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Abstract
Surface water is an indispensable water resource of drinking and irrigation, which plays important
role on human health and quantity of grain production. Hydrogeochemical process as well as quality
assessment of 31 representative surface water samples from 3 typical lakes around Fuli abandoned
quarries area were carried out. The cation is dominated by Ca2+ and Mg2+, while the anion is dominated
by HCO3- and SO42-. The two leading hydrochemical type are SO4.HCO3-Ca.Mg (100%) in No. 1
lake, wheres HCO3.SO4-Ca.Mg (88.24%) and SO4.HCO3-Ca.Mg (11.76%) of No.2 and No.3 lake. The
chemical composition of No.1 lake are mainly controlled by carbonate dissolution and ion-exchange,
the chemical composition of No.2 and No.3 lake is mainly influenced by both ion-exchange and
dissolution of carbonate and silicate minerals, among which rock weathering is the most important
factor. The recharging of the lakes is mainly derived from atmospheric precipitation with the existence
of evaporation. The surface water in the study area, in general, is suitable for drinking and irrigation.
The outcomes of this research provide a better understanding of hydrochemical mechanism of surface
water around quarries, and it will help to improve management and sustainable utilization of water
resources for local government.
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Introduction
Water is a natural resource for human living,
especially for drinking and irrigation. The irrational
utilization of water resources leads to degradation of
its quality and lowering of water table. The surface

*e-mail: guiherong@163.com

water around mining area is widely useful for
industrial and domestic demand [1-2]. The mining
water are facing two issues of change in water quality
and decline of water table in many parts of the World
[3-6]. Water quality is the key factor for human
health and quantity of grains by influencing on soils,
biology and environment. Water quality assessment is
usually on the basis of hydrogeochemical analysis [7].
In light of sustainable management of water resources,
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understanding the dominant processes that govern water
hydrogeochemical evolution and quality assessment is
critically needed.
It is generally believed that the hydrogeochemical
process of water in mining area is typically affected
by natural factors including the composition of rain
water, geological structure, mineralogy and waterrock interaction [8]. In addition to natural processes,
mining activities can also strongly influence the
hydrogeochemical characteristic of water [9]. Numerous
studies have been show that major ion concentrations
and stable isotopic composition in mining water are
effectively used to understand recharge and flow,
formation mechanisms, interaction between water and
surrounding rock [10-12]. The water quality assessment
are also carried out for drinking and agriculture. World
Health Organization (WHO) published the guidelines
for drinking water to protect public health [13]. The
guidelines for agriculture is provided by the Food and
Agriculture Organization of the United Nations (FAO)
[14]. Salinity and sodium hazard indicators are widely
used as a criterion to find the suitable of irrigation
waters [15]. A large number of studies have been
carried out on the hydrogeochemistry and water quality
evaluation of water in cities, rural areas and coal mines,
but for abandoned quarries remains unclear, which need
to be addressed urgently.
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Hence, the objective of this study are as follow:
(1) to determine the dominant geochemical processes
that controlling the chemical component of surface
water around abandoned quarries area (2) to identify
the sources of surface water (3) to assess the water
quality for drinking and irrigation. The conclusion of
this research will provide a better understanding of
the mechanism of surface water around quarries, and
improve management and sustainable utilization of
water resources for local government.

Materials and Methods
Study Area
Fuli abandoned quarries are located 20 km north to
Suzhou city in Anhui province, China. Its geographical
coordinates are 116°52’12”-116°59’11” north and
33°43’56”-33°48’5” east. The abandoned quarries
covers an area of 30.27 km 2 in the northern hilly area
of Huaibei plain (Fig. 1). The terrain is high in the
north and low in the south. The elevation of abandoned
quarries range from 55.58 m to 185.24 m, with an
average of 111.32 m.
The climate of the study area belongs to warm
temperate zone and semi-humid monsoon section,

Fig. 1. Regional geographic location and distribution of sampling points. a) China; b) Structural map of Huaibei Area; c) the location
of sampling sites.
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characterized by mild climate and four distinct seasons,
with an average annual temperature of 14.5ºC, and an
average annual rainfall around 774 mm.
Geologically, the quarries area is located in the north
side of Su Bei Fault and the middle part of XuzhouSuzhou structure, which is a monoclinic structure with
NE strike, SE dip and 28° dip. The exposed strata
include dolomitic limestone of the upper Cambrian
Changshan formation and brownish yellow, grayish
yellow and brownish red clay of Panji formation of
Mid-Pleistocene [16].
The quarries belong to stone mine, which play an
important role for building and road construction.
Due to local environmental protection policy, the Fuli
quarries were closed in 2001 and turn into abandoned
quarries. The result of open-pit mining is mainly in the
damage of mountains and ecological vegetation. The
original landform is razed to the ground, or forming
a lake. As the quarries are located on the hillside, its
surface water system is not developed. Hence, the lake
is the main composition of surface water in the quarries
area. The water level is controlled by rainfall, high in
summer and low in winter, with an average depth of
13.40 m.

Sample Collection and Processing
A total of 31 water samples were collected from
3 typical lakes around Fuli abandoned quarries area
during the dry season (November ) of 2020, as shown
in Fig. 1. The samples were collected by pre-cleaned
HDPE bottles. Before collection, the samples were
moistened with distilled water for 2 times, then washed
again with water samples for 3 times and were sealed
with sealing film on site. After that, the collection
samples were immediately filtered with 0.45μm filter
paper within 24 h after collected, and the water samples
were kept under low temperature conditions.
The conductivity (EC), pH, and total soluble solids
(TDS) of all samples were obtained in the field by
portable devices (ST20R, ST20 and ST20T-B) from
OHAUS (Shanghai, China). The contents of main
cations (Na+, K+, Ca2+, Mg2+) and main anions (SO42,
Cl-) were measured by Ion chromatograph (ICS-600900, USA). The contents of CO32- and HCO3- were
determined by acid-base titration (analysis error of
anion and cation was controlled within 5%). The
stable isotopes of hydrogen and oxygen (δD, δ18O)
were measured by isotope analyzer (LGR-LWIA-45EP,
USA). The measurement accuracy of δD and δ18O was
1.0‰ and 0.2‰ respectively.
Before all samples were tested, the stability of the
test instrument was tested with standard samples, and
parallel samples were set, and the relative deviation
of parallel samples was less than 5%. Moreover,
20% of the water samples were re-tested. The errors
between the outcomes of two analysis were less than
10%.
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Results and Discussion
Hydrochemical Characteristics
Geochemical data for surface water samples from
No.1, No. 2, No. 3 lake are listed in Table 1 and Fig. 2.
The temperature of the samples range from 14.7 to
16.8ºC, indicating the water body in a lower temperature
environment. The conductivity in water directly
correspond to the concentration of ions present in it.
The vales of electrical conductivity (EC) range from
400 to 443 μs/cm. The water samples from No. 1, No. 2,
No. 3 lake are dominantly alkaline, with average ph
values of 8.45, 8.34, and 8.36 respectively. In addition,
the ph values of all samples are within the acceptable
range according to the World Health Organization
guidelines (WHO 1997) and China’s national standard
for drinking water. The TDS content from the 3 lakes
grade from 185.61 to 221.41mg/l, showing the following
the order: No. 1 (average content: 218.90 mg/l)>No. 2
(average content:194.35 mg/l)>No.3 (average content:
410.38 mg/l). All samples from the area have TDS value
below the desirable limit of 500mg/l recommend by
WHO (1997).
In general, Ca2+ and Mg2+ of samples are the
two most abundant cation, followed by Na+. HCO3and SO42- are the leading anion, followed by Cl-.
The mean cation of all samples show the same
decreasing trends: Ca2+>Mg2+>Na+>K+. However,
the mean anion in samples show different trends:
No.1 lake with the order: SO42->HCO3->Cl->F-, No. 2
and No. 3 lakes with the order: HCO3->SO42->Cl->F-.
The ANOVA analysis was used to compare
characteristics of water samples from 3 lakes. As can be
seen in Fig. 2, the concentration of TDS, Ca2+ and SO42have the same decreasing trends: No. 1>No. 2>No. 3.
Comparatively, the concentration of Na+ and K+ follow
the same decreasing trends: No. 1<No. 2<No. 3.
The concentration of Mg2+ and HCO3- have the same
decreasing trends: No. 1<No. 3<No. 2. The different
trends in geochemical data of water samples may
attributed to different hydrogeochemical process [17].

Hydrochemical type
The Piper’s trilinear diagram is a useful method
to reveal the hydrogeochemical characteristics and
evolution process of water samples [18]. The plot of the
chemical data on Piper’s trilinear diagram (Fig .3) shows
that water samples around abandoned quarries area fall
in regions mainly 1, 4 and rarely in region 3, indicating
the dominance of alkaline earth (Na++K+) exceeding
alkalies and the strong acids (SO42-+Cl-) slightly
exceeding weak acids (HCO3-). The hydrochemical type
of samples from No.1 lake is dominated by SO4.HCO3Ca.Mg (100%). With the rise in HCO3- content and
decrease in SO42-, the hydrochemical type of samples
from No. 2 and No. 3 lakes has been changed to HCO3.
SO4-Ca.Mg (88.24%) and SO4.HCO3-Ca.Mg (11.76%),
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Fig. 2. Box plots of parameters of samples from 3 typical lakes.

resulting in the left and downward shifting of data
point in the ternary anions diagram. For cations, all
water samples are concentrated in region A, implying
the calcium minerals dissolution play an important role
during hydrogeochemical process. For anions, samples
from No.1 lake fall in regions F , whereas samples from
No. 2 and No. 3 fall in regions B and E, indicating the
relation to sulfate and bicarbonate minerals dissolution,
respectively. In general, the hydrochemical type of water
samples from No. 2, No. 3 lakes are more complex and
diverse than that of No.1 lake.

Hydrogeochemical Process
Hydrogeochemical Behavior
The interaction between surrounding rock and water
play an important role during the hydrogeochemical
process [19]. The ion ratio can be used to reveal valuable
information such as chemical composition and source of
water [20-21].
If halite is the only dissolved mineral, the mole ratio
between Na+ and Cl- in water should be 1:1. If the ratio

Hydrogeochemical Process and Quality Assessment...
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Fig. 3. Piper trigram of samples from 3 typical lakes.

exceeds 1, it means the dissolution of silicate minerals
and waste-water, whereas the ratio is less than 1, it
indicate the dissolution of carbonate minerals and/or
ion exchange [22]. As shown in Fig. 4a), the date points
of samples all appear below the NaCl dissolution line,
which imply the existence of other source except halite.
The points deviated from the 1:1 dissolution line can
be explained by the water-rock interaction, such as the
dissolution of carbonate minerals and/or ion exchange.
If the mole ratio between (Ca2++Mg2+) and (HCO3+SO42-) in groundwater equal to 1:1, it means Ca2+,
Mg2+ are all derived from the dissolution of carbonate
minerals (calcite, dolomite, and gypsum). The point
fall below the 1:1 dissolution line, suggesting the
effect of silicate minerals weathering. On the contrary,
the point appear above the the 1:1 dissolution line,
indicating the effect of carbonate [23]. As shown in
Figure. 4.b, the date points of samples appear on the
upper right part of the 1:1 dissolution line, indicating
carbonate dissolution is the main source of Ca2+, Mg2+,
HCO3- and SO42-. Besides, 10% of the samples (No. 2
lake) and 25% of the samples (No.3 lake) are located
below the 1:1 dissolution line, indicating the presence
of the excess of (Ca2++Mg2+). The result show that the
chemical composition in the lakes are mainly controlled
by carbonate dissolution, whereas the No. 2 and No. 3
lake are partly controlled by both carbonate and silicate
dissolution.
Ion exchange is an important process in controlling
the chemical composition of water. In order to identify

whether cation exchange occurs, CA-1 and CA-2 are
can be used to verify. Two indices are calculated by
following equations:
(1)

(2)
Positive values of CA-1 and CA-2 suggest that Na+
and K+ in water have been exchanged by Ca2+ and
Mg2+ in the surrounding rock, whereas negative values
indicate there is a reverse exchange. In addition, the
larger the absolute values are, the stronger the ion
exchange interaction is. Meanwhile, if the value is
equal to 0, it means there is no ion exchange interaction
during the hydrochemical process [24].
Fig. 4c) is the plot of CA-1 versus CA-2 of samples
in this study. The date points of samples from No. 1
and No. 2 lakes all appear on positive negative part,
indicating Na+ and K+ in lake have been replaced by Ca2+
and Mg2+ in surrounding rock. However, date points of
samples from No.3 lake locate on the negative part,
implying Ca2+ and Mg2+ in No. 3 lake have been replaced
by Na+ and K+ in surrounding rock. This observation
suggest that with the decrease in the concentration of
Ca2+ and Mg2+ in lake, accompanied with an increase
in the the concentration of Na+ and K+ in No. 3 lake
(Table 1). Moreover, samples from No.1 have higher
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Fig. 4. Plots of a) Cl- versus Na+; b) (HCO3-+SO42-) versus (Ca2++Mg2+); c) the relationship between CA-1 and CA-2.

absolute values of CA-1 and CA-2 than those of No.2
and No. 3 lake in Fig. 4c), implying ion exchange
interaction are more intense in No.1 lake.
Formation Mechanisms of Chemical
Component
The relationships between Na+/(Na++K+) for
dominant cation and Cl-/(Cl-+HCO3-) for dominant
anion, and TDS are widely used to determined the
mechanism of controlling chemical composition of
water, including precipitation, rock dissolution and
evaporation [25-26]. The Gibbs’s diagram of water
samples are plotted in Fig. 5. The data points all fall
in the middle left of the diagram with medium TDS
(obtained by field measurement) and lower ion ratio.
The points located in rock dominance zone, but far
away precipitation and evaporation dominance zone,
suggesting that the major ion chemistry of the water
samples is controlled by rock weathering dominance.
The ion ratio perform horizontal drift with the rise in
Na+/(Na++K+) and Cl-/(Cl-+HCO3-) from No. 1 lake to
No. 3 lake, indicating different degree of rock
weathering during hydrogeochemical process for water
around abandoned quarries area.

The plot of Mg2+/Na+ and HCO3-/Na+ versus Ca2+/Na+
are commonly way to assess whether evaporation,
silicate weathering or/ and carbonate dissolution
are involved in the water-rock interaction [27-28].
Fig. 6 is the plot of Mg2+/Na+ and HCO3-/Na+ versus
Ca2+/Na+ of all water samples in this study. The date
points of samples fall between carbonate dominance
zone and the silicate dominance zone, but far away
the evaporation dominance, indicating the silicate
weathering and carbonate dissolution are the main
functions during hydrogeochemical process. As shown
in Fig. 6, compared with the samples from No. 3 lake,
the data points of samples from No.1 lake are closer
to the carbonate dominance zone, suggesting water in
No.1 lake possess more dissolved carbonate minerals,
whereas water in No. 3 lake possess more dissolved
silicate minerals and No. 2 lake are in between.
Recharging Analysis
Hydrogen and oxygen isotopes are the intrinsic
components, which generally do not change with water
rock interaction. Hence, the δD and δ18O are widely
used as an ideal indicator to trace water recharge within
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Table 1. Geochemical data of samples collected in this study.
Site

No.1
N = 14

No.2
N = 10

No.3
N=7

Index

Na+

K+

Mg2+

Ca2+

F-

Cl-

SO42-

HCO3-

TDS

mg/l

EC

PH

μs/cm

/

Min

2.41

0.74

14.82

60.31

0.47

7.71

125.93

105.98

216.89

400.00

8.39

Max

2.57

1.19

15.32

62.31

0.69

8.23

127.76

126.59

221.41

423.00

8.55

Mean

2.47

0.85

14.91

60.90

0.52

7.90

127.15

117.13

218.90

415.14

8.45

CV (%)

1.53

12.41

0.85

0.99

10.40

1.76

0.38

5.23

0.52

1.53

0.52

Min

5.44

0.85

20.06

52.94

0.38

10.65

98.9

123.64

193.92

424

8.3

Max

5.69

1.04

20.13

53.3

0.47

10.85

100.02

158.97

194.86

454

8.35

Mean

5.59

0.94

20.09

53.12

0.42

10.74

99.28

147.19

194.35

435.80

8.34

CV (%)

1.72

6.44

0.11

0.19

7.09

0.67

0.33

6.73

0.16

2.22

0.19

Min

10.51

2.21

17.52

46.21

0.43

17.52

86.56

111.87

185.61

401

8.23

Max

10.66

2.34

17.59

47.08

0.46

17.79

87.78

147.2

187.63

443

8.4

Mean

10.57

2.29

17.55

46.69

0.45

17.63

87.07

137.26

186.42

410.38

8.36

CV (%)

0.49

2.06

0.14

0.51

2.66

0.59

0.42

10.44

0.34

3.31

0.66

water circulation system [29-30]. By studying the natural
meteoric waters from many parts of the word, there is
a linear relationship between stable isotopes of δD and
δ18O defined by Craig in 1961, which is expressed as
δD = 8δ18O + 10 and referred to as the Global Meteoric
Water Line (GMWL) [31]. Usually, the point of a water
sample falls near the GMWL, which means the recharge
source is atmospheric precipitation. The deviation of
a water sample below the GMWL imply the existence
of evaporation after precipitation recharging. Besides,
the further a water sample deviates from the GMWL,
the stronger evaporation is. In addition, D-excess
(d = δD – 8δ18O) can reflect the degree of imbalance
of evaporation and condensation process of regional

Fig. 5. Gibb’s diagram of samples. a) cationic; b) anionic.

atmospheric precipitation. The smaller the D-excess
value is, the stronger the imbalance of evaporation and
condensation is, and the larger the D-excess value is,
the weaker the imbalance [32]. The values of δD, δ18O,
and D-excess in the study area are listed in Table 2.
As can be seen in Table 2, all samples of three
lakes show negative δD and δ18O value. The δD value
of No.1 lake samples range from -38.68 to -31.67, with
an average of -36.52, and their δ18O values range from
-5.15 to -3.91, with an average of -4.29. In No.2 lake, the
δD value range from -36.27 to -33.18, with an average
of -35.44, and the δ18O values range from -4.32 to
-3.92, with an average of -4.10. For samples from No. 3
lake, the δD value range from -41.46 to -38.55, with an
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Fig. 6. The relationship between HCO3-/Na+ and Ca2+/Na+ a) and between Mg2+/Na+ and Ca2+/Na+ b).

Table 2. characteristic statistics of oxygen and hydrogen isotope.
Parameters

Unit

δD
18

No.1 lake

No.2 lake

No.3 lake

Min

Max

Mean

Min

Max

Mean

Min

Max

Mean

‰

-38.68

-31.67

-36.52

-36.27

-33.18

-35.435

-41.46

-38.55

-40.15

δ O

‰

-5.15

-3.91

-4.29

-4.32

-3.92

-4.103

-4.59

-3.96

-4.31

D-excess

‰

-6.48

9.51

-2.18

-4.89

0.95

-2.61

-9.8

-3.04

-5.65

average of -40.15, and the δ18O values range from -4.59
to -3.96, with an average of -4.31. The D-excess values
of all samples are significantly lower than that of Global
Meteoric Water Line (10‰), implying the influence
of evaporation lead to enrichment of hydrogen and
oxygen isotopes during the formation of lake. Besides,

the samples from No.3 lake has smaller values of
D-excess than that of samples from No. 1 lake and No. 2
lake in Table 2, indicating imbalance of evaporation are
more stronger in No. 3 lake.
The values of δD and δ18O described in the δD-δ18O
coordinate system composed of the Global Meteoric
Water line (GMWL), the regional Local Evaporation
line (LEL) [33-34], and water samples in this study, as
shown in Fig. 7. The data points of water samples all
appear below the GMWL and near the LEL, suggesting
the recharge of water samples from abandoned quarries
area is mainly derived from atmospheric precipitation.
Compared with the points of samples from No. 1 and
No. 2 lake, the date point of samples from No. 3 lake
have lower values of δ18O, showing vertical drift with
the decrease of δ18O. The result indicate that evaporation
are more tense in No. 3 lake, which is consistent with
the conclusion of D-excess.

Water Quality Assessment
Water Quality for Drinking

Fig. 7. The plot of δ18O versus δd.

The prescribed limits of the World Health
Organization guidelines (WHO 1997) are used to assess
the suitability for drinking. The major geochemical
parameters are listed in Table 3. As can be seen in
Table 3, the concentration of all major ions are within
the maximum desirable limit prescribed by WHO

Hydrogeochemical Process and Quality Assessment...
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Table 3. Geochemical parameters of the study area in comparison to WHO (1997).
Major ions

Unit

Na+
+

K

2+

Samples from 3 lakes

WHO(1997)

Min.

Max.

Mean

Desirable

Permissble

mg/l

2.41

10.66

5.47

50.00

200

mg/l

0.74

2.34

1.24

100.00

200

Mg

mg/l

14.82

20.13

17.19

30.00

150

Ca2+

mg/l

46.21

62.31

54.91

75.00

200

F-

mg/l

0.38

0.69

0.47

0.6-0.9

1.5

-

Cl

mg/l

7.71

17.79

11.22

250.00

600

24

SO

mg/l

86.56

127.76

108.42

200.00

600

HCO3-

mg/l

105.98

158.97

131.56

200.00

600

PH

/

8.23

8.55

8.39

7.0-8.5

6.5-9.2

TDS

mg/l

185.61

221.41

203.11

500.00

1500

EC

μs/cm

400.00

454.00

420.41

750.00

1500

standard (1997), confirming their suitability for
drinking purpose. Good water environment around
abandoned quarries area is related to strict laws and
environmental protection measures implemented by
local government. Meanwhile, the study area is far
away from the urban and industrial pollution sources,
possessing high ecological environment purification
capacity. The observation indicate water around
abandoned quarries area is suitable for drinking.
Irrigation use
Surface water accounts for a large proportion in
agricultural irrigation, thus evaluation for irrigation
use is of great significance to agricultural production
[35]. The electrical conductivity (EC) and Na+ play
a fundamental role in water quality for irrigation
use [36]. A high salinity in water lead to poor
permeability and hence affect migration of water and
the absorption of nutrients from soil [37]. Excess amount
of dissolved ion influence the physical and chemical
properties of soils. In the present study, the single
parameters such as the Sodium absorption ratio (SAR),
Percent sodium (%Na), Residual sodium carbonate
(RSC), Residual sodium bicarbonate (RSBC), Mg ratio
(MR), Kelley’s ratio (KR), and Permeability index (PI)
have been estimated its suitability for irrigation use.
In addition, the US Salinity Laboratory diagram (USSL)
and Wilcox diagram has been also used for irrigation
purpose.

If the SAR value of water is less than 10 then the water
belongs to excellent quality for irrigation, it is good quality
if the value grades between 10-18, and if it is between
18-26 it is fair, and above 26 is referred to unsuitable
for irrigation [38]. In this study, the calculated SAR
values range from 0.39 to 1.88 meq-1/2, suggesting
excellent quality for irrigation use. Meanwhile,
the date points of samples all falling in C2S1 category
of USSL diagram [39] indicate the water medium
salinity-low alkalinity type and thus can be utilized
for irrigation with very little danger of changeable
salinity (Fig. 8).

Sodium Absorption Ratio (SAR)
SAR is an important parameter that can reflect
the degree of sodium exchange with calcium and
magnesium in soil, and also reflect the influence
on crops, expressing as: SAR = Na+/√[(Ca2++Mg2+)/2].

Fig. 8. USSL diagram of samples.
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Mg Ratio (MR)
Excess concentration of magnesium can damage the
quality of soil and reduce yield of crops. Magnesium
ratio is classified as: MR = (Mg2+ × 100)/(Ca2+ + Mg2+).
The MR<50 represent suitable for irrigation while it is
unsuitable if MR>50 [38]. The calculated MR values
range from 28.83 to 38.73, implying water samples
is good for irrigation.

Kelley’s Ratio (KR)

Fig. 9. Wilcox diagram of samples.

The relationships between Na+ and (Ca2++Mg2+)
is express as Kelley’s ratio and calculated as
KR = Na+/(Ca2++Mg2+). The water having KR<1 is
categorized as good quality for irrigation whereas
KR<1 is considered to be unsuitable for irrigation and
lead to alkali hazard [43]. The maximum KR value of
water in the study area is 0.12, indicating its suitable
for irrigation.

Percent Sodium (%Na)

Permeability Index (PI)

The %Na is also a useful way to assess the
suitability for irrigation, which is calculated by the
following formula as: %Na = (Na+ × 100)/(Ca2+ +
Mg2+ + Na+ + K+). High %Na in irrigation water will
reduce permeability of soil and causes soil to harden.
The %Na<60 means safe water while it is unsafe if
>60 [40]. The %Na in this study area ranges from
4.03 to 16.76. According to the above criteria, the
water is safe for irrigation use. In Wilcox’s diagram
[41], the data points of all samples fall into the
Excellent to good filed, indicating the water around
abandoned quarries area is excellent for irrigation
(Fig. 9).

Soil permeability is the main factor controlled
by the long-term use of irrigation water and related
to the content of sodium, bicarbonate, calcium
and magnesium, etc, which is determined by:
PI = [(Na+ + √HCO3-)/(Ca2+Mg2+ + Na+)] × 100. It is
divided into class I, class II and class III depending on
PI values [44]. The calculated result of PI values ranging
from 33 to 47 fall in class I, which indicate good quality
for irrigation.

Residual Sodium Carbonate (RSC)
A high RSC value in water lead to a rise in the
adsorption of sodium soil. RSC for water samples of the
study area was calculated by the following formula as:
RSC = (CO32 + HCO3-)-(Ca2++Mg2+). Water with RSC
value<1.25 meq/l is considered as it is suitable for the
irrigation purpose, 1.25-2.5 meq/l is marginal suitable,
between 2.5-5 meq/l is unsuitable and >5 meq/l is
harmful to the growth of plants. In the study, all the
samples have RSC <1.25 meq/l (maximum 1.38 meq/l),
hence suitable for irrigation.

Residual Sodium Bicarbonate (RSBC)
The RSBC is often used to distinguish the
difference of bicarbonate to calcium and calculated as:
RSBC = HCO3- – Ca2+. The value of RSBC <5 is
satisfactory, between 5-10 is marginal and >10 is
unsatisfactory [42]. The maximum RSBC value of water
in the study area is 0.08, suggesting its satisfactory for
irrigation.

Conclusions
In this study, water from 3 lakes around abandoned
quarries area were analyzed and water quality
for were assessed for drinking and irrigation. Main
conclusions obtained from this research are listed as
follows:
(1) The water around the Fuli abandoned quarries
was dominantly alkaline in nature. The mean cation
of all samples showed the same decreasing trends:
Ca2+>Mg2+>Na+>K+. However, the mean anion show
different trends, and No. 1 lake with order: SO42->HCO3>Cl->F-, No. 2 and No. 3 lakes with order: HCO3->SO42>Cl->F-. The hydrochemical type of water samples from
No. 2, No. 3 lake were more complex and diverse than
that of No. 1 lake. The hydrochemical type of No.1 lake
was dominated by SO4.HCO3-Ca.Mg (100%), whereas
the hydrochemical type of No.2 and No.3 lake has been
changed to HCO3.SO4-Ca.Mg (88.24%) and SO4.HCO3Ca.Mg (11.76%).
(2) The chemical composition in the No.1 lake
were mainly controlled by carbonate dissolution and
ion-exchange, whereas the No.2 and No.3 lake were
governed by both ion-exchange and dissolution of
carbonate and silicate minerals. In addition, the rock
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weathering dominance was the most important factor
that control the chemical composition.
(3) Stable isotope analysis showed that the
recharging of study area was mainly derived from
atmospheric precipitation. The deviation from the
GMWL and low value of D-excess indicate that
imbalance of evaporation were stronger in No. 3 lake
than in No. 1 and No. 2 lake. The result of water quality
assessment indicated that water around abandoned
quarries area could be used for drinking and suitable
for irrigation use without any hazards.
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