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Abstract A series of methods have been applied for
evaluating the environmental baseline—especially on a
regional scale—because of its importance for local envi-
ronmental management. However, most of the methods
have been statistical in nature, and spatial variability has
not been considered simultaneously. In this study, the
combined use of statistical and spatial methods has been
carried out to analyse lead concentrations in the shallow
groundwater in the urban area of Suzhou, northern Anhui
Province, China. The environmental baseline of lead in
the shallow groundwater has been evaluated to be
3.836-8.240 g/l after removal of either statistical or spa-
tial outliers. The results are similar to those obtained by
model-based objective methods, and further demonstrate
that the combination method is more reasonable for envi-
ronmental baseline evaluation.

Keywords Environmental baseline - Shallow
groundwater - Spatial cluster - Outlier identification - Lead

1 Introduction

Concentrations of elements in the natural environment can
be affected by multiple processes, including natural (e.g.
weathering) and anthropogenic (e.g. pollution) (Meklit et al.
2009). If the concentration exceeds a given reference value,
known as environmental background (Hawkes and Webb
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1962), the area is considered to be contaminated. However,
the reference value is at a global (e.g. WHO 2008) or national
(e.g. CEPA 1990) scale, and therefore might be meaningless
when applied to a regional scale since the natural levels of
elements vary significantly from area to area.

However, as determined by previous studies, the envi-
ronmental background, which is defined under the condi-
tions of the natural environment without any anthropogenic
contribution, is difficult to obtain because almost the entire
world has been affected by human activities. As an alter-
native, the concept of environmental baseline has been put
forward (Salminen and Tarvainen 1997; Reimann and
Garrett 2005), and a large number of studies have been
carried out for evaluating baseline values, especially at a
regional scale.

Environmental baseline can be quantified in several
ways with different methods (Reimann and Garrett 2005),
and the most important one is statistical. For example,
some statistical methods assume the normality or log-nor-
mality of concentration distribution (Reimann and Garrett
2005; Galuszka 2007), and cumulative probability plots, as
well as Q-Q plots, have been applied for data analysis.
Moreover, some previous studies revealed that it is more
realistic to view geochemical baseline as a range of values
rather than an absolute value because it changes both re-
gionally with the basic geology and locally with the type
and genesis of overburden. In prior studies, model-based
objective methods (iterative 26 technique and the calcu-
lated distribution function) have been applied (Nakic et al.
2007; Sun 2013; Urresti-Estala et al. 2013).

Suzhou is a city in the northern Anhui Province, China,
that is dominated by agriculture and coal production.
Groundwater is important for industrial, agricultural, and
domestic use in the area because of the lack of surface
water: the annual rainfall is only 774-895 mm and
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concentrated in the period from May to September. Even in
the urban area, about 30 % of residences use groundwater
pumped from shallow wells (<30 m depth). Lead in water
has long been a concern of environmental scientists
(Goldberg 1974; Darling and Thomas 2003), and lead in
drinking water can cause a variety of adverse health effects
(e.g. damage to the brain and nervous system, increased
blood pressure). Although groundwater is an important
source of water for drinking and other uses in Suzhou, the
geochemical baseline has not yet been determined.

Therefore, in this study, lead concentrations in shallow
groundwater in the urban area of Suzhou have been mea-
sured and the data have been analyzed by statistical and
spatial methods. The goals of the study include: (1) iden-
tifying the outlier samples and (2) evaluating the environ-
mental baseline.

2 Materials and methods
2.1 Sampling and analysis

In this study, a total of 62 groundwater samples were col-
lected from shallow wells (<30 m depth) in the urban area of
the city (Fig. 1) between September and October, 2013.
The samples were first filtered using 0.45 pm pore-size
membranes into 2.0-1 polyethylene bottles that had been
cleaned in the laboratory, and then immediately acidified to
pH < 2 with HNOj to prevent the precipitation and/or
adsorption of elements by the bottle. The samples were
sent for analysis within 24 h of collection. Analysis was
carried out at the Engineering and Technology Research
Center of Coal Exploration in Anhui Province, China. An
atomic absorption spectrometer was used for analyzing the

concentration of lead. A calibration curve was obtained
using a series of different concentrations of lead standard;
the coefficient of the curve is 0.99.

2.2 Data analyses

All of the lead concentrations were first analyzed by the
software Mystat (version 12), and the minimum, max-
imum, mean, standard deviation, coefficient of variation,
and the p value of Anderson—darling normality test ob-
tained. Then, the software Surfer (version 11) was applied
to produce a contour map of lead concentrations, and
kriging was chosen for the gridding method. Finally, the
software GeoDa (version 1.4.6) was applied for spatial
analysis. The box plot and map with Hinge = 1.5 was
applied for statistical outlier identification. With this pro-
cedure, the lower and upper outliers were identified.

Next, spatial cluster analysis, which is named Univariate
Local Moran’s I in the GeoDa software, was applied to the
dataset, and five categories (including not significant, high—
high, low—low, low-high, and high—low) were obtained.
During this procedure, samples in the high—high cluster were
identified as hotspots, whereas samples in high-low and
low-high clusters were considered to be outliers. In com-
parison with other hotspot identification methods (e.g.
Getis’s G index, spatial scan statistics, and Tango’s C index)
(Getis and Ord 1992; Ishioka et al. 2007; Tango 1995), the
Moran’s I index examines the individual locations, enabling
hotspots to be identified based on comparison with neigh-
boring samples. After removing the outliers obtained by ei-
ther box plot or spatial analysis, the mean + 2c (Nakic et al.
2007) of the rest of the samples was then considered to be the
baseline value. During the spatial analysis, rook contiguity
was chosen for weight calculation.

Fig. 1 Sample locations in the
study area
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3 Results and discussion
3.1 Descriptive statistics

The descriptive statistics of the lead concentrations (pg/1)
are listed in Table 1. As can be seen from the table, the
samples in this study have lead concentrations ranging
from 4.161 to 11.526 pg/l. Their mean and median values
are 6.583 and 6.299 pg/l, respectively. According to the
quality standards for groundwater in China (pg/l, GB/T
14848-9), the samples in this study can be subdivided into
three categories: eight samples in class I (<5 pg/l), 51
samples in class II (<10 pg/l), and three samples in class
IIT (<50 pg/l). Such a result indicates that all samples can
be used for drinking, irrigation, and industry directly (only
considering about their lead concentrations). Moreover, the
spatial distribution of the lead concentrations in the shallow
groundwater in this study has a low-to-moderate coefficient
of variation (0.253), implying that the shallow groundwater
system in the area has not been dramatically affected by
human activities.

However, the p value of the Anderson—Darling nor-
mality test is less than 0.05, meaning that the lead con-
centrations of the samples in this study cannot pass the
normality test, which indicates the possibility of an an-
thropogenic contribution (Reimann and Garrett 2005). This
possibility is also demonstrated by the contour plots of the
lead concentrations in the area (Fig.2), in which two
centers with high lead concentrations can be identified: one
is located from the east to the center of the map, and an-
other is located in the west. Alternatively, these areas with
high lead concentration might be the results of geological
heterogeneity.

3.2 Outlier identification by box plot

Previous studies reveal that the geochemical baseline and
the pollution data are different in both their statistical
distribution and spatial behavior (Meklit et al. 2009).
Therefore, the box plot, a convenient way of graphically

depicting groups of numerical data through their quartiles,
has been employed for identifying the statistical outliers.
The method has long been used for outlier identification
during environmental background or baseline studies
(Reimann and Garrett 2005). It is a statistical method in
which the lower and upper inner fences are calculated (see
functions 1 and 2, respectively) (Frigge et al. 1989), and
the samples with higher or lower concentrations relative to
the fences are considered to be outliers.

Function 1 : 25 % percentile — 1.5

x (75 % percentile—25 % percentile).

Function 2 : 75 % percentile + 1.5

x (75 % percentile — 25 % percentile).

Based on these functions, the lower and upper inner fences
of the lead concentrations in this study were calculated to
be 3.092 and 9.744 pg/l, respectively, and four samples
(samples 23, 49, 50, and 60) with lead concentrations
higher than 9.744 pg/l have been identified as outliers;
their locations are shown in Fig. 3 as a box map. As can be
seen from the figure, these four samples are located in areas
with high lead concentrations (Fig. 2), which indicates that
these areas might have been affected by human activities.

3.3 Outlier identification by spatial cluster

Similar to the statistical outliers, samples with unusual
values relative to their neighborhood are also considered to
be outliers, and are known as spatial outliers (Lark 2002).
To identify spatial outliers, a series of methods have been
applied. For instance, variograms were used to model the
spatial autocorrelation with a cross-validation procedure of
ordinary kriging, an estimated value was generated for
every measurement, and then the standardized estimation
error was used for identifying spatial outliers (Laslett and
Mabratney 1990). Moreover, Moran’s I is a commonly
used indicator of spatial autocorrelation and two types of
Moran’s I have been reported for different destinations: the
global Moran’s I was used to study the overall spatial

Table 1 Summary statistics of

Whole data Box plot Spatial outlier Combination

the complete dataset and of the

resulting dataset after outlier N of cases 62 58 32 50

rem9val by statlstlcgl and N of outliers 0 4 10 12

spatial methods (unit for

concentration: pg/l) Minimum 4.161 4.161 4.161 4.161
Maximum 11.526 9.388 10.813 9.388
Median 6.299 6.180 6.061 5.943
Mean 6.583 6.287 6.203 6.038
Standard deviation 1.667 1.251 1.368 1.101
Coefficient of variation 0.253 0.199 0.221 0.182
p value <0.01 0.098 <0.01 >0.15
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Fig. 2 Contour map of lead 1 —L
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Fig. 3 Outlier distribution
based on box plot (box map)
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autocorrelation, whereas LISA (local indicators of spatial
association) were applied to identify the degree of spatial
autocorrelation in each specific location by using Local
Moran’s I (Anselin 1995). It can also be used for identi-
fying the existence of local spatial clusters by generating
cluster maps (Zhang and McGrath 2004; Harries 20006).

In this study, all of the samples have been classified as
not significant (46 samples) or significant (16 samples).
Among the significant samples, eleven and five samples
have a significance level of p value equal to 0.05 and 0.01,
respectively. Moreover, the significant samples are classi-
fied into four secondary categories: high—high (seven
samples), low—low (six samples), low—high (one sample),
and high-low (two samples).

Spatial distribution of heavy metal concentrations is
useful for identifying “hotspots” (Li et al. 2014). Ac-
cording to previous studies (Zhang et al. 2008), either
high—high or low—low samples can be grouped in spatial
clusters, whereas high-low and low-high samples are

considered to be spatial outliers. As can be seen from
Fig. 4, two “hotspots” can be identified: one is located in
the center of the map and another is located in the west of
the map. This is similar to the results obtained by contour
map (Fig. 2) and might be an indication of special human
activities. For instance, the east-center hotspot is located in
the area of an old, densely populated quarter, and the train
and bus stations are located in the area. Moreover, some
small workshops with steel, iron, and lead products are also
located in the area (Fig. 4). In summary, the high-high,
high-low, and low-high samples—ten samples in total
(samples 10, 24, 26, 32, 38, 39, 41, 49, 50, and 51)—are
considered to be spatial outliers.

3.4 Environmental baseline evaluation
After box plot identification, the samples with extreme high

values were removed. However, this procedure does not take
the spatial variability into account, and it is incapable of

@ Springer
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Fig. 4 Outlier distribution
based on spatial analysis
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defining the unique environmental baseline on a local scale
(Meklit et al. 2009). Therefore, the combined use of the two
methods (box plot and spatial cluster) can produce more
reliable information, as it can remove both the statistical and
spatial outliers. In consideration of this, a total of twelve
samples are classified as outliers, and the remaining fifty
samples are considered to be environmental baseline sam-
ples. The summary statistics of the samples with different
outlier identifying methods are shown in Table 1.

As can be seen from the table, after outlier removal by
box map, 58 samples remain, and their mean concentration
is 6.287 pg/l. However, after spatial outlier removal, 52
samples remain, and their mean concentration is 6.203 pg/l.
The remaining samples after statistical outlier removal can
pass the normality test with p value = 0.098, whereas the
remaining samples after spatial outlier removal cannot pass
the normality test. This is due to the differences between
these two methods; the former assumes a normal distribution
of the baseline data, whereas the latter considers only the
concentration variations among neighborhoods.

As for the combined method, the mean concentration is
6.038 pg/l with a standard deviation of 1.101 pg/l, and the
environmental baseline is therefore established to be
3.836-8.240 pg/l. This is similar to the results obtained by
using model-based objective methods (iterative 2c technique
and the calculated distribution function) (Nakic et al. 2007,
Urresti-Estala et al. 2013), by which the baseline values were
determined to be 4.1-7.8 and 4.2-8.4 pg/l, respectively.

4 Conclusions
Based on the combined use of statistical and spatial ana-

lyses of lead concentrations in shallow groundwater col-
lected from the urban area of Suzhou, northern Anhui

@ Springer

Province, China, the following conclusions have been
made:

(1) The lead concentrations in the groundwater samples
are low, and they can be used for drinking, irrigation,
and industry according to the Chinese and WHO
standards;

(2) Four outlier samples with the highest lead concen-
trations have been identified by box plot and map,
whereas ten samples have been identified as outliers
by spatial analyses;

(3) Two hotpots, which are located in the center and
west of the map, have been identified and might be
an indication of special human activities;

(4) The environmental baseline based on the dataset of
samples after removal of statistical and spatial
outliers is estimated to be 3.836-8.240 pg/l, and is
similar to the results obtained by model-based
objective methods.
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