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The soil geochemical baseline is an important index in environmental assessment. Detailed baseline stud-
ies are necessary in large areas with complex geological settings, landforms and soil types. The Jianghan
plain, a major industrial and agricultural region located in central China, has a soil geochemical baseline
that has yet to be fully defined. The objective of this paper is to study the baseline of Cd, Pb and Zn in the
topsoil of the Jianghan plain in a subarea using principal component regression (PCR). A total of 9030
samples were collected from the surface layer, and 2 soil profiles and 2 sedimentary columns were sam-
pled near the Yangtze and Han rivers. Fifty-two elements and two parameters were analyzed. Data pro-
cessing and the creation of spatial distribution maps of the elements were performed using MapGIS, R
and SPSS software. The results show that the distributions of Cd, Pb and Zn are mainly controlled by par-
ent material, drainage system and soil type. The study area is divided into 3 subareas, with factors reflect-
ing the physico-chemical characteristics of the soil using factor analysis (FA). The geochemical baseline
model is established in every subarea to predict the Cd, Pb and Zn values using principal component
regression analysis (PCR); the exceptional values (as a result of anthropogenic input or mineralization)
are distinguished by residuals (y); and the natural background values and anthropogenic contributions
are clearly distinguished. Therefore, the PCR method in these subareas is objective and reasonable, and
the conclusion provides effective evidence of exceptional high values for further environmental
assessment.

© 2014 Published by Elsevier Ltd.

1. Introduction implementation of a specific investment (Darnley, 1997;

Salminen and Tarvainen, 1997; Wang et al., 2007a). In this paper,

The soil geochemical baseline is not only a reflection of soil
properties, but is also an important standard for soil quality assess-
ment and environmental protection and legislation (Cicchella et al.,
2005; De Vivo et al., 2008; Gatuszka, 2007; Jarva et al., 2010; Xie
and Ren, 1993). Baseline assessment can distinguish contaminated
areas from uncontaminated ones and can be used to investigate
anthropogenic influence on chemical changes in the environment
(Baize and Sterckeman, 2001; Lopez et al., 2008; Salminen et al.,
2004; Tack et al., 2005; Tarvainen and Paukola, 1998; Wang
et al., 2007b). In most countries, these assessments are usually con-
ducted to determine the state of natural ecosystems prior to the
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the soil geochemical baseline is employed with the understanding
that “it represents a summation of natural and human influences,
indicating the actual content of an element in the superficial envi-
ronmental at a given point in time” (Salminen and Gregorauskiene,
2000; Tarvainen and Paukola, 1998; Teng et al., 2009). The data
and the accompanying element distribution maps resulting from
systematically documenting the concentration and spatial distri-
bution of elements on the Earth’s surface that can be a reference
against which any future changes can be quantified (Wang, 2012).

Different predictive methods for defining soil geochemical base-
lines have been employed since the end of the previous century.
These are: (a) Statistical methods. The iterative 2SD-technique is
often used when elements are normally or lognormally distributed
(Gatuszka, 2007). There is usually no single background, but rather
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a series of multiple overlapping distributions in the geochemical
data (Reimann and Garrett, 2005). Thus, fractal and relative cumu-
lative frequency curve methods are chosen (Cheng et al., 1994).
Cicchella et al. (2005) discussed baseline geochemical maps of ele-
ments that are harmful to human health in the metropolitan and
provincial areas of Napole using the multi-fractal inverse distance
weighted (IDW) interpolation method and spectral analysis (S-A)
using the GeoDAS software; (b) Normalization procedures. Using
a reference such as Al, Li and soil organic matter to normalize the
geochemical data is also an available method at both regional and
small scales (Covelli and Fontolan, 1997; Wang et al., 2011); (c)
Substitution methods. Sometimes, baseline values obtained from
samples in deep layers or pure background areas are considered
as references for the surface layers or the whole study area; (d) Inte-
gration methods. Some methods that combine two or more meth-
ods have been proposed (Griinfeld, 2007; Teng et al., 2009). There
are other publications discussing the establishment of the baseline
and the separation of anthropogenic from natural origins (Chen
et al., 1997; De Vivo et al., 2008; Guillén et al., 2011; Lattin et al.,
2003; Reimann et al., 2008; Yang et al., 2009).

Usually there is no single concentration that can or should be
considered representative of an element in soil, or other environ-
mental media. There are many natural reasons why a given soil
sample would contain an elevated concentration that is unexpect-
edly high and that does not conform to a man-made statistical
model, and yet is not contaminated (polluted). Some geochemists
have proposed that geochemical baseline concentrations depend
not only on the dominant soil-forming factors (parent rock, cli-
mate, topography, biota and time) but also on sample material,
grain size and the extraction method (Amorosi and Sammartino,
2007; Galan et al., 2008; Salminen and Gregorauskiene, 2000). It
is important that regulators recognize that a geochemical baseline
depends on location and scale (Reimann and Garrett, 2005).
Because the parent material strongly influences the soil chemical
properties, a geochemical baseline should be determined in sepa-
rate geological regions (Darnley, 1997; Jarva et al., 2010). In their
latest work, Smyth and Johnson (2011) studied the distribution
and controlling factors of iodine in soils of Northern Ireland using
aregional map. Cohen et al. (2012) studied the element spatial pat-
terns in Cyprus across highly variable geology and soil types. These
studies provide important references on baseline studies in large
areas, with a great many samples from complex geological units,
landforms and soil types. It is necessary to develop a useful method
to meet the needs of accurate baseline computing for these studies.

We focus on a geochemical baseline establishment method for a
large complex area using the Jianghan plain as an example. The
plain stretches along with the Yangtze and Han rivers and is also
one of the most important agricultural regions in China. However,
no available soil reference values have been presented to establish
a baseline for potentially toxic heavy metals. The Multipurpose
Regional Geochemical Survey (1:250,000) (MRGS) is a develop-
ment work of the International Geochemical Mapping (IGCP259)
and Global Geochemical Baseline (IGCP360) projects in China.
The MRGS is conducted by the China Geological Survey and aims
to study the basal geology, resource potential, and ecological envi-
ronment of the plain. This work provides a sufficient database for a
detailed study on soil geochemical baselines. It has been found that
an area of nearly one thousand square kilometers along the Yan-
gtze and Han rivers is high in Cd (>0.3 ppm) (Yang et al., 2009).
In this paper, heavy metals that are considered hazardous to
human health (e.g. Cd, Pb and Zn) were determined in 9030 surface
soil samples. The spatial distributions and material sources were
systematically studied, as were the controlling factors of spatial
distribution and variation. The sampled area was divided into 3
subareas using factor analysis due to the large survey region
(approximately 36,160 km?), with its complex geological setting

and soil compositions. Principal component regression (PCR) anal-
ysis and Geographical Information System (GIS) spatial analysis
techniques were used to establish a geochemical model of the sur-
face soil geochemical baseline and to identify abnormal samples in
the Jianghan plain.

2. Study area

The Jianghan plain, with an area of approximately 36,160 km?,
is located in Hubei province in central China (110°13’'-114°15’E,
29°26'-31°20'N) (Fig. 1). The climate of this area is described as
subtropical monsoon. The middle reaches of the Yangtze River
and the lower reaches of Han River run through this alluvial plain,
with includes many other rivers and lakes. The plain’s climate and
abundant water resources make it famous for its agriculture and
aquatic products. The region exports grain, cotton, edible oil and
fish. The landforms mainly consist of erosion aggradational, rolling
and low aggradational plains (Fig. 2a). Approximately 60% of the
area is paddy soil, and the rest is moist, brown-red' and yellow-
brown soils (Fig. 2b). The region is also known for its mining
industry. Most of the mines in the plain are medium-to large-size
evaporite minerals salt deposits (halite and brine). Other mines
contain clay and rare metal deposits. All the above that mentioned
might be sources contributing Cd, Pb, and Zn to the surface soils.

All formations from the Mesoproterozoic to Quaternary are
found in the Jianghan plain (Fig. 2¢) (Li and Ma, 2008). Approxi-
mately 80% of the underlying strata of this area is Quaternary
and 17% is Jurassic to Tertiary, leaving 3% as Mesoproterozoic to
Lower Triassic strata. Sporadic Mesoproterozoic epimetamorphic
rock series are distributed in the anticlinal core of the northeast
fold belt and near the south boundary; a small amount of Cam-
brian-Triassic carbonates are distributed in the border fold belt;
Jurassic-Cretaceous-Tertiary clasolites outcrop in the northern
border; and a Quaternary loose river-lake deposit consisting of
fine-grained clay and sandy soil covers most of the study area.
The landforms and soil types of the Jianghan plain are controlled
by its geological setting and drainage system, respectively (Figs. 1
and 2). The source areas of the Yangtze and Han rivers are the Yan-
gtze block and the Qinling orogenic belt, respectively, which have
different rock types, strata and mineral compositions.

3. Methods
3.1. Sampling

In accordance with the MRGS sampling procedures, 9030 top-
soil samples (0-25 cm depth) and 2224 subsoil samples (150-
170 cm depth) were collected in the Jianghan plain. The 0-25 cm
depth samples provide information of regarding potential anthro-
pogenic contamination of the top layer. The 150-175 cm depth
samples are collected to indicate natural element concentrations
because experiments have shown that there is very little anthropo-
genic effect on this depth (Zhao et al., 2008). The enrichment or
depletion of elements between the two layers can also be observed
(Cohen et al., 2012). The sampling grids of the surface and deep soil
were 4 (2 x 2 km) and 16 (4 x 4 km) km?, respectively. Each grid
was then divided into four sub-cells (1 x 1 km and 2 x 2 km).
The samples for analysis were composites of the four samples col-
lected in each sub-cell center. To investigate the horizontal distri-
bution of the elements in the soil across the two rivers, two north-
east trending soil profiles were additionally sampled crossing the
Yangtze River and Han River (profile I and profile II), respectively

! For interpretation of color in Fig. 2, the reader is referred to the web version of
this article.
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(Fig. 1). The profiles pass through areas of different types of strata,
landforms and soils in the Jianghan plain. Two sedimentary col-
umns (from the cities of Gongan and Hanchuan, Fig. 1) were sam-
pled to study the vertical distribution of Cd, Pb and Zn. The depth
of each sedimentary column was approximately 170 cm, with sam-
ples being collected. The samples were collected every 15 cm.
Finally, ~1 kg of soil was collected and placed in clean polyethyl-
ene bags, and more than 0.5 kg of soil was stored in a bottle for
transport to the laboratory.

3.2. Analytical techniques

Geochemical analyses were conducted at the Hubei Geological
Research Laboratory. Fifty-two elements or oxides (i.e. Ag, As, Au,
B, Ba, Be, Bi, Br, Tc, Cd, Ce, Cl, Co, Cr, Cu, F, Ga, Ge, Hg, I, La, Li,
Mn, Mo, N, Nb, Ni, P, Pb, Rb, S, Sb, Sc, Se, Sn, Sr, Th, Ti, Tl, U, V,
W, Y, Zn, Zr, SiO,, Al,03, Fe,03, K;0, Na,0, CaO and MgO0), organic
carbon and pH were determined (Table 1). An approximately 40 g
sample was used for the pH. The other samples were crushed and
sieved to a <0.074 mm fraction. A 10-20 g sample was stored in a
plastic bottle for the analysis of As, Sb, Bi, Hg and Se. An approxi-
mately 40 g sample was stored in a paper bag for the analysis of
Au. Another 30-40 g sample for the remaining analyses was stored
in a glass bottle and placed in the dryer for 2 h at 105 °C. Detailed
quality control procedures were implemented based on Specifica-
tions of Analysis Technology on Eco-Geochemical Sample Evalua-
tion (trial implementation) (DD2005-03). The analytical precision
was controlled using 1 in-house replicate and 2 blind duplicates
for every sub-batch of 50 unknown samples. The accuracy was
determined using 4 in-house reference materials (GSS-1, 2, 3, 8)
for every sub-batch of 50 unknown samples. The analytical quality
met the procedures requirements with a precision and accuracy
within +10%.

4. Data processing
4.1. Statistics of element concentrations

A statistical evaluation of the soil data was performed, including
the determination of relevant descriptive parameters of centering
and dispersion, such as minimum, maximum, mean, first (Qy),
median (Qz), third (Qs), fourth (Q4) quartiles, SD (standard

Sketch map of the Jianghan plain and sample locations.

deviation) and CV (coefficient of variation) (Table 2). The histograms
of element values in topsoil and deep soil were generated in SPSS
(Fig. 1S (Supplementary material)) (http://www.spss.com.cn/).
Maps of elements in topsoil and deep soil were generated in MapGIS
(Figs. 3 and 4, respectively) (statistics using Q;, Q», Q3 and 95% as
interval boundaries) (http://english.mapgis.com.cn/en/) and the
change of element concentration in the profiles (Figs. 5 and 6) and
sediment columns are showed in the line chart (Fig. 7).

4.2. Calculation of soil geochemical baseline

Although progress has been made in previous estimations of soil
geochemical baselines, the following questions regarding the calcu-
lated methods are still debated. (A) Sample representativeness:
Most of the data for baseline research currently come from the MRGS
databases in China. The elemental geochemistry patterns obviously
differ in soils across wide survey areas (Cohen et al.,2012; Liand Ma,
2008; Smyth and Johnson, 2011). For this reason, samples in back-
ground areas and in the deep layer soil are most likely unsuitable
for the surficial baseline determination of the whole survey area
(Desaules, 2012; Tapia et al., 2012). (B) Subarea division: When
the distribution of elements in soil is dominated by geologic units
or other factors, especially in large-scale baseline studies, it is neces-
sary to divide the large survey area into subareas depending on the
controlling factors. (C) Data processing: In some studies the back-
ground is considered a baseline value, and the outliers are removed
artificially, which may result in reference value errors (Meklit et al.,
20009).

To solve these problems, the following three tasks were per-
formed in the baseline study of the Jianghan plain:

(A) Samples of the topsoil were selected. Considering the
geochemical patterns and changes in the layers, topsoil
samples can provide more information about the surface
environment.

(B) Subarea division. The study area was divided into subareas
using factor analysis (FA) representing the controlling fac-
tors in the Spatial Analysis section of MapGIS (http://
english.mapgis.com.cn/en/).

(C) The PCR method was chosen to calculate the baseline values
of Cd, Pb and Zn. The baseline values of the three elements
are determined by geochemical parameters using PCR in R
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Fig. 2. (a) Simplified landform map of the Jianghan plain; (b) soil map of Jianghan plain; (c) simplified geological map of the Jianghan plain. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)
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Table 1
Analysis methods for 52 elements and 2 parameters.
Number Sample  Method Instrument Element
(g)
1 0.1 Digested in HNO3 + HCI + HF + HClO4 ICP-MS Be, Cd, Co, Cu, La, Li, Ni, U, Ge, Ce, Tl, Sc
2 4.0 Pressed powder XRF Ba, Cr, Mn, Nb, P, Pb, Rb, Sr, Th, Ti, V, Y, Zn, Zr, Ga, Cl, Br, SiO,, Al,03, Fe,03,
Ca0, MgO, Na,0, K,0
3 0.5 Digested in aqua regia, KBH4 reduction, AFS As, Sb, Bi, Hg, Se
hydrogenation
4 1.0 Alkali fusion POL, ISE Mo, W, F
5 0.1 Counter electrode spectrography ES Ag, B, Sn
6 10 Thiourea, activated carbon ICP-MS Au
7 0.5 Tube furnace 1A S
8 0.2 Tube furnace Non-aqueous Total carbon
titration
9 1.0 Digested in K,CrO; + H,SO4 VOL N
10 0.5 Semi-fusion in Na,COs +ZnO COoL I
11 0.5 Digested in K;CrO; + H,SO4 VOL Organic carbon
12 10 Water immersion pH meter pH

ICP-MS, Inductively coupled plasma mass spectrometry; XRF, X-ray fluorescence; AFS, Atomic Fluorescence Spectroscopy; POL, polarography; ISE, ion selective electrode; ES,

emission spectrometry; IA, iodimetric analysis; VOL, volumetry; COL, colourimetry.

Table 2

Relevant parameters of heavy metal elements in the soil of the Jianghan plain and a comparison with reference values (ppm, reference values are from Li and Ma, 2008).

Elements Topsoil (0-25 cm depth) Deep soil (150-170 cm depth)

cd Pb Zn cd Pb Zn
Minimum 0.05 16.2 24 0.02 123 16.2
5th percentile 0.122 21.6 47.9 0.047 19 53.8
25th percentile 0.17 26.2 61.5 0.082 229 64
Median 0.29 28.9 86.5 0.185 254 77.4
75th percentile 0.36 315 105.2 0.24 27.9 94.5
95th percentile 0.454 36.9 124.1 0.294 323 1121
Maximum 3 252.1 400 1.153 325.8 399.7
Arithmetic mean 0.28 29.16 85 0.171 25.66 79.84
Standard deviation 0.13 6.04 25.85 0.11 7.61 20.36
Coefficient of variation 0.46 0.21 0.30 0.64 0.30 0.26
Hubei province background 0.172 26.7 83.6 0.137 271 92.6
National background 0.097 26.0 74.2 0.084 24.7 71.1

software (http://www.r-project.org/), which includes two
stages of principal component analysis (PCA) and regression
analysis. The outliers can be removed by residual error (7).

4.2.1. Division of subareas

As mentioned previously, the distribution of soil elements is
controlled by parent material, landform, physico-chemical param-
eters and many other factors. The key reason for geochemical divi-
sion is to more easily define an aggregative indicator reflecting all
factors using FA (Albanese et al., 2010; Covelli and Fontolan, 1997,
Griinfeld, 2007). Variables for the FA should meet the three condi-
tions, be: (a) stable and hardly contaminated in the surface soil; (b)
representative of the properties of the parent material; and (c) cor-
related to the spatial distribution of different types of soils and
landforms.

The parent material of the soil is a principal control. Quaternary
sediments, most of which are fluvial, underlay 80% of the study
area. Studies have shown that the chemical composition of fluvial
deposits is dominated by the supracrustal rocks in the catchments
(Galan et al., 2008). The upstream region of the Yangtze River is
underlain by the Yangtze block, while the Han River region is
underlain by the Qinling orogenic belt. The supracrustal rocks of
the two geologic units are different, so the sedimentary composi-
tions of the regions along Yangtze River and Han River are
different.

Landforms also exert influence on the distribution of heavy
metals. The redistribution of material, energy and water on the
earth’s surface is dominated by the landform type during soil

formation. The soils developed in the low plains are fine-grained
and high in clay minerals because their parent materials were
deposited in relatively low energy hydrological environment. The
enrichment of metal elements can be attributed to the strong
adsorption of the clay minerals.

Based on the above discussion, the distribution of major ele-
ments that dominate the properties of the rock and the behavior
of the trace element match the distribution of the strata and the
drainage system in the Jianghan plain. Oxides, which are the major
components of soil, such as SiO,, MgO, Ca0, Na,0, K;0, Al,03 and
Fe,03, can reflect most of the parent material’s characteristics.
For instance, CaO can indicate the different sedimentary sources
of the Yangtze and Han rivers, and SiO,/Al,;05 indicates the degree
of weathering and the clay content (Li and Ma, 2008). Hence, the
oxides can serve as a group of reference indicators. The pH value
is another significant physico-chemical parameter. Soil pH is cru-
cial for many chemical processes, such precipitation-dissolution
and the sorption-resolving process. Thus, the pH value has an influ-
ence on the heavy metal speciation in soil. Some researchers have
proposed that the content of water-soluble Cd has a negative cor-
relation with pH values ranging from 4.5 to 7.2 (Xu et al., 2007).
Organic matter, which can strongly adsorb heavy metal ions, is also
considered an important indicator. In the Jianghan plain, Cd
(r=0.629,p<0.01)and Zn (r = 0.676, p < 0.01) show a positive cor-
relation with pH which means that soils with high natural total Cd
and Zn concentration usually have high soil pH value. The positive
correlation coefficients amongst the Cd, Zn and Al,03/SiO,, which
reflect the particle size, reach 0.646 and 0.873 at the 0.01 level
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Fig. 3. Distribution of Cd, Pb and Zn in the topsoil of the Jianghan plain (using quartiles, the red spots are outliers). (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)
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Fig. 4. Distribution of Cd, Pb and Zn in the deep soil of the Jianghan plain (using
quartiles, the red spots are outliers). (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)

(Zhao et al., 2008). These indicate that the soil pH, organic carbon
and Al,03/SiO, values are variables that are correlated with the
heavy metal content. With the contents of Na,0, Ba and Mn being
high in Han River region only, they can be indicators of Han River
control. In this research, 7 major elements as well as Ba, Mn,
organic carbon and pH are chosen as the variables for the factor
analysis.

As the sample composition has to sum to a constant (i.e. 100% or
1 million ppm) in the closed data set, an increase in the amounts of
one oxide or element must result in decrease in those of others.
Thus it is necessary to open the data and destroy the effects of clo-
sure in the multivariate analyses. Three approaches are used to
address the closure issue, including: (1) using the concentrations
in ppm units for major elements and organic carbon instead of
weight percent oxide; (2) undertaking a centred log-ratio (clr)
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Fig. 5. Change of Cd, Pb and Zn in soil profile I of the Jianghan plain (Y axis: ppm).
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Fig. 7. Depth profiles of Cd, Pb and Zn soil concentrations.

transformation of selected variables except pH (Reimann et al.,
2008); and, (3) adding the pH data into them. Then the processed
data are taken as effective variables in the following factor analysis.
The principal component method and Varimax rotation method
are used in carrying out a factor analysis. Then the samples are
classified into groups according to their factor-scores using MapGIS
software (i.e. if a sample has its highest scores on factor 1, it is
sorted into partition 1, discussed further below).

4.2.2. Determination of baselines

Major elements are the most important constituents of soil.
Some researchers propose that the heavy metals sorption is clearly
related to clays, metal oxides and hydroxides, metal carbonates
and phosphates in soil (Bradl, 2004; Yang et al., 2009). For the
major elements, the anthropogenic inputs are usually minute. Fur-
thermore, to compensate for grain-size and mineralogy effects on
trace element concentrations and to assess if anomalous metal
contributions are present, a common approach is to normalize

the geochemical data using Al as a grain-size proxy in baseline
studies (Covelli and Fontolan, 1997). Fe, Li, organic carbon and Cs
have been selected as normalizers in different conditions and the
baseline values predicted by the normalizer using simple linear
regression where there is a single predictor variable (Jiang et al.,
2013). Based on the above discussion, in this study multiple geo-
chemical parameters are selected from the MRGS database in
whose context to study the Cd, Pb and Zn distributions. They have
the characteristics that not significantly affected by anthropogenic
processes employed in the study area, having stable chemistry
properties and good correlation with geogenic Cd, Pb and Zn. The
following parameters are selected: SiO,, Al,Os, pH, organic carbon,
Sc, Th, Zr, Nb, La, Ce, V, Ga, Be, Y, Ti, B, Co, Rb and Ba. The contents
of SiO, and Al,O; reflect the development level the of soil; the soil
pH and organic carbon are variables reflecting the content of heavy
metals in soil; Sc, Th, Zr, Nb, La, Ce, V, Ga, Be, Y and Ti bearing min-
erals, are insoluble and stable during weathering, erosion and
transportation, are chemically inactive, indicating properties of soil
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origin; although B, Co, Rb and Ba are relatively active, they are eas-
ily adsorbed by clays, and their distributions reflect the properties
of soil origin.

The transformations for the PCA and PCR are addressed. To open
the closed number system, the oxide data are converted to ele-
ments. The units of concentrations of all the variables (in the form
of elements) are unified in ppm and a clr transformation is under-
taken before the PCA (Reimann et al., 2008). For the dependent
variables (Cd, Pb and Zn), as trace and minor elements (<10%), a
logarithmic transform will suffice to allow for closure (Filzmoser
et al., 2009). For every subarea, PCR is then accomplished in R pack-
age ‘robustbase’. First, PCA is used to reduce the dimension of the
variables. Through PCA, the first several components are obtained
according to the scree plot and the explained variability in every
partition. After that the baseline values of Cd, Pb and Zn are pre-
dicted by regressing these elements against the principal compo-
nents in every subarea. A regression analysis model is
established as follows:

k
Y= BXi+po+7

i=1

where X is the matrix of selected predictor PC scores, Y is the vector
of Cd, Pb or Zn data, k is the number of components selected, f; are
coefficients, fo is the constant, y are the vector of residuals.

Considering that background is a range, the constant gy is equa-
ted to the geochemical baseline (average background). And the
function of the PC’s provides the background variation around
the baseline due to the subarea specific variability influenced by
the processes explained by the PCs.

To limit the effect of outliers a robust regression procedure,
least trimmed squares (LTS), is applied to the data (Reimann
et al., 2008). The principle components selected and the target ele-
ments (Cd, Pb and Zn) are considered independent variables (X)
and induced variables (Y), respectively. Because the induced vari-
ables are logarithm values, the baseline values are back transfor-
mations of the constants. The residuals (y), which should
approach a normal distribution, are the differences between the
actual values and the predicted values. Then the exceptional values
are identified using a boxplot and their locations are identified in
maps.

5. Results
5.1. Descriptive statistic

The Jianghan plain has higher average and median values of Cd,
Pb and Zn than both the national background and the Hubei prov-
ince background (Li and Ma, 2008) (Table 2). In addition, the ele-
ment concentrations in the surface soil are higher than in the
deep layers. The average value and median value of Cd in the sur-
face soil are 2.5 and 1.6 times greater than those in the deeper lay-
ers, respectively, perhaps due to the possible contamination in the
surface soil or the vertical fractionation of heavy metal caused by
variations in organic carbon, physico-chemical or redox conditions.
The range of heavy metal contents in the soil of the Jianghan plain
is variable, as follows: Cd (0.05-3 ppm), Pb (16.2-252.1 ppm) and
Zn (24-400 ppm) in the surface soil and Cd (0.02-1.15 ppm), Pb
(12.3-325.8 ppm) and Zn (16.2-400 ppm) in the deep layer soil.
All the maximum values are much higher than the 95th percentile
values. These elements show different histograms shapes (Fig. 1S
(Supplementary material)). Cd and Zn display a bimodal distribu-
tion and Pb displays a unimodal distribution both in the surface
soil and deep soil (Fig. 1S (Supplementary material)). The bimodal
distributions for Cd and Zn indicate the presence of multiple data
populations. The studies on the origin of high Cd and Zn zones

along the Yangtze River and Han River show that there is very little
anthropogenic contamination of Cd, Pb and Zn in this area except
some point-source pollution (Ma et al., 2005). The Cd, Pb and Zn
enriched supracrustal rocks from the Yangtze block and Qinling
orogenic belt is the main source of Cd, Pb and Zn in soil of Jianghan
plain (Gao et al., 1998). So the two data populations are mainly
related to the Yangtze and Han drainages.

5.2. Horizontal distribution and vertical distribution

The horizon distribution has similar shape in the topsoil and
deep soil for every element. But the areas with high value are more
extensive in the topsoil than in the deep soil (Figs. 3 and 4). We
choose the topsoil map to describe (Fig. 3). The distribution charac-
teristics of the Cd and Zn in the soil are similar. The element con-
tents of the soil in the low aggradational plain are the highest. The
soils sampled from the Yangtze River drainage system show higher
element content than those from the other river systems. As men-
tioned in Section 5.1, the content of Cd and Zn are controlled by the
sources of the Yangtze and Han drainages, which is accounting for
the two data populations in the histogram plots. The distribution of
Pb is related to the drainage systems. Soils with a high Pb content
(more than 34.2 ppm) are distributed along the Yangtze River,
while soils with a low content (less than 23.6 ppm) distributed
along the Han River system and the drainage systems of the Dabie
Mountain. The landform of the Jianghan plain is controlled by its
geologic setting (Fig. 2a and c). Hillock plains and the low hilly
areas are located on the Pleistocene series sediments and the low
plain area is located on the Holocene series sediments.

In profile I, the samples from the low plain, especially along the
Yangtze and Han rivers, are relatively high in Cd and Zn, but the
samples from the rolling plain and hill areas are relatively low
(Fig. 5). It is notable that soils developed on Holocene series exhibit
higher Cd and Zn levels than those developed on Pleistocene series.
However, the samples from the rolling low plain near the Han
River have the highest Pb content, and near the Yangtze River
the change of Pb content is small. In profile II (Fig. 6), the Cd and
Zn contents decrease from southeast to northwest along the pro-
file. The Holocene series samples in the low plain show the highest
contents of Cd and Zn. Nevertheless, the Pb concentrations show
no systematic pattern. As the survey results of the two sediment
columns show (Table 3), the Cd content is the highest in surface
soil (0.521 ppm) and decreases to a steady level from 5cm to
150cm in the Gongan sedimentary column. The Pb content
increases to 35-37 ppm from 5 cm and 43 cm, and the Zn content
is elevated in the top 43 cm and then falls to between 91 ppm and
114 ppm. Compared with the Gongan sedimentary column, the Cd,
Pb and Zn contents in the Hanchuan column are unstable in every
layer and generally decrease with increasing depth (Fig. 7).

5.3. Subarea division

In the factor analysis, the major element, Ba, Mn, organic carbon
and pH data from the Jianghan plain research were subjected to
Kaiser-Meyer-Olkin (KMO) and Bartlett’s tests, which meet the
conditions (KMO = 0.82, P < 0.001) of the Kaiser Standard. The fac-
tor-loading matrix with Varimax rotation is shown in Table 4.
Three factors are extracted on the basis of the scree plot for a var-
iance contribution reaching 85% (Fig. 2S (Supplementary mate-
rial)). The factor-loading and factor score distribution are shown
in Figs. 3S-5S (Supplementary material) and 8, respectively. Factor
1 is a soil parent material factor characterized by high Fe, Ca, Mg, K,
pH, Si and Mn loadings (Fig. 3S (Supplementary material)). The
samples with high scores in factor 1 are developed along the drain-
age systems reflecting their different origin from those of others
(Fig. 8a). Factor 2 that dominated by Al and Ba is a Han River factor



202

Table 3

S. Zhang et al./Applied Geochemistry 48 (2014) 193-206

Cd, Pb and Zn contents in soil at different depths in the Jianghan plain (ppm).

Gongan sedimentary column

Hanchuan sedimentary column

Depth (cm) cd Pb Zn Depth (cm) Ccd Pb Zn
0-5 0.521 30.9 119.6 0-5 0.376 29.3 1204
5-20 0.253 35 119 5-20 0.335 25.9 114.9
20-31 0.252 37 120.7 20-38 0.298 27.8 121.3
31-43 0.281 36.6 123.9 38-50 0.295 24 99.2
43-75 0.214 30.7 96.8 50-85 0.337 20.7 86.5
75-90 0.267 313 114 85-105 0.336 28 113
90-105 0.207 29.5 90.6 105-113 0.228 21.1 75.7
105-120 0.207 294 96.2 113-140 0.262 27.5 109.7
120-150 0.292 31.4 104.3 140-170 0.196 20.2 75.3

W(b)/1 x 1075,

Table 4
Orthogonal rotated component of the factor analysis of soil in the Jianghan plain.
F1 F2 F3

Fe 0.71 0.35 0.52
Mg 0.92 0.30 -0.10
Ca 0.91 —0.04 -0.32
Na 0.09 043 -0.79
K 0.77 0.55 0.09
pH 0.88 0.16 -0.26
Ba 0.27 0.91 -0.11
Mn 0.72 0.28 0.03
Al 0.54 0.63 0.47
Si -0.90 -0.32 -0.19
Organic C -0.12 0.16 0.74
A 6.34 1.94 1.04
Contribution rate (%) 57.63 17.60 9.42
Cumulative (%) 57.63 75.23 84.65

@ factor score<0
@ factor score>=0

® factor score<0
@ factor score>=0

(Fig. 3S (Supplementary material)). Thus the distribution of soil
with high factor 2 scores is driven by Han River (Fig. 8b). Factor
3, a soil type factor (Fig. 8c), shows positive loading of organic car-
bon and negative loading of Na (Fig. 3S (Supplementary material)),
which are controlled by the soil types. Then the samples are clas-
sified into three groups according to their maximum factor-scores.
Partition 1 is in the Yangtze River flood plain and is dominated by
high F1 scores, partition 2 is in the Han River flood plain, character-
ized by high F2 scores, and partition 3 is in the rest of the area,
where high F3 scores dominate (Fig. 8d).

5.4. Baseline values

Through PCA four, five and six components were extracted in
each subarea (Figs. 65-8S (Supplementary material)). The scores

® factor score<0
@ factor score>=0

EEEE

® partition 1
@ partition 2
@ partition 3

Fig. 8. The factor scores distribution and subarea division of Jianghan plain (a, b and c are distribution of the factor scores of F1, F2 and F3, respectively; d is the subarea
division of Jianghan plain; detailed sample scores in the F1, F2 and F3 are shown in Fig. 5S).
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and loadings of the principal components can provide information
on the geological or geochemical processes. To address this issue,
the results of PCA of the clr transformed data are shown in biplot.
It is noted that the elements can be subdivided into three groups in
subarea 1 (Fig. 9S (Supplementary material)). The first group,
including zirconium and silicon which usually concentrate in
fast-settling coarse and heavy minerals, has high scores in PC1.
The second group characterized by high score in PC2 mainly con-
sists of elements which have low solubilities in waters and prefer-
ential enriched in felsic igneous rocks, e.g. Ti, Nb, La, Y and Ce.
Intermediate solubility elements (group 3; i.e. Ba, Rb, organic car-
bon, Al, Ga, Be, V, Sc, Co and B) exhibit the lowest scores in both
PC1 and PC2. These elements are probably concentrate in fine-
grained sedimentary rocks and have strong correlation with
organic carbon that adsorbed easily by clay. PC1 is mainly influ-
enced by group 1 (positive loadings) and group 3 elements (nega-
tive loadings) and to a lesser extent by group 2 elements (negative
loadings) (Table 5). While PC2 is weakly dominated by the first two
groups (positive loadings). In subarea 2, the grouping is almost
same as that of subarea 1 excepting adding pH to group 1 and Th
to group 3. All the groups exhibit low scores in both PC1 and
PC2. PC1 is mainly influenced by group 1 (positive loadings) and
group 3 elements (negative loadings). PC2 is dominated by the
group 1 and group 2 elements (negative loadings) (Fig. 10S (Sup-
plementary material)). In subarea 3, the PC1 and PC2 contain less
information of organic carbon and Th but more information of
pH than those of subarea 1. So the second group includes Ti, Nb,

Table 5
Principal component of partition 1 of soil in the Jianghan plain (the other 2 partitions
are in Appendix).

PC1 PC2 PC3 PC4
B -0.20 0.09 0.22 -0.34
Be —-0.28 -0.10 0.11 0.16
Ba -0.19 -0.33 0.23 0.24
Co -0.30 0.08 -0.13 —0.01
La -0.18 0.36 -0.01 0.53
Nb -0.24 0.32 0.02 —-0.29
Rb -0.29 -0.19 0.17 0.04
Ti -0.24 0.27 -0.22 -0.32
\' -0.30 —-0.05 -0.16 -0.13
Y -0.15 0.31 0.34 -0.18
Zr 0.20 0.40 0.16 -0.11
Ce -0.17 0.40 0.09 0.44
Ga —-0.30 -0.14 0.07 -0.02
Sc -0.30 0.04 —-0.08 0.12
Org. C -0.15 -0.23 0.26 -0.20
Si 0.25 0.02 0.40 0.13
Al -0.29 -0.18 0.11 0.04
pH —-0.06 —-0.06 -0.61 0.06
A 9.77 2.83 1.89 0.88
Contribution rate (%) 54.25 15.75 10.51 4.90
Cumulative (%) 54.25 70.00 80.51 85.41

Y: The Yttrium element.

Table 6
Data from the regression analysis in the Jianghan plain.

La, Y, Th and Ce and the third group includes Ba, pH, Al, Rb, Ga,
Be, V, Sc, Co, and B. Both the high scores of PC1 and PC2 are driven
by the third group. PC1 is influenced by group 3 elements (negative
loadings) and PC2 is influenced by group 1 and group 2 elements
(positive loadings) (Fig. 11S (Supplementary material)).

The coefficients of the PCs and estimated baselines from the
regression analyses for each subarea are shown in Table 6 and
3S. The baseline values are transformed from the constants. The
baselines of Cd are 0.34 ppm, 0.29 ppm, and 0.17 ppm, respec-
tively. The baselines of Pb are 30.2 ppm, 25.7 ppm, and 29.5 ppm,
respectively. The Zn baselines are 97.7 ppm, 91.2 ppm and
58.9 ppm, respectively. All three elements have the highest base-
lines in subarea (partition) 1 and the lowest baselines for Cd and
Zn in subarea (partition) 3, subarea 2 and subarea 2 has the lowest
Pb baseline. The exceptional values, possibly anthropogenically
influenced, are identified by the exceptional residuals (the error
between the actual value and the predicted value) in the boxplots.
Exceptional values of Cd, Pb and Zn identified by this procedure are
shown on Fig. 9. The outliers are homogeneously distributed with
the partition method compared with the statistics using quartile.
No large area with high outliers of Cd, Pb and Zn emerge, indicat-
ing, probably, that there is not widespread regional anthropogenic
contamination, but that there is some significant local point source
contamination.

6. Discussion
6.1. Factors influencing the spatial distribution of trace elements

Compared to the National and Hubei province background, the
higher element concentration of Jianghan plain are mainly due to
the parent material (Qinling orogenic belt and Yangtze block) and
soil properties (especially the fine-grained soil with a high clay
mineral content). The sedimentation environment of the study area
exhibits weak hydrodynamism, such as Quaternary alluvial, lacus-
trine and alluvial lacustrine environments, which formed the fine-
grained soil with higher clay mineral content. In this research, clay
minerals account for 60% of the soil mass in some areas (Li and Ma,
2008). Because of the fine grain size, large surface areas and strong
adsorption of clay minerals, the heavy metal content is higher in the
soils of plain areas than those of other landforms (Donoghue et al.,
1998; Bradl, 2004; Rice, 1999; Salminen and Gregorauskiene,
2000). Though the ranges of Pb and Zn values are large their CVs
are low. For Pb the data are unimodal and the frequency of the high
values is low. The double-peak, bimodal, profiles of Cd and Zn indi-
cate that at least two populations are present, which reflects the
complexity of soils of the Jianghan plain. Thus it is not reasonable
to determine the baseline values using traditional methods.

Based on the distribution maps, the spatial distributions of the
Cd, Pb and Zn are influenced by the landform types and soils’ par-
ent material. The heavy metal concentrations of the surface soil in

Comp. 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5 Comp. 6 Constant Baseline (ppm)
Subarea 1 Ccd -0.018 0.0048 -0.0011 —-0.01 -047 0.34
Pb -0.014 —-0.0026 0.007 —-0.0074 1.48 30.20
Zn —-0.021 —-0.0024 —0.0048 —0.0081 1.99 97.72
Subarea 2 cd —0.031 0.042 -0.021 0.011 0.032 -0.534 0.29
Pb -0.014 —-0.0076 0.025 —0.0067 0.01 1.41 25.70
Zn —0.026 0.012 0.00068 0.0023 0.0042 1.96 91.20
Subarea 3 cd -0.019 -0.017 0.013 0.052 -0.076 0.013 -0.78 0.17
Pb —0.0092 —-0.0012 0.0017 0.011 0.0025 —0.0081 1.47 29.51
Zn —0.026 -0.017 0.02 0.0056 -0.47 —0.0055 1.77 58.88
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Fig. 9. Outliers of Cd, Pb and Zn data in the topsoil of the Jianghan plain (a, b, and c are the outliers of Cd, Pb and Zn data, respectively; d is the boxplot of residuals of Cd, Pb

and Zn in three subareas).

the Jianghan plain have the following distributional features: (a)
the soils in Yangtze drainage system have higher Cd, Pb and Zn
contents than those in the other drainage systems. As mentioned
in Section 5.1, both the supracrustal rocks of the two drainages
are enriched in Cd, Pb and Zn. The high content of heavy metals
in the soil is probably due to the high pH value resulting from high
Ca0 and MgO concentrations of the crust of Yangtze block; (b) the
soils in the low plain are higher in Cd, Pb and Zn contents than
those in the other landform types; and (c) the soils in the Holocene
series sediments are higher in Cd, Pb and Zn than those in the Pleis-
tocene series sediments. This is probably driven by the clay in the
Holocene sediments.

The reason for the variable vertical distribution in the Gongan
and Hanchuan soil profiles may be that the columns are near rivers,
where the sedimentary environment and source are unstable due to
numerous floods. Previous studies have also suggested that Cd from
anthropogenic sources exists mainly in the surface soil, and its con-
centration is very low in deep layers. For instance, approximately
80% of the Cd from anthropogenic has accumulated in the 0-30 cm
layer in the irrigated soil of Shenyang, China (Xu et al., 2007). Thus
the samples from deep soil could not provide the accurate informa-
tion of surface environment. It is unreasonable to determine the geo-
chemical baseline value for some metal elements such as Cd, Pb and
Zn using deep layer samples instead of surface samples in the
Jianghan plain.

As mentioned above, the Cd, Pb and Zn contents are controlled
by both natural (mainly) and to a lesser extent anthropogenic pro-
cesses. The natural processes, including the geological setting,
landform, soil type, and the sources of sediment in the alluvial
plains (influenced by Yangtze and Han rivers), are variable; the
anthropogenic factors, which affect the distribution and variation
of heavy metals in the surface soil, include industrial activity, min-
ing, urban construction and agricultural activities. Industrial waste
exported from mines located in the west of the Jianghan plain is
transported into the rivers. Agricultural fertiliser can also change
the content and valence of the elements in soil (Chen et al., 1997).

6.2. About the baseline calculation method

In the FA, the three factors indicated are related to: parent
materials; drainage systems; and soil types, respectively. There-
fore, it is reasonable to base a partition on the factors, which reflect
most of the physico-chemical information and factors influencing
the elements distributions. After the subarea division, the data of
Cd, Pb and Zn are shown in histogram plots (Fig. 12S (Supplemen-
tary material)). In each subarea the data are normal distribution
except the data of Cd in partition 2 which has a bimodal distribu-
tion. The subarea division potentially solves the problem of multi-
ple data populations. Then prediction of the baselines of Cd, Pb and
Zn by regression analyses is controlled by the selected elements.
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Thus this baseline prediction method is more effective than the
traditional ones, especially when the target element has a bimodal
distribution. Additionally, the median values of Cd, Pb and Zn in
each subarea are very different from those in the whole area
(Fig. 13S (Supplementary material)). The medians of Cd and Zn
data in subarea 1 and 2 (Cd, 0.35ppm and 0.32 ppm; Zn,
102.8 ppm and 92.3 ppm) are higher than those in the whole sub-
area (Cd, 0.29 ppm; Zn, 86.5 ppm); Subarea 2 has notable lower Cd
(0.16 ppm) and Zn (57.8 ppm) medians than the whole area; The
differences among the 4 medians of Pb (whole area, 28.9 ppm; sub-
area 1, 31.1 ppm; subarea 2, 26.6 ppm; subarea 3, 29.7 ppm) are
relatively smaller than those of Cd and Zn, and the subarea 2 has
the lowest median value. Compared with the backgrounds
obtained through the iterative method (0.26 ppm, 29.4 ppm and
80.4 ppm for Cd, Pb and Zn, respectively) (Li and Ma, 2008), the
predicted baselines in this paper are preferred and more reason-
able. The baseline values will be useful in land use planning,
assessment of soil contamination and other works. For example,
the baselines can be used to develop trigger values in assessing
potential soil contamination and have been used to determine
upper and lower guideline values in basic risk assessment (Jarva
et al,, 2010). The method presented here not only avoids anthropo-
genic factors in the calculation and gives an accurate estimation of
the baseline value, but it also makes full use of the database. The
proxies extracted by PCA provide much more geological informa-
tion than a single normalizer.

7. Conclusion

Based on the relationships amongst Cd, Pb and Zn and the dom-
inant factors of their behavior, the Jianghan plain is divided into 3
subareas by factor analysis, which reflect the parent materials,
drainage systems and soil types controlling. The baselines in every
subarea are predicted by PCR analysis. The principle components
provide an abundance of synthesised information regarding the
samples, making the baseline more quantitative and reasonable.
This fitted geochemical model is an attempt to predict the soil geo-
chemical baseline. The study shows that the distributions of Cd, Pb
and Zn and the outliers are heterogeneous and differ in every sub-
area. Consequently, predicting the soil baseline on a subarea basis
in the Jianghan plain is advisable, and it provides an important ref-
erence for environmental protection and legislation. This paper
also proposes an approach for geochemistry baseline studies in
large areas with a complex environment. This method should be
developed, and a database of soil baselines in the Jianghan plain
should be established.
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