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Abstract:

Environmental isotope characteristics of different occurrence waters are the main basis for the
application of stable isotope technique to regional water cycle. Based on detection data of
2020 by L2130-i liquid water/water vapor isotope analyzer, this study analysed stable isotopes
composition characteristics of six kinds of water samples at the Piedmont Alluvial Plain of
China Southern Taihangshan Mountainous in spring and the water phase transition
relationship indicated by them. The results show that the stable isotope values of different
occurrence waters are as follows, atmospheric precipitation, lake water, artificial river water,
natural river water, reservoir water, and groundwater. Among them, the atmospheric
precipitation is similar to the lake water while the reservoir water is close to the groundwater.
The lakes in study area are relatively wide and closed in the water surface and have undergone
a long period of surface evaporation fractionation in both winter and spring, which constitutes
the main source of atmospheric precipitation. So the heavy isotopes of both atmospheric
precipitation and lake water are more relatively enriched. The water in reservoir is mainly
replenished by groundwater and little from other sources, which resulted to that the heavy
isotopes of both reservoir water and groundwater were depleted obviously. These conclusions
not only revealed the stable isotopic environmental characteristics of different occurrence
waters in spring, but also provided stable isotopic evidences for regional water cycle.

Keywords: Different occurrence waters, Water cycle, Stable isotopes composition
characteristics, China Southern Taihangshan Mountainous, In spring.

I. INTRODUCTION

Isotopes are different atoms of one element with the same number of protons and different numbers of
neutrons. For example, *H, 2H and *H all belong to the hydrogen element with one proton, but their
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neutron numbers are 0, 1 and 2, respectively. As we see °H is unstable, there are two stable isotopes
hydrogen as 'H and ?H. And the percentage of the former is higher than 99.98% in nature and the latter
only accounts for slightly over 0.01%. There are 17 kinds of oxygen isotopes, whose number of protons is
8, but only three of them are stable, which have 8, 9 and 10 neutrons, respectively. The percentage of *°O is
higher than 99.76%, while the *20 is only about 0.20%. As is known to all, stable isotopes are important
media for studies on the mutual transformation of various water bodies in nature [1,2]. Therefore, stable
isotopes of water in geological studies generally refer to *H and ‘20 [3]. Although their proportion is small,
they can respond quickly or sensitively to changes in environmental factors [4,5]. So, stable isotope
components can be used to track the source of water vapor or to indicate the conversion process between
water bodies [6,7].

Numerous studies have shown that both environmental effects of precipitation and water phase changes
in water cycle are the most important parameters to cause the variation of stable isotopes between different
occurrence waters [8]. Firstly, various environmental effects, such as temperature effect, rainfall effect,
altitude effect, continent effect and latitude effect, are the basic reasons for isotope difference of
precipitation between regions [9]. Secondly, thermal and dynamic fractionation resulted from phase
changes between water bodies are the main causes of isotope differences within a region [10]. In various
water bodies, the stable isotope composition of atmospheric precipitation is mainly closely related to the
initial conditions of water vapor source, large-scale circulation situation, and meteorological conditions of
rainfall [11,12]. And the stable isotopes of groundwater are mainly controlled by geological and
hydrological conditions while the isotopes of lake water are mainly affected by amounts and percentages
of all water recharge kinds, including atmospheric precipitation, river water and groundwater [13,14].
Moreover, the isotope composition of river water is affected by multiple factors, such as regional climate,
geology, hydrology, etc. [15]. Because there are complementary hydraulic connections between various
water bodies, the process of mutual transformation between water bodies can be explored according to the
composition of stable isotopes, to a certain extent [16].

Up to present, most studies on water isotopes are focused on the spatiotemporal patterns of stable
isotopes in atmospheric precipitation, and regional comparisons on characteristics of stable isotopes among
water bodies. For example, Xu et al. (2007) have analysed the spatiotemporal pattern of 50 in
precipitation and their correlation with vapour sources [17], based on stable isotopes data of rainfall from
August to October of 2005 in Namco of Tibet Autonomous Region of China. Gao et al. (2018) have found
that the water evaporation of Hulunhu Lake in Inner Mongolia Autonomous Region of China is stronger
and its stable isotopes are more abundant than that of other river water nearby [18]. Yao et al. (2016) also
have found that stable isotopes of river water around the Yuelushan Mountain in Hunan Province were
slightly higher than those of soil water, groundwater and atmospheric precipitation during the same period,
which revealed that the river water was stronger influenced by water surface evaporation than the other
three water bodies [19]. So in this study, the isotope compositions of various water bodies in the southern
foot of Taihangshan Mountain in Henan Province of China were comparatively analyzed to reveal the main
recharging relationship between different occurrence waters in spring, the dry period of a year.
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Il. OVERVIEW OF STUDY AREA AND SAMPLE COLLECTION

2.1 Overview of Study Area

The study area is located in the alluvial plains in the south of Taihangshan Mountain and on the
northern bank of Huanghe River in China. The climate type belongs to the warm temperate continental
monsoon, with cold winters and hot summers, and four distinct seasons. Relatively, it is cold and dry in
winter, mainly controlled by continental air masses while it is warm and humid in summer, mainly affected
by ocean air masses. The multi-year average precipitation and evaporation are 573.4 mm and 1928.1 mm,
respectively, and the multi-year average of active accumulated temperature >10 °C is about 4800 °C, all
which resulted to almost study area belonging to the semi-humid zone in climate dry or wet condition.

In terms of hydrology, because both the west and the north of study area are Taihangshan Mountain or
Shanxi Plateau, it is rich in groundwater with relatively shallow water level. There are abundant in surface
water resources and many rivers, such as Qinhe River, Danhe River, Luanhe River and Shahe River,
belong to the Huanghe River water system or the Haihe River water system respectively. In addition, large
or medium-sized reservoirs, such as Maanshi Reservoirs e, Baigiang Reservoirs and Hongqgi Reservoirs, as
well as lakes, such as Qunying Lake and Longyuan Lake, are distributed in this study area. And the middle
section of China’s South-to-North Water Diversion Project passes by, from which the artificial river water
samples described below are taken.

2.2 Sample Collection

All samples were collected from April 6th to 30", 2020. Sample types include atmospheric
precipitation, natural river water, artificial river water, lake water, reservoir water and groundwater. During
the collection process, a 10 ml disposable syringe was used to draw a water sample first. Then, the sample
was transferred into a 4 ml brown glass reagent bottle before it was tightened and sealed to avoid isotope
fractionation due to the evaporation. All samples had been stored in the refrigerator in a timely manner
after the sample was marked with sampling number, location, occurrence type, sampling time, weather
conditions and other related information. Three samples of each type water body were collected with a
total of 18 samples (Table I).

I11. LABORATORY DETERMINATION AND DATA PROCESSING

3.1 Laboratory Determination

In order to ensure the maximum reliability of the connection of the autosampler, evaporator and
analyzer, and to prevent small solid particles in the water from clogging the syringe needle, we use a filter
with a pore size of 0.45 um to remove impurities, such as soluble particles and suspended particles in the
samples to meet the test sample requirements. Then, the pre-treated samples were handed over to the
full-time professionals at the Hydrology Laboratory in Henan Polytechnic University. They used the
L2130-i liquid water/water vapor isotope analyzer to continuously and automatically obtain the original
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values of 8°H and 5™°O of various water bodies with the existing program. The analyzer can ensure that the
accuracy of 8°H and 80 reaches to + 0.10%o and + 0.20%o respectively, which meets the analysis needs of
this study.

3.2 Data Processing

The original data were extracted, classified, sorted and error-checked to obtain the stable isotope
proportions of hydrogen and oxygen in different water types. And & was expressed as the thousandth
difference (%o) relative to the Vienna standard mean ocean water (VSMOW for short) (Table I).

5= (2mele 1) 41000 (1)

Rysmow

In the formula, Rsampie and Rysyow are the stable isotope ratio of sample and the Vienna standard

mean ocean water, respectively. Here, when the 8°H or 80 of each sample is "+", it indicates that the
sample is more enriched than the standard sample; otherwise, it indicates that it is depleted [20].

TABLE I. Relative proportion of stable isotopes in different occurrence waters

. . 2 Average 18 Average
ID Longitude | Latitude Occurrence type o°H Value/Order 60 vValue/Order
P.1 1.26%o -1.92%o
P.2 113.25°E | 35.18°N | Precipitation 1.05%o0 | 1.157%0/1 -1.84%0 | -1.870%0/2
P.3 1.16%o -1.85%o
NS.1 -52.26%o -6.86%0
NS.2 | 113.17°E | 35.18°N | Natural river water -53.52%0 | -53.020%0/4 | -6.75%0 | -6.81%03/3
NS.3 -53.28%e -6.83%o
AS.1 -47.92%o -7.18%o
AS.2 | 113.23°E | 35.22°N | Artificial river water -47.58%o0 | -47.920%0/3 | -7.26%0 | -7.250%0/4
AS.3 -48.26%o -7.31%o
L.1 -20.20%o -0.72%o
L.2 113.25°E | 35.21°N | Lake water -19.65%0 | -19.770%0/2 | -0.65%0 | -0.667%0/1
L.3 -19.46%o -0.63%o
R.1 -56.35%o0 -8.15%o0
R.2 113.45°E | 35.25°N | Reservoir water -57.18%o0 | -56.927%0/5 | -8.44%0 | -8.387%0/5
R.2 -57.25%o0 -8.57%o
G.1l -64.05%o -8.90%o
G.2 113.29°E | 35.20°N | Groundwater -64.36%0 | -64.223%0/6 | -9.08%0 | -8.977%0/6
G.3 -64.26%o0 -8.95%o

IV. RESULTS AND ANALYSIS
4.1 Characteristics of Stable Isotope in Different Occurrence Waters
4.1.1 Atmospheric precipitation
The isotope composition of atmospheric precipitation is mainly affected by two kinds of factors,
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regional climatic background and local environmental conditions. The former mainly includes vapor
source and atmospheric circulation, and the latter refers to meteorological factors, including precipitation,
temperature and humidity, as well as geographical factors, such as latitude, altitude, distance from sea and
other surface conditions, etc. In this study, 8°H and §'°0 were 1.167%o and -1.870%o, respectively; among
the six types of water bodies, the former was the first highest and the latter was the second highest only to
that of lake water. In spring, it is dry with limited rain in the study area, and it is drizzle if being rainfall. So
the recharging from atmospheric precipitation to surface water and groundwater is very limited. Because
atmospheric moisture comes mainly from evaporation of surface water, dominated by lake water, the
values of 8°H and 80 in atmospheric precipitation are relatively higher because of rarely isotopic
depletion way. In a word, the heavy stable isotope of atmospheric precipitation in spring is more relatively
enriched, while both surface water and groundwater still retain the depletion characteristics resulted from
low stable isotopes of precipitation replenishment in the summer season.

4.1.2 Lake water

Dry air and strong winds are the most important climatic characteristics of spring in the study area, so
there are few ways and less quantity of lake water replenishment. The 8°H and 820 of the lake water in
this study were -19.770%o0 and -0.667 %o, respectively, and the numerical values were the second highest
and the first highest among the six types of water bodies. That meant the stable isotope of lake water was
more enriched than that of river water, reservoir water and groundwater, and was equivalent to that of
atmospheric precipitation. There are two reasons to be explained for the higher stable isotope values of
lake water. Firstly, the water surface evaporation of lake was much stronger than that of other surface
bodies or groundwater, and at the same time its water body replacing cycle was longer. Secondly, the
sampling lake water with weak fluidity had no direct exchange with large rivers. Both of them caused the
light isotopes of the lake water to evaporate in large quantities, and the heavy isotopes to accumulate. So
the stable isotopic value of this lake water is higher rather than that of other surface water bodies or
groundwater.

4.1.3 River water

In this study, river water included natural river water and artificial river water. The former is a regular
or periodic flowing water body on the earth, whose surface has been constantly evaporated to varying
degrees due to the effects of temperature difference between water and air, wind speeds and humidity. And
its sources of replenishment are diverse, including precipitation, lake water, reservoir water, groundwater,
and so on. The latter in this study was diverted from Danjiangkou Reservoir which was 500 km away. Its
isotopic composition was obviously controlled by the reservoir water, but it is also inevitably with the
imprint of the geographical environment background along its running route, because its main source of
supply was atmospheric precipitation and shallow groundwater. In this study, the values of 5°H and §'20 of
natural river water samples were -53.020%0 and -6.813%. while those of artificial river water were
-47.920%o0 and -7.250%o respectively. Therefore, the values of stable isotopes of natural river water and
artificial river water were close to each other, which were more depleted than those of both atmospheric
precipitation and lake water, and more enriched than those of both reservoir water and groundwater in the

1188



Forest Chemicals Review

www.forestchemicalsreview.com

ISSN: 1520-0191

Sept-Oct 2021 Page No. 1184 — 1192

Article History: Received: 10 August 2021, Revised: 25 August 2021, Accepted: 05 September 2021, Publication: 31 October
2021

following article.
4.1.4 Reservoir water

A reservoir is a relatively closed storage space of surface water. Although its water body has certain
fluidity, it is more closely related to the hydraulics of groundwater. In particular, the study area was rich in
groundwater, and the sampling reservoir was located in the thick forests in the southern foot of
Taihangshan Mountain, so the water evaporation was quite limited. Therefore, 8°H and 80 of the
reservoir water samples in this study were -56.927%o and -8.387%o, respectively, both ranking fifth among
the six types of water bodies, which were only higher than those of groundwater. Because the amount of
atmospheric precipitation in spring is small, it is not the main form of reservoir water supply, but
groundwater. Here, it worth emphasizing that both reservoir water and groundwater were closely related
hydraulically each other, for their stable isotope values were similar, both of more depleted.

4.1.5 Groundwater

Generally, if groundwater is mainly replenished by sufficient atmospheric precipitation to maintain
water balance, the values of stable isotopes in groundwater will be slight higher than those of atmospheric
precipitation, because dynamic fractionation will occur during the conversion of atmospheric precipitation
to surface water, then to recharge groundwater, which will cause the stable isotope enrichment. However,
the 8°H and 50 of groundwater in this study were -64.223%o and -8.977%. respectively, which were the
lowest among the six types of water bodies. These results should be related to weak evaporative
fractionation and abundant groundwater in study area, which is why the heavy isotope content will not
decrease much even if there is evaporation. So the stable isotopes of groundwater were more depleted
compared with those of atmospheric precipitation and surface water bodies.

4.2 Comparisons of Relevant Studies

The combined effects of multiple factors, such as water vapor source, atmospheric circulation and local
geographic environment, cause regional differentiation in the composition of precipitation isotopes, which
ultimately leads to different characteristics of stable isotopes in different water bodies participating in
water cycle. Generally, the response of stable isotope characteristics of both surface water and groundwater
to atmospheric precipitation has a gradual lag in time, because atmospheric precipitation forms surface
runoffs, and it takes time to become groundwater through infiltration.

On the one hand, the stable isotope values of atmospheric precipitation and lake water were close to
each other. The spring atmospheric precipitation in study area mainly came from the evaporation of surface
water dominated by lake water, so the stable isotope values of spring precipitation were more enriched
than those of the summer precipitation from marine water sources, and they also were higher than those of
river water, reservoir water and groundwater. And the two characteristics of extremely weak mobility and
strong evaporation of lake water also led to the enrichment of heavy stable isotopes, because the multi-year
average evaporation in the study area was 3.36 times that of annual precipitation, and was even higher in
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spring because of sparse rainfall relative to other seasons. This was basically consistent with the results of
other related studies. For example, Li et al. (2015), Huang et al. (2016) and Sun et al. (2016) all showed
that precipitation in drought conditions was subjected to relatively strong evaporation during the descent
process, which led to the enrichment of heavy isotopes, higher or more positive '°0 and &°H of
atmospheric precipitation than those of surface water and groundwater [21-23].

On the other hand, the stable isotope composition of reservoir water and groundwater was relatively
close. In all surface water bodies, the lake water and river water in the study area were suffered
significantly to surface evaporation in spring, so their stable isotopic values were close to those of
atmospheric precipitation, especially that of the lake water. But here more noteworthy, those of reservoir
water and groundwater were relatively low. This result was basically consistent with conclusions from
many scholars. Zhan et al. (2014) and Huang et al. (2016) made a comparative study on stable isotopes of
different occurrence waters in Dongtinghu Lake Basin and Changsha City in Hunan Province [8,24], and
found that isotope values of groundwater of spring were significantly deviated from the precipitation line
because there was a significant hysteresis in the response of groundwater 820 to atmospheric precipitation
characteristics. Chen et al. (2013) and Gao et al. (2018) also found that the stable isotope values of lake
water of both Hulunhu Lake Basin in Inner Mongolia Autonomous Region and Poyanghu Lake Basin in
Jiangxi Province were the largest, followed by those of river water, reservoir water and groundwater,
successively [6, 25].

V. MAIN CONCLUSIONS

Based on the data of 2020 by L2130-i liquid water/water vapour isotope analyzer, the stable isotope
differences of atmospheric precipitation, lake water, river water, reservoir water and groundwater in spring
in the Piedmont Alluvial Plain of the South Foot of Taihangshan Mountain in China, and their causes were
compared and analyzed. The main conclusions are as following of three points. First of all, the stable
isotope values of different types of water bodies were basically following the order as atmospheric
precipitation, lake water, artificial river water, natural river water, reservoir water and groundwater. Among
them, the stable isotope values of atmospheric precipitation and lake water, and those of reservoir water
and groundwater, were closer to each other. In addition, the stable isotope values of atmospheric
precipitation and lake water were both more relatively enriched and close to each other, which indicated
that the source of atmospheric precipitation in spring was lake water-based surface water evaporation. The
lakes in this study area were relatively closed and experienced strong water evaporation fractionation. Last
but not least, the stable isotope composition of reservoir water and groundwater was relatively close and
both more depleted, indicating that the reservoir water in study area was mainly dominated by groundwater
recharging. And there was a close hydraulic connection between them. All in all, our finding not only
reveals the characteristics and conversion features of 8°H and 80 in different water bodies, but also
provides evidence from stable isotopes for understanding the water cycle in Jiaozuo City.
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