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Abstract: Clean groundwater resources are vital to human health. To evaluate groundwater quality
in the Songnen Plain (Jilin), a field investigation sampling test, multivariate statistical analysis, and
spatial analysis were conducted based on a geographic information system. The main substances
exceeding the standard were screened out, and the main controlling factors affecting groundwater
quality were discussed. The research result showed that nine components exceeded groundwater
standards by approximately 10%: Al, total hardness (TH), total dissolved solids (TDS), Mn, As,
NO3 7, Fe, F~, and BaP. The over-standard of TDS and TH in groundwater are mainly distributed in
the geological environment conditions and unreasonable exploitation and utilization of groundwater
in this area. The results of the multi-index evaluation showed that the most important factors
affecting groundwater quality were general chemical indices, followed by inorganic toxicology and
heavy metals. Controlling the overexploitation of water resources, controlling agricultural activities
and sewage discharge, and implementing water conservation systems are the main pathways to
improve water quality in the study area. The research results can provide a reference for groundwater
pollution control and water resource protection in the Songnen Plain (Jilin).

Keywords: groundwater; water quality index; Songnen Plain; comprehensive evaluation

1. Introduction

Water is a crucial environmental component that plays an important role in human
life. Groundwater is a critical drinking water resource in China [1]. In many regions
worldwide, underground wells are the major source of drinking water, and sometimes, the
groundwater is not purified before use [2—4]. In recent decades, the rapid acceleration of
economic development and the increase in population have adversely affected the quantity
and quality of groundwater at a global scale [5-7]. The composition of groundwater is
determined by its interactions in the hydrological cycle. Such interactions may result in
the chemical activity in groundwater from undesired constituents, thereby affecting water
quality [8-13]. Groundwater pollution not only increases the cost of water treatment, but
also further exacerbates the problem of water shortage. The attention to groundwater has
expanded from the quantity of groundwater to the quality of groundwater, because water
quality affects water safety and human health [14-16]. However, due to environmental
changes and human activities, groundwater quality has been deteriorating at an alarming
rate for a long time, posing significant health risks to groundwater users. Many scholars
have conducted research on methods to prevent groundwater from being polluted, such
as permeable pavement systems, green systems, low impact developments, etc. Among
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them, the pavement permeable system is one of the hot areas of current research, but this
technology has not been widely used in China. The problem of groundwater pollution is
still severe, so it is necessary to investigate groundwater quality, which can provide useful
information for the sustainable management of water resources in social and economic
development [17-21].

The main environmental problems caused by the exploitation of groundwater re-
sources include the potential harm of pollution factors to human health and crop growth [22].
Water quality standards are graded based on designated uses, including public water sup-
ply, fish and wildlife habitat, recreation, agriculture, and industry. For example, water
quality standards for drinking water are higher than those for agriculture and indus-
try [23-27]. When a waterbody does not meet the relevant water quality criteria, it is
known to be impaired and poses a threat to human health and ecological integrity [28-30].

The Songnen Plain is a densely populated and water-deficient inland area of China,
and it is one of the most significantly altered biological hotspots on Earth [31,32]. Ground-
water provides approximately 40% of the water supply for agriculture, industry, and
municipal use in this area [33]; the Songnen Plain (Jilin Province) is an important base
for grain commodities as well as light and heavy industrial development zones, which
require a good quality of water for drinking, irrigation, and industrial uses. According
to previous studies, groundwater resources have declined over the past 20 years due to
intensive human activities and natural processes in this area [34,35]. Excessive and contin-
uous groundwater exploitation and mismanagement have led to groundwater depressions
and extensive secondary salinization in this region. The unregulated use of pesticides
and fertilizers has also accelerated the migration of harmful elements and the spread of
pollutants in this region [36-38]. Agriculture plays an important role in the emergence of
diffuse nitrate pollution. On the one hand, direct effects of nitrogen (N) over-fertilization
involve a decrease in water quality, defined as the excess of the mineral N balance at
harvest, because of the low water temperature, low microbial content, weak activity, and
no direct sunlight of groundwater environment, while when agricultural pesticides are
applied into the soil underground layer, its degradation rate is slower than surface water.
Once the groundwater is contaminated by pesticide, it is difficult to control and recover
or even cannot be restored, which will affect the quality of groundwater. These factors
increase the growth of crops, threatening the health of local people and inhabitants [39].

In this study, we analyzed a wide range of groundwater samples from the entire
region. The aims of this study were as follows. This research will help local policymakers
protect groundwater quality and reduce pollution risks.

e To analyze the present situation of groundwater pollution index and the distribution
of pollution levels in the groundwater.

e To explore the characteristics of the physico-chemical elements of groundwater and
assess its suitability for drinking and irrigation purposes.

e To assess the state of pollution by using various pollution assessment methods.

The results of the present study will offer useful tools for groundwater quality as-
sessment. In addition, they are expected to help local decision-makers protect the quality
of the groundwater, to support the water environmental protection and water resource
management of the study area.

2. Materials and Methods
2.1. Study Area

The Songnen Plain (Jilin) is located in the middle western part of Jilin Province, with
geographical coordinates of 121°2056”-127°0900” E and 43°3355”7—-46°2848” N. The study
area covers an area of approximately 63,374.73 km? (Figure 1). The location map was
drawn using ArcGIS 10.2 (Environmental Systems Research Institute, Inc., Redlands, CA,
USA). Topographically, it is high in the south, east, and west and lower in the middle
and north, with an overall elevation of 120-300 m. This area has a temperate continental
monsoon climate with semi-humid and semi-arid characteristics. The weather is less rainy



Water 2021, 13, 2414

3o0f14

and dry in the spring and hot, wet, and rainy in the summer. It is cool and has early
frost in the autumn; however, it is cold, being long, and freezing in the winter, and there
is a large difference in temperature during the year. The average annual temperature
is 4.9-5.5 °C [40]. The mean annual precipitation ranges from 206.3 to 799.6 mm, with
precipitation from June to September accounting for 60-80% of the annual precipitation.
Groundwater is generally stored in the pores of loose rocks in quaternary alluvial aquifers.
Groundwater recharge mainly depends on meteoric precipitation and surface water. In
the past few decades, agricultural, domestic, and industrial effluent discharges have also
become a source of groundwater recharge [41-44].
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Figure 1. Study area map.

2.2. Groundwater Sampling and Analysis

To accurately and comprehensively reflect groundwater pollution, groundwater sam-
ples (n = 465) were collected according to different groundwater flow systems, geomor-
phological units, and human activity types. Groundwater samples were collected using
pre-cleaned sampling bottles of 1 L capacity from hand pumps and tube wells. Prior to
the sampling, tube wells and hand pumps were purged by about 10 minutes of pumping,
and sampling bottles were rinsed using the same water thrice. The coordinate informa-
tion of each sampling point was recorded by a handheld GPS locator (UniStrong MGS,
Beijing, China). The collection, transportation, and storage of groundwater samples were
completed according to the standard methods described in the technical specifications
for environmental monitoring of groundwater (HJ /T164-2004) [45]. Samples were then
transported to the laboratory and stored at 4 °C until analysis. All water samples were
processed within one week. Before the chemical analysis of groundwater samples, all the
used glassware was cleaned using dilute nitric acid along with distilled water.

General parameters, such as water temperature, pH, and total dissolved solids (TDS)
were measured using a previously calibrated water quality analyzer (HQ40D, HACH). The
total hardness (TH) was determined based on CaCOj content. The other groundwater qual-
ity parameters for analysis included COD, NO3~, NH,*, S042~,NO,,Cl~, F~,Na?*, Fe,
Mn, Pb, Zn, Cr®*, Cd, As, Hg, Se, Al, Cu, cyanide, trichloro-methane, tetrachloromethane,
1, 1, 1-trichloroethane, trichloroethylene, tetrachloro-ethylene, dichloromethane, 1, 2-
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dichloroethane, bromoform, chloroethylene, 1, 1-dichloroethylene, 1, 2-dichloroethylene,
chlorobenzene, trichlorobenzene, benzene, methylbenzene, ethylbenzene, xylene, styrene, hex-
achlorocyclohexane (HCH), y-BHC, dichlorodiphenyltrichloroethane (DDT), hexachloroben-
zene, and benzo (a) pyrene (BaP). These chemical parameters of groundwater quality were
analyzed at the Key Laboratory of Groundwater Resources and Environment, Ministry of
Education, Jilin University within 24 h. COD was measured using permanganate titration.
NH4* was measured by the Neelers reagent method at a 420 nm wavelength using a
UV-Vis spectrophotometer. NO3 ™, S0,4%27,NO,,Cl~, and F~ were analyzed with an ion
chromatography. NaZ*, Fe, Min, Pb, Zn, Cr®*, Cd, As, Hg, Se, Al, and Cu were analyzed
with the atomic absorption spectrometry, inductively coupled plasma mass spectrometry
and atomic fluorescence spectrometry. The indexes of organic pollution were measured
by the GC, GC-MS-MS, and HPLC, respectively. The analysis method of each indicator
is mentioned in the Quality Standard for Groundwater (GB/T 14848-2017), and for each
sampling point to refer to the standard limits of the five types of water in the Quality Stan-
dard for Groundwater (GB/T 14848-2017) [46]. Sample blanks, duplicates and standards
were routinely analyzed to ensure the quality control of analytical data. All mathematical
and statistical computations were performed using the IBM SPSS version 19 (International
Business Machines Corporation, Armonk, NY, USA).

2.3. Groundwater Quality Assessment
2.3.1. Groundwater Pollution Index

Groundwater quality was divided into five categories according to the quality stan-
dard for ground water (GB/T 14848-2017) (Table 1). The five degrees of water shortage
risk in the study area include good (1), fine (II), ordinary (III), poor (IV), and bad (V). The
degree of groundwater quality in the study area was determined according to the limit
range of the index value. The single index for the groundwater quality calculation method

is as follows:
Sij = . 1)
El
where S;; is the standard exponent of the parameter i at point j, C;; is the average value of
parameter i at point j, Cg; is the groundwater quality standard for contaminant i.

Table 1. Groundwater quality standards.

Degree Description

I Groundwater has low chemical content and is suitable for various uses in principle
I Groundwater has slightly low chemical content and is suitable for various uses
in principle
III It is suitable for drinking, agricultural, and main industrial water
v It is suitable for agriculture and some industrial water and can be used as drinking
water after proper treatment
Not suitable for drinking water, other water can be selected according to the

v
purpose of use

2.3.2. Multi-Index Classification of Groundwater

The inorganic indexes were divided into four categories, and the organic indexes
were divided into two categories for water quality evaluation, yielding the following: the
general chemical index, inorganic toxicology index, "three nitrogen" index, toxic heavy
metal index, volatile organic index, and semi-volatile organic index (Table 2).
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Table 2. Multi-index classification of groundwater.

Indicator Categories Index Name
General Chemical Index pH, Fe, Mn, Cu, Zn, AL, CI™, SO42*, TH, TDS, COD, Na*
Inorganic Toxicology Index Fluoride, Se, Cyanide
“Three Nitrogen” Index NH*, NO3;—,NO, ™~
Toxic Heavy Metal Index As, Hg, Cr®*, Cd, Pb

Trichloromethane, Tetrachloromethane, 1, 1,
1-Trichloroethane, Trichloroethylene, Tetrachloroethylene,
Dichloromethane, 1, 2- Dichloroethane, Bromoform,
Chloroethylene, 1, 1-Dichloroethylene, 1, 2-Dichloroethylene,
Chlorobenzene, Benzene, Methylbenzene, Ethylbenzene,
Xylene, Styrene
HCH, v-BHC, DDT, Hexachlorobenzene, BaP

Volatile Organic Index

Semi-Volatile Organic Index

2.3.3. Fuzzy Comprehensive Evaluation

The fuzzy comprehensive evaluation method is a common method for the comprehen-
sive evaluation of water quality. It is based on fuzzy mathematics and uses the principle of
fuzzy relation synthesis to deal with the phenomenon of “fuzzy” information, and some
uncertain factors are quantified for comprehensive evaluation [47,48]. The implementation
of the method consists of the following steps.

Firstly, the established factor subsets and evaluation language should be set:

Let the number of sample sets of water quality evaluation be denoted by #, consider
the pollution indicators that affect water quality, and establish a set of evaluation factors:

A={ay, ay--,a,} 2

where g is the sample set of water quality evaluation.
Then, according to the quality standard for groundwater (GB/T 14848-2017), an
evaluation set is established:
V={L I, I, IV, V} 3)

Secondly, a fuzzy relationship matrix should be established:

The membership function is the foundation of a comprehensive fuzzy evaluation. The
“reduced half trapezoidal stepwise method” is usually used to calculate the membership
function. According to the Quality Standard for Ground Water (GB/T 14848-2017), ground-
water is divided into five classes. The formula for the grade of water quality membership
is as follows:

Degree I:
0 x; > Spp
S.o—x:
=19 s Sin <x; < 21‘2 4)
xi < Si
Degrees II-1V:
Sij—x,'
rjj = OS Xi < Si(j-1),%i > Si(j11) ®)
i(j+1) ~%i . . .
Sij+1)—Sij SZJ <X < Sl(]+1)
Degree V:
0 x; < Sig
S. —
rj=1{ 1-gt Sia <X < Si5 (6)
1 xi > Sis
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where x; is the measured concentration of the i-th evaluation index, S;; is the j-level
standard value of the i-th evaluation index, and r;; is the membership degree of the i-level
evaluation index to the j-level water quality.

The fuzzy relation evaluation matrix U can be determined from the membership
function established as follows:

U1 Uip U3 Uiy Ugs
Up1 Uy U3 Upg Us

U= ; . . ; . )
Upyl Up2 Up3 Ung Ups

Thirdly, the weight coefficient matrix should be determined:

Different factors have different influences on water quality; therefore, it is necessary
to calculate the weight of each factor to make the evaluation model more scientific. The
steps to determine the entropy weight coefficient are as follows.

The measured data were standardized. The data consist of 1 evaluation indexes and
m evaluation objects that form a W matrix:

X11  X12 oo X1m
X=1| & : ®)

Xul Xnl oo Xum

Use the formula:
max{x;} — xij

= 9
Yij max{x;} —min{x;;} ©)
Standardize and get the judgment matrix Y:
Yy Yz <o Yim
y=1| & : (10)
Ynl Ym ceo Yum
The formula of entropy weight is:
_ 1-H;
W= v (11)
In the formula:
_ m_ .. h’l f m
_ “Yimfilnty o
H=——""—— fij= (1+vy)/ | 1(1+3/ij) (12)
j=

Fourthly, comprehensive evaluation results should be calculated:

The purpose of fuzzy comprehensive evaluation is to evaluate the impact of all
indicators on the water body, obtain comprehensive and accurate evaluation results, and
determine the water quality grade. W and R fuzzy matrices are used for composite
operation, namely:

B=W xR (13)

Results B of the composite operation is the membership degree of each water sample
concerning the water quality at different levels of quality, among which the grade of the
highest membership degree is the water quality grade of the water sample.

Maps of multi-indicator and comprehensive quality evaluation were created using
ordinary kriging. The spatial analysis and maps occurred using ArcGIS 10.2 (Environmental
Systems Research Institute, Inc., Redlands, CA, USA).



Water 2021, 13, 2414

7 of 14

3. Results

The evaluation results of the physicochemical elements are listed in Table 3. The
data variance reflects the basic features of contaminants in the study area. Groundwater
samples of the single parameter in the study area belonged to classes I-11I, but part of the
indicators belong to classes IV and V, accounting for a higher proportion of more than
10%, including Al, TH, TDS, Mn, As, NO;~, Fe, F~, and BaP, indicating that these concen-
trations are not suitable for drinking water. 1, 1, 1-Trichloroethane, tetrachloroethylene,
bromoform, chloroethylene, 1, 1-Dichloroethylene, 1, 2-Dichloroethylene, chlorobenzene,
trichlorobenzene, ethylbenzene, and styrene were not detected in the study area.

Table 3. Illustrated statistics of physico-chemical elements in groundwater samples.

Parameters Min Max Class I Class II Class III Class IV Class V
(%) (%) (%) (%) (%)
PH 6.9 mg/L 9.19 mg/L - - 92.04 7.53 0.43
Al - 2.56 mg/L 34.84 21.94 24.95 14.62 3.66
Fe - 48.93 mg/L 25.38 20.86 8.17 35.7 9.89
Mn - 9.84 mg/L 42.37 - 6.67 46.24 4.73
Cu - 12.03 mg/L 93.98 5.38 0.22 0.22 0.22
Zn - 90.93 mg/L 87.96 11.18 - 0.43 0.43
Cl~ 0.89 mg/L 744.45 mg/L 529 28.17 12.26 3.87 2.8
SO42~ - 846.07 mg/L 69.46 21.72 5.81 151 1.51
TH 7.77 mg/L 1650.48 mg/L 6.88 43.23 25.16 15.05 9.68
TDS 23 mg/L 3767 mg/L 4.09 25.38 43.01 24.52 3.01
COD 0.24 mg/L 9.23 mg/L 47.74 33.98 10.32 7.96 -
As - 0.96 mg/L 34.41 - 47.31 15.7 2.58
Cd - 0.03mg/L 91.61 7.31 0.43 0.22 0.43
Cro* - 0.006 mg/L 99.35 0.65 - - -
Pb - 1.545 mg/L 92.04 - 4.3 3.01 0.65
Hg - 0.014 mg/L 90.11 - 8.17 151 0.22
Se - 0.0263 mg/L 99.57 - - 0.43 -
Cyanide - 0.011 mg/L 99.57 0.22 0.22 - -
F~ 0.17mg/L 10.43 mg/L 0.43 30.75 31.40 16.77 20.65
NO;~ - 1000 mg/L 41.29 15.48 18.06 6.67 18.49
Trichloromethane - 30.88 ug/L 99.35 0.22 0.43 - -
Tetrachloromethane - 46.67 ug/L 99.57 - 0.22 0.22 -
NH,* - 6mg/L 83.23 1.08 7.1 5.59 3.01
Na* 1.26 mg/L 855 mg/L 89.03 - - 6.24 4.73
NO;~ - 10 mg/L 79.14 15.05 5.38 0.43
Trichloroethylene - 69.89 ug/L 99.57 0.22 0.22 - -
Dichloromethane - 1.03 ug/L 99.78 0.22 - - -
1, 2- Dichloroethane - 705.50 pg/L 98.71 0.43 0.22 - 0.65
Benzene - 4.1 ug/L 99.35 - 0.65 - -
Methylbenzene - 6.69 ug/L 95.48 4.52 - - -
Xylene - 0.76 ug/L 99.78 0.22 - - -
HCH - 163.86 ug/L 97.42 1.08 0.22 0.43 0.86
v-BHC - 13.99 ug/L 99.57 0.22 - 0.22 -
DDT - 0.03476 ug/L 99.57 0.43 - - -
Hexachlorobenzene - 0.0047 pg/L 100 - - - -
BaP 0 1.189 ug/L 73.76 - 9.89 15.27 1.08
Max. = Maximum; Min. = Minimum; — = Not detected.

Groundwater quality was evaluated using the general chemical, inorganic toxicology,
"three nitrogen", toxic heavy metal, volatile organic, and semi-volatile organic indexes,
and classified according to inorganic routine chemical indexes. The results were shown in
Figure 2 and Table 4.
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Figure 2. Map of multi-indicator evaluation.
Table 4. Classification of multi-index evaluation.
Indicator Categories I II II1 v v
. . . Area 39,739.02 12,485.85 10,407.4 727.4 15.04
Semi-Volatile Organic Index Ratio 62.7 19.71 16.42 115 0.02
Volatile Oreanic Index Area 56,253.03 5365.71 1383.76 271.82 97.91
5 Ratio 88.77 8.47 2.18 0.43 0.15
. Area 11,170.02 8063.06 30,478 13,472.79 190.86
Toxic Heavy Metal Index Ratio 17.63 12.72 48.09 21.26 03
“Three Nitrogen” Index Area 7732.12 20,058.6 17,914.05 12,235.88 5434.09
8 Ratio 12.2 31.65 28.27 19.31 8.57
Inoreanic Toxicology Index Area 25,157.73 8669.12 9009.44 13,100.64 7437.81
& &Y Ratio 39.7 13.7 14.21 20.66 11.73
G | Chemical Ind Area 0 2589.77 8096.81 39,550.12 13,138.03
eneralL-hemical index Ratio 0 4.09 12.78 62.41 20.73

Area (km?); ratio (%).
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Evaluate the general chemical index of groundwater in the study area, the results
show that class I water covers an area of 2589.77 km?, accounting for 4.09% of the total
area, class Il water covers an area of 8096.81 km?, accounting for 12.78% of the total area,
class IV water covers an area of 39,547.62 km?, accounting for 62.41% of the total area,
and class V water covers an area of 13,138.04 km?, accounting for 20.73% of the total area.
After the general chemical index evaluation of groundwater, the results were good, and the
groundwater was predominantly categorized into classes II and III, which appear to be
suitable for drinking.

4. Discussion
4.1. Single Index Quality Assessment

Points at which high Al was identified are mainly distributed in the high plain area in
the east of the Songnen Plain (Jilin), which is related to the native environment. The TDS
and TH measurements of groundwater in this area exceeded the standards, primarily due
to the geological environmental conditions in this area and the unreasonable development
and utilization of groundwater. As a result, the groundwater level continues to decline,
and the interaction between water and rock leads to an increase in TDS and TH [49]. At the
same time, the possibility of pollution cannot be excluded. The high Fe content in this area
is mainly caused by the primary sedimentary environment [50,51]. The underground rocks
in this area contain a large number of iron compounds that enter the groundwater during
the deposition process. In addition, some wells are cast iron wells, and the materials used
have been in contact with the groundwater for a long time. This causes the content of Fe in
the groundwater to exceed the standard. The high content of Mn in the groundwater in
this area is mainly caused by the primary sedimentary environment. The underground
rocks in this area contain many manganese compounds. During the deposition process,
these compounds enter the groundwater, and the Mn content in groundwater exceeds the
standard. The excessive As content in groundwater in the study area is mainly distributed
in the low plain area, which is caused by the high As content in the native sedimentary
environment of the low plain and the water-rock interaction caused by groundwater
mining, which leads to the enrichment of As in groundwater (Figures 3 and 4).
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Figure 3. Map of comprehensive quality assessment.
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4.2. Multi-Indicator Evaluation

To evaluate the inorganic toxicology index of groundwater in the study area, the
results show that class T water covers an area of 25,157.73 km?, accounting for 39.70% of
the total area; class Il water covers an area of 8669.12 km?, accounting for 13.70% of the
total area; class Il water covers an area of 9009.44 km?, accounting for 14.21% of the total
area; class IV water covers an area of 13,100.64 km?2, accounting for 20.66% of the total area,
and class V water covers an area of 7437.81 km?, accounting for 11.73% of the total area.
Good results were obtained from the inorganic toxicology index evaluation of groundwater.
The groundwater was primarily categorized into classes I, II, and III, which appear to be
suitable for drinking.

Evaluating the toxicity of heavy metals in groundwater index in the study area, the
results show that class I water covers an area of 11,170.02 km?, accounting for 17.63% of
the total area, class IT water covers an area of 8063.06 km?2, accounting for 12.72% of the
total area, class III water covers an area of 30,478.00 km?, accounting for 48.09% of the
total area, class IV water covers an area of 13,472.79 km?, accounting for 21.26% of the
total area, and class V water covers an area of 190.86 km?, accounting for 0.30% of the total
area. The toxicology index evaluation results of heavy metals reveals suitable water quality,
belonging primarily to classes I, II, and III, which appear to be suitable for drinking.

4.3. Comprehensive Quality Assessment

The comprehensive evaluation of groundwater quality in the study area revealed
class IT water covers an area of 1805.48 km?, accounting for 2.85% of the total area; class
III water covers an area of 10,881.61 km?, accounting for 17.17% of the total area; class IV
water covers an area of 23,010.53 km?, accounting for 36.31% of the total area, and class
V water covers an area of 27,677.10 km?, accounting for 43.67% of the total area. Water of
classes II and III in this area are mainly distributed in the midland and northwest of the
Songnen Plain.

4.4. Influence Index of Groundwater Quality

Based on the situation of exceeding the standard of each index, the multi-index
classification and comprehensive evaluation demonstrated that the groundwater quality in
the study area is affected by groundwater recharge, drainage, and human activities. Human
activities exert a significant influence on the groundwater quality. Several indicators were
found to exceed standards owing to human activities, and the distribution of all indicators
affecting the groundwater quality exhibit obvious regional characteristics according to
human influence. The groundwater quality in this area is primarily class IV water and
class V water, as determined by considering key indicators, including Al, TH, TDS, volatile
phenol, NOs~, As, F~, Fe, Mn, Na*, NH4*, and BaP.
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The groundwater in the study area exceeded the "three nitrogen” standard, which is
mainly due to human activities, such as the widespread application of chemical fertilizer,
human excrement disposal, domestic sewage discharge, and industrial sewage discharge.
As an important grain base in China, the excessive nitrogen content in the groundwater of
the Songnen Plain (Jilin) is related to the large amount of pesticide and chemical fertilizer. In
areas where human activities are more intensive, nitrogen pollution is increasingly severe.
If the contaminated groundwater is used for long-term irrigation, it will lead to a decline
in soil quality. On the one hand, it may decrease crop yields; on the other hand, it will
reduce the quality of crops, and the content of some harmful and toxic substances exceeds
the standard. To prevent and control groundwater pollution, we should strengthen the
protection of groundwater resources and exploitation restrictions. Besides, it is imperative
to determine the ecological environment and geological fragile areas, and establish a
dynamic management database.

Fe and Mn are likely abundant in groundwater due to sewage entering the ground-
water system. The corrosion of iron pipes is also one reason for observed increases in Fe
in groundwater. The high TH in groundwater in the study area is mainly due to the poor
permeability of the regional aquifer, the decrease in water level caused by groundwater
exploitation, the enrichment of elements in groundwater, and the ion exchange with Ca
and Mg ions in the stratum. The distribution characteristics of organic components exhibit
the following characteristics: first, they are distributed in urban areas as well as the sur-
rounding and industrial areas; second, they are distributed in agricultural production areas
and rural population gathering areas, and third, they are distributed in the oilfield areas.
Benzene, toluene, xylene, and carbon tetrachloride are industrial production, pesticide syn-
thesis of organic solvents in the process of production of the material, and its derivatives are
widely used in chemical industry, oil drilling, vehicle exhaust emissions, and the influence
factors of benzene and benzene series object detection. In the evaluation area, there were
also many cases of HCH and DDT detected or exceeded the standard content, which were
mainly distributed in the agricultural area, mainly caused by agricultural production [51].
Polycyclic aromatic hydrocarbons such as BaP are mainly released from the incomplete
combustion of fossil fuels, firewood, straw burning, and farmland burning, followed by
incomplete combustion of diesel engines, gasoline engines, and other petroleum products.

5. Conclusions
The main results of this article were as follows:

e  The main elements exceeding the standard in groundwater are Al, TH, TDS, Mn, As,
NOs 7, Fe, F~, volatile phenol, and BaP.

e The proportions of classes IV and V in the other indices were less than 10%. The
most important factors affecting groundwater quality were general chemical indexes,
followed by inorganic toxicology and heavy metals; the three evaluated forms of
nitrogen, volatile organic compounds, and semi-volatile organic compounds had little
influence on groundwater quality.

e  The three nitrogen results are mainly related to human activities: the more intense the
human activity, the more significantly the "three nitrogen" standard is exceeded. TH
and TDS are related to the original environment and groundwater overmining.

e  The detection and removal of organic components also exhibit a strong relationship
with human activity.

e  The results of the comprehensive quality assessment show that the groundwater qual-
ity in this area is generally poor, which is influenced by both the original environment
and human activities.

Water sources are closely related to human health, and poor quality and polluted
water sources should be avoided. The protection of groundwater sources should be carried
out according to the following recommendations:

e improve well construction processes to avoid cross-bedding pollution;
o  carefully select materials used to build wells to avoid contamination;



Water 2021, 13, 2414 12 of 14

protect the environment of the wellhead from pollution;

avoid pollution caused by overexploitation;

regulate agricultural activities and sewage discharge;

implement a strict water source protection system and prohibit groundwater pollution
in protection areas.

The advantage of this study is that the characteristics of physical and chemical ele-
ments of groundwater have been understood, and the groundwater pollution status and
distribution of groundwater pollution degree in the study area have been proved. However,
if it is not clear how to control, the problem of groundwater pollution will not be solved.
There are many ways to prevent groundwater from being polluted. Among them, the per-
meable pavement system is one of the good methods, and this method will also be the field
of future research. The next research will explore ways to control groundwater pollution.
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