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ABSTRACT: Water shortage and pollution are serious problems which are limiting
sustainable development of the society and economy in Zhengzhou area. Due to its importance
the Water Quality Index (WQI) model was used to classify groundwater in Zhengzhou according
to its most beneficial use. Sixty-three groundwater samples from shallow wells were chemically
analyzed to calculate WQI values. The results show that high quality groundwater for irrigation
use (WQI>75%) exist in thirty three wells, fifty two wells in the area have high quality and are
suitable for livestock drinking, and thirty eight wells can be used safely for domestic purposes.
The spatial distribution maps for different groundwater classes show that better groundwater
quality can be found in porous Quaternary aquifers in the alluvial plain, alluvial flat and flood
plain of Yellow River. Results also show that the model can be conveniently used to evaluate the
water quality and classify groundwater in Zhengzhou area.

KEYWORDS: Groundwater quality, Water Quality Index (WQI), Groundwater classification,
Zhengzhou (China).

INTRODUCTION

Groundwater has become an essential resource over the past few decades due to its
condensed usage for drinking, irrigation and industrial purposes M. More attention has not been
given to the groundwater as compared to surface water in Zhengzhou area where the economy
depends on the groundwater utilization. This study focuses on the quality of drawn water from
the wells and introduces beneficial methods for determining groundwater use. The Water Quality
Index (WQI) is developed to show the summation effect, concentration and importance of each
variable related to the quality of groundwater for three main beneficial uses (irrigation, livestock
drinking, and domestic use)!?! . The WQI values were calculated for sixty three water samples
collected from shallow wells (unconfined aquifer less than 60 m deep) in Zhengzhou area. The
groundwater was classified into different classes for the three main uses cited in this study.

STUDY AREA

Zhengzhou is the capital city of Henan province. It is located in the lower reaches of the
Yellow River Basin (Figure 1). It covers all of Zhengzhou municipality, including Zhengzhou
city and its six constituent counties. The total area of Zhengzhou is 7,446.2 Km?, of which
13.6 % (1,010.3 Km?) is an urban area.

As a whole, the elevation of the study area decreases from southwest to northeast (Figure
2). The surface water has been polluted badly by direct discharge of industrial and domestic
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wastewater. Therefore, groundwater is the most important source for urban and rural areas. The
Archaeozoic to Neogene rocks are outcropped in the south and west mountain areas (approx.
50% of the study area) and Quaternary unconsolidated materials cover the north and eastern parts
of the study area®.

METHODOLOGY

Estimation of Water Quality Index

Bahargava (1983, 1984) introduced the WQI method. This method was adopted because
of the simplicity involved in handling small to large data for various beneficial uses. The
simplified model for WQI is given by:

WQI :[ﬁ Fi(Pi)]*™ x100 (1)

Where N is the number of variables considered more relevant to an individual use. Fi(pi) is the
sensitivity function of the ith variable which includes the effect of weighting of the ith variable
for an individual use. These values were taken from figures drawn according to limited values of
the variables of the water intended for different uses*®! .

Various limits are used for the allowable concentrations chosen from different references,
which are considered suitable for the nature of Zhengzhou area. For drinking water, WHO limits
are used for the concentration of Ca?*, SOs2and H* ], TDS was taken from identical limits of
American Health Organization [, Total Hardness from Al Ani (1988) 1. Other sensitivity
factors were taken from Al Bassam et al. 2007™°]. The sensitivity function values for the different
concentrations of the quality variables are shown in figure 3.

The (1) value in the sensitivity function represents the best quality (low concentration
which is less than or equal to the allowed limit), while (0.01) value represents the bad quality.
Table (1) represents the variables, which have the largest effect in the determination of the
quality related to each use.

Spatial and Attribute Database

Water samples were taken from sixty-three wells (figure 4). The depth of all the wells is
less than 60 meters. The groundwater samples were analyzed for various hydro-chemical
parameters adopting standard protocols % . Based on figure 3, water quality index for various
beneficial uses of Zhengzhou was derived from equation (1). The obtained water quality data
forms the attribute database for the present study.

In order to capture the spatial variation of groundwater quality in Zhengzhou area, spatial
analyses with GIS were conducted employing ARCGIS software. The geographic coordinates of
the wells were obtained from the hard copy maps and linked to the attribute database. The water
quality data (attribute) is also linked to the sampling location (spatial) in ARCGIS and maps
showing spatial distribution are constructed to easily identify the variation in water quality and in
concentrations of each parameter in the groundwater at various locations of the study area using
GIS software.

RESULTS AND DISCUSSION

pH of water samples in the study area ranges between (7.21-8.54). The highest
concentration of Total Dissolved Solids is 822 mg/l at well D4. High TDS in this well is
attributed to the intrusion of saltwater from Permian bed rock underlying the aquifer in Dengfeng
County. Other high values in wells D3, D4, D7, and M06 are due to the presence of gypsum in
coal layers in carboniferous and Permian rocks.
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The Total Hardness of groundwater ranges between 17.31 to 522. High concentrations
are found in the mountain areas in Xinmi County. These values are attributed to the presence of
limestone rocks of Cambrian, Ordovician, and Carboniferous near the surface and also due to the
common contamination caused by dense residence (wells M03, M04, M05, M06, D4, D01, GO01).

High concentration of Nitrate-Nitrogen indicates sources of past or present activities [,
These anomalies could be owed to the domestic and industrial waste discharge through the rivers
flowing from the mountain area and to the agriculture practices (wells B02, B5, B8, B9, D4, D7,
G5, X4).

WQI values range from (28.4%-94.8%) for irrigation use, (39.1%-99.8%) for livestock
drinking, and (24.8%-99.3%) for domestic use.
Groundwater Classification

In order to classify the groundwater into different classes for the three main uses cited in
this study, a new water quality index limits have been suggested (Table 2). Using these limits,
52.4% of WQI values (calculated for irrigation use) lie within classes Il and 111, 82.5% of WQI
values (calculated for livestock drinking) lie within classes I, 11, and I1l,. 60.3% of WQI values
(calculated for domestic use) lie within classes I, 11, and 111, and.

Figure 5, 6 and 7 shows the spatial distribution of different groundwater classes calculated
for irrigation, livestock drinking, and domestic use respectively.

CONCLUSIONS

Based on WQI values for each type of groundwater use in Zhengzhou area, high quality
groundwater for irrigation use (WQI > 75%) exist in thirty three wells, fifty two wells in this area
have high quality and are suitable for livestock drinking, and thirty eight wells can be used safely
for domestic purposes. The spatial distribution maps of different groundwater classes show that
better groundwater quality can be found in the porous Quaternary aquifers in the alluvial plain,
alluvial flat and in the flood plain of Yellow River. WQI model can be conveniently used to
evaluate the water quality and classify groundwater according to its nature and intended use.
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Table 1. Variables used to determine the quality of groundwater for each beneficial use

Variables Use
HCOg', CI', SAR, pH, TDS Irrigation
Mg?*, NOs'N, CI, TDS, pH Livestock drinking
Total Hardness, Na*, Mg?*, SO4>, NOs’, CI, pH Domestic

* SAR= Sodium Adsorption Ratio

Table 2. Suggested limits for WQI values used in the classification of groundwater in
Zhengzhou area

Class WQI Irrigation Use Livestock Use Domestic Use
N P% N P% N P%

I (Excellent) 95-100 0 0 28 44.4 12 19.0
I1(V.Good)  85-94.9 6 9.5 15 23.8 15 23.8
111 (Good) 75-84.9 27 429 9 14.3 11 17.5
IV (Fair) 60-74.9 18 28.6 3 4.8 14 22.2
V (Marginal)  35-59.9 7 11.1 8 12.7 9 14.3
VI (Poor) <35 5 7.9 0 0 2 3.2

* N= Number of wells; P%= Percentage of wells
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Figure 1. Location map of Zhengzhou city area
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Figure 2. Geomorphologic map of Zhengzhou
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Figure 3. Relation between values of different variables and sensitivity function. (1) Irrigation
water; (2) Livestock drinking water; (3) Domestic use water
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Figure 4. Location map of shallow wells in the study area
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Figure 5. Spatial distribution map showing different groundwater quality zones (classified for
irrigation use) in Zhengzhou area
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Figure 6. Spatial distribution map showing different groundwater quality zones (classified for
livestock drinking use) in Zhengzhou area
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Figure 7. Spatial distribution map showing different groundwater quality zones (classified for
domestic use) in Zhenzhou area
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