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Abstract

Background: From the last few decades several lakes and wetlands showed water quality degradation that is one of
the major problems globally resulting in serious environmental impacts and concern in both aquatic and terrestrial
environs.

Methods: During this study we evaluated a number of water parameters [water temperature, depth, transparency,
hydrogen ion concentration (pH), dissolved oxygen, chloride, calcium, magnesium, total alkalinity, nitrogen and phos-
phorus] on the monthly basis in September 2012-August 2013 in Hokersar wetland.

Results: From the year 1978 till 2012-13, the number of parameters showed an increasing trend except for pH and
dissolved oxygen. Remarkable temporal variations were recorded in various parameters during the past and present
study (e.g. dissolved oxygen showed a decrease of about 2.4 mg/L and pH 0.8 units. Calcium, magnesium, alkalinity,
ammonical nitrogen and nitrate nitrogen depicted many fold increase in the last four decades). Among the recorded
parameters significant positive correlations were observed between depth and chloride (r=0.408, p <0.01); pH and
water temperature (r=0.888, p <0.05); dissolved oxygen with total alkalinity (r=0.790, p < 0.05). However, negative
correlation were maintained by water temperature with dissolved oxygen (r=0.894, p <0.05), free carbon dioxide
(r=0.732, p<0.05) and calcium content (r=0.868, p < 0.05).

Conclusion: The study reflects that the wetland is under tremendous anthropogenic pressures from the immediate
catchment. Further, from the study it is evident that total phosphorus raveled decreased levels as compared to previ-

ous years reflecting that the wetland still has spongy capacity for the major nutrient.
Keywords: Wetland, Dissolved oxygen, Nitrogen, Phosphorus, Anthropogenic pressure

Introduction

We often call wetlands as nature’s kidney. Nature gave us
with a variety of environments. Among those wetlands
are the most beneficial to both aquatic as well human
lives as they abate pollution by acting as sponges to major
plant nutrients (Shah et al. 2015). Because of increase in
population, urbanization and modernization wetlands
are under the threat of extinction (Bhateria and Jain
2016). Human activities particularly in the catchment
exploit the lakes, wetlands and their resources (Falah
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and indicate if changes were made.

and Haghizadeh 2017). Threats to these aquatic ecosys-
tems are diverse and include eutrophication or pollution
caused by untreated domestic and agricultural effluents,
besides these, siltation, deforestation of the watershed are
the other reasons for the aforesaid systems particular to
this Himalayan region. In Kashmir Himalaya Hokersar
wetland also called as Queen wetland is also facing vari-
ous problems like siltation, domestic sewage and agri-
cultural runoff from the catchment areas. Besides, these
the main problem with the wetland is that the immediate
catchment is surrounded by agricultural land (2430 hec-
tares) by which the wetland receives major waste in the
form of agricultural effluents (4031 tonnes) that directly
drain in this ecosystem annually (Khan 2010, 2015).
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Satellite imagery data indicate that open water is limited
to 21.7% of the total wetland area, with the rest compris-
ing marshland (35%), cultivated land (15%), plantation
(12.5%), submerged plants (10%), and only (6%) silted
areas (Khan 2015). Keeping in view the drastic changes in
the wetland, we made an attempt to pool the present data
on water quality with the previously reported to have
an insight regarding the present status of the Hokersar
wetland.

Materials and methods

We determined various parameters of water on the
monthly basis from September 2012—August 2013 fol-
lowing the standard methods given below.

The air temperature was recorded by using gradu-
ated mercury Celsius thermometer. The thermometer
was placed in shade for at least 2 min for obtaining the
air temperature. The results were expressed in °C. The
temperature of surface water was also obtained by using
graduated mercury Celsius thermometer. The bulb of
the thermometer was dipped in water for at least 2 min
for obtaining the water temperature. The results were
expressed in °C.

Depth of all sampling sites was measured with the help
of a weight tied to a string. This string along with weight
was poured into the lake until the weight reached to the
bottom and a mark was made on the string at this level.
After lifting the string up, the depth was measured by a
measuring tap graduated in meters, centimeters and mil-
limeters. At shallow depths a graduated meter rod was
used. The water transparency of the wetland was meas-
ured by a Secchi disc having a diameter of 20.0 cm and
painted black and white alternately in a radial fashion.
The disc was lowered in the water till it disappeared visu-
ally; being followed by its slow lifting till it reappeared.
The depths of disappearance and reappearance of Sec-
chi disc were noted and the average was taken as water
transparency.

The hydrogen ion concentration (pH) of all the study
sites was carried by electronic pH meter (Model 335 sys-
tronics). Before measuring the hydrogen ion concentra-
tion, pH meter was calibrated against the standard buffer
solution of pH 4.0 and 9.2.

Dissolved oxygen of water sample was done on the spot
by adding 1 mL of manganous sulfate (MnSO,) and 1 mL
of alkali-iodide-azide reagent. After precipitate forma-
tion, 1 mL of concentrated sulphuric acid (H,SO,) was
added for dissolution of precipitate. 50 mL of the sample
was taken and titrated against 0.025 N sodium thiosul-
phate using starch as indicator.

For free carbon dioxide (CO,) 50 mL of sample was
taken in a flask, 2 drops of phenolphthalein indicator
were added. If slight pink colour develops free CO, was
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absent. If the solution remained colorless sample was
tritrated with standard alkali titrant (0.2 N NaOH) to
reach the end point. Reading was noted and the free
CO, was calculated in milligram per litre.

For the determination of alkalinity 100 mL of water
sample was titrated against 0.02 N H,SO,, using 2-3
drops of phenolphthalein indicator. If no colour devel-
ops then add 2-3 drops methyl orange as an indicator.
Total hardness of lake water was determined by tak-
ing 50 mL of well-mixed water sample, add 1-2 mL of
buffer solution (NH,CI-NH,OH) and a pinch of EBT
indicator and then titrated against 0.01 M ethylene
diamine tetra-acetic acid (EDTA) till wine red colour
changes to blue (APHA 1998).

Calcium content of the sample was calculated by tak-
ing 25 mL of water sample, add 2 mL of 1 N sodium
hydroxide (NaOH) and a pinch of murexide indicator
was added and then titrated against 0.01 N EDTA till
purple colour appeared.

Magnesium content was obtained from the total
hardness and calcium hardness by using the following
formula:

Magnesium content (mg/L)
= (Total hardness—Calcium content) x 0.243

For the determination of chloride 100 mL sample was
titrated against 0.0141 N of silver nitrate solution using
potassium chromate as indicator till brick red colour
end point was attained.

To 25 mL of water sample for the calculation of
ammonical nitrogen, add 1 mL phenol, 1 mL sodium
nitroprusside solution and 2.5 mL of oxidizing solution
(10 mL Alkaline Citrate with 2.5 g of Sodium hypochlo-
rite) and keep it at room temperature for about 1 h till
the colour develops fully. The intensity of colour devel-
oped was measured at 640 nm. Ammonium chloride
was used for making various standards.

As far as nitrate nitrogen is concerned, 100 mL of
water sample, 1 mL of sodium salicylate was added and
evaporated to dryness on water bath. The residue was
treated with 1 mL of concentrated sulphuric acid and
after 5-10 min 6 mL of distilled water and 7 mL of 30%
NaOH solution were added. After development of yel-
low colour, the intensity was measured at 410 nm.

The orthophosphate phosphorus concentration was
estimated by Stannous Chloride method. To 50 mL
of water sample 4 mL of ammonium molybdate and
0.5 mL of stannous chloride was added. The intensity
of blue colour developed was measured after 10 min
at 690 nm spectrophotometrically (Systronics-116).
Potassium dihydrogen phosphate was used for making
various standards.
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The total phosphorus concentration was estimated by
stannous chloride method. 50 mL sample was digested
with 1 mL sulphuric acid and 5 mL nitric acid on hot
plate to a volume of 1 mL. The sample was then cooled
and diluted with 20 mL distilled water. Then sample was
titrated against 1 N sodium hydroxide solution with phe-
nolphthalein as indicator, till faint pink colour appeared.
Strong acid solution was used to discharge the colour.
The final volume was again raised to 50 mL with distilled
water. Then 4 mL molybdate reagent and 10 drops of
stannous chloride were added to sample with continu-
ous stirring. The intensity of blue colour developed was
measured at 690 nm spectrophotomerically between
10 and 20 min. The various standards were made from
potassium dihydrogen phosphate and the results were
expressed in pg/L (Wetzel and Gliken 2000).

Statistical analyses

Statistical analyses were performed by various software’s
like SPSS (Version 22), PAST (Version 6.1) Biodiversity
Pro and Origin (Version 6.0).

Study area

Jammu and Kashmir is the crown of Indian subconti-
nent and forms the northernmost part of India. The State
of Jammu and Kashmir (J&K) measures about 425 km
from north to south and extends over 250 km from east
to west. It is divided into three administrative divisions
i.e., Jammu, Kashmir and Ladakh. As per the absolute
location of J&K is concerned, it is located at a latitude of
32°017"-37°0.06"N and a longitude of 37°26”"-80°26"E.
The valley of Kashmir is located in the middle of the
Himalaya between 33°20” and 34°54”N and 73°55” and
75°35"E and covers an area of 15,948 km?, Kashmir which
is referred to as the “Paradise on earth” is famous for its
tall and towering mountains with snow capped peaks,
the lush green margs (meadows), dense forests, undulat-
ing caraways, smooth and fertile valleys, gushing streams
and zigzag rivers; freshwater lakes, cold and hot springs
and the picturesque topography offers the most beauti-
ful scenic spot in the world. The valley of Kashmir finds
no match in the Himalaya while considering its water
bodies, total run-off and the length of its watercourses.
The valley has a great diversity of freshwater bodies
including wetlands, lakes, streams and ponds and among
these the first two assume great significance in embody-
ing rich biodiversity. Almost all these water bodies play
an important role in the socio-economic and ecology
of the valley. Among the lakes and wetlands Hokersar
(34°05'N-34°06'N latitude and 74°8-74°12'E longitude)
assume greater significance as it is recognized as “Ramsar
Site”, Wetland of International importance. The wetland,
situated at an altitude of 1584 m (amsl), was once spread
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over an area of 19.5 km?, and has presently got reduced
to about 13.26 km? at present Ahmad et al. (2014). The
wetland is fed by two inlet streams, Doodhganga from
east and Sukhnag Nalla from west. The excess water is
drained out through an outlet gate known as Needle—
Gate on the north-west of the wetland near the village
Sozieth, having a weir and lock system, which regulates
the water level to provide a better habitat for migratory
waterfowl during winter (Shah et al. 2015) (Fig. 1).

Result and discussion

Wiater is a requisite medium between varied factors that
plays a decisive role in wetland ecology and the qual-
ity and management of water is a fundamental part for
wetland conservation. Further, the importance of water
for aquatic life as the fulcrum of biochemical metabo-
lism rests on its physical and chemical properties (Shah
et al. 2015; Bhateria and Jain 2016; Falah and Haghizadeh
2017).

Air and water temperature

One of the most outstanding and biologically significant
phenomenon of aquatic bodies is the thermal regime.
Further, majority of the biochemical processes, being
temperature dependent, have very frequently been used
as an important parameter. As is usual for temperate cli-
mates, the atmospheric temperature during the period
of present investigation depicted a definite seasonal
trend, with maximum values being recorded in summer
and minimum in winter (Fig. 2). The water temperature
corresponds to the air temperature, as is common for
the shallow water bodies (Wetzel 1975). In all previous
studies, the maximum water temperature was 29.2 °C
as reported by Rather et al. (2001). However, present
study depicts higher temperatures with 31.3 °C (Fig. 3).
As far as maximum depth of the wetland is concerned

Fig. 1 Hokersar wetland with six sampling sites
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Fig. 2 Spatial and temporal variations of air temperature (°C) in
Hokersar wetland during September 2012—-August 2013
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Fig. 3 Spatial and temporal variations of water temperature (°C) in
Hokersar wetland during September 2012-August 2013

Pandit (1980) and Khan (2000) reported above 1 m depth
(Table 1).

Depth and transparency

The depth of water in a water body is one of the major
physical factors which act as a controlling factor for
determining the water quality as well as the wealth of
flora and fauna. The present study depicts higher depth
ranges 0.4-2.7 m (Fig. 4) when compared with the previ-
ous workers like Pandit (1980), Khan (2000), Rather and
Pandit (2002) etc. Higher depth values can be attributed
directly to higher precipitation rate resulting in greater
water discharge from the inlet in the wetland (Kumar
and Pandit 2007) besides manual dredging activities
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can play an important role in higher depth ranges. In an
aquatic ecosystem water transparency is one of the most
important feature that control the energy relationship
at different trophic levels. In this wetland, greater water
transparency was recorded in autumn, followed by win-
ter, summer and decreasing to the lowest during spring
(Fig. 5). Higher transparency values during the autumn
may be attributed to the fact that the wetland remains
undisturbed by the concerned authorities and no dredg-
ing is allowed in this particular season. Further, clear
water zones can be observed as least migratory birds visit
this wetland in this particular season. Furthermore, high
plankton population in spring and summer may result in
low transparency besides, high influx from the streams
that are feeding the wetland.

The hydrogen ion concentration

pH is the most important parameter in determining the
corrosive nature of water. Higher the pH value lower is
the corrosive nature of the same (Bhateria and Jain 2016).
It is a major environmental factor of aquatic ecosystems
at the interface of physicochemical and biological pro-
cesses. It is regulated by carbonate equilibrium, in most
inland waters, and is impacted by biological processes
such as photosynthesis and respiration within the eco-
system (Weisse and Stadler 2006). The diminished rate
of photosynthetic activity and the absorption of carbon
dioxide and bicarbonates are eventually accountable for
higher pH the lower oxygen values coincided with high
temperature during summer (Fig. 6). The present pH
values showed none significant variation in the wetland
reflecting alkaline nature over the decades and is in close
conformity with Khan (2000). The authors like Kaul et al.
(1978), Handoo (1978), Rather et al. (2001) have reported
much higher ranges as compared to present study.

Dissolved oxygen

Dissolved oxygen concentrations in natural water depend
on the physical, chemical and biological activities in the
waterbody. The source of oxygen in water is photosyn-
thesis by phytoplankton and also oxygen dissolved from
atmosphere. Higher values of dissolved oxygen values
were reported only by Rather et al. (2001). The pre-
sent study depicts lower values ranged between 2.4 and
10.1 mg/L (Fig. 7) reflecting that the wetland is mov-
ing towards more anoxic conditions in summer and is
in close proximity with the previous findings of Pandit
and Kumar (2006) in the wetland. Because of the higher
trophic status, excessive growth of macrophytes occurs in
the wetland which form mats over water surface blocking
light penetration and, therefore, decreasing submerged
growth due to cessation of underwater photosynthesis
and thus creating anoxic conditions (Kaul et al. 1978).
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Table 1 Range of various physico-chemical parameters of Hokersar wetland from 1978 to 2012-2013

Parameters Kauletal. Handoo Pandit Khan Ratheretal. Rather Pandit Present study
(1978) (1978) (1980) (2000) (2001) and Pandit  and Kumar  (2012-13)
(2002) (2006)
Air temperature (C°) - - - - - - 6.8-31.5
Water temp. (C°) - - - 4.6-29.2 6.9-29.0 3.0-270 57-313
Depth (m) - - 0.66-1.12 05-16  0.13-16 0.15-0.63 0.54-0.63 04-2.7
Transparency (m) - - 0.11-0.55 - 0.54-1.22 31.7-96.7 (%)
pH 72-90 72-90 74-85 7.2-85 74-9.0 75-86 7.32-8.10 7.1-82
Dissolved oxygen (mg/L) 3.20-1250 3.20-12.50 4.0-8.02 45-80 2.6-15.20 2.25-12.50 19-114 24-10.1
Free carbon dioxide (mg/L) - - - - - - 8-31.7
Alkalinity (mg/L) 85.0-2560  85-256.0 98.0-268.0 50.0-415.0 68.02-352.0 119.0-2400  913-254.7
Total hardness (mg/L) - - - - - - 69-214
Calcium (mg/L) 24.0-61.0 23.60-61.60 33.0-49.0 26.45-54.30 30.5-45.8 27.3-396 44.2-107.2
Magnesium (mg/L) 11.0-18.0 2.50-7.40 11.0-17.0 7.05-16.74 9.0-16.2 24-82 6.2-28.1
Chloride (mg/L) 8.0-70.0 10.0-32.0 17.0-28.0 10.3-39.3
Orthophosphate (ug/L) 112.0-306  112.0-306.0 22.0-54.0 40.0-255.0 44.0-161.0 33.0-141.0 50.7-165
Total phosphate (ug/L) 155.0-325 155.0-306.0 80.0-415.0 115.0-535.0 113.0-373.0 116.0-307.0 104.7-259.3
Ammonical nitrogen (ug/L)  3.0-10.0 3.0-9.0 16.0-69.0 65.0-425.0 83.0-395.0 81.0-173.0 16.7-242.3
Nitrate nitrogen (ug/L) 104.0-327.0 154-327.0 73.0-621.0 150-520.0 186.0-420.0 269.0-622.0 226.3-631.3
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The first ever conducted survey published of Kaul et al.
(1978) depicted the range of 7.2 to 9.0 mg/L, which was
supported by Handoo (1978). However, 2 years later Pan-
dit (1980) observed decreased values of the same got sup-
port from Khan (2000) after two decades. Further, among
the previous workers Rather et al. (2001) reported much
higher values (15.20) as compared to other workers.

Free carbon dioxide
The importance of free carbon dioxide for autotrophic
plants is very well known as they are the primary

Fig. 5 Spatial and temporal variations of transparency (%) in
Hokersar wetland during September 2012-August 2013

producers on which the biotic components of aquatic
ecosystem wholly depends. It is the basic raw material for
the photosynthetic process. It alters the pH of water by
forming carbonic acid, which further dissociates into car-
bonates and bicarbonates. Hence the estimation of free
carbon dioxide in aquatic medium is of great importance.
The present findings were the first ever study conducted
for the estimation of free carbon dioxide for the wetland.
In this wetland, during the study period, the maximum
values were noticed in winter (26.2 mg/L), followed by
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Fig. 7 Spatial and temporal variations of dissolved oxygen (mg/L) in

Hokersar wetland during September 2012

the spring (20.2 mg/L) and autumn (18.7 mg/L) till it
reached its lowest (9.9 mg/L) in summer (Fig. 8). These
observations are in line with the findings of Shah et al.
(2015).

Alkalinity plays an important role in determining the
ability of water to support algal growth and other aquatic
life. The authors like Rather et al. (2001) predicted much
higher values of total alkalinity and ranged between

Total alkalinity
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Total hardness

During the previous decades no data is available on the
total hardness of the wetland. During the study period
it was observed that higher values were evinced in win-
ter registering 214.7 mg/L at site IV while lower values
(69.0 mg/L) were registered in summer at site III (Fig. 10).
This may be due to the high density of macrophytes and
plankton in summer which use most of the salts for their
growth and life processes, thereby increasing the pH of
water and accelerating the de-calcification, resulting in
decrease of hardness. Our results were in close conform-
ity with Shah et al. (2015, 2017).

Calcium and magnesium content

The amounts of Ca’>" depicted summer fall in the wet-
land, a trend similar to that of alkalinity, due to uptake of
CO, by photosynthetic activity especially by submergeds
and subsequent precipitation of calcium as calcium car-
bonate as a result of combination of elevated tempera-
ture in macrophytes beds and reduced CaCO; solubility
(Kaul et al. 1978; Pandit and Kumar 2006). The range of
calcium content (44.2—107.2 mg/L) recorded in the pre-
sent investigation is not in close agreement with any of
the past findings (Fig. 11). Among the previous workers
like Kaul et al. (1978), Handoo (1978), Pandit (1980) have
observed nearly twofold low concentrations as compared
to present study. Similarly, magnesium depicts higher
values as compared to previous studies in the wetland
(Fig. 12). Pandit and Kumar (2006) reported much lower
concentration (2.4—8.2 mg/L) and were in close tune with
Handoo (1978).
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(mg/L) in Hokersar wetland during September 2012-August 2013

Chloride content

The chloride content of the wetland was not done prior
to Rather et al. (2001). Much higher values of chloride
have been reported only by the former workers. The
present work depicts 10 units increase in chloride con-
centration from last 10 years (Fig. 13). Pandit (1999)
credited higher chloride content in warmer periods
to both allochthonous and autochthonous substances
organic in nature.
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Fig. 13 Spatial and temporal variations of chloride (mg/L) in
Hokersar wetland during September 2012-August 2013

Phosphorus and nitrogen concentrations

Earlier workers are of the view that Orthophosphate
phosphorus concentration in the wetland is in very
much high except Pandit (1980) who reported very
low values (22.0-54.0 pg/L) as compared to the pre-
sent study (Shah et al. 2015). However, the range of
total phosphorus recorded in the present study is not
in close agreement with any of the past findings (Shah
et al. 2015). Low quantities of ammoniacal-nitrogen
were reported by the Kaul et al. (1978) and Handoo
(1978). We observed among the previously reported
works of Rather and Pandit (2002) exceptionally very
high values (186—420 pg/L) for the same parameter in
the wetland.
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The values of nitrate nitrogen are almost equal to that
of Pandit (1980) and Pandit and Kumar (2006), while the
authors have depicted a wider range. During the present
investigation dissolved oxygen showed a negative corre-
lation with air, water temperature and pH. We observed
positive correlation between calcium content and dis-
solved oxygen, free carbon dioxide and total alkalin-
ity, calcium and magnesium contents (Table 2). Among
the sites, sites II, III and V showed close similarity as
they lie close to one another and having a good macro-
phytic growth during summer and autumn (Fig. 14). Site
I showed greater dissimilarity with the remaining as it is
located near the inlet of the wetland having high anthro-
pogenic activity from the catchment.
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Table 2 Pearson correlation within various physico-chemical parameters of water in Hokersar wetland

Parameters 1 2 3 4 5
1

996** 1

308
—224

871
—.891%*
—.732%*
—.934*
—721%*%
—872%
—570%*
12 319

321 1
—.229 —572% 1
.888** 344

—.894** 043
—.732%% —.140
—.946** —.466%
—.726% —.261
—.868** —.330
—.580%* —.197
328 408*

012
—.232

.296
—.093

142
—.227
—.702%*

O 00 NN O L1 A W N —

- O

—-117 1
—.775% 1
—.743%*
—.836™
—.709%*
—.761%%
—617%
165

6

H74%%
.790**
565%*
683**
A48*
—.226

7

1

720%*
J91%*
71
736%*
230

8

753%%

904**

599**
—.261

9

.909**
969**
167

TT7** 1
—.006 256

*Correlation is significant at the 0.05 level (2-tailed)

**Correlation is significant at the 0.01 level

1 Air temperature, 2 water temperature, 3 Depth, 4 transparency, 5 pH, 6 dissolved oxygen, 7 free carbon dioxide 8 total alkalinity, 9 total hardness, 70 calcium content,

11 magnesium content, 12 chloride
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Limitations of the study

To manage the wetland we need to understand how they
function, and how they interact with the surrounding
landscape. We should have baseline information that can
be used to inform the management of the wetland and
need to understand why the wetland is under threat so as
to address those threats.

Conclusions

From the last four decades the number of parameters
showed an increasing trend except for pH and dissolved
oxygen. Remarkable temporal variations were recorded
in various parameters during the past and present study
particularly for dissolved oxygen, nitrogen and phospho-
rus. These kinds of alterations would affect the aquatic
environs as a decrease in dissolved oxygen, an increase
in nitrogen and phosphorus contents would cause cul-
tural eutrophication as reflected by the study. We rec-
ommend installation of sewage treatment plants near
the inlet of the wetland so that purification methods
should be adopted by filtration processes before intro-
ducing any loathsome material in the water body. Pres-
ently the wetland is under great threat due to untreated
discharge of domestic sewage and agricultural effluents,
washing clothes, animals are the contributing sources to
the pollution of the wetland. Proper bioremediation tech-
niques should be adopted to curtail the major pollutants
released into the wetland from the immediate catchment
so as to improve the water quality. It is further recom-
mended that a real assessment of the water demand for
human consumption and the minimum water based on
the ecological requirements of floodplains should be
undertaken at regular intervals to harness the benefits
accrued through their natural function.
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