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ABSTRACT

Heavy metal pollution in soil is an important issnenowadays because it can affect the human h#aitlugh food
chains. In this study, 149 surface soil samplesehiawen collected from the rural-urban fringe zorieSazhou,
northern Anhui Province, China for analyzing theadeconcentrations. The results indicate that thadle
concentrations range from 7- 42 mg/kg with mear83=8Img/kg. In comparison with the environmentalkgacund
value of China, only one sample is polluted. Howesgmtial distribution and cluster analyses suggest there is
a hotspot located near the entrance of the citg amplying that transportation (motor vehicleskisnsidered to be
responsible for the lead pollution in the area.eifstatistical and spatial outliers removing, theveonmental
baseline of lead in the surface soil of the areaasculated to be 7.24 — 19.5 mg/kg, and seven kesmpere
identified as polluted.
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INTRODUCTION

Heavy metals, such as copper, lead, cadmium arhiarshave long been recognized for their hazaras the

health of human beings [1-3]. Although they havéydrace levels in the environments (e.g. air, dgsil and

water), the health of human beings can be affebtethem through the food chains: from soil or ainater to

vegetable, and then animal and human beings [&]ngdor instance, the releasing of arsenic in® ¢mvironment
during many industrial processes can take badteffaer the human health: e.g. peripheral neurgpaktin lesions,
and lung cancer [5]. And therefore, public concevar heavy metal pollution in the environment iswing every

day.

To be a special kind of heavy metals, lead has len recognized for its bad physiological eff¢gjsMoreover,
previous studies revealed that it can be releageduitiple natural or anthropogenic processes, mntbr vehicles
are considered to be the major contributor of kexaissions, including on-road motor vehicle gasolaieemissions
of lead from the transportation sector, and paldityithe automotive sector.

Soils are critical environments interfaced with @nd water, and they are inevitably exposed toctlimed indirect
effects of human activities. And therefore, contaation by metals in soils has become widespreadsaridus due
to the non-biodegradable nature and long-biolodicdiHlives of these metals [6]. Accumulation ofhg metals in
the food chain will have a significant effect omtan health in the long term [7].

Suzhou is an agricultural dominated city, more t8&% of the residences in the city are engagedoirk nelated to
agriculture, and the area is called as “oceanuif &nd granary” because of its high productiombagat, fruits and
vegetables. And therefore, the safety of agricaltesspecially its related soil properties, is int@ot for the social
and economic evolution of the area.
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In this study, a total of 149 surface soil sampfethe rural-urban fringe zone in Suzhou, north&ntui Province,

China have been collected and analyzed for leaderdrations, and then analyzed by statistical padia analyses,
the goals of the paper include: (1) determininggblution degrees, (2) identifying the sources &)destablishing
the environmental baseline.

EXPERIMENTAL SECTION

SITE DESCRIPTION:

Suzhou is a city located in northern Anhui Provin€hina. The longitude of the city is between 1B6860d 118°10Q
and the latitude is between 33°a8d 34°38 The total area of the city is 9787 %with its length is 195 km (from
east to west) and the width is 151 km (from souotimdrth). The city’s land area is 7.8 million acessl the plant
area is 15.6 million acres with 200% multiple crgpindex, and the main crops in the area inclutieat, corn,
soybean, cotton, potato, rapeseed, peanuts amefui

SAMPLING AND ANALYSIS:

Atotal of 149 surface soil samples (less than Sdeth) located in the rural-urban fringe zonehef tity have been
collected (Fig. 1) in June, 2014. Samples werdlfimr-dried in natural conditions (25 — 30), and the debris of
animals and plants had been removed by hands. Thersamples were powdered to be less than 200esiesh
(<0.075mm) after parching for 24 h at 80 °C in a drye
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Fig.1: Thedistribution of samplelocations

Then the samples were made into tablets by usi®@t &ondenser, and then analyzed by XRF (Innov-Xl&her
9000 SDD, USA) for measuring the concentrationkeadl in the Engineering and Technological Rese@sttitre of
Coal Exploration, Anhui Province, China. Nation&rglard sediment sample of China (GBW07307) walyasd
simultaneously for calibration (once per ten sasipland the relative standard derivation is leag tt0%.

DATA PROCESSING:

All of the lead concentrations were firstly analgzby Mystat software (version 12), and the resoliained
including minimum, maximum, mean, median, coeffitief variation, skewness, kurtosis and normast.t Then,
the lead concentrations were plotted as a contayr atong with their locations by the software suffeersion 11).
Based on the contour map, the areas with high ¢éeadentrations can be identified. Finally, the wafie Geoda
(version 1.4.6) has been applied for spatial ctirsge(Univariate Local Moran’s 1), and then the Iptibn hotspot
can be achieved. And then, the outlier sampledu@irtg either statistical or spatial outliers) wesmmoved for
establishing environmental baseline.
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RESULTSAND DISCUSSION

LEAD CONCENTRATION:

The descriptive statistics of lead concentratianshis study are synthesized in Table 1. As carsdsn from the
table, the range of lead concentrations is 7 — 4&gy and their mean lead concentration is 13.8&gigflowever,
they have lower median value (13 mg/kg) relativartean value. Previous studies revealed that averageh
factor (average concentration/background) is a goditator for monitoring the degree of pollutioand three
degrees had been subdivided: <1 means light pmtiufi-3 means moderate pollution and >3 means dersile
pollution [8]. The soil environmental backgroundueof China (26 mg/kg for lead) [9] is chosen émmparison,
and the average enrich factor is calculated to.68,@vhich indicates that the study area has net lsgamatically
affected by anthropogenic activities.

Moreover, as suggested by previous studies, a lmefficient of variation (< 10%) indicates the lovegtee of

anthropogenic contribution, whereas a high coefficof variation (> 90%) indicates high degreeamhropogenic

contribution [10]. In this study, the coefficientt variation of lead concentrations is medium (28%#jch indicates

that the lead concentrations in the surface sajhinhave been affected by human activities with ttegrees. This
consideration is further supported by their skewraesl kurtosis values, as well as the p-value afefson-Darling

test, as the p-value is lower than 0.05 (Tablevh)ch implying that the lead concentrations in ttisgdy cannot pass
the normality test.

TABLE-1 Descriptive statistics of lead concentrationsin the surface soil (mg/kg).

N Min | Max | Mean| Median| Coefficient of variation Skeess| Kurtosis| p-value
149 | 7.00] 420 138 13.0 0.28 2.86 18.] <0/01

SPATIAL DISTRIBUTION:
Mapping the spatial distribution of contaminantssails is essential for pollution evaluation anskrcontrol [11],
and a large number of methods (e.g. inverse distamighting, local polynomial, ordinary kriging aratdial basis
functions) have been applied for solving this isduethis study, the lead concentrations, in coratan with the
values of longitude and latitude, have been preckby the software surfer (version 11), and thddijng method is
chosen for natural neighbor.
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Fig. 2: Contour map of lead concentrations

The spatial distribution of lead concentrationsh®wn in Fig. 2. For a more clear expression, dintge types of
colors (yellow, green and red) have been chosertafAshe seen from the figure, the proportions fiédint colors
are following the decreasing order: yellow > greered. And the areas with high lead concentratameslocated in
the west of the map. In comparison with the mapsafple locations (Fig. 1), the red area with highdl
concentration (> 30 mg/kg) is located in the pagkiot with high density of transportation, wherethe entrance
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into the city. This result indicates that the motehicles are responsible for the high concentnatiof lead in the
surface soil.

OUTLIER IDENTIFZICATION AND BASELINE EVALUTION:

Outlier identification is important for the estadiiment of environmental baseline, and a large numbmethods
have been carried out for solving this issue, idiclg statistical and non-statistical. Among the moels, the most
popular used statistical method is boxplot [12]jckhbased on the calculation of upper and loweeilinfiences
(lower: 25% percentile — 1.5%(75% percentile - 2pétcentile); upper: 75% percentile + 1.5x(75% petite- 25%

percentile)), and the concentrations outside theerinfences are considered to be outliers. Basedhn

consideration, the upper and lower inner fencdsad concentrations are then calculated to ber&i®8.5 mg/kg,
respectively, and there is only one sample witth hégd concentration (42 mg/kg) can be identifisdatlier.

Another consideration is spatial outlier, which meahat the samples with unusual values relativeh&r
neighborhood are considered to be outliers (spatitller) [13] and the Moran’s | is a commonly usadicator of
spatial autocorrelation: one is the global Morah'svhich is used to study the overall spatial aatoglation,
whereas LISA (local indicators of spatial assooiaiis applied to identify the degree of spatiaioaarrelation in
each specific location [14]. More importantly, thiSA can also be used for identifying the existentécal spatial
clusters by generating cluster maps [15], whichlmanised for identifying the spatial hotspot antiens [16].

The results of obtained from the software GeoDahiswn in Fig. 3. All of the samples in this studgvl been
classified into five categories: not significan2@l samples) and significant (20 samples). Moreoakrpf the
significant samples can be classified into fournseary categories: 10, 4, 3 and 3 for high-high-low, low-high
and high-low, respectively.

According to previous studies [16], either highthigr low-low samples can be clustered to be spatisters,
whereas high-low and low-high samples are consilépebe spatial outliers. As can be seen from Bigone
hotspot can be identified, which is located intest of the map, and it is located similar to tresawith high lead
concentrations (Fig. 2), which further supportihg tdea that the motor vehicles are responsibléeat pollution in
the surface soil.
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Fig. 3: Result of spatial clustering.

According to the results of spatial clustering (R 16 samples in high-high, high-low and lowthigusters were
then considered to be outliers, and the rest os#mples (after removing the statistical outlieexrevthen used for
establishing the environmental baseline (metan2c) [17], and the result is calculated to be 134 6.14 mg/kg

(7.24 — 19.5 mg/kg), which is similar to the reslitained by model based objective methods (8.8.8 4nd 8.5
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—17.5 mg/kg ) [18]. Based on this baseline, seamples can be identified as polluted.
CONCLUSION

Based on the analyzes of lead concentrations irstinface soils collected from the rural-urban feéngpne of
Suzhou, northern Anhui Province, China, the follogvconclusions have been made:

(1) The samples except for one have low lead cdrations relative to the environmental backgroumdug of

China;

(2) Coefficient of variation, in combination witlpatial distribution of lead concentrations suggbstt the lead
concentrations in the surface soil of the studyaahave been slightly affected by human activitiaagd

transportation is considered to be the most impbidae;

(3) After statistical and spatial outlier removirige environmental baseline is then set to be #.28.5 mg/kg, and
according to this criterion, seven samples weratified as polluted.
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