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ABSTRACT

Forty-five deep seated groundwater samples from three aquifers in two coal mines (Wolonghu and Baishan),

northern Anhui Province, China have been measured for four kinds of heavy metal (Pb, Zn, Cr and Ni)

concentrations for evaluation of quality and, establishment of environmental background values by using

model based objective methods. The results suggest that these groundwater samples are of excellent quality

relative to the quality standard of groundwater established by Chinese government, and most of them can be

used for drinking directly according to their low concentrations of heavy metals. Moreover, they are considered

to be representative of “pristine” state because they are far away from anthropogenic contribution and therefore,

they can be used for environmental background estimation. The thresholds of Pb, Zn, Cr and Ni between

natural and abnormal or anthropogenic are calculated to be 17.4, 64.9, 3.9 and 71.1µg/L by using model

based objective methods, respectively.
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INTRODUCTION

Water is the most important foundation of life, and

groundwater is one of the main constituent of water resources

on earth. Nowadays, more than 1.5 billion persons in the

world take groundwater for drinking purpose. However,

about 80% of the diseases and deaths in the developing coun-

tries are related to water contamination (UNESCO 2007);

take an instance, low pH groundwater can cause gastroin-

testinal disorder (Laluraj & Gopinath 2006), whereas

groundwater with high total dissolved solids (TDS) can

brought to people calculus and other diseases (Fetters 1990).

Therefore, a large number of studies have been focused on

groundwater quality monitoring and evaluation for domes-

tic and agricultural activities (Al-Bassam & Al-Rumikhani

2003, Jeevanandam et al. 2006, Pritchard et al. 2008, Ma et

al. 2009, Choi & Lee 2011).

China’s per capita water resources is only 1/4 of the world

average, and 400 in 600 cities across the country are facing

serious water shortage, especially in north and northwest of

China. Groundwater accounts for 50% of the total water sup-

ply in most of the cities and, more than 80% for some of the

cities. However, because of the discharging and usage of large

amounts of untreated wastewater (about 48 million tons per

year) (GSSSG 2009), shallow groundwater systems in some

areas have been polluted and then exacerbated the shortage

of groundwater resources. Under this situation, deep seated

groundwaters in some of the areas in China were considered

to be reliable water sources, take an instance, deep karst water

has long been used for water supply in Xuzhou City, north-

ern Jiangsu Province (Hu 1998).

As one of the most important coal producing area in

China, Northern Anhui Province is also facing the problem

of surface water shortage, and the government in Suzhou

City, northern Anhui Province, tends to exploit the ground-

water from Ordovician limestone aquifer with up to 900m

depth. However, the environmental studies related to these

groundwaters are limited, and the published papers are fo-

cused only on major ions (Sun & Gui 2013, Sun et al. 2013).

In this study, four kinds of heavy metals (Pb, Zn, Cr, Ni)

have been analysed for 45 groundwater samples from four

deep seated aquifers, and the goals of the study include: (1)

identifying the heavy metal concentrations of groundwater

and evaluating its suitability for drinking and irrigation and

industrial usage, and (2) establishing the environmental back-

ground of heavy metals in deep seated groundwater.

MATERIALS AND METHODS

Hydrological background: Our study area is located in

Suixiao coalfield in northern Anhui Province. The coalfield

is located northwest to Suzhou with 45 km and near the

boundary between Anhui and Henan Province, China with a

total area of 4200 km2. The area is bounded by Longhai rail-

way in north, Subei fault in south, the boundary between

Anhui and Henan province in west and Jinghu railway in

east. The length from east to west is about 40-80 km, and the

width from north to south is about 70 km. The climate of the

area is warm and belongs to semi-humid climate with an

annual average temperature of 14.3°C. The average annual
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rainfall is 820 mm and most of it is concentrated between

June and August.

Previous investigations revealed that the groundwater

system in the area is mainly divided into three aquifers from

up to down: loose layer aquifer, coal bearing sandstone aq-

uifer and the underlying limestone aquifer. The loose layer

aquifer (LA) is subdivided into two aquifers, the Tertiary

and Quaternary aquifers with a depth up to 234 m and the

wall rocks are mainly composed of clay, sandstone and con-

glomerate, and the water storage is limited. The coal bearing

aquifer (CA) is subdivided into four aquifers and its wall

rocks are composed of grey-white sandstones with a large

number of cracks, the total thickness of the coal bearing aq-

uifer is near 240 m and the water is enriched in the fifth and

seventh aquifers. The limestone aquifer (TA) is mainly com-

posed of limestone and can be subdivided into Taiyuan For-

mation and Ordovician limestone aquifers. Among all of

these aquifers, TA is the major threat for the safety of coal

mining.

Sampling and analysis: Forty-five groundwater samples from

LA, CA and TA have been collected from the alley in

Wolonghu and Baishan coal mine, and Suixiao coalfield be-

tween June and August, 2012. Water samples were filtered

through 0.45 µm pore-size membrane and collected into a 2.0L

polyethylene bottles that have been cleaned in the laboratory,

and immediately acidified to pH < 2 by HNO
3
 for prevention

of element precipitation and/or adsorption by the bottle. Then

the samples were sent to the laboratory for analysis in 24 hours.

Analytical processes were taken place in the Engineer-

ing and Technology Research Center of Coal Exploration in

Anhui Province. Atomic absorption spectrometer (AAS) has

been used for analysis of four kinds of heavy metals (Pb, Zn,

Cr, Ni), and the standard solutions after dilution have been

applied for calibration, and the relative standard deviation is

limited to less than 3%.

Data treatment: The analytical results were firstly exam-

ined by SPSS (version 16) for data description, including

min, max, mean, median, standard deviation, coefficient of

variation, skewness and examination of normal distribution.

Then the data were processed by model based objective meth-

ods (iterative 2σ technique and the calculated distribution

function) for background estimation, the software (Excel

macro) was provided by Nakic et al. (2007). In comparison

with other environmental background estimation methods

(Singh et al. 2001, Gemitzi 2012, Molinari et al. 2012), model

based objective methods do not requiring normal or log-nor-

mal distribution and can be applied to small datasets (n >

30), they can be applied to scattered distributions if the

Lilliefors test statistic T is lower than the critical value of T

with 95% confidence (Lepeltier 1969).

RESULTS AND DISCUSSION

Heavy metal concentrations: The analytical results are pre-

sented in Table 1. As can be seen from the table, lead, zinc,

chromium and nickel concentrations are 2.87-31.8, 30.3-109,

0.07-7.28 and 14.1-187 µg/L, and their mean concentrations

are 12.8, 52.7, 2.24 and 51.5µg/L, respectively. The decreas-

ing order of metal concentrations is Zn > Ni > Pb > Cr. As to

their coefficients of variation, except for Zn which possesses

a low CV value (0.23), other three metals have very high

CV values higher than 0.50, indicating that Pb, Cr and Ni

have obvious spatial variation relative to Zn. Moreover, all

of the concentrations show positive bias as they all have

skewness values higher than zero. It is also noticed that they

do not have normal distribution because their Kolmogorov-

Smirnov values are all lower than 0.05.

Chinese government has subdivided groundwater into

five classes based on the concentrations of pollutants (Table

2), Class I, II and III can be used for drinking, irrigation and

industry, and class IV can be used for irrigation and industry

directly, but must be treated before drinking, whereas class

V is the worse which cannot be used for drinking, either

irrigation or industrial use and must be carefully selected.

Based on this standard, all the samples can be subdivided to

class III or better according to the concentrations of Pb, Zn

and Cr. However, there are only 28 samples which can pass

the class III criterion and they are concentrated in LA and

CA. Moreover, only four samples have higher Ni

concentrations higher than the criterion of class IV and are

all CA samples. Because the water supplies in the coal mining

area are extracted from LA and CA, these results suggest

that the groundwater quality in these two coal mines can be

considered to be excellent according to their heavy metal

concentrations.

Environmental background estimation: Determination of

environmental background is a concern of scientists and

government, because it is the basis for either pollution de-

gree evaluation or future environmental protection. There-

fore, a large number of studies focused on this issue have

been published and cited (Singh et al. 2001, Gemitzi 2012,

Molinari et al. 2012). Among these methods, they have a

common objective: how to identify the threshold between

anthropogenic and natural background? And the best answer

is defined to be “finding out the pristine samples” (Urresti-

Estala et al. 2013).

The deep seated groundwater system can meet this re-

quirement because it is buried deeper than hundreds of me-

ters and far away from anthropogenic activities. As in the

study area, the only approach might be coal mining activi-

ties. However, as can be seen from their low concentrations

of metals, especially the comparison with the groundwater
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quality standard (Table 1 and 2), they have not, or only

slightly affected by coal mining. Therefore, these samples

are considered to be good choice for environmental back-

ground estimation.

The calculated environmental background values of Pb,

Zn, Cr and Ni are given in Table 3. Because natural condi-

tions are non-homogeneous, therefore, the environmental

background values are sets of range rather than fixed values

(Nakic et al. 2007), concentrations higher than the upper limit

are considered to be abnormal (e.g. natural or anthropogenic).

Goodness of fit of background data to a normal distribution

is tested by using Lilliefors test for the level of significance

a = 0.05, the bin width is calculated to be 2*IQR/n1/3, where

IQR is the difference between values of 75 and 25 percen-

tiles. The environmental background values of Pb, Zn, Cr

and Ni, calculated by iterative 2σ technique, are 2.7-16.1,

38.5-64.0, 0-3.0 and 3.3-71.1 µg/L, respectively, whereas

environmental background values of Pb, Zn, Cr and Ni cal-

culated by calculated distribution function are 3.2-17.4, 35.8-

64.9, 0-3.9 and 8.7-67.5 µg/L, respectively. They all can pass

the Lilliefors test because their T values are lower than T
Critical

.

In comparison with this result, nine, four, nine and seven

samples are considered to have abnormal Pb, Zn, Cr and Ni

concentrations, respectively.

CONCLUSION

1. Most of the deep seated groundwater samples from three

aquifers in two coal mines, northern Anhui Province,

China can be classified as class III or better according to

their Pb, Zn and Cr concentrations relative to quality

standards for groundwater in China, and only four sam-

ples have higher Ni concentrations higher than the crite-

rion of class IV.

2. The deep buried aquifers are far away from anthropo-

genic activities, they are considered to be representative

of “pristine” state free of anthropogenic contribution, and

therefore, they can be used for environmental background

estimation.

3. The environmental background ranges of Pb, Zn, Cr and

Ni between natural and abnormal or anthropogenic have

been established, the thresholds for them are 17.4, 64.9,

3.9 and 71.1µg/L, respectively, and higher values can be

considered to be abnormal or anthropogenic.
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