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Abstract Groundwater plays a critical role in northern
China, accounting for 62 % of the total water supply in the
Beijing-Tianjin—Tangshan region. Groundwater is partic-
ularly important in the North China Plain—the largest
alluvial plain and one of the most densely populated
regions of East Asia. The Hutuo River Plain, which is
located in the western portion of the North China Plain, is
essential in supplying groundwater to the entire central
region of the plain. Groundwater in this region is the main
source of industrial, agricultural, and drinking water and
therefore directly influences daily life. In this study, 482
groundwater samples including 390 shallow groundwater
samples and 92 deep groundwater samples were collected
and analyzed to investigate water quality and the effects of
anthropogenic activities in the Hutuo River Plain. Appli-
cation of the improved fuzzy mathematics evaluation
method revealed that 21.5 % of the samples exceeded the
Class III water standard, and that these samples were pri-
marily in areas containing high concentrations of industrial
activity or sewage discharge, and at the same time the
native hydrogeological environment is the major factor
influencing distribution of most pollution components,
groundwater quality in the top of the Hutuo River alluvial—
proluvial fan was not very good just as the Vadose zone
lithology is a little more coarse, in the leading edge of the
alluvial-proluvial fan the vadose zone is mainly formed of
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clay with very low vertical permeability, these character-
istics endow the area with good protective performance,
which makes it difficult for surface pollutants to enter the
aquifer. Groundwater quality in the region was primarily
affected by inorganic materials including total hardness,
iron, manganese, total dissolved solids, and nitrate nitro-
gen, the rates of exceed Class III water standard was 26.45,
17.72, 11.11, 10.58, and 8.47 %, respectively, in shallow
groundwater, and 20.20, 16.34, 16.35, 14.43, 2.52 %,
respectively, in deep groundwater. There are several
organic materials with high detection rates including
chloroform, carbon tetrachloride, carbon dichloride, and
ortho-dichlorobenzene, the detection rate was 14.02, 2.12,
3.44, 2.48 %, respectively, in shallow groundwater, and
there were little organic compounds detected in deep
groundwater. Overall, the results indicated that the hydro-
geological environment and anthropogenic activities have
led to the introduction of toxic metals, nitrogen, and
organic materials into groundwater in the Hutuo River
Plain. These findings will be useful to future studies of the
region and will facilitate the remediation and prevention of
contamination in the area.

Keywords Hydrogeology - Groundwater - Fuzzy
mathematics - Quality evaluation - Hutuo River Plain -
Pollution factor

Introduction

Groundwater is not only a primary source of freshwater,
but also a sensitive component of complex eco-environ-
mental systems. Accordingly, fluctuations in groundwater
characteristics tend to affect the natural balance of the local
ecosystem. Water quality is very important to human
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health, as well as the quantity and quality of crops via its
effects on soils and the environment (Hoek et al. 2001;
Kirda 1997). The North China Plain (NCP) is the largest
alluvial plain and one of the most densely populated
regions of East Asia. The population, economic activity,
and agricultural production of the area have greatly
increased over the last few decades, resulting in increased
water demand (Foster et al. 2004). Groundwater plays a
critical role in northern China, accounting for 62 % of the
total water supply in the Beijing-Tianjin-Tangshan region
(BTT) (Nie et al. 2011). Once becoming polluted, con-
taminated groundwater would show the potential to harm
human health directly or indirectly (Wang and Shang
2002). Human activities in the NCP have increased while
the amount of precipitation has decreased, which may have
led to a decrease in shallow groundwater recharge (Wang
et al. 2010). Under such conditions, the quality of water
would be especially important.

During the early stage, conventional components and
toxic heavy metals were the major groundwater pollution
sources. However, over the last 30 years, abstraction by
industry and the widespread use of organic reagents and
organic products have resulted in toxic and organic pollution
of water becoming a new research focus (Jiang 2003; Guz-
zella et al. 2006). Such organic pollutants in groundwater can
impact human health to varying degrees (Shi et al. 2000; Li
et al. 2010; Gao and Wand 2011). To date, 2221 types of
organic chemical pollutants have been detected in aquatic
systems worldwide, among which mononuclear aromatics,
halohydrocarbons, and organic-chlorine pesticide have
appeared in groundwater in China (Guo et al. 2006).

Historically, groundwater in the Hutuo River Plain
originates from the Hutuo River, which is one of the major
rivers in the NCP that originates from Tai Hang Mountain.
The Huto River joins the Fu Yang River and eventually
drains into the Bohai Sea.

The Hutuo River Plain, which is located in the western
portion of the North China Plain (Fig. 1), is in the pied-
mont recharge area; therefore, groundwater quality in this
region is of vital importance to the entire central region of
the NCP. Accordingly, pilot studies and evaluations of the
pollution conditions of the Hutuo River Alluvial Plain are
important to investigations of groundwater quality and
overall pollution conditions in this area.

Agricultural production, population and industrial and
mining enterprises have been increasing in the study area
since the 1980s, which has resulted in increased demand
for water resources and therefore increased groundwater
abstraction. This has resulted in continuous lowering of the
groundwater table, as well as the formation of regional
groundwater depression cones, which have given rise to a
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series of environmental and geological problems including
deterioration of water quality and land subsidence (Bi et al.
2001). Since factories are usually located near rivers, the
majority of industrial wastewater and domestic sewage is
discharged into rivers through sewer systems. However,
these systems often do not have leakage prevention,
resulting in direct or indirect infiltration of wastewater into
local aquifers and subsequent contamination of the
groundwater resources.

The aim of this study is to know the groundwater quality
condition in this whole region, and to find out the typical
compounds in groundwater especially the organic com-
pounds in groundwater, as this is the first time to test the
organic compounds for the whole study region, and to find
out what’s the main pollution sources to influence the
groundwater quality.

Data sources and research methods
Hydrological setting of the research area

The eastern part of the research area is connected to the
alluvial plain in the river course with the north-northeast
trend, the northern and the southern parts are both flanks of
the alluvial fan, the development of the water-bearing level
is gradually worsen, the water-bearing level represents the
inter-fan low land phase accumulation, and the depth of the
quaternary loose deposits is increased to 600 m in the east
part from 200 m in the piedmont. The west part of the
aquifer is a thick layer of sandy gravel, and this material
becomes finer to the east, eventually transitioning to pri-
marily coarse sand. Medium fine sand and powder fine
sand are commonly distributed in the transitional zone
between the eastern part of the site and the fan edge, and
fine sand mainly distributed in the partial zone. The overall
underground flow is from northwest to southeast, the main
compensation mode in groundwater is atmospheric pre-
cipitation, infiltration of river and channel water, and irri-
gation return water, and drainage primarily occurs via
manual exploitation.

The aquifer in this area is primarily composed of Qua-
ternary cobbles, gravel, sand, and laminated or lensed clay
to a depth of 400-500 m. The aquifer is separated into four
groups: holocene (Qq4, up to 10 m thick), upper Pleistocene
(Q3, 20-70 m thick), middle Pleistocene (Q,, up to 20 m
thick) and lower Pleistocene (Q, up to 30 m thick). Qs is
the major stratum for supply of domestic and agricultural
water in the area that is subject to pollution due to its
relatively high hydraulic conductivity (k = 27.5-70.2 m/d)
(Chen et al. 2005; Yang et al. 2001).
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Fig. 1 Location of study area and groundwater samples
Sampling procedure process. The sampling equipment is an independently

From August 11 to November 30 of 2009, 390 groups of
shallow groundwater and 92 deep groundwater samples
were sampled in the research area with a sampling density
34 groups per km?® (Fig. 1). Strict quality control was
conducted during the sampling, sample delivery and testing

developed groundwater sampler, which is made up of steel
pipes and polytetrafluoroethene hoses. Wells were cleaned
before sampling, and the electric conductivity (EC), water
temperature (7), and the pH of the water was measured
in situ using a portable analyzer (WTW-Muti340i, Ger-
many). During sampling, the sample bypass valve was
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adjusted to stabilize the sampling flow rate at 0.2-0.5
L/min. Collected samples were stored in a refrigerator
(4 °C) until delivery to the Groundwater Mineral Water
and Environmental Supervising and Testing Center of the
Ministry of Land and Resources for testing and analysis.
Samples were analyzed in parallel by ALS Chemex
(Shanghai) Co. Ltd. All samples were analyzed within
4 days by combined purge and trap gas chromatography
mass spectrometry.

Methods of groundwater quality assessment

Multiple water quality evaluation methods and models,
including the comprehensive index method, fuzzy com-
prehensive evaluation method, and the gray clustering
method, have been developed and approved to be powerful
in water quality assessment (Li et al. 2014; Yusuf 2007,
Alexander 2008), especially the fuzzy comprehensive
evaluation method have been studied by lots researchers
(Li 2009; Miao et al. 2014; Xu et al. 2014; Zhang et al.
2014). Although each of which have advantages and dis-
advantages (Li et al. 2011; Li et al. 2012a). The improved
fuzzy mathematical comprehensive evaluation method was
employed in this study, making analysis of the quality of
groundwater comparatively objective.

In the conventional sense, the fuzzy mathematical
evaluation method employs a fuzzy line to describe the
groundwater quality by means of subordinate degree based
on the fuzzy transformation principle. The matrix formed
by the subordinate degree of each individual index to the
corresponding class of water quality is called the fuzzy
relation matrix. The weight matrices of the evaluating
indices are then formed based on the physicochemical
properties and the toxicological characteristics. Combining
the four operators (the min—-max algorithm, multiplying-
max algorithm, min-adding algorithm and multiplying-
adding) yields the comprehensive evaluation results of the
groundwater quality. When there are multiple evaluation

Table 1 System of evaluation indices

indices, especially trace indices such as the heavy metal
index and the organic index, the taking of the operator of
multiplying-adding will be more objective (Li et al. 2009).
However, the evaluation results might be easily influenced
by the over-limit indices in the conventional groups. For
example, some water samples may be overrated as Class II
or Class III because there is only one parameter such as
heavy metal or organic component that exceeds the limit,
regardless the toxicology of the heavy metal and organic
components which could not be ignored. Moreover, this
part of the evaluation may result in improper utilization of
the groundwater resources. Improvements in the evaluation
method have been made to evaluate the groundwater
quality objectively and guide people to effectively use
groundwater resources. Such efforts have focused on
modification of the evaluation results for samples having
toxicological indices exceeding the limit that are still rated
as Class I-III being changed to be Class IV. Accordingly,
the revised evaluation results can reflect the quality of the
groundwater objectively.

Results and analysis
Groundwater quality

A total of 52 hydrophysical and hydrochemical indices
(shown in Table 1) were selected for comprehensive
assessment of groundwater qualities.

The comprehensive evaluation results (Fig. 2) shows
that the sampling points with water quality exceeding Class
IIT comprised 21.5 % of the total sampling points, and that
most were mainly distributed in three areas. (1) Southeast
downtown Shijiazhuang, which is an old industrial base
and the center of several other industries. This region
contains the North China Pharmaceutical Co., Ltd., the
Shijiazhuang Coking Plant, the Third Cotton Spinnery, the
Sixth Cotton Spinnery and several other major enterprises

Classification Organic indicators Inorganic indicators
Conventional Trichloromethane, carbon tetrachloride pH, Fe, Mn, Cu, Zn, Al, Na, chloride, sulfate, total hardness,
indicators TDS, COD, As, Cd, Cr, Pb, Hg, Se, fluoride, nitrate,
ammonia nitrogen, iodide
Unconventional  1,1,1-trichloroethane, trichloroethylene, tetrachloroethylene, Ba, Mo, Ni
indicators dichloromethane, sym-dichloroethane, 1,1,2-

trichloroethane, 1,2-dichloropropane, tribromomethane,
vinyl chloride, 1,1-dichloroethane, sym-dichloroethane,
chlorobenzene, o-dichlorobenzene, p-dichlorobenzene

benzene, methylbenzene, para-xylene, ethylbenzene,

styrene, hexachlorocyclohexane, y-hexachlorocyclohexane,

dichlorodiphenyltrichloroethane, hexachlorobenzene,

benzo(a)pyrene
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Fig. 2 Groundwater quality evaluation results

concentrated on the south side of the Shijiazhuang-Taiyuan
railway. These facilities are the major factors influencing
the groundwater quality of this area. (2) The area along the
sewage discharge channel. The Cihe River, Mudao Ditch,
Hutuo River and Jiaohe River in this region have all
become wastewater drains for nearby factories. Lateral
leakage has a large impact on shallow groundwater, while
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sewage irrigation in some areas has enlarged the impact
area. (3) The area where aquifer show high groundwater
vulnerability. The Hutuo River Alluvial Plain is located in
the axis of the top of the alluvial-proluvial fan and contains
a vadose zone composed of sandy soil. Although the
structure and lithology of the vadose zone are advanta-
geous for groundwater recharge, they result in
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comparatively poor pollution resistance. As a result, the
industrial sewage discharge, infiltration of landfill leachate
and seepage of sewers lead to groundwater contamination.

Exceed standard of inorganic components

Exceed standard ratio of the total hardness, Fe, Mn, iodide,
total dissolved solids, sulfate ion and nitrate were relatively
high (Fig. 3). The over-limit ratio of Fe and Mn may be
caused by the natural environment, while that of the total
hardness and total dissolved solids was likely caused by
anthropogenic activities. In addition to the landfill leachate
and sewage infiltration from the polluted river, human
activities in this region also include the excessive pumping
of shallow groundwater, which leads to the formation of
groundwater depression cones and thickening of the vadose
zone. The excessive pumping of groundwater may also
cause changes in the hydrodynamic field and the hydro-
geochemical environment, as well as hydrogeochemical
interactions between pollutant carriers, the vadose zone and
the water-containing surrounding rocks as well. Under
these conditions, the soluble and insoluble calcium and
magnesium salt in the soil and sediment of the under layer
and the exchangeable calcium and magnesium will transfer
from the solid phase into the water, increasing groundwater
hardness and the total dissolved solids.

In research areas with poor anti-pollution capacity,
pollution caused by nitrogen pollutants mainly occurs in
shallow groundwater. This is reflected by a relatively high
over standard ratio of nitrate nitrogen, with most of the
over standard ratio points being located in the axis of the
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Fig. 4 Comparison of detection rates for organic components. a Shall

@ Springer

15%

20% 25% 30% 0%

5%

10% 15% 20% 25%

top of the Hutuo River alluvial-proluvial fan, where the
vadose zone is mainly formed of sandy soil with poor
pollution resistance. In this area, industrial waste discharge,
nitrogenous fertilizer, and household landfill materials may
lead to excessively high levels of the three types of nitro-
gen components. In several areas, nitrite nitrogen in
groundwater exceeded the standard, which likely means
that there has new contamination accident happened on the
surface.

Evaluation of toxic heavy metals in the study area
showed that lead and chromium VI had a high detection
rate (67.05 and 14.35 %, respectively), even though they
were only detected in a few areas. Conversely, almost no
arsenic, cadmium or mercury were detected. The detection
of toxic heavy metal is greatly affected by the distribution
of landfills and factory discharge conditions.

Detection of organic components

A total of 22 types of organic components have been
detected in this area, among which halohydrocarbon (in-
cluding trichloromethane, tetrachloroethylene and carbon
tetrachloride) and o-dichlorobenzene (Fig. 4) have rela-
tively high detection rates. The detection rate of tri-
chloromethane is 13.13 %, while that of tetrachloroethylene
and carbon tetrachloride are comparatively low (2.71 and
2.29 %, respectively; Table 2). Additionally, a few other
components such as trichloroethylene, 1,2-dichloroethane
and o-dichlorobenzene were also detected, with detection
rates of about 1.5 %. Semi volatile components showed a
generally low detection rate, with the total BCH detected
B BHC
Trichloromethane
Carbon Tetrachloride
Trichloroethylene
1,2-Dichloroethane [
1,1,2-Trichloroethane
1,1-Dichloroethylene

Benzene
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Table 2 Organic pollution characteristics

Compound Detection limit Detection Average detection Class III water Over-limit Average over-limit
(pg/L) rate (%) concentration standard ratio (%) concentration
(ng/L) (ng/L) (ng/L)
Trichloromethane 0.5 14.02 2.96 60 0 0
Tetrachloroethylene 0.5 3.44 2.29 40 0 0
o-Dichlorobenzene 0.5 2.38 2.92 1000 0 0
1,1,2-Trichloroethane 0.5 2.38 13.20 5 0.26 109.6
1,2-Dichloroethane 0.5 2.12 1.00 30 0 0
Carbon tetrachloride 0.5 2.12 7.91 2 0.53 28.2

Table 3 Pollution indices of halogenated hydrocarbons in soils and sediments

Compound  Chloroform  Carbon tetrachloride

1,1,2-Trichloroethane

Tetrachloroethylene  1,2-Dichloroethane  1,2-Dichlorobenzene

Soils 4.71 4.90 4.19
Sediment 6.31 6.41 5.61

4.00 4.24 2.56
5.29 5.78 3.45

from five groups of water samples and total DDT from one
group of water samples. The variations in detection and
amounts in shallow groundwater were higher than those in
deep wells. The main components detected in the shallow
groundwater include trichloromethane, tetrachloroethylene,
carbon tetrachloride, and 1,1,2-trichloroethane. Compara-
tively, no tetrachloroethylene was detected in deep
groundwater, while other components showed lower
detection rates. Throughout the region, the halohydrocar-
bon and chlorobenzene pollutants were the main sources
of organic pollution, while benzene, mononuclear aro-
matics and polycyclic aromatic hydrocarbons were present
at relatively low levels or absent (Li et al. 2012b)
(Table 3).

Organic pollution components in the research area
mainly originated from human activities rather than the
natural environment. Most regions polluted with organic
compounds are located in industrial areas or near sewage
discharged rivers.

Discussion

The Hutuo River alluvial area is near a piedmont
recharge area in which the vadose zone is formed of
relatively coarse particles, resulting in relative high
groundwater recharge rate and relative quick ground-
water refresh cycle. As a result, this area has long been
characterized by shallow groundwater with good quality.
However, increased urbanization, industry and agricul-
tural activity have resulted in the groundwater becoming
contaminated to different degrees, and groundwater
quality in the research area is deteriorating obviously.
This study was conducted to identify factors that

influence the pollution conditions and contribute to
groundwater pollutants.

The native hydrogeological environment is
the major factor influencing distribution of most
pollution components

The local native hydrogeological environment has a
restrictive function on the occurrence and migration of
pollution components. The top of the Hutuo River allu-
vial-proluvial fan contains the cities of Shijiazhuang and
Xinle, as well as Luancheng County. The vadose zone in
this area shows coarse lithology and good permeability,
which make it easy for pollutants on the surface to enter
the aquifer. Nitrogen pollutants are concentrated here, and
there is a high detection rate of organic components in
many indices. The City of Gaocheng and Wuji County are
located in the center of the alluvial-proluvial fan, where
the surface layer contains particles that change from
coarseness to fineness, with increasing clayey soil inter-
layers and decreasing permeability. As a result, pollution
decreases in a vertical direction, inorganic over-limit
areas have only been detected in cities and towns or along
the sides of sewage rivers, and organic components have
been detected in only a few spots. In the leading edge of
the alluvial-proluvial fan, which contains the cities of
Shenze and Xinji, the vadose zone is mainly formed of
clay with very low vertical permeability. These charac-
teristics endow the area with good protective perfor-
mance, which makes it difficult for surface pollutants to
enter the aquifer. Additionally, the concentration of the
lateral pollutants becomes very low when reaching the
edge of the fan via the transitional zone, which can hold
back and absorb some of the pollutants.

@ Springer
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Increased anthropogenic activity is the main cause
of the detection and over-limit of toxic heavy metals,
the three types of nitrogen pollutants and organic
pollutants

Since the late 1970s, the Hutuo River Plain has been sub-
ject to a rapidly growing economy, increased urbanization
and expanding population, so that groundwater pollution
has increased. Conducting a general survey of areas with
inferior groundwater revealed that these areas are primarily
characterized by large populations, intensive industrial
activity and frequent human activity. Generally speaking,
the intensity of human activity is directly related to the
quality of groundwater.

Seriously polluted surface water poses an immediate
threat to groundwater quality

In the research area, most of the rivers are seasonal streams
influenced by upstream water conservancy projects and the
arid climate. As a result, the majority of rivers are dry year-
round, although some near the piedmont receive runoff for
a short time during flood season. In addition, most rivers on
the edge of the alluvial-proluvial fan become sewage dis-
charge channels for cities and towns and industrial and
mining enterprises on their banks. Industrial wastewater is
discharged into nearby sewage channels directly, while
domestic sewage enters sewage channels via the sewer. As
a result, the majority of rivers in the area are seriously
polluted. Indeed, among the 62 monitoring sections of
rivers in the North China Plain, 48 sections meet the Class
V water standard, while only eight meet the Class III water
standard (China surface water environmental quality stan-
dard, GB_3838-2002). In the research area, many rivers are
severely polluted, including the Hutuo, Jiaohe, and Mudao
rivers. In addition to the conventional ionic and toxic heavy
metals detected in the rivers, the organic components are
also detected and some even exceed the limit, which
include the benzene, ethylbenzene, methylbenzene,
dimethylbenzene, dichloromethane, 1,2-dichloroethane,
trichloromethane, Benzo [a] pyrene, etc. The pollutants in
river water infiltrating into the soil tend to pose an imme-
diate threat to the quality of shallow groundwater.

Long-term sewage irrigation has strong effects
on soil and groundwater

The sewage irrigation area (about 438.8 km?) is located
along Dongming Ditch and the Jiaohe River, which
receives annual sewage of 304 million m®. The major
sources of irrigation water in the region are industrial
wastewater and domestic sewage, which contain contami-
nants such as chloride, CODyy,, BODs, SS, and sulfide.

@ Springer

Farms in Luancheng, Yuanshi, and Zhaoxian counties are
irrigated with sewage throughout the year, resulting in
decreasing soil fertility, reduced crop output and incalcu-
lable damage to the shallow groundwater.

Low processing rate of industrial and domestic
sewage together with the mass discharge

of wastewater in the rural-urban continuum cause
pollution to the soil and groundwater

The Hutuo River alluvial-proluvial fan contains more than
800 enterprises, which has resulted in a low processing rate
of industrial and domestic sewage and disorganized dis-
charge of waste streams. Moreover, a field survey revealed
that several township enterprises were discharging unpro-
cessed industrial sewage without permission, exacerbating
pollution in the region.

Industrial and domestic refuse landfills cause severe
soil and groundwater pollution

Widely scattered domestic waste in urban areas include
household refuse, waste plastics, paper, metal and coal ash,
which contain sulfate, chloride, ammonia impurities and
organic materials. During biodegradation and rainwater
leaching, these materials may generate Cl—, SO427, NH4+,
COD, Mn and filtrate with a high level of suspended solids.
Accordingly, the random disposal of such wastes without
any anti-seepage measures can lead to groundwater
contamination.

Overuse of chemical fertilizer and pesticides
in agriculture have direct impacts on the quality
of soil and groundwater

A total of 1.70 million tons (physical quantity) of chemical
fertilizer and 130 million tons of pesticides are used in the
Hutuo River Plain annually. The excess chemical fertilizers
and pesticides seep into the soil and groundwater via sur-
face water runoff from farms, drainage and underground
seepage during rainfall or irrigation processes, resulting in
contamination. After entering a water body, chemical fer-
tilizers and pesticides diffuse, resulting in expanded pol-
lution range and extensive water pollution; accordingly,
these materials pose a serious threat to groundwater
quality.

Conclusions

Overall, the results of the present study indicate the
following:
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(1) Evaluation of the water quality revealed that areas
with water exceeding Class III of the pollution
standard comprise 21.5 % of the total sampling
points, which are mainly located in industrial
distribution centers and areas along sewage dis-
charged river. Additionally, the local hydrogeolog-
ical conditions impact the quality of groundwater to
some extent, which is reflected by the fact that water
quality in the shaft of the alluvial-proluvial fan is
worse than that in the center and edge of the fan.

(2) In the research area, inorganic components with a
high detection rate include total hardness, Fe, Mn,
iodide, total dissolved solids, sulfate ion and the
nitrate, while organic components include halohy-
drocarbons such as trichloromethane, tetra-
chloroethylene and carbon tetrachloride, as well as
o-dichlorobenzene. Components with a high detec-
tion rate also have a high pollution index value,
indicating good consistency.

(3) The chemical index detection conditions and anal-
ysis of the over-limit factors of the groundwater
indicate that the native hydrogeolological environ-
ment and anthropogenic activities are the major
factors responsible for the presence of toxic metals,
nitrogen pollutants and organic pollutants. Surface
water contamination, sewage irrigation, waste stack-
ing and overuse of chemical fertilizers and pesticides
are the root causes of groundwater pollution.

Acknowledgments The study has been supported by the National
Natural Science Foundation of China (Grant No. 41402235) and the
Fundamental Research Funds for the Institute of Hydrogeology and
Environmental Geology, Chinese Academy of Geological Sciences
(SK201507).

References

Alexander P (2008) Evaluation of groundwater quality of Mubi town
in Adamawa State, Nigeria. Afr J of Biotechnol 7(11):
1712-1715

Bi E, Mu H, Chen Z, Wang Z (2001) Impacts of human activities on
the evolution of groundwater quality in Hebei Plain[J]. Acta
Geosci Sinica 7(13):1780-1784 (in Chinese with English
Abstract)

Chen JY, Tang CY, Sakura Y, Yu JJ, Fukushima Y (2005) Nitrate
pollution from agriculture in different hydrogeological zones of
the regional groundwater flow system in the North China Plain.
Hydrogeol J 13:481-492

Foster S, Garduno H, Evans R, Olson D, Tian Y, Zhang W, Han Z
(2004) Quaternary aquifer of the North China Plain: assessing
and achieving groundwater resource sustainability. Hydrogeol J
12:81-93

Gao C, Wand J (2011) Research on groundwater organic contami-
nation characteristics in 69 cities of China. Acta Geosci Sinica
32(5):58-591 (in Chinese with English Abstract)

Guo X, Chen X, Huang GG, Sun J, Liu J, Wang S, Jing J, Zhi B, Chen
H, Du H, He JJ, Liang X, Liu Y (2006) Organo-chlorine
pesticide pollution characteristic of shallow groundwater in Pearl
River delta. Environ Chem 25(6):798-799 (in Chinese)

Guzzella L, Pozzoni F, Giuliano G (2006) Herbicide contamination of
surficial groundwater in New Zealand. New Zealand J Mar
Freshw Res 38:289-299

Hoek W, Konradsen F, Ensink JHJ, Mudasser M, Jensen PK (2001)
Irrigation water as a source of drinking water: is safe use
possible? Trop Med Int Health 6(1):46-54

Jiang J (2003) Impacts of organic contamination campouts to human
health. Foreign Med Sci Sect Hyg 30(6):321-325 (in Chinese)

Kirda C (1997) Assessment of irrigation water quality. Options
Mediterraneennes 31:367-377

Li Y (2009) Research on comprehensive evaluation methods of
groundwater quality—a case study in the Hutuo River alluvial
pluvial fan. Beijing: Chin Acad of Geol Sci: 4247 (in Chinese
with English Abstract)

Li Y, Zhang Z, Fei Y, Wang Z (2009) Improvement of Nemerow
method and its application. Water Resour Prot 25(6):48-50 (in
Chinese with English Abstract)

Li Z, Zhang S, Bi E, Yu J, Wang W, Ma L, Ma L, He Z, Zhang Y
(2010) The health risk assessment of groundwater organic
pollution at a certain oil depot. Acta Geosci Sinica
31(2):258-262 (in Chinese with English Abstract)

LiY, Zhang Z, Fei Y, Qian Y (2011) Optimal selection and analysis
of groundwater quality evaluation methods: a case study in the
Hutuo River alluvial pluvial fan. Hydrol Eng Geol 38(1):6-10
(in Chinese with English Abstract)

LiY, Zhang Z, Fei Y, Qian Y, Meng S, Guo C (2012a) Application of
an improved grey clustering method to groundwater quality
evaluation. Water Resour Prot 28(5):25-28 (in Chinese with
English Abstract)

Li Y, Zhang Z, Fei Y, Wang Z, Chen J, Zhang F, Qian Y (2012b)
Preliminary study on organic pollution of shallow groundwater
in the alluvial plain of Hutuo River. J Arid Land Resour Environ
26(8):52-56 (in Chinese with English Abstract)

Li L, Ma L, Zhang J, Zhao Y, Chen C, Wang H, Yu Q, Sun C (2014)
Groundwater contamination assessment and analysis of the
contamination factors of Songyuan City in Jilin Province. Acta
Geosci  Sinica 35(2):156-162 (in Chinese with English
Abstract)

Miao DY, Huang WW, Li YP, Yang ZF (2014) Planning water
resources systems under uncertainty using an interval-fuzzy de
novo programming method. J Environ Inform 24(1):11-23

Nie Z, Chen J, Wang J, Yan M, Tian Y (2011) Groundwater’s role in
regional economic and social development in the Beijing-
Tianjin-Tangshan area. J Arid Land Resour Environ
25(10):75-79 (in Chinese with English Abstract)

ShiJ, Zhang F, Qin Y, Li R, Ye H, Liu Z, An L, Pei H, Guo Z, Zhao
Y, Wang Y (2000) Groundwater resources and main environ-
ment-geological problems in the Huanghe River Valley as well
as some countermeasures. Acta Geosci Sinica 21(2):114-120 (in
Chinese with English Abstract)

Wang X, Shang W (2002) The harm of organic micro-pollutant on
water body and priority pollutants. J Cap Normal Univ
23(3):73-78 (in Chinese with English Abstract)

Wang J, Zhang G, Mu H, Yan M, Nie Z, Wang Y (2010) The shallow
groundwater recharging characteristics responding to human
activities. Acta Geosci Sinica 31(4):557-562 (in Chinese with
English Abstract)

Xu'Y, Huang GH, Cheng GH, Liu Y, Li YF (2014) A two-stage fuzzy
chance-constrained model for solid waste allocation planning.
J Environ Inform 24(2):101-110

@ Springer



581 Page 10 of 10

Environ Earth Sci (2016) 75:581

Yang YS, Lin XY, Elliot T, Kalin RM (2001) A natural-gradient field
tracer test for evaluation of pollutant-transport parameters in a
porous-medium aquifer. Hydrogeol J 9:313-320

Yusuf KA (2007) Evaluation of groundwater quality characteristics in
Lagos-City. J Appl Sci 7(13):1780-1784

@ Springer

Zhang N, Li YP, Huang WW, Liu J (2014) An inexact two-stage
water quality management model for supporting sustainable
development in a rural system. J Environ Inform 24(1):52-64



	Investigation of quality and pollution characteristics of groundwater in the Hutuo River Alluvial Plain, North China Plain
	Abstract
	Introduction
	Data sources and research methods
	Hydrological setting of the research area
	Sampling procedure
	Methods of groundwater quality assessment

	Results and analysis
	Groundwater quality
	Exceed standard of inorganic components
	Detection of organic components

	Discussion
	The native hydrogeological environment is the major factor influencing distribution of most pollution components
	Increased anthropogenic activity is the main cause of the detection and over-limit of toxic heavy metals, the three types of nitrogen pollutants and organic pollutants
	Seriously polluted surface water poses an immediate threat to groundwater quality
	Long-term sewage irrigation has strong effects on soil and groundwater
	Low processing rate of industrial and domestic sewage together with the mass discharge of wastewater in the rural--urban continuum cause pollution to the soil and groundwater
	Industrial and domestic refuse landfills cause severe soil and groundwater pollution
	Overuse of chemical fertilizer and pesticides in agriculture have direct impacts on the quality of soil and groundwater

	Conclusions
	Acknowledgments
	References




