk
factors, Hg had a moderate risk factor and Cd and Co had an extremely high risk factors. Thus, Cd,
Hg and Co can cause high risk to human and environment in Huangpi district. The same result
was reported on Cd and Hg from East Dongting and Honghu Lake in Hunan Province, China [37].
The potential risk index (RI) for this study was 5352.03, which indicated a high ecological risk due
to these trace elements. The obtained enrichment factor of elements revealed that soil is enriched
with Co and Cd, moderately enriched with Ni, Cu, Hg and Pb; and less enriched with Cr, Fe As and
Sb (Table 7). This indicated that there is a high rate of anthropogenic disturbance in Huangpi soil.
Extremely high enrichment for Cd was also reported by [72] and [73]. The obtained I, values of the
elements in soil were in decreasing order of Co > Cd > Ni >Cu > Pb > Cr > As > Hg > Fe > Sb > Zn.
According to the seven classes proposed by [45], the obtained I¢, result revealed that the soils under
study were extremely contaminated with Cd and Co, moderately contaminated with Cr, Ni, Cu and
Pb and less contaminated with As, Zn, Hg, Fe and Sb. The obtained I¢, result for Cd was in line with
those of [72,74,75].

4. Conclusions

Eleven trace elements in soil from Huangpi district were studied. All trace elements except As,
Sb, Hg and Cd were detected in all samples at both soil depths. The obtained mean concentration of
Cr, Ni, Cu, As, Cd, Pb were above the soil background value of Wuhan and Hubei Province. The mean
concentration values of Cd and Co exceed FAO/ISRIC (2004), WHO/FAO (2001) and USEPA (1983)
recommended values of trace elements in soil. The mean concentration of Ni was above the permissible
limit of FAO/ISRIC (2004), WHO/FAO (2001), but less than the permissible limit of USEPA (1983).
Pearson’s correlation result indicated that there was a significant positive correlation among trace
elements, whereas, weak and negative correlations between trace elements and soil properties (pH and
TOC). PCA, HCA and EF of the soil indicated that anthropogenic factors are the major sources of trace
elements in Huangpi soil. The result of contamination factor (Cif) for trace elements were in decreasing
order of Co > Cd > Ni > Pb > Cu > Cr > As > Hg > Fe > Sb > Zn. The obtained C; values indicated that
there is high degree of soil contamination. The result of ecological risk factor (Eif) of elements were in
the decreasing order of Co > Cd > Hg > Ni > Pb > As > Cu > Sb > Cr > Zn > Fe. Potential ecological
risk index (RI) result for the studied soil (RI > 600) indicated that there is a high ecological risk of
elements in the study area. Enrichment factor (EF) showed that there is extremely high enrichment
from Cd and Co, moderate from Ni, Cu, Hg and Pb, and low from Cr, Fe, As, Sb and Zn. The geo
accumulation index (Ige,) results point out that the study area is highly contaminated with Cd and
Co. From the obtained result it's concluded that Huangpi soil is contaminated with trace elements.
Therefore, more attention should be given and remediation action should be set to minimize the
concentration and ecological impacts of trace elements in the study area. Further research should be
conducted on human health impact of trace element in Huangpi soil.
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