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Abstract Large salinated areas are distributed in the

middle and east of the North China Plain (NCP), where the

fresh water shortage is serious. In this study, two sites in

Cangzhou (CZ) and Hengshui (HS) of Hebei Province were

selected to study the dynamics of shallow groundwater

level and salinity. Electrical conductivity (EC) of ground-

water was combined with the isotope compositions of d18O

and d2H to identify the origin of salinity. Results showed

that the dynamics of groundwater level at both sites were

mainly controlled by precipitation and evaporation. Soil

texture and structure played a significant role in the

dynamics of salinity. The summer precipitation diluted the

EC of groundwater at the HS site with homogeneous soil of

sand loam, suggesting the larger infiltration rate; however,

it did not dilute the EC at the CZ site with heterogeneous

soil of sand loam and silt loam, suggesting that the summer

precipitation could not recharge the groundwater directly.

In winter, the EC decreased rapidly due to the temperature

gradient underground if the groundwater was above the

threshold level (at least 3 m below the ground surface)

after the rainy season. Isotopes of d18O and d2H showed

that precipitation was the major recharge source for the

groundwater at the two sites. The salt mainly comes from

the dissolution of soil or rock at the CZ site. While, the

evaporation effect was strong at the HS site leading to the

increase of the salt concentration.

Keywords Shallow groundwater level � Salinity �
Temperature gradient � Stable isotopes � North China Plain

Introduction

Groundwater dynamics reflect a complex natural process

that is influenced by various factors in an environment

(Chen et al. 1988). The dynamics of groundwater depend

greatly on climate, geology, and topography, which are

regarded as the three main factors that control subsurface

water flow in the hydrologic landscape (UNEP 1996;

Sophocleous 2002). In plain areas with shallow ground-

water under a semi-arid climate, precipitation infiltration

and evapotranspiration in the vertical direction are the

major recharge and discharge processes of the water cycle.

The dynamics of the groundwater level and salinity interact

intimately with each other during the recharge and dis-

charge processes. Groundwater affects the soil formation

processes and moisture and solute transport dynamics, and

is one of the important factors ameliorating soil conditions

(Kats 1976). Excessive recharge and high evaporation in

arid and semiarid climates can lead to a high water table

that will trigger salinity of the soil (Salama et al. 1999;

FAO 1996). Salinization of aquifers has become a major
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concern that degrades water quality and endangers future

water exploitation in arid and semi-arid regions of the

world (Mehta et al. 2000, Gaye 2001).

In the NCP, where groundwater is the major water

source for industrial, agricultural, and domestic use, the

shortage of freshwater resources is very serious and

threatens the sustainable development of agriculture.

Especially in the middle and eastern parts of NCP, a large

area of saline water is distributed in the shallow ground-

water aquifer. Since the late 1950s, agriculture irrigation

has raised the groundwater level, which has caused soil

sanitization and enlarged the saline area to 69% of NCP.

Though the exploitation of deep groundwater led to a

decline in the shallow groundwater level which made the

sanitization area decreased, the water problem is still

serious. Monitoring the dynamics of the groundwater level

and salinity and identifying the origin of the salinity are

crucial for both water management and remediation in this

salinated and water-deficient region.

To identify the sources of salinity, the traditional

approach is the geochemical method. The applications of

isotope tracers to hydrology, the fundamental relation-

ships between d18O and d2H and between d18O and

salinity have been used in previous studies to identify

different salinization pathways (Gaye 2001). These

pathways include flushing of airborne salts by precipita-

tion, dissolution of evaporitic minerals from the surface,

soil, or aquifer components, the seawater intrusion, or the

flow induced from pockets of connate brine (Lee et al.

1999; Mehta et al. 2000; Gaye 2001; Kim et al. 2003;

Zhang et al. 1997). In the NCP, studies have shown that

saline water may be caused by the continental salinity

and seawater intrusion during the geological history

(Fang and Chen 2005; Zhang 2005). Geochemical data of

total dissolved solids (TDS) and isotope data of 2H, 18O,
36Cl, and 3H studies have indicated that the saline water

is due to the dissolution of salt rock after the precipita-

tion recharge in the middle and eastern plains, and that

the condensation effect due to evaporation is a major

influence factor in the salinization of groundwater (Zhou

et al. 1998, 2001).

Above researches in the NCP were carried out on a

large spatial scale, and it did not provide detailed infor-

mation about the water and salt dynamics under different

hydrologic conditions. In this study, two sites were

selected as the typical areas of saline groundwater with

shallow water table to study the water and salt dynamics

over a 4-year period. Automatic monitoring loggers pro-

vided by joint Chinese and Japanese cooperation were set

to monitor the water table, EC of groundwater, and soil

temperature at different depths. According to the fluctu-

ations of water table and EC, factors that affected the

groundwater dynamics were analyzed. By combining the

EC data with that of stable isotopes in the groundwater,

the origin of the salinity in the groundwater was discussed

in detail.

Site description

Two sites of CZ and HS of Hebei Province were selected.

These two sites lie in the middle and east of the NCP and

have groundwater depths of 0.4–5.0 m. The CZ site lies

in the east alluvial coast plain, and the HS site lies in the

middle of the flood and lake sedimentary plain (Fig. 1).

Both sites have similar semi-arid continental climate

conditions. During the period of 1971–2004, the annual

mean precipitation was about 500–600 mm, and the pre-

cipitation from June to September accounted for 70–80%

of the total annual precipitation. The annual evaporation

is about 1,000–1,500 mm, and about 45% of the evapo-

ration occurs from April to June. Especially in winter and

spring, the evaporation is 16–38 times more than the

precipitation.

The soil texture and vegetation at the two sites are

described by Song et al. (2009). The soil of the CZ site is

composed of silt loam and sand loam, indicating a heter-

ogeneous soil structure, and the land is covered with high

grass with roots depth about 200 cm. The soil of the HS

site is mainly composed of sand loam showing a relatively

homogeneous soil structure, and the land is covered with

shorter grasses with roots depth about 30 cm (Fig. 2,

Table 1). The unconsolidated sediments of Quaternary Q4

constitute the main stratigraphy in this area. The shallow

groundwater aquifers include aquifer groups of Holocene

Qh4 with a depth of 10–20 m, upper Pleistocene Qp3 with

a depth of 50–70 m, and mid Pleistocene Qp2 with a depth

of 80–160 m (Wang et al. 2008).

Methods

Data observation and monitoring

Precipitation was collected using a rain gauge and recorded

manually at both sites. The data series of the CZ and HS site

are from 1 January 2003 to 20 July 2007 and from 1 March

2003 to 30 October 2005, respectively. Evaporation was

measured using an E601 evaporation pan and recorded

manually at the CZ site from 2003 to 2007, excluding

the winter. It was also observed using a 20-cm diameter

(D-20 cm) evaporation pan during the whole year. The

correlation between the values of these two evaporation was

obtained to interpolate the absent E601 data (the Pearson

correlation coefficient, r = 0.834, P \ 0.01, n = 1092).

The evaporation data were not obtained at the HS site.
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The groundwater level was monitored using the

automatic KADEC-MIZU II data loggers from Japan,

which were provided by the National Institute for

Environmental Studies of Japan. EC was monitored as an

indicator of groundwater salinity. The measured value

was calibrated under 25�C. The temperatures at soil

Fig. 1 Position of Cangzhou (CZ) and Hengshui (HS) sites and distribution of saline water with total dissolved solids (TDS)[2 g/l in the Hebei

Plain (adapted from Zhang 2005)

Fig. 2 Soil texture and land

cover at CZ (a) and HS (b) site
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depths of 10, 40, and 100 cm were measured simulta-

neously.

The water table, EC, and temperature were monitored

every 30 min or 1 h from October 2003 to July 2007.

Sample collection and isotope analysis

Rainwater samples were collected with rain gauges at the

two experimental stations. Samples were collected daily

during precipitation events from 26 June 2005 to 21 Sep-

tember 2005 at the CZ Site and from 12 July 2005 to 7

October 2005 at the HS Site.

Groundwater samples were collected from 5 July 2005 to

30 December 2005 at the CZ site and from 6 July 2005 to 11

December 2005 at the HS site. Sampling frequency varied

between 1 and 10 days. In general, samples were collected

with a frequency of one per day during July and August.

All samples including precipitation and groundwater at

both sites were collected in air-tight polyethylene vials of

50 or 100 ml and sealed with adhesive tape to prevent

evaporation. Two bottles were collected for each sample if

possible and brought back to the laboratory for analysis.

Hydrogen (d2H) and oxygen (d18O) compositions of the

water samples were analyzed using a Finnigan MAT-253

mass spectrometer with the TC/EA method at the Institute

of Geographical Sciences and Natural Resources Research,

Chinese Academy of Sciences. The d2H and d18O results

are presented in the standard d-notation as per mil (%)

difference from Vienna standard mean ocean water

(VSMOW). The uncertainty for d2H and d18O are ± 2

and ± 0.3%, respectively.

Results

During the observation period, the annual precipitation was

620.6, 492.1, 581.2, and 430.9 mm in 2003, 2004, 2005,

and 2006, respectively. They delegate the years with

abundant, dry, average and dry rainfall, respectively. The

surface water evaporation was transformed into the soil

evaporation with an experimental coefficient. The coeffi-

cients from 2003 to 2006 were 0.671, 0.658, 0.674, and

0.637, respectively, and the corresponding soil evaporation

was 1002, 1026, 1079 and 853 mm for each year (Fig. 3).

The evaporation in 2006 was the lowest because the pre-

cipitation was lowest in that year. At the HS site, only the

precipitation was recorded from 1 March 2003 to 20

October 2005 (Fig. 4).

The statistical value of the groundwater level, ground-

water EC, and soil temperature at 10, 40 and 100 cm depth

Table 1 Descriptions and

comparison of CZ and HS sites

(Song et al. 2009)

Item CZ HS

Longitude 116�520020 0E 115�29054E

Latitude 38�160280 0N 37�4600480 0N

Elevation 8 m 20 m

Relief Alluvial coastal plain Flood and lake

sedimentary plain

Climate Semi-arid continental

monsoon climate

Semi-arid continental

monsoon climate

Annual mean temperature 12.2�C

Annual mean precipitation 574 mm (1971–2004) 522 mm

Annual mean evaporation 1,200 mm

Groundwater depth 38–500 cm 65–297 cm

Grass cover height 30–60 cm 5–15 cm

Grass root depth \200 cm \30 cm

Soil texture Silt and sand loam Sand loam

Fig. 3 Diurnal precipitation

and evaporation at CZ station.

The winter data for each year

was interpolated from data of a

D-20 cm evaporation pan
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(Gtemp-10, Gtemp-40, and Gtemp-100) are listed in Table 2, and

the results were showed in Figs. 5, 6, and 7, respectively.

The mean water tables of the CZ and HS sites were 4.65

and 17.63 m, respectively. The mean EC value at the HS

site was 12081 ls/cm, which was about 6 times larger than

that of the CZ site with the EC value of 2107 ls/cm.

According to the FAO classification, the average ground-

water salinity value of the CZ site fell into the category of

slightly saline and that of the HS site fell into the category

of moderately saline. At both sites, the soil temperature

Fig. 4 Diurnal precipitation

measured by rain gauge at HS

station

Table 2 Statistical data at CZ and HS site

Site Monitored item Day Range Min. Max. Mean Std. deviation Coefficient

of variation

CZ Water table (m) 1,361 4.63 2.99 7.62 4.65 0.73 0.16

EC (ls/cm) 1,356 1,301 1,160 2,461 2,107 266.30 0.13

Gtemp-10 cm 1,359 33.27 -2.62 30.65 12.87 10.22 0.79

Gtemp-40 cm 1,359 27.42 -0.51 26.91 13.01 8.91 0.68

Gtemp-100 cm 1,359 20.92 2.94 23.86 13.36 6.54 0.49

HS Water table (m) 1,211 2.31 17.04 19.35 17.63 0.39 0.02

EC (ls/cm) 1,211 9,756 8,317 18,074 12,081 2,235 0.19

Gtemp-10 cm 1,211 34.55 -3.59 30.96 12.32 10.38 0.84

Gtemp-40 cm 1,211 29.24 -1.19 28.05 13.11 9.38 0.72

Gtemp-100 cm 1,211 20.96 3.46 24.42 13.70 6.88 0.50

Fig. 5 Groundwater level variation with time at CZ (a) and HS (b) sites
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increased with depth. The variation coefficient of the

observation items excluding the water table at the HS site

was larger than that at the CZ site.

The isotope values in precipitation and groundwater are

shown in Table 3. The d18O and d2H values of precipita-

tion at the CZ site ranged from -9.7 to -3.9% and -76 to

Fig. 6 Groundwater EC

variations with time at CZ

(a) and HS (b) sites

Fig. 7 Soil temperatures at

depths of 10, 40, and 100 cm at

CZ (a) and HS (b) sites

Table 3 Statistical data of isotopes in precipitation and groundwater during sampling periods at CZ and HS sites

Site Type N d18O (%) d2H (%)

Min Max Mean Std. deviation Variation

coefficient

Min Max Mean Std. deviation Variation

coefficient

CZ P 17 -9.7 -3.9 -7.2 1.7 -0.24 -76 -29 -56 13.7 -0.25

GW 54 -8.4 -5.4 -7.1 0.6 -0.09 -63 -51 -58 2.9 -0.05

HS P 16 -11.8 -4.4 -7.6 1.9 -0.25 -82 -30 -52 15.7 -0.30

GW 47 -9.6 -6.2 -7.7 0.6 -0.08 -70 -59 -65 3.8 -0.06

P Precipitation; GW Groundwater

734 Environ Earth Sci (2012) 66:729–739

123



-29%, with mean values of -7.2 and -56%, respec-

tively. The d18O and d2H values in precipitation at the HS

site ranged from -11.8 to -4.4% and -82 to -30%, with

mean values of -7.6 and -52%, respectively. The d18O

and d2H values of groundwater at the CZ site ranged from

-8.4 to -5.4% and -63 to -51%, with mean values of

-7.1 and -58%, respectively. The d18O and d2H values of

groundwater at the HS site ranged from -9.6 to -6.2%
and -70 to -59%, with mean values of -7.7 and -65%,

respectively. The absolute isotope values of coefficients of

variation of precipitation were larger than those of

groundwater, suggesting that the effect of precipitation was

attenuated during the process of precipitation recharging

the groundwater.

Discussion

Dynamics of groundwater level and EC

The dynamics of water tables in the NCP are affected

mainly by precipitation and evaporation, and salt move-

ment had a close connection with the water table. The EC

is positively correlated with the concentration of ions,

which can thus be indirectly calculated from EC. There-

fore, EC can be regarded as a water salinization index (Liu

et al. 2003). The dynamics of groundwater are discussed

from the viewpoint of different influencing factors.

Effects of precipitation and evaporation on dynamics

of groundwater level

The groundwater level showed a declining trend from 2003

to 2007 at the CZ site (Fig. 5a). This was mainly caused by

the over-exploitation of the deep aquifer in CZ City. It was

reported that the groundwater depth in the center cone of

the deep aquifer was 91 m in 2005, and the cone area was

still enlarging in recent years in CZ City (Zhang 2007). At

the HS site, the groundwater level tended to increase

slightly during the study period (Fig. 5b).

The water tables at both sites varied within the period of

a year, and they showed the similar seasonal variations due

to the seasonal distribution of precipitation and evapora-

tion. The water level increased to the highest in August or

September after the precipitation events and then decreased

slowly. However, some differences existed in the yearly

fluctuation of groundwater. The lowest water level at the

CZ site was in July because of the highest evaporation rate

and the low precipitation recharge during this period

(Fig. 3); while there were two obvious low and high values

in each year at the HS site. The first low value was in

March when there was no precipitation recharge (Fig. 4).

After March, the water level increased quickly and reached

the first high value in May, which indicated that the

groundwater was recharged by the thawing of frozen water

in the upper soils as the soil temperature increased (Fig. 7).

The thawing water also had some effects on the ground-

water level fluctuation at the CZ site; however, it increased

just a little during the melting period (Fig. 5a). In June, the

groundwater level declined to the second low value due to

the evaporation, and then increased to the second high

value due to the precipitation recharge.

Precipitation dilution and temperature effect on dynamics

of groundwater salinity

The amount of precipitation is an important factor to

groundwater salinity. In general, groundwater salinity will

be diluted after the recharge of a precipitation event, as

shown by the dynamics of the HS site with declining EC

value after the precipitation (Fig. 6b). However, at the CZ

site, the EC value did not change after the precipitation

recharge, suggesting that the summer precipitation could

not recharge the groundwater directly (Fig. 6a). This might

be caused by the difference of soil texture and construction.

At the CZ site, the salinity decreased to the lowest level

in January of the next year only after a year of abundant or

average rainfall (2003 and 2005). This was caused by the

redistribution of salt between the soil water and ground-

water during the winter season. Fang (1982) studied the

dynamic principle of water and salt in soil and the results

showed that the water and salt in the soil profile moved

upward during the freezing period while downward during

the thawing period. During this process, temperature

played an important role in the movement of soil water

(Philip and De Vries 1957). As Figs. 6 and 7 show, the EC

decreased with the decrease of temperature in October of

2003 and 2005, and after October, the temperature differ-

ence between the top soil (10 cm) and lower soil (40 cm)

became larger and larger. The decrease of the soil tem-

perature at the top soil depth destroyed the energy balance.

As a result, water and salt moved upward until January

when the EC reached the lowest value, and the soil tem-

perature gradient was the largest. After that the temperature

increased gradually, and the soil water and salt moved

downward and began to recharge the groundwater gradu-

ally leading to the increase in the groundwater level and

salinity.

The above phenomenon at the CZ site existed only in

the winters after 2003 and 2005 because water and salt

movements have a close connection with the water table. In

years with the abundant rainfall (2003 and 2005),

recharged by the precipitation the water table increased to

the highest value of the year before winter. The water table

was the highest in autumn with the values of 6.04 m and

5.20 m in 2003 and 2005 (Table 4), respectively, which
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created the condition for water and salt transfer between

groundwater and soil water when the temperature

decreased in the winter season. As a result, both the water

table and EC in the winter season reached their smallest

values of the year. Though the temperature gradient exis-

ted, the salinity transportation in water was very insignif-

icant when the groundwater level was low with the mean

values of 4.91 m and 4.23 m in the autumn season of 2004

and 2006, respectively (Fig. 5a). The EC value increased

continuously from winter to spring. It seemed that desali-

nization of the groundwater occurred in winter if the water

table in autumn reached a certain threshold level.

According to the field observation data of groundwater

level from 2003 to 2007, a water table of 5 m (with a

groundwater depth of 3 m) was defined as the threshold

value at the CZ site. When the groundwater rose above 3 m

from the ground surface, the EC value decreased greatly in

winter. This level depends to a large extent on the soil

texture, its hydraulic properties, the general hydrogeologic

and geochemical conditions, and the crops grown (Schmidt

1985).

The temperature had an effect on the dynamics of the

groundwater EC in each year at the HS site because the

water table was larger than 17 m with the largest ground-

water depth of 3 m, which might exceed the threshold

value (Figs. 6b, 7b; Table 4). However, the EC dynamics

in the winters of 2005 and 2006 were not more abrupt than

those of 2003 and 2004. Though the precipitation data

during the study period are not available until now, it was

concluded from the correlation between the precipitation

and groundwater level (Fig. 5b) that the rainfall was

abundant in 2005 and 2006. In addition, the effect of the

precipitation amount was so obvious that the temperature

effect was not reflected obviously in the EC curve

(Fig. 6b). The salinity of groundwater was diluted under

the control of a large amount of precipitation.

Hydrogeological conditions and soil texture effects

on groundwater dynamics

Besides the above differences in groundwater dynamics,

the dynamic curves of the water table and EC at the HS site

were more abrupt than those of the CZ site (Figs. 5 and 6).

Comparing the conditions of the two sites (Figs. 2, 3, and

Table 1), the groundwater dynamics depended greatly on

hydrogeological conditions and soil texture effects (Paul

et al. 2004). In sites (e.g., the CZ site) where the soil is fine

textured with sandy loam and silty loam interlayer, the

local lateral groundwater flow is slow because the aquifer

of this site is composed of the alluvial coastal sediments.

Vertical groundwater dynamics (rise and fall) were slower

than that in the coarse soils, however, the groundwater rise

was higher and it might reach or be close to the soil surface

under particular conditions. As a result, the range and

coefficient of the water table were also higher (Table 2).

For example, after a large storm with 109 mm precipitation

on the 23rd July 2005 and several continuous weeks of

infiltration of precipitation, the groundwater rose to 7.47 m

on the 19th August 2005. By contrast, precipitation infil-

trated more easily at the HS site and the lateral runoff

condition was also better, which led to an abrupt

increase of the water table. Salts could be retained in the

Table 4 Average statistical

values in different seasons from

autumn 2003 to summer 2007 at

CZ and HS sites

Site Item Season Year

2003 2004 2005 2006 2007

CZ EC (ls/cm) Spring 1,916.93 2,270.08 2,038.53 2,446.40

Summer 2,077.86 2,293.84 2,205.52 2,439.65

Autumn 1,760.44 2,182.76 2,158.96 2,216.95

Winter 1,521.89 2,189.17 1,716.99 2,252.87

Water table (m) Spring 5.16 4.60 4.09 3.89

Summer 5.36 5.02 4.16 3.22

Autumn 6.04 4.91 5.20 4.23

Winter 5.35 4.60 4.49 4.07

HS EC (ls/cm) Spring 14,937.20 13,697.63 11,292.10 9,865.72

Summer 14,847.73 12,122.62 9,555.69 10,661.94

Autumn 13,351.83 15,011.80 11,629.55 9,345.40

Winter 13,143.44 14,447.64 11,520.98 8,557.08

Water table (m) Spring 17.66 17.49 17.83 17.91

Summer 17.48 18.05 17.88 18.13

Autumn 17.80 17.28 17.46 18.11

Winter 17.53 17.15 17.31 17.56
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fine-textured soils while they were easily flushed out of

coarse soils under a large amount of precipitation. Fang

and Chen (2005) have pointed out that the precipitation

infiltrated and leached downward to recharge groundwater,

which could refresh and dilute the salt of the soil water or

groundwater during the rainy season. In the dry season, the

shallow groundwater would be sanitized because of the

evaporation and condensation effects. However, in this

study it was concluded that this was not always what

occurred and that the dilution effect was confined by the

soil texture and construction. In addition, the temperature

changes in winter had a great effect on the variation of

groundwater EC when the water table reached a certain

threshold value. As a result, if the drainage is taken at the

beginning of the thawing period, it will help to desalinate

the soil and groundwater.

Isotope evidence for origin of salinity in groundwater

Recharge source of groundwater

Precipitation is the major input to groundwater in the study

area. The isotope compositions in precipitation can be used

as a reference to study the features of groundwater.

Figure 8 shows the relationship between d2H and d18O

in groundwater in 2005 at the CZ and HS sites, which were

compared with the local meteoric water line (LMWL).

Except for three points of the CZ site, other data lay below

the LMWL, which suggested that the groundwater was

mainly recharged by the precipitation. Especially, the

points of HS site distributed further away from the LMWL

than the points of the CZ site which displayed the stronger

evaporation effect at the HS site. Zhou et al. (1998, 2001)

provided evidence of the groundwater recharge source

through the study of isotopes 3H, 2H, and 18O in the middle

and east of the Hebei Plain and isotopes 2H and 18O at the

CZ site. Zhang (2005) used the isotope 36Cl in the CZ City

to study the groundwater source. These studies indicated

that the shallow groundwater sourced from precipitation

and experienced evaporation and condensation effects. The

results of this paper are in agreement with the finding that

the groundwater was mainly recharged by precipitation.

Origin of salinity in groundwater

The ranges of the isotope compositions in groundwater at

both sites are similar (Table 3). However, the relationships

between the d2H composition in groundwater and the EC

values are different at the two sites (Fig. 9). The d18O

composition and the EC value have the similar character-

istics which are not showed here. Research has verified that

the d2H or d18O isotopes increase with increasing TDS

because of the evaporation effect (Tantawl et al. 1998). At

the CZ site, the d2H values do not show this trend with the

increasing EC value, obviously (Fig. 9a). The data points

in this figure can be divided into two groups: Group I, for

data from July to September, the d2H had a large variation

from -63 to -51% around the EC value of 2,330 ls/cm.

From the above discussion, it was concluded that the

evaporation effect occurred to some extent at this site. In

Fig. 6a), the EC value increased from July to September

2005 from 2, 238 to 2, 339 ls/cm with small variation. This

Fig. 8 Relationship of d2H-d18O in groundwater at two sites: CZ and

HS. The local meteoric water lines (LMWL) were obtained by

regression with precipitation samples at two sites (Song et al. 2009)

Fig. 9 d2H-EC relationship of

groundwater at CZ (a) and HS

(b) sites
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implies that the evaporation had slight effect on the salinity

of groundwater; Group II, for data from October to

December, the d2H values had a small variation range with

the opposite correlation between them. Because the

groundwater moved upward to recharge the soil water in

winter, as discussed above, the enrichment of isotopes

might be caused by other processes. Due to less evapora-

tion during this period (Fig. 4), the salinity of the

groundwater might be sourced from the dissolution of soil

and rock or the mixing effect in the processes of precipi-

tation infiltration instead of a simple evaporation effect. As

for the HS site, the data points from July to September

showed a positive correlation between the isotopes of d2H

and the EC value. However, the trend from October to

December was not obvious (Fig. 9b). In combination with

Fig. 8, the significant effect of evaporation on the accu-

mulation of salt was identified, and it was shown that the

evaporation effect from July to September was stronger

than that from October to December.

Conclusions

Two sites (CZ and HS) were selected for the study of water

and salt dynamics in the shallow groundwater regions of

the NCP. The results showed that the water table obviously

reflected the precipitation and evaporation effects and that

the temperature variation also has a slight effect on the

dynamics of groundwater fluctuation during the winter

period. The dynamics of the EC curve showed an obvious

decreasing point in winter after the years of abundant

rainfall at the eastern site (CZ) or in winter of every year at

the middle site (HS). That was due to the existence of the

temperature gradient underground leading to the redistri-

bution of water and salt between the groundwater and the

soil water. In particular, when the groundwater in autumn

rose above a certain threshold level, the EC of groundwater

decreased in winter. According to the observation data of

groundwater dynamics, the depth of 3 m was defined as the

threshold value. Precipitation might affect the dynamics of

groundwater salinity if the precipitation can infiltrate into

and recharge the groundwater quickly and directly. Salts

were retained in the fine-textured soils, while they were

easily flushed out of the coarse soils by the precipitation

during the rainy season. In any event, hydrogeological

conditions and soil textures played a great role in the dif-

ferent variation features under the same climate conditions.

Based on the soil texture, the extents of precipitation,

evaporation, and temperature effects led to different water

and salt dynamics.

The d2H and d18O isotope compositions and the EC

values provided evidence of the recharge sources of

groundwater and the origin of groundwater salt. The

groundwater at the eastern site (CZ) was recharged by

precipitation and the groundwater salt originated mainly

from the dissolution of rock, and the evaporation effect was

relatively insignificant. The groundwater at the central site

(HS) was recharged mainly by the precipitation of the same

year, and the strong evaporation and condensation effects

existed. As a result, the high salinity of groundwater was

caused by evaporation. Though features of the dynamics

under different conditions were analyzed in this paper,

detailed information about the water and salt movement

has not been obtained. However, the high frequency

monitoring data will be useful for studying the detailed

mechanism of the dynamics. We will consider the effects

of water, salt, and temperature together in further study.
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