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The microbial diversity and ecological dynamics of extreme environments such
as Sambhar Lake, Rajasthan, are of significant interest due to their unique
characteristics and potential biotechnological applications. In this study,
Physicochemical analysis is done from various sites in Jaipur district. Different
parameters include colour, temperature, pH, Total solid suspension (TSS), total
dissolved solids (TDS), Turbidity, Total alkalinity, Total hardness, calcium, and
presence of chloride by prescribed methods. The results highlight the presence of
the extreme conditions of Sambhar Lake and marble slurry site, contributing to
the overall microbial diversity of the ecosystem. The insights gained from this
assessment contribute to our knowledge of physical-chemical differences in
extreme environments and hold potential implications for biotechnological
applications, environmental monitoring, and conservation efforts in saline
ecosystems.
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1. Introduction

Saline habitats have hypersaline conditions and are harsh settings. Both thalassohaline and
athalassohaline environments may be found there(1). Earth's environments that fit this
description are unique and have qualities such a neutral pH, moderate temperature, plenty of
oxygen, salinity in both freshwater and saltwater, and pressure in a few atmospheres(2).
Extremophiles in the type of halophiles are those that are always present at extreme amounts
of salt. It may be found in saline environments all around the globe. To regulate the osmotic
pressure of the surrounding medium, they stop salts from denaturing and gather inorganic ions
like K*, Na*, and Cl'in the cytoplasm. They fall into two primary categories: eukaryotic
microorganisms and prokaryotic microorganisms (bacteria and archaea). The hypersaline
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habitats of bacteria and archaea are harsh circumstances with high salinity, fluctuating
temperatures, little oxygen, and a wide pH range. The bacteria are categorized according to
the amount of salt they contain: mild halophiles grow best at 0.2-0.85M (2-5% NacCl),
moderate halophiles grow best at 0.85-3.4 M (5-20%) NaCl, and severe halophiles grow best
at 3.4-5.1 M (20-30%) NaCl(3). Certain halophiles thrive in moderate environmental
circumstances, which include 20-40°C temperatures, neutral pH values, water availability,
salts, and certain macro- and micronutrients that are necessary for mesophile development.
Osmotic pressure is controlled by utilizing two different strategies: the first balances osmotic
pressure in the cell by accumulating K* and CI- ions, and the second strategy involves
accumulating organic solutes like ectoine, hydroxyectoine, Ne-acetyldiaminobutyrate [3-
glutamine, betaine, trehalose, and proline to maintain osmotic balance in the cell so that they
can survive in saline environments. The isolation of somewhat halophilic bacteria has been
reported by researchers. 2,4,6-trinitrotoluene (TNT), which this bacteria may collect,
contributes to its detoxification8. Growing in saltwater environments, halophilic bacteria
astonish us with their physiological characteristics, growth parameters, and ability to produce
bioactive compounds. Halophiles are used in the synthesis of biomolecules for medical
applications. Saline and alkaline conditions may be found in Rajasthan at the Sambhar Lake.
Sambhar Lake has a wide variety of halophilic microorganisms. Because of the hypersaline
environment, this lake has a high concentration of Na+ and Clions. Polyhydroxyalkanoate
(PHA) is produced by the Vibrio proteolyticus strain that was isolated from the maritime
environment in Korea(4).

Sambhar Lake

In Rajasthan's metamorphic rock, there is a naturally formed lake with an alkaline and
hypersaline environment (Latitude 26°58'N, Longitude 75°05'E). Since it is alkaline, it is also
known as Sambhar Soda Lake. Its height is 360 meters above mean sea level. The Aravalli
hills encircle the Sambhar Lake basin from the north and west, dividing it into an eastern
subhumid region and a semi-arid region(5). The Thar Desert is another name for the semi-arid
region. These lakes have maximum and lowest depths of 3 and 1 meters, respectively. A
horizontally developed bed split illustrates the sedimentary layers in Sambhar Salt Lake.
Tropical weather is typical to Sambhar Lake(6). Seasons like cold, rain, and summer determine
its climate. Because of the desiccation of Sambhar Lake's surface, which leads to the
production of an efflorescent crust but does not display total desiccation, the temperature drops
below 4 °C in the winter and rises to 45 °C in the summer (May to June). The two primary
constituents of the crust are calcite and halite. The solute (Ca*, Mg*, and Na*) content of the
lake is increased by these concentrations(7). During the monsoon season, the Sambhar Salt
Lake was supplied with water by rivers including the Roopangarh and Mendha rivers. Sambhar
Lake saw an annual rainfall range of around 50 cm in 1983-1985, and 39 cm in 2005-2006.
The average annual rainfall in Lake was 30 to 40 cm. This lake's chemical and physical
properties make it very significant geologically(8). Geochemical features include monsoon,
climatic fluctuation, the hydrological system in Sambhar Salt Lake water, oxygen isotope-
assisted water evaporation from brine, and mineralogical research. The lake spans around 225
square kilometers and has a shallow form, measuring 22.5 km in length and 11.2 km in
breadth(9). Water is dependent upon Mendha and Rupangarh, the two main streams of water
that conjugate. The Mendha River flows southwestward after entering from the northeast. The
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Rupangarh River emerges from the city of Ajmer and goes into the southern hilly region's
lake(10).

Features of Sambhar Lake

Sambhar Lake, characterized by its shallow depth averaging about 3 meters, is a saline
waterbody renowned for its brackish waters, with salt content ranging from 8 to 10 grams per
litre. This lake serves as a favored breeding ground for flamingos and various other migratory
bird species. Dotted across its expanse are numerous small islands, some reachable by boat,
adding to the charm of the landscape. The surrounding geography of Sambhar Lake is adorned
with picturesque beach formations, attracting visitors keen on sightseeing and exploration(11).

Ecological and Economic Significance of Sambhar Lake

Sambhar Salt Lake, Rajasthan's largest saline lake, stands as a vital hub for salt production in
India. Annually, it yields a staggering 196,000 tonnes of high-quality salt, contributing about
9% to the nation's total output. Governed by the government-owned entity Sambhar Salts Ltd.
(SSL), formed as a partnership between Hindustan Salts Ltd. and the state government, salt
production primarily relies on brine evaporation methods. SSL manages 3% of the eastern lake
area.

Designated as a Ramsar site, Sambhar Lake holds immense ecological significance. During
winters, it transforms into a sanctuary for tens of thousands of pink flamingos and migratory
birds from northern Asia and Siberia. The lake's unique algae and bacteria species infuse
vibrant hues into its waters, fostering a delicate ecosystem that sustains these migrating
waterfowl.

Surrounding the lake, diverse forests provide habitat to a rich array of wildlife, including freely
roaming Nilgai, deer, and foxes. This harmonious blend of salt lake and adjacent forests creates
a haven for both avian and terrestrial species, enriching the region's biodiversity and
contributing to its ecological balance(12).

2. MATERIALS AND METHODS
Soil & Marble slurry sample collection

After analysis and a continuous literature survey, Shambhar Lake has been selected for the
collection of samples. The Sambhar Lake is considered as one of the largest saline depression
land in western desert areas of Rajasthan, India. It is the largest salt source lake available in
Rajasthan. The geographical location of it is (26°52'-27°2'N, 74°53'=75°13'E). Soil samples
were collected from four points of Sambhar Lake and two marble slurry areas from Jaipur,
India (Table 1). These samples were collected in sterilized screw cap plastic battles and sterile
polyethylene bags. Samples were kept in 4°C and future work was done in aseptic conditions.
Further, these samples were used for analyzing various physicochemical parameters such as
pH, Temperature, TDS, TSS, alkalinity, and various ion concentrations).
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Table 1: Sample collection sites with their locations

SI. No. Sites Location Geographical coordinates
1. Sitel Sambhar Lake (Main area) 26.946778456985722,
75.03496112141154
2. Site2 Sambhar Lake, Salt production (side ridge area) 26.91502156109291,
75.12087764039624
3. Site3 Outer salt production area 26.910429463030972,
75.14027537458605
4. Site4 Outridge (salt production area) 26.909051797183224,
75.11126460398357
5. Site5 Marble slurry sample 1 27.05495859290586,
75.91558926898483
6. Site6 Marble slurry sample 2 27.05495859290586,
75.91558926898483

Sample pre-treatment

These samples were collected in sterilized screw cap plastic battles and sterile polyethylene
bags. Samples were kept in 4°C and future work was done in aseptic conditions.

Physicochemical analysis parameters

All collected soil samples and marble slurry samples from Sambhar Lake were estimated for
validation of several physicochemical attributes viz. colour, Total Solids (TS), pH, Total
Dissolved Solids (TDS), temperature, Total hardness, Turbidity (NTU), total chloride, Total
Suspended Solids (TSS) and Alkalinity. The protocols used for the estimation of the above
attributes were per the guidelines of APHA 2005 and considered to be within the WHO
permissible limit of potable water (APHA, 2005).

Statistical validation

All the physicochemical test results were provided in the form of mean + SD taking a minimum
of three replicates. The data collected from soil and marble slurry samples were validated
statistically by using the GraphPad Prism 6.05 version taking the least significant difference
for mean comparison at 5 % level. A statistical study was used to validate and describe the
significant differences at P value level that has to be lower than 0.05 (P<0.05).

3. RESULTS AND DISCUSSION

Sambhar Lake is also known as Salt Lake. The concentration of salts and minerals was very
high. Water from this area does not fall in the permissible range of the World Health
Organization (WHO) and APHA. Various quantitative biochemical and physicochemical
parameters of soil and slurry samples were processed within 48 hours to avoid errors (Nivedha
et al., 2023). Though several conventional techniques are available for remediating hazardous
chemicals and toxicants from different sources like industrial and/or domestic sectors (Saksena
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et al., 2008; Mandal et al., 2010; Misra, 2010).
Physicochemical analysis of soil samples and marble slurry samples

To understand the biochemical potency of the collected soil samples and marble slurry
samples, collected from Sambhar Lake, Jaipur, Rajasthan, certain physicochemical parameters
like colour, pH, Temperature, Total hardness, Total Solids (TS), Total Dissolved Solids (TDS)
(2540 C), Turbidity (NTU) (2130), total chloride (4500-CL), Total Suspended Solids (TSS)
and Alkalinity (Table 2, Figure 1-9). The results depicted significant P value (P < 0.0001 and
P < 0.0021) for all the six selected sites soil and slurry samples at 95% confidence interval.
Similar types of studies have been validated by many other researchers (Jeevanantham et al.,
2019; Aghalari et al., 2020; Nivedha et al., 2023).

Analysis of Colour

All the samples, collected from various sites, were analyzed to have different colors. Colour
was analyzed based on physical appearance at the time of collection. Sample collected from
site 1 were showed whitish brown in appearance while site 2 samples was whitish green, site
3 is brownish-black, site 4 was dark brown, site 6 was slurry sample and appeared creamish
white and site 6 samples colour was greyish white yellowish.

Analysis of Temperature

In case of temperature access of all the collected samples, the range lay between 17.16-
21.33°C. The lowest temperature of 17.16+ 0.2°C was seen in case of soil samples from site
1; while the highest temperature of 21.33+ 0.8°C was seen in case of slurry samples from site
6 (Figure 1).
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Figure 1: Temperature analysis of soil and slurry samples
Analysis of pH

The pH of the soil samples collected from Sambhar lake was found in the range 9-9.9 where
as marble slurry sample temperature ranges from 8-9. Minimum pH was observed from site 5
(8.93) and maximum pH was recorded from site 2 i.e 9.64 (Table 2; Figure 2).
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Figure 2: pH analysis of different sites samples

Table 2: Various physicochemical parameters of different sites

Site/ Parameters limit Site 1 Mean| Site 2 Site 3 Site 4 Site 5 Site6 [Mean(n=| SD
+SE Mean + SE [Mean + SE |Mean + SE |Mean + SE | Mean + SE 3)
Colour colourless Whitish Whitish Brown Dark Cream- | Grey-white - -
brown green black brown white slurry
slurry
Temperature (°C) - 17.16+ 0.2°*| 18.36+0.14 |18.66+0.14(|18.93+0.14(21.03+0.17| 21.33+ 0.8#| 19.21 1.56
a
pH 6.5-8.5 9.54+0.27 9.64+ |9.13+0.05|9.63+0.17 | 8.93+ |8.94+0.037°| 9.29 0.347
0.01% 0.03*
TSS (mg/l) 5-10 9268.87+2.6(8259.67+1.4 6510+ |6016+2.64°|8625.67+1.(8322.33+2.0| 7833.718 | 1277.71
0% # 5 3.78* 2 2
ITDS (mg/l) 50-500 2562.33+1.2(3390.67+1.2|12793.33+1.| 2247+0.57 [2109.67+2.|1853.67+2.0| 2492.77 | 550.82
i 76 9 2b*
Turbidity (NTU) 1 359+ 2.08% | 212+ 2.18 | 175+2.08 149+ 219+2.08 | 206+1.52 | 377.72 | 197.34
1.52*
Total 200 6793+ 2.08%| 4049+ 2.5 |3567+2.64 |3182+2.57 [ 1993+2.51|1988+2.64%*| 3728.66 |1767.79
Alkalinity (mg/l)
Total hardness 200 410.83+1.01(327.33+0.81|304.16+0.7| 425+0.79 |475.16+0.8(359.33+0.63| 383.63 | 64.66
(CaCOs) (mg/l) 6o* 254
Calcium (CaCO, 4.0 409+ 0.95* | 501+1.80 | 470+0.91 | 463+1.60° | 656+ 511+1.55 501.5 83.87
mg/1) 1.41%
Chloride (mg/l) 75 663+ 0.97% | 548+0.96 | 497+0.91 | 598+0.98 4133 439+1.06 | 526.33 | 95.514
1.17°*

*Minimum value, # Maximum value, SE = Standard error, SD = Standard deviation; a depicts
P < 0.0001; b depicts P < 0.002

Analysis of Total Suspended Solids

Total suspended solids are responsible for turbidity of water. TSS values were recorded in the
range of 6016-8625 mg/ L for all samples. The highest values were observed in samples
collected from site 6 whereas the lowest value was noted for site 4. APHA prescribed 5-10
mg/L permissible limit of TSS for drinking water. All the samples of the seven sites were
much higher compared to the permissible limit level. Mean of TSS was 7833.71 mg L-1

(Figure 3).
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Figure 3: TSS of sample collected from different sites

Analysis of Total Dissolved Solid

Total dissolved solid that was recorded more than 2000 mg L™ for all the samples collected
from all 6 sites. Samples collected from site 2 showed the maximum TDS while site 6 samples
showed the minimum concentration. TDS values were observed in the range of 1850-3400 mg
L (Table 2). 500 mg L is the maximum permissible limit for TDS as per APHA. All the
samples were not permissible range (Figure 4).
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Figure 4: Variation in TDS values of different Site samples

Analysis of Turbidity

Samples collected are from the lake area and the presence of a high number of solid particles
shows high turbidity compared to the limit of APHA. Maximum turbidity was observed from
site 6 whereas minimum turbidity was recorded from site 3 (Figure 5).
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Figure 5: Variation in turbidity from 6 sites

Analysis of Total Alkalinity

The sample collected from Sambhar Lake shows a higher range in alkalinity. Samples
collected from Site 1 (main area, Sambhar Lake) showed maximum alkalinity as compared to
other sites. The minimum value was recorded from site 5 as shown in Figure 6.
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Figure 6: Various sites with their alkalinity (mg/L)
Analysis of Total hardness

Samples were collected from 6 different sites. Maximum value observed from site 5 whereas
site no 3 showed lower value. Values observed were very high as compared to the limit for
water given by APHA i.e. 200 (Figure 7).
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Figure 7: Sample sites with their hardness compared with permissible limits

The concentration of calcium in the form of carbonates was recorded and the maximum value
was observed from site 5 i.e. 656 mg/L (marble slurry sample) and the lowest value was from
site 1 i.e. 409 mg/L. The permissible limit of APHA was much lower as compared to the
observed value (Figure 8).
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Figure 8: Concentration of CaCO; (mg/l) in soil and slurry samples collected from different
sites

Analysis of Chloride

Site no. 1 samples reflect the highest value i.e. 663 mg/L while the lowest chloride value was
recorded 413 mg/L collected from site 5. The permissible limit of chloride in water prescribed
by WHO was 75mg/L. The mean value of collected samples was observed as 526.33 mg/L
(Figure 9).
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Figure 9: Sample sites with concentration of chloride ions
Statistical validation:

The statistical validation was done by taking mean (triplicate readings per sample) and
calculating the standard deviation and standard error of various parameters which was
illustrated in Table 2.

4, Conclusion

Measuring various physicochemical parameters of selected soil and marble slurry samples
from different sites in Jaipur compared with prescribed limits shows diversity in
environmental conditions. Samples taken from high-alkaline sites show a higher level of
alkalinity as well as higher pH which results in the presence of diverse microflora where
whereas samples which were collected from marble sites showed lower pH which propagates
the growth of different varieties of microorganisms compared to other parts of Jaipur
wastewater (Arslan et al., 2005; Bakshi et al., 2020; Chidichimo et al., 2024). In the future,
this type of analysis will help to identify a variety of microflora, their ability to thrive in such
harsh conditions helps to utilize their potency in bioremediation and other sustainable
solutions.
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