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Abstract

Wetlands are ecologically and functionally substantial elements of the water
environment. Pakistan presently has 19 sites designated as Wetlands of International Importance
(Ramsar Sites), which are associated with essential ecosystem services and often support a wide
variety of natural ecologic resources that are significant in socio-economic development. The
main objective is to apply geochemical and isotopic techniques in the estimation of water to and
from Chashma wetlands, and to provide insight on how protection and management of wetlands
might improve the water quality and associated ecological functions.

Sampling 1s performed from fresh water wetland at Chashma Barrage Punjab site before
Monsoon. The site 1s comprised of a large barrage, a water storage reservoir and a series of
embankments which divide the reservoir into five shallow lakes at low water levels. The study
area 1s located on the left bank of the river Indus between latitudes 32°11'43" and 32°38'25"
north and longitudes 71°23'53" and 71°45'40" east. Aqueous samples for ’H, 0 & *C analysis,
plant and soil samples for “H, *0 & '>C analysis and fish samples to study "C-isotopic
fractionation in different organs of various fish are collected from Chaslima Lake.

The EC of some parts of the Chashma Lake is enriched due to salt dissolution and
evaporation. Isotopic composition of Lake &0 and 8°H is enriched due to evaporation.
8C values of bicarbonates of water samples have a trend towards sediment carbonates
dissolution and high dissolved oxygen concentration is due to the photosynthesis phenomena
of algae and aqueous plants. It is observed that 8'°C of leaves in most of the C-3 & C-4
plants is more depleted as compare to 8'°C of stem. A vast variety of fishes are distributed
in the rivers, lakes etc. depending upon water movement, temperature, oxygen content and
characteristics of the bottom soil. 8'°C values of different species of the fish separated
according to their diet in the sequence: Sowl fish (Channa orientalis) (-22.3) < Singhara/Cat
fish (Mystus seengala) (-20.4) < Rohu fish (Labeo rohita) (-16.3). Shells and mussels
carbonates 8'°C values are observed mostly from soil sediment origin. Source of 8'*C of soil
is sediment carbonates. Minimum water contents are observed in Cyandon dactylon and
maximum water contents are observed in Nymphaea lotus. Maximum enrichment in §'%0
and 8°H are observed in Water grass family and minimum in Water Lily plant. §'%0 of soil
carbonates clearly distinguishes saline (Taraganwala) and lake (Chashma) soil carbonates.
5’80 and 8°H isotopic values of Kundian hand pumps are depleted; clearly indicate
maximum recharge by Chashma Lake. A few hand pumps samples show organic source of
8'3C values (-12.2 to -10.0). These samples may be saturated by CO,, originated from
biological activity. Isotopic values of Musa Khel groundwater show rain origin.
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ASSESSMENT OF ECOLOGICAL PROCESSES IN CHASHMA WETLAND AND
ITS SURROUNDINGS USING ISOTOPIC TECHNIQUES

1. INTRODUCTION

Wetlands are regions where water covers the soil, or is present either at or near the
surface of the soil all the year or for varying periods of time. Water saturation largely determines
how the soil develops and the types of plants and animal communities living in water and on the
soil. Wetlands may sustain both aquatic and terrestrial species. The prolonged presence of water
creates conditions that favour the growth of specially adapted plants and promote the
development of characteristic wetlands soils. Wetlands are important for the continuation of
natural resources of the country, such as surface, shallow and deep ground water, fisheries & sea
animals, and wildlife. Cowardin (1979) recognizes the following five major wetland
classifications: marine, estuarine, lacustrine, riverine, and palustrine. Marine and estuarine
wetlands are associated with the ocean and include coastal wetlands, such as tidal marshes.
Lacustrine wetlands are associated with lakes, while riverine wetlands are found along rivers and
streams. Palustrine wetlands may be isolated or connected wet areas and include marshes,
swamps, and bogs.

Pakistan, presently, has 19 sites designated as Wetlands of International Importance,
which are associated with essential ecosystem services and often support a wide variety of
natural ecological resources that are significant in socio-economic development. These wetlands
provide a variety of benefits like: flood and storm control, protection of subsurface water
resources and provision of valuable watersheds and recharging ground water supplies, wildlife
habitat by providing breeding, natural poliution treatment by serving as a biological oxidation
basin, erosion control by serving as a sedimentation area and filtering basin, absorbing silt and
organic matter and sources of nutrients in water food cycles and nursery grounds and sanctuaries
for fish etc. These utilities of wetlands often play a vital role in recreation, tourism and economy
of the country, thereby making the protection of wetlands very important.

Most of the Pakistani wetlands have been~”declared 'Ramsar (The Convention on
Wetlands, signed in Ramsar, Iran, in 1971) sites' through the work of JUCN (International Union
for Conservation of Nature and Natural Resources) in Pakistan, with 8 of them accepted in this
category only in 2001 (Web site: http://ramsar.org/key sitelist.htin). The wetlands of Pakistan
include flood plain wetlands of major river systems and their extensive network of tributaries;
saline and temporary wetlands of arid and semi and inland; coastal system such as lagoons,
backwaters and estuaries; mangrove swamps; marine wetlands; and coral associated with Astola
Island in Balochistan. The wetlands in Pakistan are classified in two main categories Indus Basin
Wetlands and Non Indus Basin Wetlands.

Indus Basin Wetlands

Chashma Barrage, Punjab

Taunsa Barrage, Punjab

Uchhali Complex (including Khabbaki, Uchhali and Jahlar Lakes), Punjab
Drigh Lake, Sindh

Deh Akro, Sindh

Haleji Lake, Sindh

Indus Delta, Sindh

Indus Dolphin Reserve, Sindh
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9. Jubho Lagoon, Sindh
10. Keenjhar Lake, Sindh
11. Nurri Lagoon, Sindh.
12. Rann of Kutch, Sindh

Non Indus Basin Wetlands

13. Tanda Dam, NWFP

14. Thanedar Wala, NWFP

15. Ormara Turtle Beaches, Balochistan
16. Astola (Haft Talar) Island, Balochistan
17. Miani Hor, Balochistan

18. Hub Dam, Sindh, Balochistan

19. Jiwani Coastal Wetland, Balochistan

The Indus Basin Irmigation System of Pakistan is the largest integrated irrigation network
in the world. The natural hydrologic environment in most of the areas of the basin was changed
by the introduction of irrigation. The superposition of canal system introduced additional factors
of recharge in the upstream areas, which resulted in the rise of water table. But in downstream
areas the river discharge has reduced drastically. As a result the wetlands in the vicinity are being
affected adversely. In order to protect and manage beneficial functions of wetlands, it is
necessary to understand ecological processes, especially inputs and transport of water and
nutrients within the hydrological capture zone. Isotope techniques are tdeally suited to identify
and trace hydrological pathways and fluxes at spatial and temporal scales.

2. OBJECTIVES

The main objective of the study is to apply biogeochemical and isotopic techniques in the
estimation of water to and from Chashma wetlands and to provide insight on how protection and
management of wetlands might improve the water quality and associated ecological functions.
Specific research objectives are:

» To study the recharge mechanism in Chashma wetland using ®0 & ’H isotope signals in
surface water (river, lakes, pond & canals) and ground watez.

To study carbon flow in Chashma wetland ecosystem using '>C as an indicator.

To assess water quality by physicochemical parameters (pH), electrical conductivity
(EC), dissolved oxygen (DO).

To study the effect of diet in different species of Chashma wetland fish by '*C distinction.
To study *C fractionation in different parts of fish

To identify the source of soil sediment carbonates using complementary isotope ('°0) in
carbonates (COj).

To determine the origin of dissolved sulphates of the study area using complementary
isotope ("*0) in sulfates (SO4).
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3. THE STUDY AREA

The wetland of Chashma Barrage and its surrounding areas was studied. This site is
considered as fresh water wetland (Riverine, lacustrine) type of wetland. The study area is
located on the left bank of the river Indus between latitudes 32°11'43" and 32°38"25" north and
longitudes 71°23'53" and 71°45'40" east. Salient features of the site are as follows:
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» Chashma Barrage wetland site is located in the Indus Monsoon Forest, 25 km southwest
of Mianwali, (Punjab Province), Pakistan.

» The site is comprised of a large barrage, a water storage reservoir and a series of
embankments which divide the reservoir into five shallow lakes at low water levels.

» The aquatic vegetation consists of Hydrilla verticillata, Nelumbium speciosum (Kanwal)
and several other spieces. Prosopis glandulosa (Honey-mesquite) has been introduced in
the area.

» The rich fish fauna includes Gudusia chapra (Herrings), Catla catla, Cirrhinus mrigala
(Hawk fish), Labeo rohita (Rahu), Barilius vagra (Carp), Wallago attu (Helicopter cat
fish), Rita rita (Cat fish), etc.

» Other aquatic fauna includes Hirudinaria sp. (Leech), Palaemon sp. (Prawns), Rana
tigrina (Frog), Kachuga smithi (Brown roofed turtle), Trionyx gangeticus (Soft shell
turtle) and Lissemys punctata (Flap shell turtle).

» Mammals occurring in the area include Sus scrofa cristatus (Pig), Axis porcinus (Hog
deer), Canis aureus (Golden jackal), Felis libyca (Wild cat) and Lutra perspicillata
(Otter).

» Most of the natural thorn forest on the plains to the east of the river Indus has been
cleared for agricultural land and for irrigated plantations of Dalbergia sissoo (Shisham)
and other species.

4. CLIMATE OF THE AREA

In general, the climate of Chashma area is arid and hot. High mountain ranges lie farther
to the north and northwest of the area, which provide an effective barrier, during the winter, to
cool-air-masses moving southward from the central Asia. During the period 1976-1989, the
mean maximum and minimum temperaturcs at Chashma site are 33°C and 16°C respectively.
Annual average relative humidity (at Kundian) is about 66% and the precipitation is 322.5 mm -
(NESPAK, 1992), about 60-70% of which falls during the monsoon.

5 MATERIALS AND METHODS -
5.1 Sample Collection

Following types of samples were collected from Chashma site before monsoon season
during the month of February 2007. Fish samples were also collected during the month of
August 2007,

» Water samples of Chashma Lake and groundwater in the surrounding areas for stable
isotopes (*H, *0, °C & 3S).
» Plant and soil samples from the lake and its surrounding area for stable isotope (*H, 20,
B¢y analysis.
» Fish samples from the lake for *C & >N analysis to study isotopic fractionation in
different organs of various fish species.
Coordinates (latitudes & longitudes) and detail of sample locations were noted in the field. EC,
pH, temperature and dissolved oxygen (DO) were measured in situ. DO methodology is
mentioned elsewhere (Latif et al., 2002). Detailed description of sampling points along with
coordinates is given in Table 1. Location maps of 1* & 2™ sampling points of the lake water and
groundwater of surrounding area are shown in Fig.1A & 1B respectively. Some photographs
attached at the end, depict different views of the lake and surrounding areas along with plants
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and animals.
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Fig 1B. Location map of Chashma Lake and surrounding areas along with samling stations
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Table 1. Sampling locations of wetland water samples at Chashma Site

Sr. Sample

No. Code Latitude | Longitude Locations

1 CW-1 |32.1149 | 71.31.01 | Water logging area, left side of MM Road, near
milestone: Taraganwala 10 km on MM Road, from
Hamoly corner towards Chandney Chowk)

2 CWwW-2 [32.11.53 | 71.31.09 | Eastside from CW-1, Taraganwala

3 CW-3 |32.11.43 | 71.30.49 | Dera Nasrullah, left side of MM Road, Taraganwala

4 CW-4 [32.11.53 | 71.30.40 ! Taraganwala Chowk on main MM Road

5 CW-5 | 32.30.24 | 71.29.24 | Chashma Lake, North side

6 CW-6 | 32.30.16 | 71.29.37 | Near canal and Aabshar at north side lake, Kundian
Road

7 CWwW-7 |32.29.32 | 71.29.21 | Opposite Union Council office and Health office,
Kundian Road

8 CW-8 |32.28.59| 71.29.10 | Corner of second graveyard, Kundian Road

9 CW-9 1322829 | 71.29.08 | Dar-ul-aluum Jamia al Umer Mosque, Mohalla
Gulistan Umer, Sher Shah Suri Road, Kundian

10 | CW-10 [ 32.28.04 | 71.29.02 | Naveed Tent Service shop, Kundian Road

11 CW-11 | 32.27.44 | 71.28.53 | Between Imran Cold Comer and Jamia Mosque
Gulzar Mustafa, Kundian Road

12 CW-12 | 32.27.17 | 71.28.36 | Veterinary Hospital, Kundian Road

13 § CW-13 | 32.27.18 | 71.28.3¢ | Opposite Ali Jan Veterinary Store, Kundian Road

14 | CW-14 | 32.26.52 | 71.28.22 | Opposite Telenor Tower, Kundian Road

15 CW-15 | 32.25.54 | 71.27.43 | Near bricks bhatta, two furlongs from crossing,
Kundian Road

16 CwW-16 | 32.25.05 | 71.26.15 | Madni Mosque, lake corner, backside fish shops,
Kundian Road

17 + CW-17 | 32.27.01 | 71.23.53 | Chashma Lake, South side (At mid of first road)

18 CW-18 | 32.27.40 | 71.24.23 | Chashma Lake, South side (At first road corner)

19 CW-19 | 32,3825 | 71.45.40 | Alkamal Hotel & Restaurant, Musa Khel

5.2 Stable Isotopes (3'%0, 8°H, 3°C, 5*'S & 5'°N) Analyses

'80/1°0 measurement in water samples is made by CO;, equilibration method (Fig. 2).
Under vacuum, cylinder CO; is introduced into reaction vessels containing water (27 samples at
a time). The reaction vessels, coupled to the manifold, are immersed into a constant temperature
water bath (at 22 + 0.1°C) and are shaken for three hours. The equilibrated CO, is then used as
measuring gas [Epstein and Mayeda, 1953].

’H analysis was carried out by preparation of H, gas from water using zinc reduction
method [Coleman et al., 1982]. For mass spectrometric analysis of D/H ratios, the water sample
is totally reduced and hydrogen produced is used as measuring gas. 8 ul water sample is
introduced under vacuum into a specially designed glass container which already has 250 mg of
cleaned and degassed zinc shots (0.5 - 2.0 mm size). The container is heated in an aluminum
furnace at 480°C, where after 30 minutes, all the water is converted into H, gas. The sample
preparation system is shown in Figure 3.



Ecological Processes in Chashma Wetland

W ZUUM PUMP

oS

'j PIRAN] YACUIM
v GALGE
BUURDEN BAUGE

FROM COg G;?;;ﬁ?iﬁ
CYLINDER g

pr . g

VELVE Wt

Ny

s STLEMNOID WALVES

= TAPLL ARIES

THERMOSTATIC B4TH

Fig. 2. Oxygen equilibration system for water samples

CO; or H; is introduced in the mass spectrometer through dual inlet system. The gas is
ionized with the help of electron impact. The ion beam is passed in the electric and magnetic
field, which splits according to mass to charge ratio [Hoefs, 1987; Fritz and Fontes, 1986]. The
stable isotope data of '*0 & *H is expressed as 8%o (delta per mil) values [Craig, 1953 & 1957]
relative to Vienna Standard Mean Ocean Water (VSMOW).

6(%0) = {(Rsample‘Rstandard)/Rstandard} x1000

Where R is the isotopic ratio D/H or '*0/'%0
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Fig. 3. H; preparation system using Zn-shots
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The isotopic ratios: '*0/'°0O or H/'H was measured on Varian MAT GD-150 mass
spectrometers. Modified model for 6°H analysis is shown in Figure 4. The measuring
uncertainties in '8' are £0.15%o and +1%e for §'°0 and §°H respectively.

S A A B

*.

Fig. 4. Varian Mat GD-150 isotopic ratio mass spectrometer for 8°H analysis

C analysis of aqueous bicarbonates was carried out by preparation of CO; gas from
water using 85% H3PO, and purification of gas in the evacuation system using -80°C slush
[Sajjad et al., 1989]. )

For '*0 analysis from aqueous sulfate samples, a homogenized mixture of BaSO, and
graphite powder is reacted in a quartz tube under vacuum wherein the temperature is provided in
steps from outside by an electric furnace. CO; and CO gases are produced and CO is converted
into CO, by a high voltage (2600V) discharge between platinum electrodes. '*O from CO,
samples is analyzed with a precision of better than 0.15%o [Sajjad et al., 1995].

*S analysis of aqueous sulfates was carried out by preparation of SO, gas from extracted
and purified water sulfates using vanadium penta oxide method {Sajjad et al., 1994].

Combustion of Plants to CO, for 8"°C analysis on Mass Spectrometer was carried out
using Sajjad et al. (1993 & 1996) method.

Different portions of fish samples for >C analysis were separated and fish diet was
collected from the fish stomach. Samples were dried in the oven at 40-50°C for five days, which
were ground, homogenized and ignited with research grade oxygen at 900-1000°C. CO and CO,
were produced and CO was converted to COz by circulation over CuO gauze in a furnace at
900°C. CO, was purified using -70°C slush and analyzed on Varian Mat (GD-150) mass
spectrometer for 8"°C measurements [Latif et al., 1989).
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"N analysis of plants/fish samples were carried out by preparation of N; gas from
extracted (NH,4);SO4 from plants/fish samples using NaOBr. The (NH,4);SO4 was extracted from
plants/fish by Kjeldahl digestion. The samples were digested in concentrated sulfuric acid
(350°C) containing K;SQOs, CuSQO4 and Se to increase the reaction temperature and accelerate
digestion. After digestion, the reaction mixture was cooled, diluted and made alkaline using 40%
NaOH, then distilled into bromocresole green indicator solution. The distillate was titrated
against standardized 0.1 N H;SO to determine nitrogen content. [Bremner and Keeney; 1965
&1966, Latif et al., 1998].

6. RESULTS AND DISCUSSIONS

Physico-chemical parameters (EC, pH, temperature and DO) measured in situ are
given in Table 2. The results of environmental isotopes deuterium (8°H, 8'0 and 8"C) are
given in Table 3.

Table 2. Physico-Chemical data of Chashma site water samples (Feb. 2007)

Sr. Sample Code EC Temperature " Dissolved Oxygenﬁ
No. & Type uS/cm °C P (mg/L)
1 CW-1(PW) 9640 19.3 10.0 6.3
2 CW-2(HP) 1199 24.3 7.0 2.0
3 CW-3(HP) 710 24.8 7.0 1.0
4 CW-4(HP) 1227 23.6 7.0 0.9
5 CW-5(CL) 346 20.2 6.5 12.0
6 CW-6(HP) 643 223 7.0 1.1
7 CW-7(HP) 924 23.8 7.0 1.1
8 CW-8(HP) 512 21.8 7.0 4.3
9 CW-9(HP) 797 20.0 7.0 5.4
10 CW-10(HP) 491 22.4 6.8 6.2
11 CW-11(HP) 1078 21.9 7.0, 6.0
12 CW-12(HP) 1083 18.4 7.0 3.3
13 CW-13(TW) 600 23.1 6.8 2.0
14 CW-14(HP) 1633 18.7 7.0 2.0
15 CW-15(HP) 636 16.6 7.0 2.0
16 CW-16(HP) 1360 23.1 7.0 1.8
17 CW-17(CL) 255 16.7 6.8 15.4
18 CW-18(CL) 258 14.2 6.8 11.5
19 |  CW-19(MP) 1750 273 7.0 7.0

6.1. Surface Water and Groundwater

Chashma Lake has EC from 255 pS/cm to 346 uS/cm, temperature from 14.2 to
20.2°C and DO from 11.5 to 15.4 mg/l. The physico-chemical parameters of Taraganwala
pond (EC: 9640 pS/cm, pH: 10 and DO: 6.3) are entirely different than that of the lake. The
EC of ground water (hand pumps and tube well) varies from 491uS/cm to 1750uS/cm,
temperature from 18.4 to 27.3°C, pH from 6.8 to 7.0 and DO from 1.0 to 7.0 mg/l. EC of the
lake water is very low and similar to the river water, which does not indicate significant
contribution of groundwater in the lake water. High EC of pond water and its location in the
waterlogged area indicates major contribution of groundwater, which is likely to increase due
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to evaporation. EC of groundwater shows that its quality is generally good. Some locations
having relatively high EC are either away from the lake (CW-19) or downstream of the
barrage (CW-14). High dissolved oxygen concentration of lake water samples is due to the
photosynthesis phenomena of algae and aqueous plants (Fig. 5). Relatively low DO of the
pond water may be due to putrefaction and respiration phenomena’s. Generally, pH of the
river Indus is about &, pH of groundwater samples is almost neutral and that of lake is
slightly acidic, which shows that some process like decaying of organic material and

preduction of CO; takes place in the lake water,

Table 3. Isotopic data of Chashma wetland water samples

Sr. Sample 820 (%) 8°H (%o) 8C(%o)
No. Code VSMOW VSMOW PDB
1 CW-1(PW) 1.61 -54 -5.4
2 CW-2(HP) -10.3 -66.1 -6.9
3 CW-3(HP) -10.9 -72.2
4 CW-4(HP) -10.5 -69.0
5 CW-5(CL) -9.5 -63.8 -5.3
6 CW-6(HP) -8.6 -65.3
7 CW-7(HP) -4.5 -36.4 -12.2
8 CW-8(HP) -4.8 -34.5
9 CW-9(HP) -6.2 -43.1 -6.5
10 CW-10(HP) -4.3 -29.7
11 CW-11(HP) -9.7 -66.5 -6.8
12 CW-12(HP) -11.5 -71.3 -10.0
13 CW-13(TW) -11.2 -75.1
14 CW-14(HP) 7.8 -46.4 77
15 CW-15(HP) -10.2 -68.0
16 CW-16(HP) -12.0 -81.6 -8.0
17 CW-17(CL) -10.5 -73.9 -4.5
18 CW-18§(CL) -10.9° -76.9 -4.2
19 | CW-19(MP) -4.5 -23.1 -6.8
} 20~ ’ 0 Groundw ater (HP, MP & TW}
| 18- 3 Lake (L
m Fond
R
% 144 =
T 124 i
@
= 10 o o
2 81 o 2 < :
% 61 ~ 1thi ] :
g4 %ﬁsq :[ﬂ”zﬁ |
24 e ;
|l Weo ool looop B0
STrEIEEEEREEEE s
NI NOR &
| 8580338833332 :
Sample Code i
Fig. 5. Dissolved oxygen of aqueous samples at Chashma wetland site
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8'80 and 8°H values of Chashma Lake have ranges from -10.9 to -9.5 %o and -76.9
to -63.8 %o respectively, while 830 and 8*H of pond water are 1.61 %o and -5.4 %o
respectively (Table-3). 5'%0 and 3'H values of ground water vary from -12.0 to -4.5 %o and
-81.6 t0 -23.1 %o respectively. Plot of §'%0 vs. 8°H of water is depicted in Fig. 6. Most of the
points especially the samples from Taraganwala area and Kundian Road (near the lake) are
plotted in the close vicinity of the lake points and the river index, which indicate dominant
recharge from the lake/river water. Taraganwala area is away from the lake/river but a C. I.
Link canal is passing through this area, which is responsible to recharge the groundwater in
this arca. Three hand pumps of Kundian Town and one motor pump in Musakhel are
recharged by rains. Three hand pumps (two in Kundian Town and one on Kundian Road)
lying in between the rain and lake indices show mixed recharge from rains and the lake/river
water. It can be concluded that the lake does not recharge the groundwater in the areas on its
north and northeast but dominantly recharge southeast area. Location of the pond water point
in the diagram indicates extensive evaporation, which is responsible for enrichment of the
isotopes and high EC (dissolved salts). The pond might be collecting rain water, domestic
waste and groundwater from water-logged area.

40 -
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& Chashmaiake
20 - O HP & TW (River Recharged) GMWL .
x HP (Mix Recharged) /_/’
A Rain Index /,-/
o+ A HP (Rain recharged) //
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" Rain Index Pond Water
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o -40 x Rain Recharged

o X
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X
es)
D!] i
-80 - ) /. River Recharged
-100 : — — — , ]
-14 -12 -10 -8 -6 -4 -2 0 2

5"*Ovsmow (%o0)

Fig.6. Plot of §'%0 vs. 8°H of water samples of Chashma site (Sampling Feb. 2007)

§'°C values of TIC of surface water samples have range from -5.3 to -4.2 %o vs.
VPDB (Table-3). 8"Cric values have trend towards positive side i.e. sediment carbonates
dissolution (Fig. 7). 8'°C values of TIC of ground water samples have range from -12.2 to
-6.5%0 vs. VPDB (Table-3). Enriched 8"’Cric values have trend towards sediment carbonates
dissolution. A few hand pump samples show depleted 8"*Cric values due to organic source
mixing i.e. may be due to root respiration or putrefaction phenomena’s (Fig. 7).
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Fig.7. 6'3CTIC of wetland aqueous samples at Chashma site

8*'S values of surface and ground water sulfate samples range from 6.56 to 25.92 %o vs. CDT

(Table-4). 8'%0 of aqueous sulfates is a function of §°*S as shown in Fig. 8. '%0 of aqueous
sulfates was found enriched may be due to equilibration phenomena’s with pond water (Fig.
9). ‘

Table 4. 8**S & 5'%0 of Sulphates of Chashma Wetland Water and Soil Samples

Sr. No Sample Code 834SCDT (%o) SISOVSMOW (%o)
1 CW-1 (Pond) 25.92 17.3
2 CW-1 (Pond soil) 20.00 11.5
3 CW-5 (Lake) 12.91 7.4
4 CW-17 (Lake) 6.56 4.1
5 CW-5, 17 & 18 (Lake Soil) 10.99 12.5
6 CW-2 (HP) 9.63 99
7 CW-9 (HP) 11.52 8.1
8 CW-11 (HP) 11.10 7.1
9 CW-12 (HP) 12.61 6.7
10 CW-14 (HP) 11.80 5.8
11 CW-19 (MP) 11.18 12.0
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Fig. 9. 8'%0 of sulphates of wetland aqueous samples at Chashma site
6.2. Plant samples

8'*C values of C, plants (Grasses) have a range from -17.9 to -11.3 %o vs. VPDB and
§2C values of C; plants have a range from -31.2 to -25.4 %o vs. VPDB (Table-5). It is
observed that in most of the C-3 & C-4 plants, 8'3C of leaves are found more depleted as
compared to 8"°C of stem.

12
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Table 5. §"°C of plant samples at Chashma wetland site

13:;' Location Common name Botanical Name 8"C (%) vs. PDB
Leaves | Stem | Whole
1 | CW-5 Dub grass Cyandon dactylon -17.9
(The grass family) (Gramineae or
Poaceae)
2 | CW-17 -do- -do- -14.2 | -15.2
3 |CW-18 -do- -do- -15.0 | -14.2
4 | CW-17 | Kahi (large grass) Saccharum spontaneum -11.6
(Poaceae)
5 | CW-18 ~-do- -do- -11.3
6 | CW-17 | Sedge family Cyprus alsinadis -28.9
(Cypraceae)
(Stem: 3-angled)
7 | CW-18 | The water grass family | Typha latifolia -29.1
{Typhaceae)
British species
8 | CW-5 The water grass family | Typha angustifolia -27.5
(Used for making mats) | (Typhaceae)
5 | CW-5 The buck wheat family | Polygonum barbatum -30.5
(Polygonaceae)
10 | CW-17 -do- -do- -29.8 ]-30.1
11" | CW-18 -do- -do- -31.2 1-29.4
12 | CW-18 | Blue water hily Nymphaea lotus -259 | -254| -258
(Nymphaeaceae) (Flower)
13 | CW-17 | Walaiti Ak Ipomea cornea -29.5 | -26.3
(Convolvulaceae)
14 | CW-5 Algae -16.1

Note: CW-5, 17, 18 are three different sampling locations of CHASHMA lake

§°N values of plants have a range from 4.96 to 12.62 and average value 8.60 %o vs. air

(Table-6).

Table 6. "°N Samples (Plants) at Chashma Site (Feb. 2007)
Sr. Plants Sample description 8" N
No. Samples Code (%0)
1 | N-2{CW-5) Typha angustifolia/Kundar leaves 6.93
2 | N-3(CW-5) Cyandon dactylon/Small grass (whole) 4.96
3 N-4{CW-17) Calotropis procera/Aak type leaves ‘ 11.50
4 | N-5 (CW-17) Saccharum spontaneum (Poaceae)/Kahi (large grass) 9.16
5 | N-6(CW-18) Polygonum barbatum/Water plants herb leaves 6.97
6 | N-7(CW-18) Polygonum barbatum/Water plants herb stem 8.11
7 | N-B(CW-18) Polygonum barbatum/Water plants herb flowers 12.62
Average 8.60
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6.3.  Fish samples

A vast variety of fishes are distributed in the rivers, lakes etc. depending upon water
movement, temperature, oxygen content and characteristics of the bottom soil. The common
carps, such as rohu (Labeo rohita) usually feed on crustaceans and insect larvae in early
stages and on vegetation when adult (Romer, 1965). Sowl fish feeds largely on insects and
crustaceans. The Singhara/Cat fishes also inhabit streams and rivers. They are scale less and
carnivorous, and feeds on fishes and small animals. Detailed results of 8'°C of different parts
of commonly found fishes in Chashma Lake are given in Table 7.

Table 7. 8"°C of fish samples at Chashma wetland site

Sr. | Fish Part 8C (%o) vs. PDB
No. Sowl fish Singara/Cat fish Rohu fish Rohu fish
(Channa orientalis | (Mystus seengala) (Small) (Large)
(Labeo rohita) | (Labeo rohita)
1 | Diet -22.29 -20.4 - -16.3
2 | Liver -22.03 -20.6 -17.1 -16.9
3 | Gills -20.64 -20.0 -16.9 -17.5
4 1 Flesh -21.64 -19.5 -16.4 -15.2
S | Skin -19.84 -18.8 -16.6 -15.4
6 | Fin tail -19.66 -18.2 -16.7 -15.8
7 | Air bladder - -18.2 -15.5 -15.3
8 | Scales -20.1 No Scales -15.2 -15.3
9 | Spinal cord -20.0 -17.0 -14.2 -15.7

8'°C values of different parts of Singhara fish (Mystus seengala), Sowl fish (Channa
orientalis), Rohu fish (Labeo rohita, 1.0 Kg weight) and Rohu fish (Labeo rohita, 6 Kg
weight) have range from -20.6 to -17.0, -22.3 to -19.7,-17.1 to -14.2 & -17.5 to -15.2 %o vs.
VPDB respectively. 8°C values of different species of the fish separated according to their
diet in the sequence: Sowl fish (-22.3) < Singhara/Cat fish (:20.4) < Rohu fish (-16.3). §"°C
variations in different parts of the fish are represented in bar graph (Fig. 10).
Average 5'*C values of different parts of Rita rita (Malei) and Sowl (Channa orientalis) at
young stage fish are found -19.99 & -17.13%. respectively in second sampling at Chashma
site.
8'°N of fish samples: 8'°N values in different parts of Mali fish have a range from 9.98 to
15.71 and average value 11.70%o vs. air and 8'°N values in different parts of Sowl fish have a
range from 11.69 to 14.46 and average value 12.97 %o vs. air (Table 8).

14
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Table 8. 8'°N _of fish samples at Chashma wetland site

Mali Fish Sowl Fish

Sr. Sample Type §PN Sr. Sample Type SN
No. Code No. Code

1 NM-1 | Liver 15.71 1 NM-10 | Liver 12.27
2 NM-2 | Flesh 10.91 2 NM-11 | Flesh 13.10
3 NM-3 | Skin 11.20 3 NM-12 | Skin 12.84
4 NM-4 | Gills 11,82 4 NM-13 | Gills 14 .43
5 NM-5 | Diet 12.34 5 NM-14 | Spine 14.46
6 NM-6 | Spine 10.31 6 NM-15 | Scale 11.98
7 NM-7 | Ventral Fin 11.71 7 NM-16 | Ventral fin 13.95
8 NM-8 | Dorsal Fin 11.30 g NM-17 | Dorsal fin 12.07
9 NM-9 | Long tail fin 9.98 9 NM-18 | Long tail fin 11.69
| Average 11.70 [ Average 12.97

6.4.  Shell & mussel samples

8°C & 8'%0 values in shell & mussel samples range from -6.8 to -5.4 & -11.8 to -10.8
%o vs. VPDB respectively (Table-9). 8'*C values of shells and mussels show mostly from soil

sediment origin. Isotopic composition of mussel, snail and soil carbonates at Chashma site
are shown in Fig. 11.

~ 6.5, Soil samples
Freshwater lakes are very complicated hydrological and biological systems and the

chemical and isotopic compositions of their sediments reflect this. §'3C & 80 values of soil
samples range from -2.0 to -1.1 & -10.2 to -8.7 %o vs. VPDB respectively (Table-9). *C
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source of soil is sediment inorganic carbonates i.e. towards zero (Fig.11). 8"°0 of soil
carbonates clearly distinguishes saline and lake soil as shown in Table-9. 5**S values of pond
and lake (Mixed soil sulfate of CW-5, 17 & 18) samples have value 20 & 10.99 %o vs. CDT

respectively (Table-4).

Table 9. 8"°C & 8'®0 of mussels, snail and soil carbonates samples at Chashma wetland site

Sr. No. Sample Code | Sampling type ,813_CVPDB (%eo) _8180VPDE (%)
1 CW-5 MUSSEL -5.9 -11.8
2 CW-5 SNAIL -6.8 -11.7
3 Cw-18 MUSSEL -5.4 -10.8
4 CW-1 SOIL (Saline) -1.7 -3.9
5 CW-5 SOIL (Lake) -2.0 92
6 CwW-17 SOIL (Lake) -1.4 -8.7
7 CW-18 SOIL (Lake) 11 _10.2

0
2
Chashma
— 4 Saline Soil
=
- b
e
> .8
o Chashma
% 0. Lakesﬁ“g‘:ljse" Lake Soil  ©
12 - = -
-14 . T | :
-8 -6 -4 -2 0
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Fig.11. Isotopic composition of mussel, snail and soil carbonates at Chashma site

6.6. Plant & soil moisture

Plants and soil moisture (Table-10) range from 52.9 to 92.9 % and 25.2 to 27.7 %
respectively. Minimum water content i.e. 52.9 % is observed in Cyandon dactylon (Grasses
at CW-5 site) and maximum water content i.e. 92.9 % is observed in Nymphaea lotus: (Water

Lily stem) (Fig. 12).
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Table 10. Moisture contents & isotopic composition of Chashma wetland plant samples

Sr. . . % 8'%0 (%0) | 5°H (%o
o, Location Botanical Name H,0 'VSM(OV\; \'/SM(O'\;/' d-excess
1 | CW-5 Polygonum barbatum: stem 81.4 -14 -22.5 -11.7
2 | CW-17 | Polygonum barbatum: stem 67.5 -3.1 -41.1 -15.9
3 | CW-18 | Polygonum barbatum: stem 74.6 -3.3 -40.3 -14.0
4 | CW-17 | Cyprus alsinadis: whole 63.6 -1.8 -36.2 -22.0
5 | CW-18 | Typha latifolia: whole 78.9 4.4 -14.6 -50.1
6 | CW-5 Cyandon dactylon: whole 52.9 1.3 -25.3 -35.6
7 | CW-17 | Cyandon dactylon: whole 59.5 1.0 -22.7 -31.0
& | CW-18 | Cyandon dactylon: whole 59.5 3.1 -17.6 -42.0
9 | CW-18 | Nymphaea lotus: stem 92.9 -6.6 -48.0 4.7
10 | CW-18 | Nymphaea lotus: Leave 91.2 -7.3 -53.7 4.6
11 | CW-5 Typha angustifolia 71.9 2.1 -29.6 -46.7
12 | CW-5 Soil 27.7 -5.9 -48.8 -1.9
13 | CW-17 | Soil 254 -5.9 -53.1 -5.7
14 | CWI138 Soil 252 -6.7 -54.9 -1.1
15 | CW-1 Algae 61.1 8.6 58.2 -10.5
100 -
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80 m Wet land Grasses etc. GMAL -~ -
60 - A Water Lily Plant 7
— 40 ® Soil ~
£ /
- 20
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Fig.12. 8'80 vs. 8°H of plant and soil samples at Chashma site (Feb. 2007)

8'%0 and 8*H values range from -7.3 to +4.4 %o and -53.7 to -14.6 %o vs. VSMOW
respectively. Maximum enrichment in 8'*0 and §°H and minimum d-excess were observed in
“Water grass family” in the selected plant samples. Minimum enrichment in 5'*0 & 8°H and
maximum d-excess were observed in Water Lily plant. Hydrogen vs. oxygen isotope ratios of
plant & soil moisture contents at Chashma site sampling is shown in Fig. 12. Chashma
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Wetland Plant & Soil Moisture Line (CWPSML) is also shown in the figure. §'%0 & 8°H of
moisture content of algae are found more enriched due to pond water enrichment as
compared to lake water plants (Table-10). 880 & 32H of moisture content of algae are found
more enriched due to pond water enrichment as compared to lake water plants.

7. CONCLUSIONS

Following conclusions can be drawn:

EC value of majority of water samples is well within recommended limits set-forth by the WHO
and other regulatory authonties. Chashma lake samples show high dissolved oxygen contents,
which gets into water by diffusion from the surrounding air by aeration (rapid movement), and
by photosynthesis of plants in lake. Major portion of the study area is recharged by river system,
very limited area under investigation is recharged by rain, a few points are mixed recharged and
one point under study shows high evaporation rate. The more depleted 8"Crpic values (-122 &
-10.0%0 PDB) show organic carbonate evolution mainly indicative of inventory of domestic
sewage pollution or decay of plant material and less depleted 8 Crpic values show inorganic
carbonates mainly marine (i.e. 0 + 5 %) carbonates and very few points show 513CTD]C close to the
8"C of the atmosphere i.e. -7 to 8%o.

8'°C values of C; plants ranges from -25 to -31, give an insight of water use efficiency within C;
plants of the investigated area, which reflects the differences in plant physiology. Percent
moisture content of plants inside the lake is gradually decreases as the distance from lake
increases. '%0 of plant and soil moisture content become enriched as the distance between the
sampling point and lake increases.

C of carnivorous fish is more depleted as compared to herbivores fish, which demonstrate
clearly that the carbon isotope composition of an animal greatly depends on its diet. PC and "N
both value of isotopes are enriched in Sowl (Channa orientalis) fish as compare to Rita rita
(Malei) fish in second sampling at Chashma site.

8"%0 values of soil carbonates of the study area with similar values of 1>C clearly discriminate
the different types of soil, Chashma lake soil %0 is more depleted as compared to saline soil.
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View of Waterlogged/Saline area, Taraganwala

Chashma Lake View (A series of mountains are seen backside)
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