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INTRODUCTION

The background concentration of soil elements is its rela-

tive ratios of material composition and soil contents, in which

are not influenced by human activities1-3. The analysis of

background concentrations of soil elements is fundamental to

soil geochemistry and food safety, particularly for areas that

are strongly affected by human activities1,3,4. Identification of

soil background concentrations is vital to a nation’s agricultural

production and food security. However, the background concen-

trations of soils must first be accurately profiled in order to

differentiate the anthropogenic-sourced contaminants from the

natural ones2,4,5. The known background concentrations of soil

elements are applied to ascertain the degree of contamination

in a certain region1,6.

The island of Hainan is a large producer of rice and tropical

fruits. The content of soil heavy metals affects the quality of

its agriculture products. As studied previously, the contents of

soil Hg, Pb, Cu and Zn were acceptable and were not subs-

tantial environmental pollutants in the arable land of Hainan7,8.

However, the Cd content exceeded the upper limit of the

National Environment Quality Standard in the Sanya and

Haikou districts of Hainan7-9. Cadmium is extremely toxic to
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plants and animals10. Cadmium contamination in arable land

soils can reduce the yields and quality of rice crops11, which is

a staple food for Hainan local residents. Cadmium contami-

nation of arable land soil threatens the physical health of both

the residents of Hainan and those dependent on its agricultural

output. Therefore, studying the Cd distribution and the

coverage of Cd enrichment in arable land soils is critical for

preventing further pollution as well is necessary for the reme-

diation of contaminated soils.

The distribution of anthropogenic Cd input can be

obtained by subtracting the background concentration from

known spatial distributions of soil Cd. Therefore, accurately

estimating Cd background concentrations will be crucial. In

this study, four approaches, the Iterative-2σ technique, 95 %

Upper confidence limit (UCL0.95), Accumulative frequency plot

and GM (geometric mean) + 2GSD (2 × geometric standard),

were applied to estimate the Cd background concentration in

Hainan arable land soils and to identify the distribution of

anthropogenic Cd input.

EXPERIMENTAL

Study area: Hainan Island, a producer of tropical agricul-

tural products and winter vegetables, is one of the most important
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tropical islands of China. The arable land area is 0.73 million

hm2. Hainan Island has the monsoon tropical climate, with an

annual mean temperature of 22-26 ºC. The annual mean

precipitation varies from 1000 mm on the west coast to 2000

mm on the east coast.

Sampling and analytical work: Soil samples were collec-

ted from the upper 20 cm layer of each sample site located in

the study area (Fig. 1). A total of 302 soil samples were

collected. The soil samples were air-dried at room temperature,

crushed and sieved to < 0.149 mm.

Sample position (n=302)
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Fig. 1. Study area and sample position

The concentration Cd of the soil samples were measured

by atomic absorption spectrometry (AAS). Quality control was

assured by using duplicates and certified standard reference

materials. The obtained results had good reproducibility and

were in accordance with the certified concentrations.

Statistical analysis: All statistical analyses were perfor-

med using the SAS Systems for Windows 9.00. Using the

spatial analysis tools of ArcGIS 10.0, the distribution of anthro-

pogenic Cd input was obtained by subtracting background

concentrations from the spatial distribution of soil Cd in the

study area.

RESULTS AND DISCUSSION

Background estimation of Cd: The statistical charac-

teristics indicated that the Cd distribution was steeper and more

developed on the right side compared to the normal distribution

(Fig. 2). The arithmetic mean (AM) of Cd concentration was

88 µg kg-1, which was above both the median and the geometric

mean (GM). The Log-transformation significantly reduced the

skewness and kurtosis of the data (Table-1).

Loska et al.12 suggested that the geometric mean and

geometric standard deviation could be used to estimate the

background when the data set does not conform to the normal

distribution. The value of GM+2GSD was assumed as the back-

ground concentrations of Cd (75 µg kg-1) in arable land soils.
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Fig. 2. Distribution of Cd in soil located in the study area

Since the data set in this study was approximately a normal

distribution after the Log-transformation, the 95 % upper

confidence limit (UCL0.95) of the mean was calculated using

eqn. 1:
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where xy is the arithmetic mean of the Ln-transformed data, s

is the standard deviation of the Ln-transformed data, n is the

number of samples and H1-a is the H-statistic from the table

provided by Gilbert for the UCL1-a. The UCL1-a depends upon

xy, n and the chosen confidence limit13. UCL1-a is dependent

upon the number of samples, so the background estimation

results are not reliable if there are too few samples. This study

was conducted with 302 sampling points, so there are an

appropriate number of samples to ensure that the method is a

viable means on analysis. The Cd background content using

results from UCL0.95 was 95 µg kg-1.

The accumulative frequency analysis method is a tool for

geology-statistical analysis. In statistical applications, the

cumulative distribution is usually plotted on normal probability

paper, primarily to estimate percentiles and to testify the assum-

ption of normality of the data set. As the data set was normally

distributed, the cumulative distribution was linearly plotted

on normal probability paper. The significant deviations from

the normal distribution indicate a statistically significant

aberration in the distribution of the Cd concentration in this

study (Fig. 3). This curve consisted of two segments connected

by a steeply sloping segment in the central part of the curve.

Tenant and White reported that the probability plots of

geochemical data frequently consist of two straight-line

segments, which they interpreted as a representation of diffe-

rent geochemical populations14. Fleischhauer and Korte

indicated that the background’s upper limit could be identified

as the inflection point on the probability graph, that is, where

the concavity of the curve changes from downwards to

upwards15. By dividing the natural soil background using the

TABLE-1 

STATISTICAL CHARACTERISTICS OF Cd CONTENT IN SOIL OF THIS STUDY (µg kg-1) 

Origin data Log-transformed data 
 N Range Median AM±ASDa GM±GSDb 

Skewness Kurtosis Skewness Kurtosis 

Cd 302 11-640 76 88 ± 64 71 ± 2 3.3 20.3 -0.4 0.8 
aAM±ASD: Arithmetic mean ± arithmetic standard deviation, bGM±GSD: Geometric mean ± Geometric standard deviation. 
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Fig. 3. Accumulative frequency plot of Cd contents in soil in the study area

inflection point, the mean and standard deviation of data under

the inflection point can be used to determine the background

values of soil elements16-18.

When using this method to establish the background

concentrations of soil elements, the most difficult part is deter-

mining the inflection point of the accumulative frequency plot.

The samples exhibiting the natural background values of soils

are separated, especially when the sample concentrations are

representative of both natural soil background and polluted

sample concentrations. If only the accumulative frequency

curves are applied for determining the inflection points,

inaccurate background values will be generated19. Consequen-

tially, the sample points representative of soil natural back-

ground were identified through determining the background

values of soil elements by using probability graphs combined

with statistical analysis (skewness) in order to avoid errors

that are caused by sole dependence on accumulative frequency

plots15. The background data of the sites should appear to be

normally or approximately normally distributed. These

analyses generate a standardized estimate of the inflection

point, the upper limit of the background, on the basis of

skewness. Since the normally distributed data set has a skewness

of zero, the graphical inflection point can be interpreted as a

skewness value close to zero.

Seen from the accumulative frequency plot, the inflection

point was distributed in the 125-130 range (Fig. 3). By

calculating the skewness of sampling points below the

inflection point value, the Cd content of the sampling point,

in which the skewness was the nearest to zero, was found to

be 128 µg kg-1. The skewness of the background data set was

-0.037 if below the inflection point in the accumulative

frequency plot. The Cd background could be calculated by

the mean and standard deviation of background data set and

was found to be 127 µg kg-1.

The right-side developed data set tended towards higher

values, which indicated that outliers in the soil Cd concen-

trations should not be used as background concentration values.

Therefore, statistical deviants of the original data set were

omitted for the iterative 2-σ technique in estimation of the

background concentration. This technique was used to confine

the background to a normal range18. Arithmetic mean (AM)

and arithmetic standard deviation (ASD) were calculated for

the original data set. The values out of the AM±2ASD interval

range were omitted. Omissions were repeated until the

remaining values fell within the range of AM±2ASD. Now,

the remaining data set accurately reflected the background

and more closely resembled the normal distribution. In this

study, the upper limit of the 2-σ technique for Cd content was

128 µg kg-1.

As shown in Fig. 4, the results of background contents of

Cd in the four methods varied. The background content obtained

by GM+2GSD and UCL0.95 were consistent, while the results

of the Iterative 2-σ technique and the accumulative frequency

plot were similar to one another. The differences between

results arose because the GM+2GSD and UCL0.95 represent

the average background concentration of soil Cd; however,

the Iterative 2-σ technique and the accumulative frequency

plot represent the upper limits of concentration of soil Cd in

the study area and these samples are disposed of if they are

affected by human activity.
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Fig. 4. Results of Cd background concentrations as estimated by various

methods. A: Iterative-2σ technique; B: accumulative frequency plot;

C: UCL0.95; D: GM+2GSD

Lower values were considered acceptable for the back-

ground concentration of Cd in arable land soils because the

effects of anthropogenic Cd inputs may be neglected in the

case of an over-estimation of the Cd background concentration.

Therefore, the result of GM+2GSD, 75 µg kg-1, was accepted

as the background concentration of Cd in Hainan Island’s

arable land soil.

Distribution of anthropogenic Cd input: The distri-

bution of anthropogenic Cd input (Cd surplus) indicated that

53.5 % of the total area was higher than the Cd background

concentration (Fig. 5). The highest anthropogenic Cd input

area was distributed in the Haikou district, the Hainan Island’s

largest urban area. Unreasonable urban expansion, industrial

emissions, construction practices and transportation develop-

ment are contributing causes of the enrichment of heavy metals

in suburban arable land soils.

Additionally, as previous researchers have indicated,

heavy metals are inclined to accumulate in urban soils5,20,21.

Accordingly, the enrichment of heavy metals in the Haikou

district coincided with the development of the Hainan tourism

industry and the establishment of Haikou as an economic,

political and cultural epicenter of the island21.

Deposition of Cd is also the result of the application of

chemical fertilizers and pesticide7,21. Due to the decrease in

soil fertility in Hainan Island22,23, the consumption volumes of

chemical fertilizers and pesticides has increased significantly
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Fig. 5. Results of Cd background concentrations as estimated by various

methods

in recent years, from 4.04 × 105 tons in 1995, to 8.63 × 105

tons in 2006 and 1.18 × 106 tons in 201024.

Conclusion

Results indicate that certain differences exist in the

background contents of Cd in Hainan arable land soils. These

differences were characterized using four techniques: the

Iterative-2σ technique, 95 % upper confidence limit, accumu-

lative frequency plot and GM+2GSD. The lower value of 75

µg kg-1 was accepted as the background concentration of Cd

in arable land soils in the study area. The distribution of

anthropogenic Cd inputs was obtained by subtracting the

background concentrations from the existent spatial distribu-

tion of Cd in the study area. The serious anthropogenic Cd

input was a result of rapid urbanization, while the regional

anthropogenic Cd inputs were a product of excessive appli-

cation of chemical fertilizers and pesticides in arable land.
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