15

role of Stable Isotopes in Groundwater Resource

Management

izvil, M. A. Moh 1
syed Shams ngw , M. A. Mohammed-Aslam", Zameer Ahmad Shah?
Taufique warsr-, Mf)hgmmad Mugtada Ali Khan*, Tarik Mitran® ’
and Shyam Kanhaiya ,
+ pepartment of Geology, Central University of Karnataka, Kalaburagi, Karnataka, India

y of India, U.T. Jammu and Kashmir, NR-Srinagar, India

2 geological SUTve
3 WOTR Centre for ReSI'llence Studies (W-CReS), Watershed Organisation Trust (WOTR), Pune, Maharashtra, India
4 pepartment of Geoscience, Faculty of Earth Science, Universiti Malaysia Kelantan, Jeli Keh‘mtan Malays;a

5 spil and Land Resources Assessment D.ivision, National Remote Sensing Centre, Balanagar, Hyderabad, Telangana, India
§ pepartment of Earth and Planetary Sciences, VBS Purvanchal University, Jaunpur, Uttar Pradesh, India' ’

15.1 Introduction

Isotopes are the naturally occurring substances found on the Earth. Hydrogen, carbon,

portant elements of the hydrological and geo-

logical systems. Elements having the same number of protons with a different number of
neutrons are called isotopes. The element can have two, three, or more stable naturally
occurring isotopes (Sinha et al. 2019). The movement of water can be traced by the abun-
dance of hydrogen and oxygen isotopes (Sinha et al. 2019; Gupta and Goel 2021). An ele-
ment can have both stable as well as radioactive isotopes. Stable isotope does not undergo
any radioactive decay because their nuclei are always stable (Guay et al. 2006; Sinha

et al. 2019; Gupta and Goel 2021).

Precipitation forms an important componen
to replenish the groundwater sustainably (Wan et al. 2012; Khairul Nizar et al. 2018).

Precipitation is classified as rain, freezing rain, Snow, SnOow pellets, hail, and ice pellets (Patel
and Shah 2008). The study of precipitation is of much significance from a hydrological per-
spective (Warrier et al. 2010), and the process which controls the temporal and geographic
disparity of isotopic composition of precipitation always play a significant role in isotope
hydrology (Gupta and Deshpande 2003). “Isotopic fractionation” leads to the geographical
and temporal disparities in the isotopic composition of precipitation. There-fore, for .a par-
ticular environment of precipitation, the unique isotopic signature provides information on
the provenance of groundwater. The 2H or D and oxygen 18() help track the movement of

water in the hydrologic cycle. These two isotopes of water are also called “water isotopes”

nitrogen, OXygen, and sulfur are the most im

t in the hydrologic cycle and plays a vital role
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hian monsoon i considered a major factor in the atmosphere-ocean circulation SYs-
wn The ovvanie molstures souves generated from the Bay of Bengal (BOB) and the Arabian
N chiefly contribute to the wintall in the Indian sub-continent. The southwest monsoon
from June o September s influenced by the Arabian Sea and the Indian Ocean in the south-
o Indian peninsula, BOR, Indian Ocean, and continental vapor play an important role in the
Qontribution of moisture for the precipitation during the northeast monsoon (Berkelhammer
tal. 2012 Rowy et al. 2015 Saravanan et al, 2019), However, there is a major gap in the avail-

ability of stable isotopic data of precipitation in India as a result of limited stations.

15.2 Background

15.2.1 Isotope Systematics

The isotope partitioning, which is also known as isotope fractionation, results from the dif-
ferences in mass numbers of the molecules. The disparities that occur in the number of
neutrons of an element are responsible for the different mass number of the same element.
Heavy water (*H, **0) with a mass number of 20 and normal water (*H, '°0) having a mass
number of 18 represent the example of this situation. Water molecules travel through dif-
ferent domains of the hydrological cycle having different isotopic combinations that may
get partitioned (fractionated) among the three phases of matter (Nisi et al. 2014).

The ratios of the two isotopes are considered for the stable isotopic studies of water using
'H and °H, and '°0 and 0 (Clark and Fritz 1997). The relative difference in the ratio of
heavy isotope to the more abundant, light isotope of a sample to a reference is measured, as
the absolute abundance ratio is not ordinarily determined for natural water. This difference
(8) is expressed as Eq. 15.1 (Gonfiantini 1981):

5 Rsamplc - Rm‘m-ncc (151)

Rmfm-ncc

where R represents the ratio of isotopes. In the case of water, it can be 2H/'H or %0/ 1%0.
The isotopic composition of a water sample is analyzed by considering Vienna Standard

Mean Ocean Water (V-SMOW) as a reference (Clark and Fritz 1997). Since small differ-

ences occur between the samples and reference value, the § value may be expressed as par t
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15.2.2 Isotope Fractlonatlons

The disparities between the veloclty and bond slrength between lsotopes Jeadd tey dsetepie
partitioning or fractionation. It Is also deneribed ag differential partitioning of jsetepes
between the two phases of liquld or vapor or wolld (Kumar 201%), Sometimes isotopic
partitioning is described as “lsolope diserimination.” The fractionation factor, “u” 15
characterized as the isotope proportions, which Iy expresed as P, 15,5 (Clark and

Fritz 1997).

I

a= reactant (15.9)
Rpmduct

it and product, respectively.

[gotople ratloy of reacti
5.6 can be written as follows

esent the
m, . |

WhCI’C Rl‘ﬂlc‘ﬂ"l and l{prndu‘;l I'C])l
water-water vapor yyste

For instance, in the case of a
(Eq. 15.6).

(15.6)

[wotople equilibrium establish-
change or additlon or removal
wctionatlon, the product under
rvolr, Equilibrium and
unes (Araguis-

ract for alonger (ime during the
ate, rapld (emperature
e caso of diffusive Iri
product rese
{ fractionatlon proce

Reactant and product inte
ment process. In a nonequilibrium sl
f’f product or reactant takes place. Intl
Sotopic equilibrium disseminates slowly from the
Kinetic fractionations describe these (hree types 0
Araguas et al, 2000; Chacko et al. 2001).
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Glbal Meteoric Water Line (GMWL) defined by
Gralg (1961)

(6°H = 8 1510 4 10)

510 SMOW

Figure 15.1 Global meteoric water line. Source: Adapted from Craig (1961).

15.2.2.1 *®0and D in Precipitation
The stable isotopic composition of precipitation is controlled by parent vapor and tempera-

ture. It may also show higher variations due to evapotranspirational reprocess (Warrier
et al. 2010). Based on the empirical observations, Craig (1961) correlated §'30 and §%H in
fresh water on a worldwide scale. The §°H and 8'°0 are the potential tool to decipher the
recharge processes and identify the diverse source of hydrological processes (Scholl and
Murphy 2014; Oiro et al. 2018; Yeh and Lee 2018; Yang et al. 2019). It is known as the
“Global Meteoric Water Line (GMWL)” that describes the relationship between 6'®0 and
6D in global fresh surface waters (Figure 15.1). The GMWL is expressed as Eq. 15.7.

6D =86"%0+10 (15.7)

The slope ‘8’ in Eq. 15.7 is the ratio of isotopic equilibrium fractionation factors for D and
80 (at 25 C) during the equilibrium condensation. The “D” enrichment in water is approx-
imately “8” times greater than that of 0. The “intercept” 10 is a function of meteorologi-
cal conditions in nonequilibrium evaporation of the ocean surface from where the
precipitation begins (Clark and Fritz 1997).

The intercept of Eq. 15.7 has been further confirmed from several studies (Yurtsever and
Gat 1981; Rozanski et al. 1993). They used all the isotopic results acquired by the “GNIP” pro-
gram jointly initiated by IAEA, Vienna, and WMO. Those observations were given in Eq. 158.

8D =(8.178”’Oi0.06)+(10.35;!:0.65) (15.8)

Equation 15.8 was obtained by using the mean arithmetic values. When the weight;)d
mean values were used, Eq. 15.9 was generated (Yurtsever and Gat 1981; Rozanski et al. 1993)-
(15.9)

6D=(8.208180i0.07)+(11.27:|:O.65)
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|wn|'l"'“‘"' el nl, (2008) and Warrer et al, (2010) proposed the “Local Meteoric Water
I’lmq" for virlout pirts ol Indian reglons, Kuamar et al, (2010) provided an Indian Meteoric
waler [Ine (IMWI) through the isotope ratios of oxypen ("*0/'°0) and hydrogen CH/'H)
n nnlllllll wilern l’“f:"" L "““" from several stations in India. In addition, the “Regional
levm‘lu witer Line” (RMWL) for the different zones of the country like the southern part,
western [Himalnyas, and the northern part of the country were also given by them. The
MWL mide by them can be expressed ag . 15,10,

b = (1931 0.00)8"0 £(9.94 £.0.51)

15.2 Background

(15.10)

The IMWL discussed In K. 15,10 is having a slight difference in slope and intercept com-
ared 1o GMWLL. IMWI, hag a great significance and it gives a baseline for groundwater
ivestigation of a particular regon, It differs from GMWL based on the disparities in cli-
matle condltions and geographic constraints (Kumar et al. 2010).

15,2,2.2 Douterlum Excess

peuterlum excess is defined as the excess deuterium that cannot be accounted for kinetic

(ractionation between “water” and “vapor.” "0 and ’H concentrate in a liquid phase,
wons %0 and 'H enter into the vapor phase based on the difference in mass number.
160y and 'H and the remaining liquid water with )
and 11 during the process of evaporation. Humidity, wind speed, salinity, and tempera-
(re are the important parameters that control the process of kinetic fractionation
(Urey 1947, Clark and Fritz 1997). Among them, humidity is the most important

whe
The water vapor gets enriched in

parameter.
In the GMWL equation proposed by Craig (1961), the deuterium excess has a value of
of relative humidity. In regional precipi-

~10 which represents the evaporation with ~ 85%
tation, the value of deuterium excess is greater than 10 when the humidity is low (Gat and
Carmi 1970). When the humidity (h = 50%) is low, the vapor is strongly depleted and the

Local Meteoric Water Line (LMWL) plot would be above the GMWL, whereas when
humidity is 85% (h = 85%), the precipitation plot is close to the GMWL (Clark and

'ritz 1997),
Dansgaard (1964) studied the characteristics of the d-excess at global precipitation,

expressed by Eq. 15.11.
d=8D-88""0 S
Deuterium excess always provides valuable information about the moisture sources in
the precipitation and the evaporation (Clark and Fritz 1997).

'1'5-21-3 Continental Effect

lopographic condition in landmasses controls the rainout situation. Extreme temperature

Yuri:uion affects the isotopic composition in precipitation. The coastal precipitations are

ISotopically enriched with a minor range of §'%0 (—0%o to —5%o), whereas the colder inner
precipitation with strong seasonal dif-

contine . e :
r‘)"”"‘mﬂl province receives isotopically depleted
trentiation, There is a strong seasonal variation in the temperature at continental regions
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WhICh vefers 1o reflection of distance from modersting marine influences At l;,rinm(.
VOl et al, 2020; Snranya et al. 2021),

15.2.2.4  Seasonal Fffect

Strong seasonal vrfation control the water sotopes of precipitation due o Amal vy
atlon of temperature, The vitlues are found depleted in the colder monthes than the Sy
months supgested that there b a lndtade variation from 0.5 % per degree celyig, in high
latitude stations 1o 0 %, per degree celstun In- tropleal ocean islands (IAEA 193 /sl;r::};r,
Ctal. 2018 Dublyansky et al, 2018; Vasll'chuk et al, 2022), Rozanski et al, (1993) 45, dis.
cussed the variations of ™0 i » highly continental station and the sub-tropical region 4,
A vesultof strong seasonal varfation In temperature,

15.2.2.5 \Latitude Effect

Precipitation at higher latitudes tends to have more negative 8"%0 values as the air massesy
come to the inland, the vapor gets constantly depleted in the heavier isotopes due t the
rainout effect process from the cloud during moisture transport from the tropics 1 the
poles. The global study of 8"™0 in precipitation demonstrated a relatively flat gradient gver
the tropic's regions, This gradient increases poleward with some distortion because of the
continental effect and ocean currents (Yurtsever and Gat 1981; Clark and Fritz 1997, Kern
et al. 2020; Leketa and Abiye 2020; Laonamsai et al. 2021; He et al, 2021). Rozanski et al,
(1993) found that there is a (-0.6%») latitude effect of §™0 for continental stations of North
America and Europe and (-2%») 6'%0 for the colder Antarctic regions,

15.2.2.6 Altitude Effect

Temperature change with altitude is called the “wet adiabatic lapse rate.” At higher altitude
having low average temperature, precipitation is isotopically depleted that varies from -
015 %o t0 0.5 %o per 100m rise in altitude for 0 and from —1 to —4% for 2H. The altitude
effect is also known as the “alpine effect” or “clevation effect.” The altitude effect has great

significance in groundwater recharge studies (IAEA 1983; Clark and Fritz 1997; Kern
et al. 2020).

15.2.3 Methodology and Precautions in the Collection
of Rainwater Samples

Appropriate sample collection techniques are important in any environmental study. In the
case of isotope hydrological studies, enough precautions are needed during the collection
of precipitation samples. To acquire dependable isotope data, it is fundamental that the
standard testing system ought to be pursued. When the isotope technique is applied to 2
region to examine the various hydrological processes, all the accessible hydrological and
meteorological data can also be obtained and this helps in fixing the sampling points and
their intervals. Monitoring programs for precipitation are combined monthly like
12 samples per year, Daily samples of rain gauges are poured into a monthly sample bottle
and are sealed and the accumulative amount can be noted for the weighting calculations
(Clark and Fritz 1997; Krajcar Bronié et al. 2020; Wenninger 2020).
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Rainwater Collection Techniques
psamples can e colleeted on adaily or weel
4sing 8 spL‘Ci:l“,\' designed rainwater m“u‘l.”r R"?( kly or monthly basis for lsotopic stud
-cm‘l'-‘"." l'n“n\\'t‘d. 1 & monthly composite Im‘-(‘i ;“T:l\;/nl(!r collections on monthly basis are
aipitation for one full month period is collected, /{ ll'\innllvl ”".:”“”(I”I“"’,y’ the accuntlated pre
Hmm thickness should be poured into the rainwater C””'lcy‘(:l ‘.):- |)‘nr;|ll|n u’r silicon ol ui‘;:huul
lhm\l!:h c\:xpnl:\linn. which floats over the sample (CI'1|-1<L'.(,” l {I);l lp‘rcv‘(:(n’ “”f? the loss of water
ected from the specially designed collector i“-\'ll'umc‘m s"u ‘Y(,cq: llg : ))l/ ) ; mn'n plgl; w'f:r!: col
collector inslm‘m‘cnl contains 20 L polyvinyl chloride ( I’Vl(l)%nr‘h:; “’/}i’” /\ l(,'/\ ,. I 'hlll;‘ r;;l .rlf://;uf::r
pylon cap consisting of two holes. These two holes have been ‘fu m?lcr ﬁy]c(c'l v{/mt:“ /l'( (t ” ’fr
nel (om 1ong and 20cm in diameter) and a 10-mm-thick PVC tube. A (,I_mm l ,,],l“pc;, ", lim,.
inserted through a polymer cork and tightly fitted inside the funnél into thcyc:);;mir:f-)r, l’,lp It)r‘;
the base. paraffin oil of about 2mm thickness should be poured into the rainwau(;r c;)llcfwr
apparatus pefore sampling S0 that it can form a layer of paraffin floating over water 10 protect
it from evaporation. The instrument should be washed properly after collecting the 54m ple

and must be poured with paraffin oil into the collector before starting next month’s sam pling.

A “separating funnel” should be used for separating water from the paraffin layer at the end
Of eaCh month- P ne (Tors(_)n) bot-

les could have been taken in clean polythe
{le of 60mL capaci for thermal

recipitation samp
the maximum level Jeaving only 2 Jittle space
expansion. The bottle must be closed tightly to avoid isotope €X

jes

15.2.3.1
R;\in\mtc

e

ty by filling up t
change with air moisture.

15.2.3.2 principle of Isotope Ratio Mass Spectrometer
Isotope Ratio Mass Spectrometer (IRMS) is specially desi
encesof a molecular compound. The basic concept of [RMS is that the peam of the charged
molecules can be produced by the thermal jonization of 2 solid source (solid sample) or by
jonizing a gaseous sample. Source design generally depends on the isotopes of interest-
JRMS can measure even 2 very small fraction of isotopes of 211/'H and '*0/*°O- Oxygen-18
and deuterium (D) analysis of water sam done by equilibration methods. The
analysis of oxygen isotopes 180160 ratio) can pe performed by CO-H:0 equilibration
method, whereas deuterium analysis can be performed by H,-H,0 equilibration method
al. 2020). Table 15.1

using platinum as 2 catalyst (Clark and Fritz 1997; Kaklamanos et
shows the different standards for the del (8) yalue sugges d

gned to measure the mass differ-

urce Management

in Water Res0
tope in groundwat
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15.2.4 Application of Isotopes
er resource man-

There are various applications of the env

agement as follows:
groundwater

¢ Interconnections betw
« Tracking sources of groun
¢ Groundwater age or grou
s Source and mechanism 0
¢ Sanitary landfills

¢ Agriculture watersheds

+ Groundwater salinization
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- Delta (6) value for V-SMOW

S 510 (%o
S.No. Norms 67H (%o) )
. 0 \
1 V-SMOW 0 -
9 ] 5" Og.ap = -55.50 %, VS
2 Standard Light Antarctic & Hypar = -428.0 %o VSMOW SLAP 7 VSMow
Precipitation (SLAP) ” ~

3 Greenland Ice Sheet 5 Hesp = -189.5 %o VSMOW  87Ogisp = -24.78 % VSMOw

Precipitation (GISP)

Source: Adapted from Gonfiantini (1978).

15.2.4.1 Interconnections Between Surface and Groundwater
The demand for freshwater resources has been increased due to the rapid growth of popu.
lation, industrial development, and agricultural activities. The relationship between syr-
face water (such as lakes, rivers, and streams) and groundwater can be well established
using stable isotopes tracers. Isotopic compositions of groundwater are generally controlled
by meteorological processes. Both environmental isotopes, stable isotopes and radioactive
isotopes, are used as a tracer in hydrological investigations and provide essential informa-
tion for the better management of water resources (Clark and Fritz 1997, Archana
et al. 2014; Yang et al. 2019; Jung et al. 2020). Stable isotopic data can be well used to assess
the relative proportions of surface water and precipitation in recharge. In arid and semiarid
regions, due to the evaporation in surface water bodies, the stable isotope compositions of
groundwater are useful in the detection of different recharge components. River water can
also show a seasonal variation in stable isotope composition). In arid regions, river water
may be enriched in 5D and 60 compared to the groundwater, and then the fractionations
of river water in groundwater can be evaluated based on differences in the isotopic compo-
sition of the mixing components (IAEA 2011). Therefore, the mechanism of stable isotope

exchange in their composition can be well understood by surface and groundwater
interactions.

15.2.4.2 Tracking Sources of Groundwater Recharge

It has been challenging for the hydrologist to track the sources of recharge to aquifers and
the relative contributions from multiple sources. The rate of pumping has been increased
in the past years which affects the declination of head and recharge changes. Therefore, it
is indeed to understand the qualitative and quantitative characterization of groundwater
recharge to ensure the sustainable development and management of groundwater resources
(Zongyu et al. 2011; IAEA 2011). In the past years, stable and radioactive isotopes have
been applied successfully to understand the problems related to groundwater recharge and
delineation of flow systems. In addition, the advancement of nanotechnology imparts te
novel tracers being used for groundwater dynamics (Cook and Herczeg 2000; Gesh
et al. 2008; Kinzelbach et al. 2002; Warsi et al. 2020). The isotopic composition of grOund'
water can be evaluated based on the isotopic composition of recharge, and if the recharg®
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JAEA 201 1; Aggarwal et al. 2021).

roundwater Age or Groundwater Dating

Gmlmd““"“r age means grmlmlwnlcr residence time, which means the length of time

m which the water has been isolated from the atmosphere or the average travel time

hetween the point of recharge and the point of discharge. Groundwater dating means esti-

mating the groundwater age by using different methods. Radioactive isotopes play an

jmportant role in the estimation of groundwater age. Tritium (*H) and carbon-14 (**C) are
lI-known radioisotopes that are used in groundwater dating. In the confined

the most We
s, recharge is usually occurring in a horizontal or lateral gradient age which means
the age increases with distance from the area of recharge. In addition to the unconfined

aquifers, recharge is usually occurring in a vertical gradient of groundwater ages which
means increasing the age with depth (Clark and Fritz 1997; JAEA 2011; Gupta 2011;

Chacha et al. 2018; Ju et al. 2020).

15,243 G

fro

aquife

Source and Mechanism of Groundwater Pollution
ful in the estimation of the source and mechanism responsi-

Stable isotope can also be help
ble for groundwater pollution. Groundwater isotopes such as 5150 and 5°H, when used in
combination with hydrochemical data, are very useful in characterizing and delineating
various sources of groundwater contamination, which is rather difficult to ascertain from
hydrochemical data alone (Datta et al. 1996). Pollution that occurs based on anthropogenic
resources has a great influence on groundwater resources management. Stable isotopes of
groundwater (5'°0 and §?H) are important in tracing the pathways of pollutants in aquifers
f nitrate and sulfate

and also their spatial and temporal variations. In addition, the sources o
pollution can be identified with the measurement of concentration and stable isotope com-

position of sulfate and nitrate. Chemical and isotopes tracers are the best tools to provide a
better understating of groundwater origin (TAEA 2011; Vitvar et al. 2005; Rizvi and

Mohammed-Aslam 2019; Mohammed-Aslam and Rizvi 2020)

15.2.4.4

152,45 Sanitary Landfills
Municipal garbage dumps were unlined a
geology and the consequences are that leachate and
groundwater resources. pnvironmental isotopes in conj
animportant role in the identification of the migration of lea
engineered sites or modern landfills, identification of leach
and siting of new facilities to demonstrate the security of groun
Mation (Sinha et al. 2012; Aljaradin and Persson 2014; Ahama

etal. 2020),

nd sited with little regard to the local hydro-
gas migration is now threatening
unction with geochemistry play
chate from the older, non-
ate contamination zone,
dwater from contami-
d et al. 2019; Madon
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(Clark and Pritz 1907; Bohlke 2002; IAEA 2013; Rizvi and Mohammed-Aslam 201%; Rigy
and Mohammed-Aslam 2019),

15.2.47 Groundwater Salinization ' ‘
Saline groundwater is mainly dominated by chloride salts with sulfates and other anigns in

minor constituents. Sodium chloride salinity is dominated in the coastal areas where 1,
groundwater is affected by seawater intrusion, Isotope techniques can be used in the megas,
urement of the sources where salinization occurs in groundwater. Isotope techniques can
be used to distinguish the leaching of salts by percolating water, the intrusion of saltwater
bodies such as seawater, brackish surface water, or brines, and the concentration of dis-
solved salts through evaporation (Clark and Fritz 1997; IAEA 2011; Han et al. 2011; Hap

et al. 2014; Etikala et al. 2021).

15.3 Utilization of Water Isotopes in Hydrology: A Case Study

15.3.1 Study Site

An investigation has been carried out in the north-western part of the Kalburgi district to
get a better understanding of water isotopes (6'®0 and 8°H) of precipitation of different
monsoon seasons within the region. The entire region falls under the semiarid provinces of
Karnataka State of India (Rizvi and Mohammed-Aslam 2018, 2019). The region is well
known for water scarcity (Mohammed-Aslam and Rizvi 2020). This area receives rainfall
generally from June till September, The average annual rainfall received by the area is
777mm, whereas the annual minimum rainfall i 342mm and the annual maximum rain-
fall is 1270mm (CGWB 2012), Therefore, monthly composite precipitations samples
(except pre-monsoon (March to May) and post-monsoon (October to February) periods)
from 2016 to 2017 were collected, The rainfall collector was fixed at the PWD office, Aland
located at latitude 17°34'15” N and longitude 76°34'7" z, having an elevation of 497 m from
the mean sea level (MSL) as shown in Figure 15,2,

15.3.2 Findings and Discussions

Rainfall, wind speed, and relative humidity data were collected from the online porta
(https://www.ksndmc.org) of Karnataka State Natyra Disaster Monitoring Centr
(KSNMDC) for 2016 and 2017. The average annual rainfall of 856.53mm in 2016 and
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15.3 Utili - AT
5.3 Utilization of Woter Isotopes in Hydrology: A (5s& 330
pverage of meteorological parameters of ¢
2 czl parameters of the region (2016-2017)
Vzpor Pressure (h/Pa)
I ———
ofall T wsp'eed"d Saturated  Actual
infa emperatu .
‘(::'m) (°C)per e TDmC S Vapor  Vapor
Month s (0 Humidity (%) Pressure  Pressure
January . . 073 127 49.38 29.80 14.74
February 099 274 0.91 13.2 41.73 36.48 15.18
March 26 302 094 147 39.18 4295 16.76
ppri 1236 338 L1s 1502 3241 5273 17.10
May 278 338 1.1 2003 4457 52.66 234
June 2896 293 090 2309 69.51 4068 28.29
| July 12659 277 077 225 7327 37.28 27.25
5 pugust 11816 274 066 224 7447 36.52 27.20
September 24594 268 054 224 77.21 35.27 27.28
October 67.8 26.2 0.55 20.4 70.45 34,14 2414
November 1,73 244 040 157 58.74 30.57 18.02
pecember 1.76 233 060 148 58 68 28.68 16.83
p————— /
Table 15.3 Stable isotopes and monthly rainfall of the study area from 2016 to 2017.
Year Month of Collection Rainfall (mm) 8D (%) 5420 (%) d-excess
June 163.28 -2.1 -1.38 8.94
July 201.93 -8.54 -29 14.66
August 60.07 1.5 -1.01 9.58
September 315.30 -25.68 -4.74 12.24
October 25.25 NA NA NA
1 June 294.64 -16.79 -3.56 11.69
, 2 )
i . August 176.25 -19.52 -351 8.49
! o September M —7.87 10.04
The LMWL of Aland gives the relationshiP which is expressed in Eq- 15:12-
5D =(7.48 "0£046)+(8:40% 176)  (RF=09777 3) (15.12)
The equation of IMWL with which the results were compared is given as EQ. 15.13.
(15.13)

8D =(1.938""0+ 0.06)+(994% 0.51) (r?=0980= 272}
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o lavan regions were al
RMWL for the northern, southern, and Himalayan regions W S0 dEVeloped by

Kumar et al. (2010) is given as Eq. 15. 14,

SD :(7..\':5‘“04-0.|'7)+(|o.23-1:0.35) (W =097, n =(’2) (15.14)

The slope of the generated LMWL of Aland (Eq. 15.12) i close to the slope of Tvyy;,
(Eq. 15.13), RMWI, (Eq. 15.14) and GMWL (Eq. 15.7) respectively. But, the intercept of the
LMWL of Aland (Eq. 15.12) is much lower than the intercept ol.’ GMWL, IMWI,, and
RMWL. This condition confirmed that the modifications of water isotopic signatyreg ate
due to the “secondary evaporation” from the precipitation.

Monthly variations between 5'*0 and 6°H of precipitation are given in Figure 15.3c, anq j;
indicated that there was a significant variation during the samples collected between soytp,.
west monsoons (June to September) for both years. There was no precipitation in the arey of
study for March to May (pre-monsoon) and October to February (post-monsoon) months, Ag
a result, a correlation for these months was not possible. There was a considerable enrichment
in deuterium and oxygen-18 values during southwest monsoon periods between 2016 and
2017. The deuterium (§°H) and oxygen-18 (6'%0) signatures of southwest monsoon periods of
both years showed a uniform trend indicating the constant nature of their vapor sources,
Secondary evaporation always decreases when relative humidity increases (Zongyu et al. 2011),

15.3.2.1 Estimation of d-excess
Deuterium excess can be used in finding out the sources of vapor, information on moisture

sources in precipitation, and evaporation of water bodies. It may also be related to kinetic
fractionation (Warrier et al. 2010). Deuterium excess is controlled by the relative humidity
of air mass from its origin. Monthly variations of deuterium excess values are shown in
Figure 15.4a and Table 15.3. The values of d-excess’ were found varying from 8.94%. in
June 2016 to 14.66%o in July 2016, whereas 11.69%o in June 2017 to 4.53%o in July 2017 dur-
ing southwest monsoon periods. The higher variation in stable isotopes and “d-excess”
values were observed in samples of 2017, indicating that the precipitation of this year has
contributed to the addition of re-evaporated vapor and moistures from continental sources
through inland evaporation as noticed by Warrier et al. (2010).

However, samples taken during southwest monsoon periods showed a uniform trend for
both years indicative of their nature of the constant source. Kong and Pang (2012) explained
that the deuterium excess study may be useful in the investigation of “moisture recycling pro-
cesses” in arid regions. The relationship between §'%0 and temperature and §'%0 and humid-
ity has been shown in Figure 15.4b. A poor correlation among these explains the “complex
isotopic fractionation” during the rainout process. Such a condition is similar to the explan-
tion given by Kumar et al. (2010) in respect of sources of condensing moisture and their effects:

15.3.2.2 Estimation of the Amount Effect

Dansgaard (1964) explained the term “amount effect” for stable isotopes studied for
monthly rainfall. He found that there is an increment in the negative values of 0xyg¢™
18 with heavy rainfall for several worldwide stations, The variation between the “amoul_lt
of rainfall - oxygen-18 (5'°0)” values and “amount of rainfall - deuterium (62H)” values’®
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. 150 (R? = 0,207). The relationsh ; ,
B tion at Aland is expressed by the Eqs. 15.15 and 15,16,
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given in Figure
between the monthly

S°H of rainfall of the sta
2 _ :
§180 = -0.01708,, - 0.74 ( R* = ”-297) (15.15)

( R? = ().4()7) (15.16)

D =—0.1589P, +6.18
at the average rate of depletion in §"°0 was 1,799, per
%o in 6D per 100mm of precipitation during

The above equation indicates th
e rate of depletion of 8D in precipitatiop ig

100mm of precipitation, whereas 15.89

southwest monsoon (June to September). Th letion
higher than the depleting rate of 5'°0 per 100mm of precipitation. The poor correlation

obtained by the Egs. 15.15 and 15.16 indicates the existence of secondary evaporation i

the region.

Relai]ive humidity, precipitation, and temperature are the key factors influencing evap.
ration below the cloud base. Probably, secondary evaporation can be maximum during
northwest and pre-monsoon season due to poor rainfall and minimum during southwest
monsoon seasons, when a higher amount of rainfall is received (Zongyu et al. 2011).

15.3.2.3 Estimation of Seasonal Variations
The average and weighted mean values of 5'°0, §°H, and d-excess of precipitation along

with the average amount of rainfall during sampling periods (2016 and 2017) are shown in
Table 15.4. The depth of rainfall in the container (rainwater collector) was insufficient to
precede the study during March to May and October to February for the analysis of these
stable isotopes. Therefore, the only available precipitation samples during southwest mon-

soon periods (June to September) were used for the study.

Table 15.4  Arithmetic mean and the weighted mean of stable isotopes during 2016 and 2017.

Arithmetic mean Weighted mean

8'%0 6°H d-excess 6% H

Average rainfall
Season/period (mm) (%o) (%o) (%o) (%o) (%o) d-excess
Northeast
monsoon 7151 (mm)  NA NA  NA NA NA NA
Southwest ,
monsoon 719.66(mm)  -316  -1526 10.02 -367 -18.52 1079
Pre-monsoon

6278(mm)  NA NA NA NA NA  NA

Note: NA, not available




15.4 Conclusion

isotope values ol southwest monsoon s: ;
found varying from -0.32%o in Jul 7(”‘ "“nl)lcs are given in Table 15.4. The 8'°0
range from =2.1%o in June 7(;]( zl JI ()’/'” ~7.8%7%0 in September 2017. The 6D
) , - y 1o 1.9%0 in July 2017.°T . ‘ sa
o 4 B3 Rfa 8 July 2017. The values of d-excess
from 4.53%o inJuly 2017 to 14,66 in July 2016 with ¢ )
(N,]c 15.4). Timely variation of isotopic occurrence | ‘1 A Eneat g L o0z
: . - o nce between the samples collected in June
and ‘gcpwmhu to the samples collected in July and August were noticed duri .
nsoon The values of §10 duri ! noticed during the south-
west MOTSTEE ‘ during July and August samples showed enriched is0-
(opic values with an average value of -1.93%o (average 880, o = -1.93%0), whereas june and
Sl‘plt‘mhcr samples ‘Y]‘;“'C showing relatively depleted isoto[;ic values with an average value
of -4.38% _(“VL: ABc _b OJ"“: = _'4‘38%")' Precipitation taking place in July and August has
‘““““:“;d Is _'.““”"e identity with an average value of §'°0 (-1.93%) and the low
0 CF’le‘ lum €xcess _(9:31%()). This situation may be taken as the best represen-
ation of southwest monsoon precipitation, whereas the 8'30 values of June and September
itation samples have shown slightly depleted isotopic signature with an average

of pPECil
O (-4.38%o) and relatively high deuterium excess value (10.72%o)-

18
value of &
The northern Indian Ocean and the Arabian Sea are the major sources of moisture dur-

ing southwest monsoon precipitation in the southern part of India

of 6°0 in most of the southwest precipitation samples are relatively enriched [(5"*Osw >
(-3%0)], as suggested by Warrier et al. (2010), confirming that the rainfall occurring in the
region during southwest monsoon periods. The higher value of deuterium excess Was
noticed in July 2016 (14.66%o) and September 2016 (12.24%o).

Northeast monsoon wind originating from central Asia dr
continental sources and oceanic sources such as the South China Sea and BOB (Deshpande

et al. 2003) and is influenced by successive rainout effects. Therefore, it may be a strong
reason for very low to 1o rainfall during the northeast monsoon season in the region as it

has to travel over large Jandmasses (affected by 2 higher continental effect) before reaching
the Aland. Pre-monsoon rain is generally formed by the storm OVer the BOB, but it is Very
complicated to predict their n for low to almost no rainfall

arrival and this may be a reaso
during this study. However, & detailed study can provide more about the “complex isotopic
onation” during the rainout process.

The stable
jos were

Vil
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<lmwcd l
were varying

almost M
querage value

and the isotopic values

aws moisture from depleted

fracti

15.4 Conclusion
a semiarid region located in a north-western part of

The water isotope characterizati _
te, during the study period in 2016 and 2017 has been dis-

Kalburgi District, Karnataka Sta :
cussed. The LMWL of Aland has been generated and was compared with the GMWL,
IMWL, and RMWL. The slope (7.48) of LMWL was almost close (or less than) to the slope
of GMWL (evaporation effect), whereas the intercept (8.40) was much lower than the inter-

isotopic signatures because of

cept of GMWL, suggesting that the modifications of Water !

"Fecondary evaporation” from the falling raindrops frem the cloud to surface. The deute-
fium (§2H), oxygen-18 (6'°0) Signatures and deuterium excess of southwest monsoon
periods of both years show & uniform trend which indlcatefsthe constzant nature of their
vapor sources. The monthly amount of precipitation ar§d 8 0, and 8°H of rainfall were
poorly correlated in the study region. The relationshiP indicates that the average rate of

on of
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) "precipitation whereas 15%o in 8D pey
depletion in "0 was 1.7%. per 100mm of precipi ivma that the rat Per 100y, 5
sriods confirms that the rate of depletigy, of

T ) i )
wecipitation during southwest monsoon | oy !
preciy luring of 6'%0 per 100mm OfprCClpitation T

in precipitati as o1 e ¢ depleting rate
In precipitation was higher than lh‘ | )orl()(‘lq In the reglon were lacking any digy e
pre-monsoon and northeast monsoon pe ' SUNctjyg

isotopic signature beeause of very low to almost no infull Ihclm‘llr(at()l{MWL “Wailable to
the study arca is of the Belgaum region given by Kumar et al. 0) which can b
expressed as:

81),”-.(7_7351.\‘()1, ().(,3),,.(| 1.32 4 2.28), (1{2 = ()94, n = 12)

This study would also help open the knowledge gaps in the l'mderstandmg the chargg.
terization of water isotopes of monsoon precipitation in the Indian sub-continent,

15.5 Summary and Conclusions

Environmental isotopes play a vital role in the management of groundwater IeSources, 1t
has great importance in tracking groundwater resources using stable isotopes of hydrogen
and oxygen; groundwater recharge using tritium; groundwater mixing; groundwater da;.
ing using tritium, carbon-14, etc. Nowadays, isotope techniques are widely used in ground-
water management around the globe. To understand the isotopic variation of any region,
continental effect, seasonal effect, latitude effect, and altitude effect should be Summarized
adequately because these factors always influence the isotopic fractionations. Deuterium
excess (d-excess) is useful in finding the vapor sources, formation of moisture sources in
precipitation, and evaporation of water bodies. Isotopic variations that occur in the natura]
waters are important in solving many critical hydrological problems. Among the various
environmental isotopes, stable isotopes such as deuterium, oxygen-18, carbon-13, and radi-
oisotopes such as tritium and carbon-14 are important in hydrological studies. Deuterium
and oxygen-18 are known as the ideal geochemical tracers of water because their composi-
tion does not change with the interaction of aquifer substances. Environmental isotopes

are also important in dating younger and older groundwater.

Acknowledgements

This work is a contribution to “Central University of Karnataka” and has been accom-
plished during the PhD research work entitled “Hydro-geological investigations and stable

isotope analysis of Aland, Karnataka State, India.” T would like to especially thank (late) Dr

C. Unnikrishnan Warrier for his unconditional support, encouragement, and guidance for
my research work. I further expressed my gratitude to Dr T. R. Resmi, Head i/c, Isotope
Hydrology Division and Mr M. Sudheesh, Technica] Officer, Isotope Hydrology Divisio™
for providing the sample analysis details from the CWRDM, Kozhikode. At last but not
least, I would also like to thank Dr R. D. Deshpande, Scientist-SG and Chaifmf‘m’
Geosciences Division, Physical Research Laboratory (PRL), for supporting and providing
sample analysis details.




