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ABSTRACT

In this study, sixty-two shallow groundwater saraple®m the urban area in Suzhou, northern AnhuiviPree,
China have been collected and analyzed for theitndam concentrations, and then processed by egpatial
analyses (spatial clustering) and statistical (ha&t) for identifying the spatial and statisticalitiers. The results
indicate that fifteen samples have been identéiedpatial outliers, whereas three samples have lEntified as
statistical outliers. Their mean#2concentration is then set as environmental basdlin035-1.062 ug/l). Moreover,
based on the contour map of cadmium concentrati®iere and after outlier removing, one hotspot wiigh
cadmium concentrations has been identified, whigfhhbe indication of anthropogenic contribution.
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INTRODUCTION

The environmental background has attracted largabeu of studies because of its importance for envirental
management. They include not only the environmest#ntists [1, 2], but also the international avational
organizations. Taking for instance, the environraktiackground as suggested by the Chinese Envinotane
Protection Administration [3] has long been used tfee evaluation of local pollution degrees. Howewhese
environmental background data might be meanindiesause it was obtained in a national scale, rétaer a local
scale, which is considered to be different fromaaiearea [4, 5]. Moreover, some environmentalndists suggest
that a local environmental background, which shdwddobtained under the condition without any amgbgenic
contribution, cannot be obtained because the wioldd in nowadays has been affected by human &iesviAnd
therefore, the environmental baseline, a replacemwieanvironmental background has been postulatednbtead

[6].

Therefore, a series of methods, including eithatistical or non-statistical, have been carried foutsolving the
issue of local environmental baseline values. Amutng statistical methods, the hypothesis of themadity or
log-normality of concentration distribution, hasngp been used for determine the environmental besekor
instance, the cumulative probability plot and Q-@t{d7, 8], as well as the model based objectivethoes
(including iterative & technique and the calculated distribution fundtif 10] have long been used for baseline
studies. These studies revealed that it is molestieao view geochemical baseline as a rangeatdies rather than
an absolute value.

To be a toxic metal, cadmium has long been condebyeenvironmental scientists [11, 12]. It can beased by
electroplating and production of artificial phostehdertilizers etc. As to the human health, it ¢eamsport from
water, air and plant into the human bodies, and thading to the health damages, e.g. bone fractlaimage of
immune system and psychological disorders. Thegefor this study, the cadmium concentrations inlisha
groundwater in the urban area of Suzhou, northentul Province, China, have been measured, and the
environmental baseline value of cadmium has beatuated based on the identification of statistmadl spatial
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outliers. It will be useful for the local groundwatmanagement and protection.
EXPERIMENTAL SECTION

SITE DESCRIPTION AND SAMPLING:

Suzhou is surface water lacking city located in ioethern Anhui Province, China because the anraiafall is
only 774 - 895 mm and most of them are concentratauhly in the period May to September [12]. Andrtfore,

the groundwater is important for the industrialii@gtural and domestic use in the area. An obviglhisnomenon is
that although most of the persons use centralizagmsupply in the urban area, more than 30% ofékiElences
use water pumped from shallow wells (< 30 m). Hoevewthe environmental issues related to the shallow
groundwater have not been well determined yet.
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Fig. 1: Samplelocationsin the study area
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And therefore, in this study, a total of sixty-twballow groundwater samples have been collected fhese wells
in the urban area of the city during the periodMeein September and October, 2013 (Fig. 1). Allhef samples
were firstly filtered by 0.45:m pore-size membranes, and then immediately aetdifo pH < 2 with HN@ for
preventing the precipitation and/or adsorption lefrents by the bottle. Finally, the samples were && analysis
within 24 hours in the Engineering and Technologgé&arch Center of Coal Exploration in Anhui ProginChina.
The concentrations of cadmium were determined bymid absorption spectrometer with the coefficiehthe
calibration curve better than 0.99.

DATA ANALYSES:

All of the concentrations were firstly processedthg software Mystat (version 12), and the minimamaximum,
mean, standard deviation, coefficient of variatiskewness and significant value of Anderson-damiognality test
have been obtained. And then, the software Suvtmsion 11) has been applied for producing the aantap of
concentrations for identifying the spatial disttion characteristics.

Finally, the software GeoDa (version 1.4.6) hasnbagplied for either statistical or spatial anadyshe detailed
processes are as follows:

(1) Spatial cluster analysis, which names Univariabcal Moran’s | in the GeoDa software, has begplied for
the dataset, and five categories (including nohi@ant, high-high, low-low, low-high and high-lgwcan be
obtained. The samples in high-high cluster wererened as hotspot samples, whereas samples imitgwand
high-low clusters were selected as outliers. Arahthll of these samples were identified as spatitiers.

(2) Box plot (map) with Hinge = 1.5 [7] has beerplgd for statistical outlier identification. Witthis procedure,
the lower and upper fences can be obtained, andaimples outside the fences were identified touikeos. The
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calculation of the fences is listed below:
Lower fence: 25% percentile — 1.5%(75% percentl?&% percentile).
Upper fence: 75% percentile + 1.5%(75% percentd&% percentile).

(3) After removing the statistical and spatial @rtd, the mean#2[9] of the rest of the samples was then considered
to be baseline values.

RESULTSAND DISCUSSION

CADMIUM CONCENTRATIONS:

The descriptive statistics of the cadmium conceiatna (ug/l) are synthesized in Table 1. As carséen from the
table, the cadmium concentrations of the sampldsisrstudy range from 0.207 to 2.420 ug/l with mead median
values equal to 0.505 and 0.650 ug/l, respectidal}comparison with the quality standards for gmbwater in
China (g/L, GB/T 14848-93), the samples in this study barsubdivided into two categories: most of the damp
(fifty-two) are classified to be class K ug/l), and ten samples are classified to besdlag< 10 ug/l). This result
suggests that all of the samples in this studymaat the requirement for drinking, irrigation andustry directly
based on their cadmium concentrations. Even in ewisgn with the WHO standard (3 ug/l) [13], alltbé samples
are suitable for drinking.

The spatial distribution of the cadmium concentradi in the shallow groundwater shows moderate icaait of
variation (0.593), implying that the cadmium in tbleallow groundwater system might has not been altiaally
affected by human activities, which is similar be tyood quality of the groundwater. Moreover, astoaseen from
the contour map of cadmium concentrations (Fig.ttre are three areas of high cadmium concemsfjeft,
central and right of the map), which might be attidgation of the anthropogenic effects.

It can also be obtained from Table 1 that the prvalf Anderson-Darling normality test is less tRa®5, implying
that the cadmium concentrations of the sampledim dtudy cannot pass the normality test, whichhinlge a
suggestion of the existence of anthropogenic dmution. However, it can get a higher p-value (0)03fter
log-transformation, which might an indication oetlognormal distribution of cadmium concentratigmable 1).
And therefore, all of the data were then log-transied before analyzes.
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Fig. 2 Contour map of cadmium concentrations
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TABLE-1 Summary statistics of the whole dataset and those resulting from outlier removing

Whole' | Whol€ | Box plof | Spatial clustér| Combiné
N of cases 62 62 62 50 47
N of outliers 0 0 0 12 15
Minimum 0.207 -1.573 -1.573 -1.573 -1.573
Maximum 2.420 0.884 0.884 0.884 0.064
Median 0.505 -0.684 -0.684 -0.751 -0.751
Mean 0.650 -0.562 -0.562 -0.635 -0.712
Standard deviation 0.386 0.494 0.494 0.476 0.369
Coefficient of variation 0.593 -0.87¢ -0.879 -0.749 -0.518
Skewness 2.185 0.603 0.603 0.916 0.188
p-value <0.01 0.031 0.031 0.018 0.15

Note: 1 and 2 mean before and after log-transforamatrespectively. The unit for 1 is ug/I.

OUTLIER IDENTIFZICATION:

In this study, all of cadmium concentrations afteg-transformation were firstly examined by box tpkor
identifying the statistical outliers. Based on thections listed above, the lower and upper ineacés in this study
were calculated to be -1.985 and 0.903 (log-ugd3pectively, which equal to 0.010 and 7.998 ug8pectively.
And this is no sample can be identified as outliers

Relative to the statistical outliers, the samplés wnusual values relative to their neighborhooelaso considered
to be outliers (spatial outlier) [14], and a seésnethods have been applied. Among these metliogidloran’s |
is a commonly used indicator of spatial autocotieta There are two types of Moran's | have beegporged
previously: one is the global Moran’s I, which ised to study the overall spatial autocorrelatiomtlaer one is
LISA (local indicators of spatial association), winiis applied to identify the degree of spatialoaatrelation in
each specific location [15].

Based on the calculation of GeoDa, all of the sasi this study have been classified into two gaties: not
significant (50 samples) and significant (12 sarspl&oreover, all of the significant samples carclassified into
three secondary categories: eight, three and anplea are classified to be high-high (sample 1038439, 40, 41,
51 and 52), low-low (sample 4, 29 and 30) and thigh{sample 36) clusters, respectively.
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Fig. 3 Spatial outlier distribution

According to previous studies [15], either highthigr low-low samples can be clustered to be spatigters,
whereas high-low and low-high samples are consiiémebe spatial outliers. As can be seen from Bjgtwo

hotspots can be identified, one is located in thetral of the map and another is located in thet wEshe map,
which might be an indication of special human atiés and, in the area near to these two poingsgtioundwater
safety related to cadmium pollution should be adréfloreover, the high-high, high-low and low-higamples (12
samples) are considered to be spatial outliers.
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After these processes, the rest of the samplesndydifty, and then, the box plot has been appf@dthe rest of the
samples and three samples (sample 23, 53 and @@)kean identified as statistical outliers.

BASELINE EVALUATION:

The synthesized data with and without outlier remg\are listed in Table 1. Comparatively, basedtenstatistical
method (box plot after log-transformation), no @itlhas been identified. However, twelve samplegehaeen
identified after spatial analysis based on the @dter log-transformation, which can be used fanoeing the

spatial outlier samples. Because statistical mettaod only be used for removing the samples witheex¢ high
values, and it is therefore inadequate to define d@inique environmental baseline in a local scalthowmi

consideration the spatial variability simultanegydl4]. And therefore, the combination use of statal and spatial
analyses can get more reliable information.

As can be seen from the table, after outlier remp\Wy spatial analysis, the rest of the samples giv mean
concentration to be -0.635 (log-ug/l) and the psegabf lognormality test is 0.018, indicating thia¢y cannot pass
the lognormality test. However, after spatial amatistical outlier removing, the mean value of tlest of the

samples is -0.712 (log-ug/l) and the p-value ohlagnality test is 0.150, and the environmental aseccording

to previous studies [9] is therefore establishebdo1.450 — 0.026 (log-ug/l), which equals to 6.631.062 ug/l.

This result is similar to the results obtained Bing model based objective methods (iterativeaezhnique and the
calculated distribution function) [9], the baselwa&ues determined by the two kinds of methodsOa2e- 0.7 and
0.2 — 0.8 ugl/l, respectively.

Moreover, in comparison with Fig. 2, the contourpnad the cadmium concentrations of the environmiegrdaeline
samples shows only two areas with high cadmium ewetnations (left and central), and the right ondisappeared
(Fig. 4), this result indicates that the right avath high cadmium concentrations is a hotspot wiitgh degree of
anthropogenic contribution.
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Fig. 4 Contour map of environmental baseline
CONCLUSION

Based on the spatial and statistical analyseseftcgddmium concentrations in the shallow groundwatdlected
from the urban area of Suzhou, northern Anhui Praeyi China, the following conclusions have beeneanad

(1) The groundwater samples show good quality basetheir cadmium concentrations, and three arétshigh

relative concentrations of cadmium have been ifledtiwhich might be indication of anthropogeniteefs;

(2) Spatial and statistical methods have identifiiden outliers, which are considered to be samplith extreme
high values or different with their neighborhoods;

(3) The environmental baseline of cadmium in thallslw groundwater is estimated to be 0.035 — 1.062 and
the contour map of the environmental baseline shbaisthere is only one high cadmium area can Insidered to
be hotspot with high degree of anthropogenic cbutidn.
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