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ABSTRACT. Anthropogenic activities causing deterioration in water quality and a decrease in meeting
the ecosystem service potentials of surface water are considered one of the major basic environmental
challenges. Water samples were collected from three sampling stations (Ogurugu, Otuocha, and Otu-
Nsugbe) in the Anambra River Basin and analyzed following standard protocols and procedures for nine
months. The cosystem services potentials of the Anambra River Basin were evaluated using physico-
chemical parameters and some indices: Comprehensive pollution index (CPI), nutrient pollution index
(NPI), salinity potential, and soluble sodium percentage (SSP). All the water quality parameters were
within the standard level for drinking water, aquaculture practice, recreation (swimming/bathing)
and agricultural purposes, with the exception of pH and phosphate, whereas dissolved oxygen met
aquaculture criteria only in station II. Comprehensive pollution index (0.150 — 0.449), nutrient pollution
index (0.07 — 0.46), and soluble sodium percentage (6.0% -26.92%) were within the category of non-
polluted or excellent to sub-clean. Potential salinity (39.39 - 97.19) was high, indicating water from the
Anambra River Basin contained crystallized solutes. Conclusion: the Anambra River Basin is not at risk
of eutrophication but may not support irrigation program due to the high potential salinity. However,
the river needs to be monitored, and anthropogenic activities need to be regulated.

Keywords: Pollution, surface-water, physico-chemical, irrigation, indices

1. Introduction very challenging (Popovi¢ et al., 2016). Therefore, it

is necessary to apply appropriate water quality indices
(Anyanwu and Umeham, 2020; Isiuku and Enyoh,
2020; Anyanwu et al.,, 2022). Regular evaluation of
the surface water quality using useful and reproducible

The deterioration of water quality of surface
water bodies as a result of human activities such
urbanization and agriculture to meet basic needs of

man has become a global problem (Mateo-Sagasta et indices is required to maintain and control the surface

31." 201.7; V}Iang et al, 20}12 0). ffl{iver;are ]f)acing multi- water from degradation (Barakat et al., 2016; Shukla et
imensional stressors such as flow disturbance, water al., 2017; Matta et al., 2020).

pollution, climate influences, habitat fragmentation
leading to degradation and biodiversity erosion (Matta
et al., 2020).

Saving and controlling surface water from
pollution and having solid data on surface water quality
for proper management have become very necessary.
Considering the dynamic nature of the surface water
ecosystem and the influence of various watershed
activities, rapid interpretation of water quality is
required (Effendi, 2016). However, the interpretation
of data from a large number of physicochemical
parameters and drawing proper conclusions can be

Water quality indices (WQIs) are accepted and
useful tools for evaluating water quality, and different
indices use different sets of variables (Bharti and
Katyal, 2011). They are useful communication tools for
presenting the health status of waterbodies to the public
in a reliable way by policymakers, environmentalists,
conservationists and different governmental agencies
(Sadiq et al., 2010). The use of water quality indices
has become a prevalent and reliable approach to
water quality assessment and monitoring and has been
extensively used by researchers (Adimalla et al., 2020;
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Anyanwu and Umeham, 2020; de Andrade Costa et al.,
2020; Sharma et al., 2021; Anyanwu et al., 2022). This
study was carried out to evaluate the potential of the
Anambra River Basin water in south-eastern Nigeria for
multiple uses with some selected water quality indices.

2. Material and methods
2.1. The studied area

The Anambra River Basin is situated in south-east
of Nigeria, it is approximately 207.4 km to 210 km long
(Odo, 2004) and rises from the Ankpa hills (ca. 305-
610m above sea level) and flows into the River Niger
at Onitsha (Odo, 2004). It is spatially located between
latitudes 6°00’N and 6°30’N and longitudes 6°45’E and
7°15’E. A total of 14014 km? are drained by the river
basin (Odo, 2004) (Fig.1).

2.2. Description

The Ogurugu fishing site (station I)

The Ogurugu fishing site is upstream with GPS
coordinates (N 6°47°28” and E 6°56’48”). It is located
in the Uzo-uwani local Government Area, Enugu State.
A number of anthropogenic activities were observed,
such as laundry, swimming, fishing, extraction of
drinking water, manual sand mining, and farming (rice,
cassava), at flood plain, transportation of different
goods and human beings, and lumbering. The surface
was partially canopied with aquatic plants, and the
flow velocity was moderate.

The Otuocha Fishing site (station II)

The Otuocha Fishing site is about 210 km
downstream of Ogurugu (N 6°20’30”, E 6°50°33”), with
a daily market along its bank. Notable human activities
within the site are water transportation by canoe,
washing, fishing, farming along banks, and extraction
of water for irrigation.

The Otu-Nsugbe Fishing site (station III)

The Otu-Nsugbe is about 17 km downstream of
the Otuocha fishing site (N 6°16’71”, E 6°48°73”). It
is located in Nsugbe at the Anambra River floodplain
with notable anthropogenic activities, such as farming
activities, mechanical dredging, fishing, and water
transportation

Samples collection and analyses

Water samples were collected monthly for nine
months (February - October 2022). Samples were
collected with a clean 1 litre water sampler, after
collection transferred and stored in 1litre plastic bottles
and then transported to the laboratory in an ice chest
for analysis. The physicochemical parameters were
analyzed using standard methods. Three parameters
- electrical conductivity, pH, and dissolved oxygen
(DO) - were determined in situ with a multi-parameter
meter (HQ40d). In the laboratory, nitrate nitrogen
(NO,-N) and phosphate (PO,-P) were determined using
the HACH-DR 6000 UV-Vis spectrophotometer, total
dissolved solids (TDS)-gravimetric; Cl- - titrimetric;
K*, Na*-flame photometric (APHA, 1992); Ca?* ,
Mg?**- spectrophotometric (ISO 11885, 2007); SO -
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Fig.1. Map of studied area

turbidimetric method (APHA, 2005), while biochemical
oxygen demand was determined after five days using
the multi-parameter (HQ40d).

Comprehensive pollution index (CPI)

The comprehensive pollution index method
offers useful information for the management and
control of the pollution in a watershed (Son et al., 2020;
Anyanwu et al., 2022). The equation for computing CPI
is as follows:

C
PIL=— (1)
Si
where C, - measured concentration of parameter in
water; S, - permitted standard of parameter according
to environmental standard (FMEnv., 2011).
1 <
CPI==Y" PI, (2)

n

where CPI Comprehensive Pollution Index; n =
number of parameters investigated; PI, = single factor
pollution index number i. The CPI was computed using
13 water parameters: dissolved oxygen, biochemical
oxygen demand, electrical conductivity, pH, turbidity,
total dissolved solid, total suspended solid, chemical
demand oxygen, chloride, phosphate, nitrate, sulphate,
sodium, potassium, calcium, and magnesium.

Nutrient pollution index (NPI)

NPI was computed using the expression in Eq.
L
max, max,

where NPI=C anC are the monthly mean concentration
of nitrate and phosphate in water samples, and are
maximum allowable concentration of 50 mg/l and

NPI = S

(3)
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5 mg/l for nitrate and phosphate in surface water
respectively (FMEnv., 2011). The classification for NPI
is categorized as NPI of < 1 (non-polluted), NPI of 3
< 6 (considerable polluted) and NPI of > 6 (very high
polluted) (Isiuku and Enyoh, 2020).

Potential salinity (PS)

This index indicates the suitability of water on
the basis of concentration of insoluble salt (Meena and
Bisht, 2020). It was computed using equation below

Potential salinity (PS) = Chloride + % (4.

Soluble Sodium Percentage (SSP)

Soluble Sodium percentage is another important
parameter used in evaluating sodium hazard and water
quality for agricultural purposes (Udom et al., 2019). It
is calculated using the following formula:

Na'+K*
Ca** + Mg™ + Na* +K*

Soluble Sodium Percentage (SSP) = -100 (5)

3. Results and discussion
3.1. Physicochemical parameters

The summary of physico-chemical parameters
determined in the Anambra River is shown in Table 1.

Water Temperature

Temperature is a principal water indicator that
changes with the variation of climatic conditions of an
area. Higher water temperature increases the rate of
biochemical activity of aquatic organisms (Bhatnagar
and Devi, 2013), thus increasing oxygen demand.
The solubility of oxygen and the level of ammonia in
aquatic ecosystems depend on water temperature. The
spatio-temporal variations of water temperature ranged
between 26.87°C and 30.12°C, with mean values of
29.24 *2.04°C (station I), 28.76+3.12°C (station

II), and 28.10+2.11°C (station III). The lowest value
(26.87°C) was recorded at station 1 (September 2022),
and the highest (30.12°C) was recorded also at station
1 (February, 2022). All the water temperature values
were within the permissible range (40°C) and 20 — 32°C
for drinking water (WHO, 2010) and for aquaculture
(Kasmir and Rosmiati, 2014; Mutea et al., 2021).
However, the temporal-spatial values registered during
the sampling period were lower than the recommended
level (22-26°C) for swimming and recreational aquatic
environments (WHO, 2007).

Water pH and Dissolved Oxygen

The pH is measured as the negative logarithm of
hydrogen ions concentration. The pH of natural aquatic
ecosystems is greatly influenced by the concentration
of carbon dioxide, which is an acidic gas (Boyd, 1979).
It is very important to maintain the aquatic resource
within a pH range of 6.5-8.5, as any alteration may
lead to the destruction of aquatic organisms (Mutea, et
al., 2021). Water with a low pH promotes corrosion of
metal pipes and fittings, which can cause a sour taste
(WHO, 2011). Swimming in surface water with a low
pH can indeed result in the corrosive nature of water,
skin and eye irritation, loss of chlorine, and skin stains
in swimmers (Hoseinzadeh et al., 2013).

The spatio-temporal variations of water pH
ranged between 5.0 and 6.9, with mean values of
5.53+0.30 (station I), 5.42+1.01 (station II), and
5.5+0.19 (station III). The lowest value (5.0) was
recorded at station 1 (April and May, 2022) and the
highest was also recorded at station 1 (February, 2022).
The pH values were within the acidic range with mean
values below permissible pH limits (6.5 to 9) for
aquaculture (Ekubo and Abowei2011; Bhatnagar and
Devi, 2019). The mean values exceeded also the range
for water drinking, swimming/bathing and agriculture

Table 1. Summary of the mean values of the water quality parameters at each sampling station and the standard recommended

for multi-uses

Param. | Min | Max | StationI Station II Station III |Aquaculture| Drinking | Recreation | Agriculture
benchmark water (WHO,2007)| (FAO,1994)
(VEPA, (WHO,
2015) 2010)
Tem. (°C) |26.87(30.12| 29.24+2.04* [ 28.76+3.122 | 28.10+2.11? 20-32 40 22-26 -
pH 50 | 6.9 | 5.53+0.30* | 5.42+1.01* | 5.50*+0.19° 6.5-8.85 6.5-8.5 7.0-8.4 6.5-8.5
DO (mg/1) | 1.9 10 3.85+0.24* | 6.11+1.00° | 4.60+0.13¢ 5-15 >5 9-10 -
BOD (mg/1)| 1.10 | 4.4 | 1.50%+0.10* | 2.16+0.08* | 1.67+0.112 01-02 - 1-2 -
TDS (mg/1) | 0.40 [15.50( 2.75+0.10* | 4.25+1.10° | 4.10+0.84° - 500 500 3000
TSS (mg/1) | 0.90 | 3.10 [ 1.92+0.18* | 1.86+0.09* | 1.47+0.20° 25-150 50 50 0.25
Cl (mg/1) |34.90(97.10| 45.90+7.112 [64.76 +12.03?|55.69 +10.14¢ 50 250 100 1065
PO,* (mg/1)| 0.21 | 1.43 | 0.46+0.11* | 0.56+0.03" | 0.49+0.13¢ 0.05-0.5 11 0.2 -
SO 2 0.04 [ 0.35| 0.10+0.00* | 0.14+0.04* | 0.15+0.07¢ - 200 1000 -
NO, 0.11 [ 0.51 | 0.20+0.05* | 0.37*+0.14* | 0.27*0.10¢ 0.1-4.50 50 20 10
CPI 0.150.31 | 0.22+0.05 0.27+0.11 0.22+0.05
NPI 0.07 | 0.46 | 0.15%0.11 0.20+0.06 0.17+0.14
PS 34.93197.19| 45.95+9.49 |65.94+15.22| 56.54+9.05
SSP 11.58]122.92] 17.10x3.91 | 17.35=3.4 | 18.87+4.63
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purpose (Klamt et al., 2021).

The results of this study agreed with those noted
by Odo et al. (2022) that recorded a range of 4.6 to 6.6
mg/] in the Akor River in Ikwuano. The pH value has
a direct relationship to the quality of water suitable for
human consumption. Water with a high carbon dioxide
content, low total alkalinity and low pH is considered
aggressive (Klamt et al., 2021).

Dissolved oxygen affects the growth, survival,
distribution, behaviour and physiology of aquatic
organisms (Solis, 1988). Spatio-temporal variations
of dissolved oxygen (DO) ranged from 1.9 to 10 mg/l,
with a mean value of 3.85%+0.24 mg/l (station I),
6.11+ 1.00 (station II), and 4.6+0.13 (station III).
The lowest value was recorded at station I (February,
2022), while the highest was recorded at station II
(June, 2022). Spatio-temporal values of dissolved
oxygen met standards for aquaculture, swimming,
and agriculture between April and June 2022 at all
the stations, while the mean values for stations I and
III were lower than the recommended value (5-15
mg/1) for aquaculture and other aquatic biota (Boyd,
2014). Concentrations below 5 mg/]1 may adversely
affect the functioning and survival of biological
communities, and concentrations below 2 mg/]
may lead to the death of most fish (Chapman, 1996).
Dissolved oxygen is the quantity of oxygen dissolved
in water, and it is essential to determine whether the
water under study can support aquatic life (Nalder
and Islam, 2015). A higher concentration of dissolved
oxygen is associated with better water quality and taste
(Omer, 2019). The survival and physiological activities
of aquatic organisms at station I and station III, may be
adversely affected. Dissolved oxygen depletion in water
causes poor feeding of fish, starvation, reduced growth,
and more fish mortality, either directly or indirectly
(Bhatnagar and Garg, 2000). Aquatic ecosystem with a
dissolved oxygen level of 3.0-5.0 mg/1 is unproductive,
and for average or good production, it should be
above 5.0 mg/l (Bhatnagar and Devi, 2013). Very high
concentration (>14) of dissolved oxygen sometimes
becomes lethal to fish fry in nursery ponds (Bhatnagar
et al., 2004).

BOD

Bhatnagar and Dev (2013) pointed out that the
desired ranges of BOD level for aquaculture should be
between 1 mg/1 and 2 mg/l. Spatio-temporal variations
of biochemical oxygen demand (BOD) ranged between
1.10 and 4.40 mg/1, with a mean value of 1.50+0.10
mg/1 (station I), 2.16+0.08 mg/l (station II), and
1.67+0.11 mg/1 (station III) (Table 1). The lowest
value was recorded in station I (March, 2022), while
the highest was in station II (May, 2022). The high BOD
concentrations in this study may be ascribed to high
levels of organic contamination from the agricultural
farms and other anthropogenic activities that support
micro-bacteria growth (Crim, 2007). All the values
of BOD recorded were within the values (1 - 2 mg/1)
recommended for aquaculture (VEPA, 2015) and water
body for swimming/ recreation purposes (WHO, 2007).
A high mean value at station II and wet season may
cause sufficient oxygen for respiring aquatic organisms
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in the river. Individuals involved in water-based
activities (swimming, sporting, and other recreational)
are likely to be most sensitive to eutrophic conditions
linked to high BOD, and the demand for all recreational
activities is likely to be impacted due to impediment
of activities, discomfort, and visual unpleasantness
(Breen et al., 2018). Aquatic ecosystem with BOD levels
between 1.0 and 2.0 mg/1 is considered clean, 3.0 mg/1
isfairlyclean,5.0mg/lisconsidereddoubtfuland10.0mg/1
is definitely bad and polluted (Ekubo and Abowei,
2011).

Total dissolved
suspended solid (TSS)

Total dissolved solids influence the aesthetic
value of the water through altering the turbidity
and limit water body from performing its ecosystem
functions as a drinking water source and irrigation
supply (Titilawo et al., 2022). Total dissolved solid
(TDS) ranged from 0.4 mg/] at station I (April, 2022)
to 15.5 mg/1 at station II (August, 2022), with mean
values of 2.75+0.10 (station I), 4.25+1.10 (station II),
and 4.10+0.84 (station III).

Total suspended solid (TSS) ranged between
0.9 mg/1 at station III (February, 2022) and 3.10
mg/l at station II (August, 2022), with mean values
of 1.92+0.18 (station I),1.86+0.09 (station II), and
1.47 +£0.20 (station III). All the values of TSS were within
the range (25-150 mg/1) recommended for aquaculture,
and 500 mg/l for drinking water and swimming/
recreation and (WHO, 2007), 0.25 mg/1 for agricultural
purposes (Table 1). A large accumulation of suspended
solids will reduce light penetration; thereby suppress
photosynthetic activity of phytoplankton, algae and
macrophytes. TSS > 80 mg/1 may cause injure fish gills
(Teodorowicz et al., 2006). The results of this study are
quite below 450 mg/1 set by FAO (2004), as cited by
Misstear et al., (2017) for irrigation agriculture, and
600 mg/l set by WHO (2012) for drinking water. The
results were in line with those of Odo et al., (2022) that
recorded a range between 0.6 mg/l and 4.2 mg/l in
the Akor River. A total suspended solids concentration
below 20 mg/1 appears clear, while levels over 40 mg/1
may begin to appear cloudy (Fondriest Environmental,
2014).

Chloride (CI)

Chloride is a common component of most aquatic
ecosystem and is useful in maintaining their osmotic
balance of aquatic organisms. When the level of chloride
in the aquatic environment exceeds 100 mg/l, it causes
burns on the gills and other parts. Chloride ranged from
34.9 mg/1 at station I — 97.1 mg/1 at station II (August,
2022), with mean values; 45.90+7.11(station I),
64.76 £12.03(station II) and 55.69 +10.14 (station III).

All Cl values fall within the level desirable of
250 mg/1 for drinking water, 100 mg/I for recreational
activities, and 1065 mg/l for agricultural purposes
(Table 1). However, few (45%) of the water samples
had a concentration of chlorine (Cl) above the
permissible value (50 mg/1) for aquaculture production
(Table 1). High concentrations of chloride can make
waters unpalatable and, therefore, unfit for drinking
or livestock watering (Chapman, 1996), as well

solid (TDS) and Total
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as inhibit plant growth, impair reproduction, and
reduce the diversity of organisms in streams (United
States Geological Survey, 2009). The free residual
chlorine < 3 mg/I in the water pool was indicative of
unsatisfactory management of the water disinfection
and filtration process, because free residual chlorine
may be unable to oxidize the organic compounds and
kill the microorganisms that had enhanced the water
while passing through the filters (Fadaei and Sadeghi,

2014).
Phosphate (PO,*)

It is an essential plant nutrient and stimulates
plant (algae) growth in aquatic ecosystems. Phosphate
is often in limited supply and its role for increasing
the aquatic productivity is well recognized (Bhatnagar
and Devi, 2013). Phosphate ranged from 0.21mg/]
at station II (April, 2022) - 1.43 mg/l at station 1
(July), with mean values of 0.46+0.11(station I),
0.56 +0.03(station II), and 0.49+0.13 (station III).
More than half (65.24%) of sampled water had values
above 0.05 - 0.5 mg/] recommended for aquaculture
and 0.2 mg/1 for swimming/recreation water (Table 1).
However, all the values recorded were quite below the
level (11 mg/1) for drinking water. The values recorded
in this recent study were within/slightly higher than the
recommended level (0.05 to 0.5 mg) for aquaculture
(Bhatnagar et al., 2004; Stone and Thomforde, 2004;

Bhatnagar and Devi, 2013).
Sulphate (SO,*)

The presence of sulphate in aquatic ecosystem
can alter taste of drinking water from the system,
and very high levels can cause a laxative effect in
unaccustomed consumers (Klamt et al., 2021). Sulphate
ranged from 0.04 mg/1 at station I (April, 2022) to 0.35
mg/] at station III (July, 2022), with mean values of
0.10+0.002 (station I), 0.14+0.04 (station II) and
0.15+0.07 (station III). All the values recorded were
within the adverse level (200 mg/1) good for drinking
water (WHO, 2010), the desirable level (1000 mg/I)
for swimming/recreational activities, and the level
(0-96 mg/1) for agricultural purpose (FAO, 1994).
High concentrations of sulphate above 400 mg/1 may
make water unpleasant to drink (Chapman, 1996).
Gastrointestinal related diseases have been linked to
drinking water with a high level of SO42- (Klamt et
al., 2021). It is recommended that health authorities
should be notified of drinking water sources with SO42-

concentrations above 500 mg/l (WHO, 2017).
Nitrate (NO,)

Nitrate ranged from 0.11 mg/1 at station I (April)
to 0.51 mg/1 at station III (July), with mean values of
0.20 £0.05 (station I), 0.37 =0.14 mg/1 (station II), and
0.27 +£0.10 mg/1 (station IIT). All the values recorded
in the sampled water during the sampling period were
within the level (0.1 to 4.5 mg/1) good for aquaculture
(Bhatnagar and Devi, 2013). Nitrate is relatively
nontoxic to fish and causes no health hazard except
at exceedingly high levels (above 90 mg/1) (Stone and
Thomforde, 2004; Santhosh and Singh, 2007). Nitrates
have immense significance as major nutrients for the
succession and productivity of phytoplankton and

aquatic macrophytes (Mishra and Patro, 2015).
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Generally, the nitrate concentration was within
the maximum permissible limit of 50 mg/1 for drinking
water, as recommended by the Standard Organization
of Nigeria (2015). Excess nitrate ion in drinking water is
worrying as it causes blue baby syndrome in newborns
and may cause stomach cancer in adults as well as
increasing the likelihood of breast cancer in women
(Baird and Cann, 2011) and other health disorders
(USEPA, 2017). Contamination of fresh water with
nitrates leads to significant environmental problems
and health risks when water is used for drinking (WHO,
2007).

3.2. Drinking water quality indices

Comprehensive Pollution Index (CPI)

Spatio-temporal variations of CPI ranged from
0.150 at station I (March, 2022) to 0.449 at station
II (May, 2022). All the CP1 values were within the
status of non-polluted (< 0.4). However, station II in
May 2022 exceeded the non-polluted level (<0.4).
The results were within the level of CPI recorded by
Anyanwu et al. (2022) in the Ikwu River, Umuahia.
However, Matta et al. (2018) and Imneisi and Aydin
(2018) reported high level (0.54 -2.47) in the Ganga
River at Rishikesh, India, and (0.60-0.88) in the Elmali
and Karacomak streams, Turkey respectively.

Nutrient Pollution Index (NPI)

Spatio-temporal variations of the nutrient
pollution index (NPI) ranged from 0.07 at station I
(April, 2022) to 0.46 at station I (July, 2022). All the
NPI values were within the category of non-polluted
(< 1) throughout the sampling period. Season has a
great effect on the nutrient pollution index, although
the seasonal activities have not had negative impact on
water quality.

Pollution of food and water sources with nitrate
is of concern due to its mental retardation as a result
of methemoglonaemia (Isiuku and Enyoh, 2020). This
indicated that throughout the sampling duration, the
Anambra River Basin was not enriched with phosphate
and nitrate; thus, both human and aquatic animals that
depend on the river for socio-economic activities and
survival, respectively, are not at risk of eutrophication.
According to Isiuku and Enyoh (2020), surface water
bodies are moderately polluted in the dry season and
highly polluted in therainy season in south-eastern
Nigeria.

3.3. Irrigation water quality indices

Potential Salinity (PS)

Potential Salinity indicates the suitability of
water on the basis of the concentration of insoluble
salt. Potential salinity (PS) in water from th Anambra
River Basin ranged from 34.93 mg/l at station I
(February, 2022) to 97.19 mg/1 at station II (August,
2022). All the water from the three stations exhibited
high potential salinity. The results indicated that water
from the Anambra River Basin is not good for irrigation
purposes. The results were within the high potential
salinity recorded in Chaksu tehsil, Jaipur District,
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Rajasthan, India (Meena and Bisht, 2020). However,
the result was quite higher than < 3.0 recorded by
Pivic et al. (2022). Majority (91.63%) of their water
samples had a potential salinity (PS) of more than 70%;

thus falling out of good water for irrigation.
Soluble Sodium Percentage (SSP)

High sodium level in water for irrigation
adversely affect the soil permeability, water infiltration,
and total salinity leading to insoluble salt crystals and
alkaline soil, which negatively affect some vulnerable
crops (Megahed, 2020). Soluble sodium percentage
(SSP) ranged between 11.58 % (September, 2022) at
station I and 22.92 % (April, 2022) at station I. Wilcox
(1950) classified SSP as <20% (excellent), 20 — 40%
(good), 40 — 80% (fair), and >80% (poor/unsuitable).

SSP is one of the vital parameters widely used
for assessing sodium hazard and water quality for
irrigation purposes (Anyanwu et al., 2022). The SSP
values were within the excellent irrigation category
(<20%) at station I, with exception of 26.92% and
25.27% recorded in April and May 2022, respectively;
which are within the good water category. At station
II, all the values were within the excellent category
(< 20%), except 21.95% recorded in August 2022. All
the values recorded at station III were within the good
irrigation water category, except for those recorded in
July-September 2022. The SSP values were within the
excellent irrigation. The SSP values were lower than
those previously recorded in some Nigerian rivers;
(28.16-34.69%) recorded by Udom et al. (2019) in
the Abak River were within the good irrigation water
category, and Eruola et al. (2020) recorded values
(51.8 — 54.0%) that was within the fair/permissible
category in the Owiwi River, Abeokuta, Ogun State.
However, Anyanwu et al. (2022) and Omofunmi et al.
(2019) recorded values within the excellent category
in the Ikwu River, Umuahia, Abia State, and Ero dam,

Ikun —Ekiti, Ekiti State, all in Nigeria.

4. Conclusion

This assessment revealed that all the parameters
evaluated were within acceptable limits for drinking,
fish production, recreation, and agriculture purposes,
except pH (May - October 2022) and dissolved oxygen
(February - March, July - October 2022). All the indices
were also favourable and within their respective
acceptable limits. The indices applied -effectively
examined the water quality of Anambra for multiple
purposes and revealed that the water quality of the
Anambra River Basin was suitable for the designated

purposes.
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ABSTRACT. The analysis of sanitary-significant microorganisms in two baths of the thermal spring
Zmeinyi, the streams of the baths and at a distance of 5 and 20 meters from the shore was carried out
during the day before and the day after tourists’ bathing. Exceedance of permissible values of sanitary-
microbiological indicators in accordance with SanPiN 1.2.3685-21 were detected in the baths, streams
of outflow and in the water edge at a distance of up to 5 meters. The indicator of total (generalized)
coliform bacteria (TCB) in all studied samples did not decrease throughout the day, the highest values
of the number of opportunistic microorganisms were observed in the baths of the thermal spring and
in the streams of outflow, where the water temperature was ~ 32 - 33°C. The obtained self-cleaning
coefficients in the littoral zone up to 20 m had low values (from 0.0008 to 2.53).

Keywords: Zmeinyi sulfide spring, organotrophic bacteria, coliform bacteria, enterococci

1. Introduction

There are about 60 hydrotherms with different
temperature characteristics in the Baikal Rift Zone
(BRZ) (Lomonosov, 1974; Borisenko and Zamana,
1978; Zamana and Askarov, 2010). Basically,
waters of hydrotherms have sodium composition,
low mineralization (from 0.1 g/1 to 2.0 g/I), high
concentration of silicon in the form of orthosilicic acid
H,SiO, (40 - 120 mg/dm®) and alkaline environment
(pH 8.5 - 10.0).

Studies of sanitary condition of hydrotherms are
episodically carried out. In alkaline mineral springs of
the Barguzin valley high TCB indices were revealed,
as well as the presence of opportunistic bacteria of the
genera Enterobacter, Klebsiella, Escherichia, Citrobacter
in frequently visited springs (Kuchiger, Seyuya,
Goryachinsk, Kumyska), which indicated a large
anthropogenic load (Darmaeva, 2007; Barkhutova,
Darmayeva and Namsarayev, 2012).

The Zmeinyi spring located in the Chivyrkuisky
bay is very popular place, and a significant number of
tourists visit it during the summer period. Its waters are
hydrocarbonate-sulphate, contain hydrogen sulphide
(H,S) at a concentration of 23.2 mg/1, and are used for
treatment and prevention of radiculitis and disorders of
the musculoskeletal system (Namsaraev et al., 2007).

When examining the diversity of microbial
communities by sequencing the V2-V3 region of the
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16S rRNA gene on the MiSeq platform (Illumina),
representatives of the families that included
opportunistic species were identified in different parts
of the Zmeinyi Spring in 2019 (Chernitsyna et al., 2023).
Significant exceedances of sanitary-bacteriological
indicators (SanPiN 1.2.3685-21) were also observed in
Zmeinaya Bay in 2022. The number of TCB in this area
exceeded the normative indicators 2 times, enterococci
44 times (Suslova et al., 2022). All previous studies
were based on single sampling, data on the dynamics of
sanitary-significant microorganisms during a day have
not been presented before.

The aim of the study is to assess the number
of sanitary-significant microorganisms in the thermal
spring Zmeiny and the coastal zone during the day
before and the day after tourists’ bathing, as well as
determining the self-purifying capacity of coastal
waters in the places of springs outflow.

2. Materials and methods

Surface water samples were taken according to
GOST 31942-2012 in the small and large baths (SB, LB),
in the streams of the small and large bath (sSB, sLB),
near the pier (P), as well as at a distance of 5 and 20
meters from the shore (5 m and 20 m) (Fig.1). Sampling
was conducted on July 11, 2022 at 23:00 after daytime
tourists® bathing, on July 12 in the early morning after
6-hour absence of bathers and at 9:00 immediately

© Author(s) 2023. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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after bathing of several groups of tourists. A total of 16
water samples were collected and 320 analyses were
conducted in accordance with MUK 4.2.1884-04 and
GOST 24849-2014.

At all sites, water quality was assessed by basic
sanitary-microbiological indicators in accordance with
SanPiN 1.2.3685-21. The following parameters were
determined in each sample in accordance with the
methodological instructions (MUK 4.2.1884-04, GOST
24849-2014): TCB, E. coli, enterococci, the number
of which should not exceed 500 CFU/100 cm?, 100
CFU/100 cm?, 10 CFU/100 cm?, respectively.

The total microbial population (TMP) was
conducted by direct microscopic counting of
microorganisms on 0.22 pm pore size membrane filters
(REATREK-Filter) using DAPI dye (4,6-diamino-2-
phenylindole) (Porter, 1980). Microscopy was performed
with an epifluorescence microscope Axiolmager.M1
(“Carl Zeiss”, Germany). At least 20 fields of vision
were viewed. Cell counting in the photographs was
carried out using the ImageTest program. Calculation
of the TMP value was done by the formula:

_a-b-10°

c-d-e
where a - is the area of filter (mm?); b - number of
bacteria counted; ¢ - micrometer area (um?); d - volume
of applied preparation (ml); e - number of counted
fields of vision (Gerhardt, 1981).

To determine the self-cleansing coefficient, we
used MUK.4.2.1884-04. The total microbial count
(TMC) was calculated, reflecting the total content
of mesophilic aerobic and facultatively anaerobic
microorganisms capable of forming colonies on meat-
peptone nutrient agar (MPA) at 37°C for 24 h (MPA
37°C) and at 22°C for 72 h (MPA 22°C). Also, to
determine the abundance of organotrophic bacteria, a
medium with fish-peptone agar (FPA:10) was used, the
cultivation temperature was 37°C (Gorbenko, 1961).

Physicochemical characteristics of water (pH,
Eh, T) were measured with an instrument pH 3310
(WTW, Germany).

X

3. Results
3.1. Physicochemical characteristics of
the spring

The Zmeinyi spring is characterized by relatively
high temperature compared to other springs of the
Barguzin Basin (Namsaraev et al., 2007). The water
temperature in the large bath was 43°C, and in the
small one was 38.6°C, pH was 9.6. The redox potential

Table 1. Total microbial count (million cells/mL)

Fig.1. Geographical map of the study area and sampling
locations in Zmeinaya Bay (Lake Baikal, Russia). LB - large
bath, SB — small bath, sLB - stream of the large bath, sSB
— stream of the small bath, P — pier, 5 m - 5 meters, 20 m
— 20 meters. Software Earth 7.1.8.3036 Pro https://www.
google.com/intl/ru/earth/versions/#earth-pro (accessed on

February 20, 2023).

(ROP) in the large bath was -434 mV and in the small
bath -427 mV, indicating reduced conditions in the
spring. At the water’s edge, the water temperature was
17°C, pH was 8.8, ROP was -239 mV.

3.2. Number of sanitary-significant
microorganisms

On July 11 at 23:00 p.m. after mass tourists
bathing in the area of the thermal spring outlet (SB,
LB, sSB, sLB), the high TMP values were recorded when
cultured on MPA at 37°C, their values ranged from
2013 to 12426 CFU/cm? (Fig.2).

This indicator was low at the water’s edge near
the pier and at a distance of 5 - 20 meters from the
shore (10-36 CFU/cm?). High count of bacteria growing
at 22°C (MPA) and 37°C (FPA:10) was recorded in
the stream of small bath (up to 5760 and 3613 CFU/
cm?®, respectively). The TMP value was relatively high
in that time in the streams of large and small baths
and was 8.36 +0.34 and 8.28 +0.38 million cells/ml,
respectively (Table 1).

High number of TCB was recorded in the large
and small baths, in streams and in the littoral zone near
the pier (Fig. 3). At a distance of 5 meters from the
shore this indicator was also high (up to 626 CFU/100
cm?®). The stream sample from the large bath showed

ampling site LB SB sLB sSB P 5m 20 m
Sampling time
23:00 6.87+0.32 | 6.83+0.14 | 8.36+0.34 | 8.28+£0.38 | 2.05x0.07 | 1.97+0.05 | 2.14+0.08
5:00 * 8.02+0.37 | 5.09+0.22 | 7.96+0.21 2.27+0.06 | 2.20+0.07 | 3.00+0.15
9:00 4.69+0.11 3.01+0.22 -
Note: “~” no study was conducted; “*” - number exceeding the maximum value for counting on filters.
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continuous growth, while in the littoral zone of the
lake this indicator was already within normal limits at
20 meters from the stream (180 CFU/100 cm?). High
levels of E.coli bacteria and recent fecal contamination
recorded only in the baths and streams. Spores of
sulphite-reducing clostridia were found in the large
bath and (2 and 1 CFU/20 cm?, respectively).

At 5:00 a.m. on July 12, after a 6-hour break, the
count of mesophilic aerobic and facultatively anaerobic
microorganisms growing on MPA at 37°C and 22°C
decreased. Their count ranged from 563 to 7386 CFU/
cm?® and from 23 to 826 CFU/cm?, respectively (Fig.
2). In the littoral zone at a distance of 20 m from the
shore, the TMC value (MPA 37°C) increased to 3440
CFU/cm?®. At this time, an increase in the number of
organotrophic bacteria growing on FPA:10 (2330 and
2963 CFU/cm?, respectively) was recorded in the small
and large baths). A high TMP value was recorded in
a large bath when filtering 1 ml of diluted sample,
cells formed conglomerates, making counting difficult,
which did not allow obtaining reliable values (Table 1).
Low TMP values were recorded near the pier and at 5
and 20 m from the shore. Number of TCB in the baths
and streams increased approximately 2 times compared
to evening values (Fig. 3). At the same time, in the
coastal water zone at a distance of 5 and 20 meters
from the shore, this indicator decreased by about 30 -
40%. There was also a decrease in the number of E. coli
and enterococci by 60 - 70 %. Spores of sulfite-reducing
clostridia were found only in the stream of the large
bath (4 CFU/20 cm?®) and were not detected in other
samples.

At 9:00 a.m. on July 12, after several groups of
people bathed, in the large and small baths, the TMC
counted on the MPA at 37°C decreased to 903 and 1,050
CFU/cm?, respectively, compared to the morning and
evening values. The TMP values in the large and small
baths were relatively low (4.69+0.11 and 3.01+0.22
million cells per ml, respectively). The number of TCB
in the large bath remained high as it was at 5:00 a.m.,
while in the small bath this index decreased to 3246
CFU/100 cm?® (see Fig. 3). The number of spores of
sulfite-reducing clostridia was maximum at this time
and reached 15 and 12 CFU/20 cm?®.

Relatively high self-cleaning coefficient was
observed in the coastal zone: near the pier (2.53) and
at a distance of 5 meters from the shore at 23:00 and
5:00 (1 and 2.16, respectively) (Table 2).

4. Discussion

The healing properties of geothermal springs
have been known for a long time. As shown in the
work of Buslov S.P. (Buslov, 1990), mineral water
from BRZ (Baikal Rift Zone) springs has a beneficial
effect on various organ systems: nervous, respiratory,
motor, genitourinary, etc., as well as improves skin
condition and promotes wound healing. Therefore, the
springs are very popular among the population and
are open to the public (Namsaraev et al., 2007). At the
same time, the geothermal springs of BRZ exceeded
repeatedly the normative values of sanitary-significant
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Fig.2. Number of organotrophic mesophilic aerobic and
facultatively anaerobic microorganisms in the studied water
zone during a day

Table 2. Self-cleaning coefficient in the water area of
Zmeinaya Bay

Sampling site
P 5m 20 m
Sampling time
23:00 0.27 1 0
5:00 A3 2.16 0.0008
9:00 - - -
Note: “-” — no studies were conducted
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microorganisms. Thus, in 2012, opportunistic bacteria
of the E. coli group and bacteria of genus Enterococcus
were revealed in mineral waters of the Shumak River
valley (Suslova et al., 2013). In cold and hot springs of
the Baikal region (Kumyska, Serebryany, Goryachinsk),
opportunistic microorganisms belonging to the genera
Enterobacter, Klebsiella, Escherichia, Citrobacter and the
pathogenic species Clostridium perfringens, which is a
causative agent of human food poisoning and one of
the causative agents of gas gangrene, have also been
detected (Barkhutova et al., 2012). As we mentioned
above, exceedances of values of sanitary-significant
bacteria in the summer period were repeatedly noted
in the Zmeinyi spring. Although according to the
chemical analysis data, the water of the Zmeinyi spring
is constant in time, its composition does not change and
corresponds to the previously obtained data (Namsaraev
et al., 2007; Plyusnin et al., 2013; Kalmychkov et al.,
2020; Chernitsyna et al., 2020). As our studies have
shown, an increased content of sanitary-significant
microorganisms in the thermal spring of Zmeinaya Bay
was observed at different time of the day after the visit
of tourists. The highest values exceeding the normative
values according to SanPiN 1.2.3685-21 were observed
in the evening time of a day (23:00). Early in the
morning, despite the 6-hour absence of bathers, the
values of TCB, E. coli, and enterococci also exceeded
the permissible values. Incomplete self-purification
processes or insufficient dilution of thermal waters
with Baikal waters is evidenced by the values of self-
purification coefficient (2.16 - 2.53) near the pier and
in the lake littoral zone at a distance of 5 m from the
shore.

One of the reasons for constant contamination of
the spring with opportunistic microorganisms may be
high water temperature (40 - 42°C), which is close to the
optimum (37°C) for their growth. For example, E. coli
has a growth optimum of 37°C, although some strains
are able to grow from 40 to 49°C (Ingledew and Poole,
1984). Preservation of bacterial viability, including
sanitary bacteria, may be facilitated by low flow of
the spring and restored environmental conditions. In
streams where water is saturated with O, and water
temperature is ~ 32 - 33°C, microbial abundance also
remains high. The values of TCB, E.coli, and enterococci
abundance meet the norms only in the littoral zone at
a distance of 5 - 20 meters from the shore, where water
temperatures are 17°C. It is obvious that a combination
of such factors as temperature, water renewal rate in the
baths and the number of bathers affect the development
and distribution of opportunistic microorganisms in the
investigated spring and coastal water area. According
to our research results, the waters in the large and
small baths of the thermal spring Zmeinyi do not
meet the requirements of SanPiN 1.2.3685-21 and are
not safe for balneological purposes without special
measures. Possible measures to increase the flow of
waters of this spring is adding Baikal water at night.
Dilution of thermal waters and temporary reduction
of temperature in them can reduce the survival rate of
opportunistic microorganisms and improve the quality
of water in the baths of the spring.
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Fig.3. Number of sanitary-significant microorganisms in
the studied water area during a day

5. Conclusion

According to SanPiN 1.2.3685-21, at different
time of the day in the Zmeinyi spring exceedance
in the norms of sanitary-microbiological indicators
(TCB, E. coli, enterococci) were observed. The highest
content was observed after tourists bathing, their
number remained high and after a 6-hour break. In
the littoral zone of the lake (20 meters from the shore)
the number of the studied groups corresponded mainly
to the norms. It is obvious that a combination of such
factors as temperature, water renewal rate in baths
and the number of bathers affect the development and
distribution of opportunistic microorganisms in the
studied spring and coastal water area.
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Healing springs, as objects of permanent
recreational visit, should be protected from the transfer
of opportunistic bacteria in the places of mineral water
outlet using special measures. There is also an obvious
need to develop regulations for tourists visiting this
spring.
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AHHOTAILIMA. IlpoBegeH aHaau3 CaHUTApHO-3HAYMMBIX MHKPOOPraHM3MOB B [JIByX BaHHax
TepMaJIbHOTO MCTOYHMKA 3MEeUHBIN, UX Py4bsaX U Ha paccTogHuu S5 1 20 MeTpoB OT Oepera B Te4eHUU
CYTOK [0 U IOcjie KyINaHUs TYPHUCTOB. BBHIABJIEHBI NpeBbIIIEHNA AOMYCTUMBIX 3HAUeHHIl CaHUTapHO-
MHKPOOMOJIOrNYecKrX IoKasaresell B coorBeTcTBuM ¢ CanlluH 1.2.3685-21 B BaHHaX, pPy4bsAX U3JIMBa U
B ype3e BOABI Ha paccTossHNU A0 5 M. [TokasaTesib 061ux (06001meHHbIX) KonnudopMHbix 6akTepuii (OKB)
BO BCEX MCCJIEAOBAHHBIX MPOOax He CHIPKAJICA HA NPOTSXKEHUU BCETro AH:A, HauboJiee BEICOKME 3HAUYEHNUS
YMCJIEHHOCTU yCJIOBHO-NIATOT€HHBIX MUKPOOPraHM3MOB OTMEUYEHBl B BAHHAX TE€PMAaJIbHOTO MCTOYHUKA
U B py4bsX U3JIMBa, I'le TemnepaTrypa BoAbl cocranisgeT ~ 32 - 33°C. IlosmyuyeHHble KO3(POUIIEHTH
CaMOOYUIIeHNUA B JIMTOPAJIX Ha paccTosHum o 20 M nMmesnu Huskue 3HaveHus (ot 0.0008 mo 2.53).

Kiiouegwie citoga: cynbGUOHBIN NCTOYHUK 3MENHBIN, opraHoTpodHbIle OaKkTepuu, KoandopMHble OaKTepuH,

SHTEPOKOKKHN

1. BBeapenue

B  Baiikasbckoii  pudroBoii  3oHe  (BP3)
HaCYMTHIBaeTCA OKOJIO 60 ruaporepM ¢ PpasHbIMU
TeMIlepaTypHbIMU XapakTepucTtukamu (JIOMOHOCOB,
1974; BopuceHnko u 3amana, 1978; 3amana u Ackapos,
2010). B ocHOBHOM, BOJB THUAPOTEPM HMEIOT
HaTpHeBbIH cOCTaB, HU3KYI0 MuHepasu3anuio (ot 0.1 /71
— 2.0 r/m), BHICOKYI0O KOHIIEHTPAINI0 KPEMHUS B BUJIE
opTokpemHueBoi kucaoTel H,SiO, (40 - 120 mr/am®) u
mesiouHyio cpeny (pH 8.5 — 10.0).

HccnemoBaHus CaHUTAPHOTO COCTOSTHUSA
TUIPOTEPM TMPOBOMAATCA SMU30JUYECKU. B MIesTouHBIX
MUHEpPaJIbHBIX HCTOYHUKAX bBapry3uHCKON [1OJIMHBI
BBIABJIEHBI BhicOKHe noka3aTesii OKB, a Takxe HaIn4re
VCJIOBHO-TIATOTEHHBIX OakTepuil pomoB Enterobacter,
Klebsiella, Escherichia, Citrobacter B 4acTO IOCeljaeMbIX
ucrounukax (Kyuurep, Cerosi, ['opsunHck, Kymbicka),
YTO CBUJETEJbCTBYeT O OOJIBIION AaHTPONOTeHHOM
Harpy3ke ([apmaesa, 2007; BapxyToBa u fp., 2012).

Hctounnk  3MeuHBIN, PpacHoJIO)KeHHBIH B
UMUBBIpKYHCKOM  3ajiiBe, IOJib3yeTcss  OOJIbIION
MOMYJIAPHOCTBIO, B JIETHUN IepHOoJ ero IMocemniaer
3HAQUUTEJIbHOE KOJINYeCTBO TYpUCTOB. Ero Bofbl
OTHOCATCA K rAPoKapOOHATHO-CYJIb(PAaTHBIM, COAepXKaT
cepoBogopos (H,S) B KoHueHTparuu 23.2 Mr/JI,

*Corresponding author.
E-mail address: elovskaya.iren@yandex.ru (1.C. EnoBckas)

INocmynuna: 07 asrycra 2023; IIpunama: 09 oktsa6ps 2023;
Onyb6sukogana online: 24 oxtsa6ps 2023

U MCHOJIB3YIOTCA MJIA JiedeHUusA U NpodUuIakTHUKU
paaguKyauTa M 3aboJieBaHUIM OMOPHO-/BUTaTeJIbHON
cuctemsl (Hamcapaes u ap., 2007).

[Tpu uccrenoBaHuy pasHoOOOpasys MUKPOOHBIX
coo01ecTB MeTOAOM CEKBEHHPOBaHWA pervuoHa V2-
V3 rena 16S pPHK Ha niatdpopme MiSeq (Illumina),
B pa3HBIX YacTAX UcTOUYHMKa 3MeuHbli B 2019 romy
OBLTIM BBIABJIEHBl IIPeACTaBUTEIN CeMelCTB, KOTOphle
BKJIIOYAIOT ycJIOBHO-aToreHHble Buabl (Chernitsyna
et al., 2023). 3HaunTEIIFHBIE TIPEBBIIIEHNA CAHUTAPHO-
6aKTepuoJIOTUYeCKUX rokasarteJiei (CaulluH
1.2.3685-21) B 6yxTe 3MenHas oTMeuaauch u B 2022 r.
KomuuectBo OKB B 3TOM pailioHe MpeBHIIaI0
HOpMaTHBHBIE IIOKa3aTejaud B 2 pa3a, SHTEPOKOKKOB
B 44 paza (Suslova et al.,, 2022). Bce mpeasiayluiue
HCCJIeIOBAaHNsA OCHOBBIBAJICh Ha pas3oBBIX OTOOpax
00pasioB, AaHHbIE O JUHAMUKE CAHUTapHO-3HAYMMBIX

MUKPOOpPraHM3MOB B Te€4Ye€HHE CYTOK paHee He
IIPpUBOAUJIVCh.
]_IeJ'II)IO paGOTI)I ABJIAJIaCb OI€HKAa 4YMCJIEHHOCTU

CaHHUTapPHO-3HAYMMBIX MUKPOOPraHN3MOB B
TepMaJbHOM HCTOYHMKE 3MEeHHBI U MNpUOpeXHON
30HEe B TeueHHe CyTOK [I0 U IOocJie KynaHUA TypHCTOB,
a Takxe onpefesieHre caMOOYHUIIAIell CIOCOOHOCTH
NIpUOpEeXHBIX BOJI B MeCTax M3JIMBA NCTOYHUKOB.

© ABtop(s1) 2023. DTa paboTa pacnpocTpaHs-
eTCs 0] MeXAyHapoJHOI iuneH3uel Creative BY NG

Commons Attribution-NonCommercial 4.0.
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2. MaTepuanbl U METOAbI

[Ipo6bl TOBEPXHOCTHOW BOJB OTOWpAS B
cootBeTcTBUU ¢ 'OCT 31942-2012 B MaJjIoii 1 60JIbLION
BanHe (BB, MB), B pyubsix MaJioil ¥ OOJIBIION BaHHBI
(pbB, pMB), y nupca (II), a Takxe Ha pacCTOAHUU S
u 20 merpax ot 6epera (5 m u 20 m) (Puc.1). OT60p
npo6 nmposoauau 11 wmromna 2022 ropa B 23:00 mocie
JHEBHOTO KylaHUA TYPUCTOB, 12 HI0JA paHO YTPOM
nocje 6-4acoBOro OTCYTCTBHA Kymnaromuxca U B 9:00
cpasy ke [ocJjie KyllaHusA HeCKOJIbKUX TPyl TYPUCTOB.
Bcero oto6paHo 16 o6pasioB BoAsl U nposefieHo 320
aHanu3oB B cooTBeTcTBUU ¢ MYK 4.2.1884-04 u I'OCT
24849-2014.

Ha Bcex yuacTkax KayecTBO BOJbl OLl€eHHWBAJIU
II0 OCHOBHBIM CaHUTApPHO-MHUKPOOMOJIOTHYECKUM
nokasaresam B cooTBeTcTBrM ¢ CanlluH 1.2.3685-21.
B xaxgoMm oOpasiie B COOTBETCTBUU C METOAUYECKUMU
ykazanuamu (MYK 4.2.1884-04, TOCT 24849-2014)
onpeAessA ciienyome mnokasarenau: OKB, E. coli,
SHTEPOKOKKH, KOJINYeCTBO KOTOPHIX He JOJDKHO
npesbimath 500 KOE/100 cm®, 100 KOE/100 cm3, 10
KOE/100 cm®, cOOTBETCTBEHHO.

INoxcueT o61ell YU CIEHHOCTY MUKPOOPraHU3MOB
(0OUM) NIPOBOAVIIN o MeTouKe NIPsAMOTO
MHKPOCKOIIMYECKOT0 IoJicieTa MHUKPOOPraHM3MOB Ha
MeMOpaHHbIX (puiabTpax c¢ pasMepoMm nop 0.22 MkM
(PEATPEK-®uibTp) € HUCIOJIb30BaHMEM KpacUTesd
JADU (4.6-nuamuHo-2-pennnungos) (Porter, 1980).
MuKpOCKONMI0 NPOBOAWIIA Ha 3MHUGJIyOpPeCleHTHOM
Mukpockone Axiolmager.M1 (“Carl Zeiss”, 'epmanus).
[IpocmoTpeHo He MeHee 20 moJsieii 3peHusA. Ilomcuer
KJIeTOK Ha ¢ortorpaduax IPOBOAWIN C I[IOMOILBIO
nporpaMmmsbl ImageTest. Beruncienne OUYM npoBoauiu
no popmyiie:

:a-b-106
c-d-e

X

rae a - miom@ans ¢uwibtpa (Mm2); b - uwMcio
[IOACUYMUTAHHBIX OakTepull; ¢ —IUIOMaAb MUKpPOMeTpa
(Mxm2); d — 06beM HAaHOCHMOTO TMpemnapaTa (MJI); e —
YHCJIO IPOCUUTAHHBIX NoJiet 3peHnus (Gerhardt, 1981).

Jna omnpepeJieHUA ko3 punmrenTta
CaMOOYMIIEeHNS KCIIO0JIb30BAIU MVYK.4.2.1884-
04. TMoacuutaHo obmiee mMukpobHoe uymcsio (OMY),
oTpaxamliee oOllee cojepxaHue Me30(UIIbHbBIX
a3pOOHBIX u daxyJsIbTaTUBHO aHa’pPOOHBIX
MUKPOOPraHN3MOB CIIOCOOHBIX 00PAa30BHIBAThH HA MACO-
MenToHHOM nuTaTesibHoM arape (MIIA) xosloHUM TIpU
temrepatype 37°C B Teuenue 24 u (MIIA 37°C) u nipu
Temrepatype 22°C B TeueHue 72 u (MIIA 22°C). Takxe
JUIA ollpefesieHusA YMCJIEHHOCTH OpraHoTpO(dHBIX
OakTepuil HCIIOJIb30Bajd Cpefy C PBIOO-NEeNTOHHBIM
arapom (PITA:10), TemmepaTypa KyJbTUBUPOBAHUA
cocrasJisia 37°C (T'opbenko, 1961).

@OU3NKO-XMMHUYECKHe XapaKTepPUCTHUKU  BOJBI
(pH, Eh, T) uamepens! ¢ momoieio npudopa pH 3310
(WTW, I'epmanus).
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Puc.1. l'eorpaduyeckas kapTa pailioHa HccJieJoBaHUSA U
MecT oTOopa npob B OyxTe 3menHas (o3epo batikas, Poccus).
BB - Gospmasa BaHHa, MB - manasa BaHHa, pBB - pyueil
6oJibIIoN BaHHBI, pMB — pydeil Masoii BaHHEI, I — upe, 5 M
- 5 meTpos, 20 M — 20 MeTpoB. IIporpaMMHOe obecreyeHne

Earth 7.1.8.3036 Pro https://www.google.com/intl/ru
earth/versions/#earth-pro (mata o6pamenus: 20 despans
2023 roza).

3. Pe3yabTartbl
3.1. PU3UKO-XMMHUECKHE XapPaKTepPUCTUKH
MCTOUYHMKA

HctouHuk 3MeuHbIH XapakTepusyercs
OTHOCUTEJIBHO BBICOKOU TEMIIEPATYPOU M0 CPAaBHEHUIO
C JIPyTMMM UCTOYHUKAMU Bapry3vHCKON KOTJIOBUHBI
(HamcapaeBwu zip., 2007). TemnepaTtypa BoIbl B 60JIBIIION
BaHHe cocrasssia 43°C, B mason — 38.6°C, pH 9.6.
OKHUCIUTEIBHO-BOCCTAHOBUTEJIHbHBIH MoTeHIral
(OBII) B OospmioN BaHHe ObLT -434 MB, B Majioi
-427 MB, 4TO CBHJETEJbCTBYeT O BOCCTAHOBJIEHHBIX
YVCJIOBUAX B WCTOYHHKe. B ypese BOIbI TemmepaTypa
BojibI cocTtasysuia 17°C, pH 8.8, OBII -239 mB.

3.2. YUCAEHHOCTb CAHUTAPHO-3HAYUMbIX
MHUKPOOPraHMm3moB

Beuepom 11 wurona B 23:00 mocsie MaccoBOro
KylaHUsi TYpPHUCTOB B palioHe BHIXOAA TEePMaJIbHOTO
uctrounnka (MB, BB, pMB, pbB) 3adukcupoBaHbi
BBICOKME NoKaszaTean OMUY npu KyJIbTUBUPOBAaHUU Ha
MIIA npu 37°C, ux 3HauyeHus BapbupoBaysu oT 2013
no 12426 KOE/cm® (Puc. 2). B ypese BoAabl y mupca
U Ha paccrosaHuu 5-20 MeTpoB OT Oepera AaHHBIN
nokasatesb 6bU1 HuU3KUM (10-36 KOE/cm®). Bosibinoe
KoJIMuecTBO OaKTepuii, pacTyLUux IpU TeMIeparype
22°C (MIIA) u 37°C (PIIA:10), 3aperucTpupoBaHO
B pyube MaJioll BaHHBI (0 5760 u 3613 KOE/cMm3,
cooTBeTcTBeHHO). [TokazaTesr OUM B 3TO BpeMs ObLI
OTHOCUTEJIbHO BBICOKUM B PYyuUbsX OOJIBIION M MaJion
BaHH M cocTtaBaan 8.36+0.34 u 8.28+0.38 miH.
KJIETOK Ha MJI, cooTBeTcTBeHHO (Tabt. 1).
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Ta6auna 1. O6masn YncjIeHHOCTh MUKPOOPIaHU3MOB (MJTH. KJI/MJT)

PaiioH oT6opa

Bpewms oT6opa

BB MB pEB

pMB I1 S5Mm 20 m

23:00 6.87+0.32
5:00 *
9:00 4.69+0.11

6.83+0.14
8.02+0.37
3.01+0.22 -

8.36+0.34
5.09+0.22

8.28+0.38
7.96+0.21

2.05+0.07
2.27+0.06

1.97+0.05
2.20+0.07

2.14+0.08
3.00+0.15

Hpnmeqa}me: «-» - UCCJIEAOBaHUA HE IPOBOANJIVICh; «*» - YUCJI0 IIpeBhIIIaoIee MaKCUMaJbHOE 3HaY€HNE [JIA IToACYeTa Ha

¢uibTpax.

Bricokasa uncneHHocts OKB 3aperucrpupoBaHa
B OOJIBIION U MaJION BaHHAX, B Py4YbsAX U B JIMTOPAJIU
y nupca (Puc. 3). Ha pacctosnuu 5 meTpoB oT Gepera
JAHHBIM IIOKaszaTeJb TakXke ObLI BBICOK (g0 626
KOE/100 cm®). B ob6pa3sne pyubs u3 OOJIBIION BaHHBI
OTMeueH CIUIOIIHOM pOCT, a B JIMTOpau o3epa, B 20
MeTpax OT pyubs, HJaHHBIN IOKa3aTesb OBLI yXe B
npenesnax Hopmsl (180 KOE/100 cm®). Beicokue ypoBHU
0akTepuil KUIIEYHOU TMAJOYKM UM IHTEPOKOKKOB,
CBU/JIeTeJIbCTBYIOLIE 0 cBexeM (exampHOM
3arpsA3HeHnY, 3aperucTpUpOBaHbl TOJIBKO B BaHHAaX U
pyubsAx. Cropsl cyJbGUTPeyLUPYOMNX KIOCTPUAUN
oOHapyXeHbI B OOJIBIION BaHHE U B pyube M3JuBa (2 u
1 KOE/20 cM®, COOTBETCTBEHHO).

B 5:00 yrtpa 12 wuiona mnocie 6-4acOBOTO
nepepeiBa, YHCJIEHHOCTb Me30(UIbHBIX adpPOOHBIX
1 (akyJbTaTUBHO aHA3pOOHBIX MHUKPOOPraHNU3MOB
pactyuiux Ha MIIA npu Temmnepatype 37°C u
22°C, cHu3wiack. KX KOJMYECTBO BapbUPOBAJIO
ot 563 mo 7386 KOE/cm® u ot 23 mo 826 KOE/cMm®,
cooTBeTcTBeHHO (Puc. 2). B imTopanu Ha paccTOSAHUN
20 M ot Gepera 3Hauenue OMY (MIIA 37°C) Bo3pocJio
o 3440 KOE/cMm®. B 3TO BpeMs B MaJiol U GOJIBIION
BaHHaX 3a(UKCUPOBAHO IOBBIIIEHNE YKCJIEHHOCTHU
opraHoTpodHbIX 6akTepuii, pactymux Ha PITA:10 (2330
1 2963 KOE/cM2, cooTBeTCTBEHHO). BricOKoe 3HaueHre
OYM ObL10 3aperucTprupoBaHO B OOJIBIION BaHHE: IPU
¢unbTpoBaHuu 1 M pa3BeleHHOro o0pasla, KJIeTKU
o0pa3oBbIBaId KOHIJIOMEpAaThl, 3aTPyAHAA IOACYeT,
YTO He T03BOJIWJIO MOJIyYUTh JOCTOBEPHBIX 3HAUYEHUI
(Tabs.1). Huskue 3HaueHus OUM oTmeueHs! y nvpca 1
Ha pacctosHuu 5 1 20 m ot Gepera. Kosnmuectso OKB B
BaHHAX U PyYbAX YBEJIMYMJIOCh IPUMEPHO B 2 pasa, 1o
CpaBHEHMIO ¢ BeuepHUMU 3HaueHuAMU (Puc. 3). BmecTte
C TeM, B IPUOPEXHON aKBaTOPUU HA PACCTOAHUU 5 U
20 MeTpoB OT Oepera AaHHBIN IOKasaTeslb CHU3WJICA
npuMepHO Ha 30 - 40 %. Taxxe OTMeYeHO CHUXEHUE
yncyieHHocTH E. coli v aHTepokokkoB Ha 60 - 70 %. Cops
CyIbUTPEeNYLUPYIOIINX KJIOCTPUAUN OOHapyXeHBI
TOJIBKO B pyube 60Jibmioi BaHHH (4 KOE/20 cm®) u He
BBIAIBJIEHHI B IpyrUx o0pasuax.

B 9:00 yTpa 12 utosia mocJie KynaHus HeCKOJIbKUX
rpynmn Jiogeli, B OoJiplmiol M Majioll BaHHax OMY,
yureHHoe Ha MIIA nmpu 37°C, cHuswiock Ao 903
u 1050 KOE/cm? cOOTBETCTBEHHO, B CpaBHEHUU C
YTPEHHUMHU U BeYepHUMM IoKasaTesIMU. 3HauYeHU:A
OUM B 00J1bIION U MaJION BaHHAX OBLJIO OTHOCUTEJIBHO
HU3KkuM (4.69+0.11 1 3.01 £ 0.22 MJIH. KJIETOK Ha MJI,
cooTBeTcTBeHHO). YncaeHHOCTs OKB B 001bI1I0I BaHHE
ocTaBaJjiach BEICOKOM, Kak U B 5:00 yTpa, B MajIoii BaHHe
JaHHBINA TOKasaTesb cHusmiacsa a0 3246 KOE/100 cm®
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(cm. puc. 3). KosrdecTBo crniop cyJibGUTpeqyHPYIOUAX
KJIOCTpUAUN B 3TO BpeMmsA ObIO MaKCHUMAaJbHBIM U
nocturasio 15 u 12 KOE/20 cm®.

OTHOCHUTEJIBHO BBICOKUH K03 dunreHT
CaMOOYUII[eH!s OTMeuYeH B MpUOpexXHO! 30He: y nupca
(2.53) u Ha paccrosHuu 5 MeTpoB oT bepera B 23:00 u
5:00 (1 u 2.16 cooTBeTcTBEHHO) (TabJI. 2).

4. 06cyxpeHue

O 1neneGHBIX  CBOMCTBaX  reoTepMaJIbHBIX
HWCTOYHMKOB M3BeCTHO [JaBHO. Kak mokazaHO B
pabore bycnosa C.I1. (Bycsios, 1990), MuHepasibHas
BOJla HCTOYHUKOB BP3, oxa3biBaeT 6saroTBOpHOeE
BJIMsAAHUE Ha pasHble CHUCTEeMBl OpraHOB: HEPBHYIO,
JbIXaTeJIbHYI0, JBUTaTesbHYI0, MOYEINOJIOBYI0 W Ap.,
a Takxke yJIy4lllaeT COCTOsHNE KOXU M CIIOCOOCTByeT
3aXuBjeHUI0 paH. [lo3ToMy KCTOYHMKH OYeHb
MOMyJIAPHBL CpeAu HaceJeHusA W OTKPBITBL AJiA
nocemeHusa (HamcapaeB u ap., 2007). Bmecte ¢ Tewm,
B TreoTepMaJIbHbIX HCTOYHMKAxXx bP3 HeomOHOKpaTHO
OTMEeYaJIOCh IIPeBBIIIEHHe HOPMATUBHBIX 3HAYeHUN
CaHUTAPHO-3HAYNMBIX MUKPOOPraHusMoB. Tak, B 2012
roay B MHHepaJIbHBIX BoJax AojuHB peku [lymax,
BBIAIBJIEHB! YCJIOBHO-TIATOT€HHBIE OaKTepuy T'PYIIIBI
KUIIeYHON mnajiouku u OakTepuu popa Enterococcus
(CycimoBa m gnp., 2013). B XOJIOOAHBIX U TOPAYNUX
ucroynukax Ilpubaiikanpsa (Kywmsicka, CepeOpsHBIH,
l'opaunHCK), Takke ObBUIM OOHApyXeHbl YCJIOBHO-
[aToreHHble MHUKPOOPraHW3MBI, OTHOcALmMecs K
ponam Enterobacter, Klebsiella, Escherichia, Citrobacter
u naroreHsslii Bujn Clostridium perfringens, KOTOpPHII
ABJIAeTCA  BO30yaQuTesleM IUIEBBIX  OTpaBJIeHUN
4yeJIoBeKa 1 OJHUM 13 BO30yAuTesieli ra30BOM raHIPeHEbI
(bapxyToBa, JapmaeBa u Hamcapaes, 2012). Kak Mbl
YIOMUHAJIY BBIIIe, IPEBBIIeHNs 3HaYeHNI CaHUTapHO-
3HaYMMBbIX OaKTepuil B JIETHUN IepuoJ HeOAHOKPATHO
OTMevaJIICh 1 B UCTOYHNKE 3MeNHOM. XO0Ts [0 JaHHBIM
XMMMYECKOr0 aHajiu3a BoJa MCTOYHMKA 3MeUHBIN
[IOCTOSIHHA BO BpeMeHH, ee COCTaB He U3MeHsAeTcA U
COOTBETCTBYeT paHeeojlyuyeHHbIM AaHHbIM (HaMmcapaes
u ap., 2007; [TmocHuH U Ap., 2013; KaiMeiukoB u Ap.,
2020; Chernitsyna et al., 2020). Kak mokasajiy Hau
rccieloBaHys, MOBBIIIEHHOe CofepXXaHne CaHUTapHO-
3HAUYMMBIX  MMKDOOPraHM3MOB B  TepMaJIbHOM
HCTOYHMKe B OyxTe 3MeHHasA OTMeYeHO B pasHoe
BpeMsA CYTOK IocJjie IoceljeHUs Typuctos. Haubosee
BBICOKME 3HayeHNsd, IIpeBhIIaloliie HOpMaTUBHEIE 110
CaulluH 1.2.3685-21, Haboqannch B BeuepHee BpeMs
cyTok (23:00). Pano yTpom, HecMOTpsA Ha 6-4acoBoe
OTCYTCTBHE KyNaloUUXcs, 3HAuYeHUsA IoKasaresei
OKB, E. coli, >HTEPOKOKKOB TaKXe IPEBHIIATIA
JomnycTuMble 3HaueHHsA. O He3aBeplIeHHBIX Ipolieccax
CaMOOYMILEHUs WJIM HeJOCTaTOYHOM pa30aBjieHUN
TepMaJlbHbIX BOJ 0OaliKaJIbCKUMU CBUAETEeJIbCTBYeT
3HaueHus koaddunmenTta camoouuiieHus (2.16-2.53)
y nypca U B JIMTOpaJIM O3epa Ha pacCTOAHUU S5 M OT
Gepera.

OpHoi u3 IpUYNH MIOCTOAHHOM
00CeMeHEHHOCTY MCTOYHUKA YCJIOBHO-NIATOI€HHBIMU
MHKPOOpraHn3MaMU MOXeT ObITh BEICOKasi TeMIlepaTypa
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BoJbI B HeM (40-42°C), 6s1m3kasa Kk ontuMabHou (37°C)
s mx pocta. Hampuwmep, E. coli uMeeT onTUMyM
pocta 37°C, XOTA HEKOTOpble MITAMMbI CIIOCOOHBI
pactu ot 40 mo 49°C (Ingledew and Poole, 1984).
CoxpaHeHUI0 >XMU3HeCmocoOHOCTU OakTepuii, B TOM
ylcjle CaHUTapHO-3HAYMMBIX, MOXeET CIOCOOCTBOBATh
HU3Kas MIPOTOYHOCTb MCTOYHHMKA M BOCCTAHOBJICHHBIE
ycJI0BuUA cpedbl. B pyubsax, rije NpoucxoquT HacklllieHre
Bozbl O,, ¥ TemmepaTtypa BoJsl coctasiiaeT ~ 32 - 33°C,
YHCJIEHHOCTh MMKPOOPraHM3MOB TakKXke OCTaeTcs
BBICOKOI. 3HaueHus unciaeHHoctu OKB, E.coli,
SHTEPOKOKKOB COOTBETCTBOBAJIM HOpMAaTHMBaM JIMIIb
B JIMTOpajy Ha paccrosHum 5-20 MeTpoB OT Oepera,
rae TeMmnepaTypbl BoAsl coctapysiia 17°C. O4ueBUHO,
YTO COBOKYITHOCTb TaKuX ()aKTOpPOB, KaK TeMIlepaTypa,
CKOpOCTh OOHOBJIEHUA BOJ B BaHHAaX U KOJIMYECTBO
Kynalomuxcs BIUAIOT Ha pa3BUTHE U paclpocTpaHeHle
YCJIOBHO-ITATOT€HHBIX MHKPOOPraHNu3MOB B
HccyeJTOBaHHOM HCTOYHMKE U MPUOPEXHOM aKBaTOPHUU.
I[Io pesyspTaTamM HalIUX WCCJIeAOBAaHUN, BOIB B
0OJIBIIION W MaJIol BaHHAX TepMaJIbHOTO HCTOYHHKA
3MeuHbIIl He COOTBEeTCTBYIOT TpeboBanuam CanlluH
1.2.3685-21 u He Ge30macHbI 11 OATbHEOJIOTMUYECKUX
nesieli 6e3 NMpoBefeHUA CIelUaJIbHBIX MepONpHUATHIL.
B kauecTBe TakKUX MEpPONPHUATHI MOXHO YBEJIHUUYUTb
MPOTOYHOCTh BOJ 3TOr0 MCTOYHUKA, J0OaBjieHUEM
OalikajbCKOM BOABI B HOYHOe BpeMs. PasbaBiieHue
TepMaJIbHbIX BOJ 1 BpeMeHHOe CHIMXXeHe TeMIepaTyphl
B HHUX MOXET CHHU3UTh BBDKHMBAEMOCTb YCJIOBHO-
MaTOTeHHBIX MUKPOOPTaHN3MOB U YJIyULINTh KauyeCTBO
BOJIBI B BAHHAX MCTOYHUKA.

5. BbiBOADI

B pasnuuyHOE BpeMs CYTOK B HCTOYHUKE
3MenHbIll HaOJIOANNCh MpEeBHIIIEHUs HOPMaTUBOB
caHUTapHO-MHUKpobOuoJiornyeckux nokasatesei (OKB,
E. coli, >HTEpOKOKKOB) B coorBeTcTBuM ¢ CanlluH
1.2.3685-21. Haubosee  BBICOKOE  COJEpXaHUE
OTMeuaJIoch Nocjle KylnaHus TypUCTOB, UX KOJINYeCTBO
0CTaBajIoCh BBICOKMM M IOCJIe 6-4acoBOro nepepeiBa. B
auTtopainu o3zepa (20 MeTpoB OT Gepera) YMCJIEHHOCTb
HCCJIe[IOBaHHBIX TPYNII B OCHOBHOM COOTBeTCTBOBaJsa
HopMaTuBaM. OueBUAHO, YTO COBOKYIHOCTb TaKHUX
¢akTOpOB, Kak TemIepaTrypa, CKOPOCTb OOHOBJIEHUA
BOJl B BaHHAaX U KOJINYECTBO KyMAaIOUIMXCA BJIUAIOT Ha
pasBUTHE U paclpoCTpaHEeHHe YCJIOBHO-IATOTeHHBIX
MHMKDOOPraHU3MOB B MCCJIeJOBAaHHOM HCTOYHUKE U
pubpexXHON aKBaTOPUM.

LlesreGHBIE NICTOYHUKH, KAK 00BEKTHI IOCTOAHHOIO
peKpealoHHOr0 IoceleH s, JOJDKHbI ObITh 3al[1IeHbl
OT T[ONajaHusA YCJIOBHO-NIATOTeHHBIX OakTepuil B
MecTaXx BBIXOJAa MUHepaJbHBIX BOJ IOCPeACTBOM
IIpOBefleHNs CHelUaJIbHBIX MeponpuATuil. Taike
OoYeBHJHA HeoOXOAMMOCTb pa3paboTKy perjaMeHTa
noceleHNs TypucTaMu JaHHOI'O MCTOYHUKA.
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ABSTRACT. Tardigrades, also known as water bears, are a group of microscopic invertebrates with four
pairs of stout legs. They are known to be found in freshwater, terrestrial and marine environments. An
exceptional feature of the tardigrades is their ability to withstand extreme low temperatures, desiccation
and other such severe environmental conditions. Globally, 70.8% of the earth is covered with the oceans
and seas, while the Indian Ocean accounts for 29% of the global ocean area and is known to be a region
of high biodiversity, where India is one of the countries. Tardigrades are known to form a habitat
with mosses, lichens, freshwater ecosystems, oceans, and Himalayas in India. One of the main areas
of research on tardigrades in India is the diversity and distribution of tardigrade species in different
regions of the country, however, very few studies have been conducted on this phylum. Tardigrades
have become the subject of increasing interest due to their potential economic importance like their
significance in environmental monitoring and space research. Lastly, this phylum needs to be explored
in terms of the species distribution and their economic importance, making them a valuable resource

for India.

Keywords: Water Bears, Tardigrades, India, Biodiversity, Cryptobiosis, Biogeographic patterns

1. Introduction

Tardigrades are microscopic invertebrates,
roughly cylindrical with four pairs of brief stubby legs
terminating in claws. Their physical size varies from
50 pum in just hatched individuals to a maximum of
1200 pm in a few exceptionally large species. For fully
mature adults, average sizes range typically from 200
to 500 um. These animals are called “water bears” in
many instances due to their bear-like appearance (legs
with claws), and sluggish lumbering gait (Nelson et
al., 2016). Tardigrades can be found in freshwater,
terrestrial, and marine environments. The most well-
known tardigrades are those found in terrestrial
environments, where they live in the thin film of water
on mosses, lichens, algae, other plants, leaf litter, and
soil, and are active when there is at least a thin film of
water on the substrate. Tardigrades frequently coexist
with bdelloid rotifers, nematodes, protozoans, and
other animals. Aquatic freshwater tardigrades live on
submerged plants or in sediment but they are not water
column dwellers. Some tardigrade species can live in
both freshwater and aquatic environments.

Over the last couple of decades, the number
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of studies conducted within the integrative
taxonomy has increased, leading to genetically
confirmed documentation of tardigrade species from
multiple locations for the first time in the history of
biogeography. Although the majority of such examples
are drawn from a geographically limited sample, i.e. a
single continent or a part of it (Michalczyk et al., 2022).
Studies show that at least some tardigrades (most
with a parthenogenetic mode of reproduction) exhibit
wide geographic ranges, but due to the low number of
such examples it is not clear whether they reflect the
“Everything is everywhere, but environment selects”
hypothesis (Baas Becking, 1934) or are a result of
anthropogenic dispersal (Gasiorek et al., 2019; Morek
et al., 2021). Thus, tardigrade species distribution
patterns are complex, and we need integrative data
on more genera and species before drawing sound
general conclusions about tardigrade's biogeography
(Michalczyk et al., 2022).

The aim of this study is to examine the variety and
occurrence of tardigrade species in various parts of India,
and to identify their possible economic significance
for environmental assessment and other possible
applications in different fields such as space research and

© Author(s) 2023. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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biotechnology. This study will provide a comprehensive
survey of tardigrade diversity and distribution in India,
and will highlight the unique features and applications
of these resilient microorganisms, which can withstand
extreme low temperatures, desiccation and other severe
environmental conditions.

2. Classification

According to the recent checklist of tardigrades
species as per the studies published by Degma and
Guidetti in 2023, there are 1464 species, 159 genera
and 33 families present currently (Degma et al., 2019;
Degma & Guidetti, 2023). The Tardigrada phylum
accepted two classes and four orders. Apochela and
Parachela make up Eutardigrada, while Echiniscoidea
and Arthrotardigrada make up Heterotardigrada
(Jgrgensen et al., 2018). Tardigrades are mainly
classified into three classes: Heterotardigrada,
Eutardigrada and Mesotardigrada. The majority of
known species belong to the class Heterotardigrada
(Guidetti & Bertolani, 2005). However, the class
Mesotardigrada should be considered nomen dubium
since no such physical evidence is reported for the
species namely Thermozodium esakii which was known
to be placed under class Mesotardigrada evoking the
formation of a new class as per the study conducted by
Grothman et al., (2017).

The Heterotardigrada class is defined by
their possession of plates on their cuticles, while the
Eutardigrada class is defined by the lack of such plates
(Guidetti and Bertolani, 2005). This -classification
helps to distinguish tardigrades based on the presence
or absence of certain morphological characteristics.
The plates on the cuticles of Heterotardigrada species
provide them with protection from predators and
help them to conserve moisture. Other physical
characteristics which are considered for the
identification of these two taxa are: the presence of a
separate gonopore and anus in Heterotardigrada and
the presence of sclerified structures within pharynx
which has a different shape and nature as compared
to the Eutardigrada taxa. Moreover, the Eutardigrada
taxa differs from Heterotardigrada by showing the
presence of a common cloaca and “Malpighian
tubules”. Classification of tardigrades is important
for understanding their diversity and evolution. The
three classes of tardigrades are differentiated by their
morphological characteristics, such as the presence or
absence of plates on their cuticles, their leg structures,
and their existence. Further research is necessary to
better understand the characteristics and evolution of
each class of tardigrades.

3. Characteristics

Tardigrades belong to the phylum Tardigrada
and are considered to be among the most resilient
micro-animals in the world, as they can withstand
extreme environmental conditions such as drought,
high pressure, and extreme temperatures (Guidetti &
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Bertolani, 2005). One of the most notable characteristics
of tardigrades is their ability to enter a state of
suspended animation, known as cryptobiosis, when
faced with harsh environmental conditions. In this
state, tardigrades can survive without water or nutrients
for extended periods of time (Boothby et al., 2015).
Naturalists have long been fascinated by tardigrades
ability to ‘resurrect’ after desiccation, when water
becomes available. This phenomenon of cryptobiosis, or
anabiosis, has assisted tardigrades in surviving ‘normal’
as well as ‘experimental’ adverse conditions such as
temperatures ranging from - 272 to > 340°C; gases
such as CO, and H,S; strong acids, including osmic acid;
and alcohol, as well as radiation under ultraviolet light
(McInnes, 1994). This ability to enter cryptobiosis is
one of the key characteristics that sets tardigrades apart
from other micro-animals. Another key characteristic
of tardigrades is their hard exoskeleton, known as
a cuticle, which provides them with protection from
predators and helps them to conserve moisture (Nelson,
2002). The cuticle of tardigrades is made of a material
called chitin, which is also found in the exoskeletons of
insects and crustaceans. Tardigrades are also known for
their unique leg structure, which consists of four pair of
legs that are equipped with claws (Nelson, 2002). These
legs provide them with the ability to move quickly and
efficiently through their environments. The unique
leg structure of tardigrades is a characteristic that sets
them apart from other micro-animals. Tardigrades are
fascinating micro-animals that are known for their
ability to enter cryptobiosis, their hard exoskeleton, and
their unique leg structure. These characteristics have
helped tardigrades to survive and adapt to a wide range
of environmental conditions, making them among the
most resilient micro-animals in the world.

4. Aquatic and Terrestrial Habitats

Tardigrades are commonly found in freshwater,
saltwater, and brackish water environments. They are
able to survive in these aquatic habitats due to their
ability to regulate their body fluids and osmotic pressure.
Tardigrades that live in freshwater habitats, for example,
must be able to deal with hypotonic conditions, which
means that there is a lower concentration of solutes
outside their bodies than inside. They are able to do
this by regulating the amount of water in their bodies
and by producing certain solutes to maintain osmotic
balance. Marine tardigrades, on the other hand, live
in a more isotonic environment, which means that the
concentration of solutes is the same inside and outside
their bodies. However, they still face challenges in the
form of high salinity and pressure, as well as changes
in temperature and pH. Tardigrades have adapted to
these conditions by developing protective mechanisms,
such as the production of antioxidants and the ability to
repair DNA damage caused by exposure to ultraviolet
radiation (Erdmann and Kaczmarek, 2017). Tardigrades
have also been found in brackish water habitats, such
as estuaries, where they must be able to tolerate
fluctuations in salinity and temperature (Zawierucha
et al., 2016). Studies have shown that tardigrades in
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brackish water habitats have a higher tolerance for
exposure to low oxygen levels and can even survive
periods of anoxia (Jonsson et al., 2008).

Tardigrades are also found in a variety of
terrestrial habitats, including soil, moss, lichens, and
leaf litter. These habitats pose different challenges
than aquatic environments, such as fluctuations in
temperature and humidity, as well as exposure to
desiccation (drying out). Tardigrades have evolved
a number of strategies to deal with these challenges,
including the ability to enter a state of suspended
animation known as cryptobiosis. During cryptobiosis,
tardigrades are able to shut down most of their metabolic
processes and become almost completely dehydrated,
reducing their water content to as little as 1% of their
normal level. This allows them to survive for extended
periods of time in harsh conditions (Rebecchi et al.,
2007). When conditions improve, tardigrades are able
to rehydrate and resume normal activity. Tardigrades
in terrestrial habitats also face exposure to radiation
from the sun, which can cause DNA damage. To protect
against this, tardigrades have developed the ability to
produce special proteins that protect against radiation
damage and repair DNA damage caused by exposure
to high levels of ultraviolet radiation (Jonsson et al.,
2008).

5. Global Distribution of Tardigrades

According to a study conducted on Global
distribution of tardigrades in freshwater by (Garey et al.,
2008), out of 910 species, only 62 species representing
13 genera were found to be the only ones in aquatic
habitats. Five genera namely Carphania, Dactylobiotus,
Macroversum, Pseudobiotus, and Thermozodium were
found to be exclusively aquatic while other genera like
Hypsibius, Isohypsibius, Amphibolus, Mixibius had some
species that were aquatic as per the study. According to
the literature studies, there are over 50 Antarctic and
Neotropic species present in freshwater habitats, which
primarily are Eutardigrades belonging to 2 orders and
8 families as per (Degma et al., 2009; Nelson et al.,
2016). Due to difficulty in access and fewer researchers,
the total number of species reported in the regions of
Antarctica and Neotropic are much less than other
zoographic regions, except for the regions namely
Argentina, Chile, Costa Rica and the Antarctic Penisula.

As for previous literature by (Nelson et al.,
2020), there are two endemic genera: Ramajendas
(currently belonging to family Isohypsibiidae), which
are found in freshwater sediment, mosses and lichens
of the Antarctica and Sub-Antarctica islands. However,
in the recent study proposed by (Tumanov, 2022),
through the molecular phylogenetic analysis and
morphological description of the Antarctic Tardigrade
of genus Ramajendas, evoked the formation of a new
family named Ramajendidae to place these Ramajendas
species. The second monospecific genera are Acutuncus,
which previously belonged to family Hypsibiidae but
currently the study conducted by Vecchi et al. in 2023
revealed the extension of Acutunus species into a new
family named Acutuncidae based on the phylogenetic
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analyses and morphological studies (Vecchi et al.,
2023).

Acutuncus antarcticus is a pan-Antarctic species,
most abundant and common tardigrade in Antarctica
with a habitat in freshwater ecosystems and terrestrial
soils, mosses, algae and lichens in non-glacial areas.
Whilst, the Neotropical region contributes to a very
diverse freshwater habitats like the tardigrades are
found in rivers, streams and lakes in tropical lowlands
(in Central America and Northern South America) up to
high mountain lakes, ponds and glaciers in the Andean
Mountains. The freshwater tardigrades are known to be
found in very cold ponds, rivers, lakes and in cryoconite
holes on glaciers in the southern end of South America.
Meanwhile, the central region provides freshwater
habitats in temporary dry or very hot climate zones
of South America. Also, the Neotropic regions are
known to provide some unusual freshwater habitats for
tardigrades, which include tree holes and bromeliads
(Nelson et al., 2020).

6. Indian Scenario

Globally, 70.8% of the earth is covered by the
oceans and seas, with a global coastline of 1.6 million
km. The Marine and Coastal Ecosystem occur in 123
countries worldwide. These ecosystems generally
include sand dune areas (where freshwater and sea
water mix), nearshore coastal areas and open ocean
marine areas. The Indian Ocean constitutes 29% of the
global ocean area and is known to be a region of high
biodiversity, where India is one of the countries in the
region. The land of biodiversity, India is known to be
a part of the list of 12 mega-biodiversity countries and
25 hotspots of the richest and highly endangered eco-
regions of the world. It is known to have a coastline of
about 8000 km. It is also the only country amongst the
Asian countries, which has a long record and complete
list of coastal and marine biodiversity dating back at
least two centuries old (Venkataraman and Wafar,
2005)

In India, Tardigrades happen to be found as
meiofauna on the sandy beaches up to 2-3 meters from
the sea’s edge. Out of the three classes of the phylum
Tardigrada, the Heterotardigrada is known to prevail
in the marine, freshwater and high-altitude mountain
regions of the country. As for the reports, only 10 species
under 2 families and 3 genera occur as the meiofauna
of the marine regions in India (Venkataraman et al.,
2020). Tardigrades are also known to form a habitat
with mosses, lichens, freshwater ecosystems, oceans,
and Himalayas (Chandra et al., 2018)

Scientific studies on tardigrades have known to
be increased throughout the world in the 20th century,
yet this phylum remains unexplored and little-known
to the scientific community. With regards to India,
very few studies have been conducted on this phylum.
To know more about this phylum and understand its
diversity, detailed studies should be conducted (Dey
and Mandal, 2018).
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7. Species Diversity in India

Initial studies on tardigrades found in India
was conducted as early as in the beginning of 20th
century (Murray, 1907) followed by (Iharos, 1969)
in the second part of the century. Though, very little
was known about the terrestrial tardigrades of India.
As a part of the Zoological Survey of India, a review
study was conducted, which depicted that 41 species
of Tardigrades were known to India, out of which 23
species were found in the Indian Himalayas (Chandra
et al.,, 2018). The above study also referred to the
presence of M. hufelandi in India, showing the progress
in our understanding of the taxonomy of this genus,
which is known to be a different species than the last
recorded by Murray in 1907 (Murray, 1907). Apart
from the larger studies conducted in India, there were
also some smaller islands around the subcontinent,
like different species of tardigrades found in Andaman
and Nicobar Islands by McInnes in 1994 (Mclnnes,
1994). Geographic representation on a map (Figure
1) followed by a list (Table 1) of Tardigrades species
found in various regions of India is given below.

8. Research Scenario of Tardigrades in
India & it’s Ecological Importance

Aquatic meiofauna and terrestrial invertebrate
species can be used as a biomonitoring tool to indicate
environmental quality. Tardigrade being a meiofauna
has also been studied and used as an indicator of
pollution in different freshwater habitats (Nelson et
al.,, 2010). A recent study was conducted to inspect
the meiofaunal biodiversity of the Dahisar River,
Mumbai, the urban development and its impacts in the
environmental management by (Salian et al., 2022).
This study concluded the presence of tardigrades
species in Sanjay Gandhi National Park and Borivali,
which were found to be more polluted as compared
to other areas, which indicated that tardigrades could
survive in polluted areas, thus, acting as an important
pollution indicator. This has important implications for
industries that are reliant on the health of ecosystems,
such as agriculture and forestry, as well as for the
development of new technologies for environmental
monitoring (Jonsson et al., 2008)

The understanding of ecophysiology of
tardigrades and their responses to different
environmental conditions becomes a pre-requisite to
use them as a tool for biomonitoring of environmental
pollution or as an indicator of environmental change
(Massa et al., 2023). For instance, a study on the
prevalence and distribution of different tardigrades
species in some tropical areas of Tamil Nadu and
their different temperature tolerance capacity was
conducted by (Abirami et al., 2021). This study showed
that most of the isolated species belonged to the genus
Milnesium sp., others were found to be Murrayon sp.,
and Macrobiotus sp. It was also observed that Milnesium
tardigradum exhibited higher tolerance to all different
temperature conditions as compared to Macrobiotus
sapiens. This research has important implications for
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No. of Species Per State

[l Around 26 Species
B 5-15 Species

[ 3-4Species
] 1-2Species

Fig.1. Geographic distribution of Tardigrade species
found in different regions of India (1. Sikkim 2. Andaman
Islands, West Bengal 3. Assam, Meghalaya, Tamil Nadu 4.
Goa, Himachal Pradesh, Kerala, Odisha, Uttarakhand)

the conservation and management of ecosystems in
India. There has been a growing interest in the study
of tardigrades in India in recent years. Research on
tardigrade diversity and distribution, ecophysiology,
and potential as bioindicators has contributed to our
understanding of these unique micro-animals and their
significance in the Indian environment (delBarco-Trillo,
2019).

Tardigrades have become the subject of
increasing interest due to their potential economic
importance. Despite their small size, tardigrades play
a significant role in several key industries and have the
potential to be valuable resources in the future. One
area where tardigrades have economic importance
is biotechnology. Tardigrades are known for their
ability to withstand extreme environmental conditions,
including high temperatures, radiation, and desiccation.
This resilience has led to their use in the development
of new technologies, such as cryopreservation methods
for the storage of cells and tissues (Bertolani et al.,
2004). In addition, tardigrade genes have been used in
the development of new methods for the production of
proteins, such as the production of vaccines (Boothby
et al., 2017). Apart from this, the mechanism behind
the physiological adaptations made by tardigrades
to survive extreme environmental conditions drives
the scientific community to develop products having
application in various fields. For instance, a recent
study published in 2023, conducted by (Mredha et al.,
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Table 1. List of Tardigrade species found in India
No. Species Location References
1 Adropion scoticum Sikkim (Chandra et al., 2018)
2 Batillipes carnonensis Odisha (Rao, 1971)
3 Bryodelphax ortholineatus Andaman Island (McInnes, 1994)
4 *Calcarobiotus gildae Andaman Island (MclInnes, 1994)
5 *Claxtonia wendti Sikkim (Chandra et al., 2018)
6 Cornechiniscus madagascariensis Himachal Pradesh (Abe and Takeda, 2000)
7 Dactylobiotus macronyx Sikkim (Chandra et al., 2018)
8 *Dianea acuminata Sikkim (Chandra et al., 2018)
Tamil Nadu (Degma and Guidetti, 2023)
9 *Dianea sattleri Sikkim (Chandra et al., 2018)
10 Diphascon chilenense Sikkim (Murray, 1907)
(Chandra et al., 2018)
11 Diphascon pingue Sikkim (Chandra et al., 2018)
12 Echiniscus arctomys Sikkim (Murray, 1907)
(Chandra et al., 2018)
13 *Pseudechiniscus suillus Sikkim (Murray, 1907)
(Degma and Guidetti, 2023)
14 Echiniscus quadrispinosus Sikkim (Chandra et al., 2018)
West Bengal (Murray, 1907)
15 Echiniscus testudo Assam (Degma and Guidetti, 2023)
Meghalaya
West Bengal (Murray, 1907)
16 Hypsibius convergens Andaman Islands (Degma and Guidetti, 2023)
Sikkim (Chandra et al., 2018)
17 *Kristenseniscus kofordi Andaman Island (McInnes, 1994)
18 Macrobiotus echinogenitus Sikkim (Chandra et al., 2018)
West Bengal (Murray, 1907)
19 Macrobiotus gemmatus Sikkim (Chandra et al., 2018)
20 Macrobiotus hufelandi Assam (Degma and Guidetti, 2023)
Meghalaya (Shil, 2001)
Sikkim (Chandra et al., 2018)
West Bengal (Murray, 1907)
21 Macrobiotus kamilae Uttarakhand (Coughlan and Stec, 2019)
22 Macrobiotus polyopus Andaman Island (McInnes, 1994)
23 Macrobiotus rubens Sikkim (Chandra et al., 2018)
24 Macrobiotus sapiens Tamil Nadu (Abirami et al., 2021)
25 Macrobiotus topali Sikkim (Chandra et al., 2018)
26 *Mesobiotus coronatus Andaman Island (MclInnes, 1994)
27 *Mesobiotus furciger Andaman Island (McInnes, 1994)
28 *Mesobiotus harmsworthi Andaman Island (MclInnes, 1994)
29 *Mesobiotus mauccii Andaman Island (McInnes, 1994)
30 Milnesium tardigradum tardigradum Andaman Island (McInnes, 1994)
Sikkim (Chandra et al., 2018)
Tamil Nadu (Abirami et al., 2021)
West Bengal (Murray, 1907)
31 *Minibiotus aculeatus Andaman Island (McInnes, 1994)
Sikkim (Chandra et al., 2018)
West Bengal (Murray, 1907)
32 *Minibiotus furcatus Assam (Degma and Guidetti, 2023)
Meghalaya (Shil, 2001)
West Bengal (Murray, 1907)
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No. Species Location References
33 Minibiotus intermedius Andaman Island (MclInnes, 1994)
Sikkim (Chandra et al., 2018)
34 Nebularmis indicus Goa (Gasiorek, Voncina, Ciosek et al., 2021)
35 *Nebularmis reticulatus Sikkim (Murray, 1907)
(Chandra et al., 2018)
36 *Paramacrobiotus areolatus Sikkim (Murray, 1907)
37 *Paramacrobiotus chieregoi Andaman Island (McInnes, 1994)
38 *Paramacrobiotus richtersi Andaman Island (MclInnes, 1994)
Sikkim (Chandra et al., 2018)
Tamil Nadu (Abirami et al., 2021)
39 *Pseudechiniscus (Meridioniscus) juanitae Sikkim (Chandra et al., 2018)
(Gasiorek, Voncina, Zajac et al., 2021)
40 Ramagzzottius oberhaeuseri Sikkim (Chandra et al., 2018)
41 Stygarctus keralensis Kerala (Vishnudattan et al., 2021)
42 *Stygarctus bradypus Odisha (Rao, 1971)
(Schulz, 1951)
43 *Testechiniscus macronyx Sikkim (Murray, 1907)
44 *Ursulinius mihelcici Sikkim (Chandra et al., 2018)

Note: * — indicates changed taxa as for updated checklist by (Degma and Guidetti, 2023)

2023) depicted the development of an extremotolerant
glycerogels by studying the tun formation process in
tardigrades and taking inspiration from this process.
These gels have varied applications in the field of
biomedicine, energy storage devices, sensors, and soft
robotics.

Another remarkable study showing the natural
occurrence of a fluorescence against ultraviolet
radiation in the Eutardigrade Paramacrobiotus species
conducted by (Suma et al., 2020). The study provided
experimental evidence that the Paramacrobiotus species
produces a protective fluorescent shield that absorbs
ultraviolet radiation and thus, this can be used to
protect UV-sensitive tardigrades and nematode like
Caenorhabditis elegans from UV radiation used as a
germicide.

Another interesting area where tardigrades have
economic importance is space research. Tardigrades
have been found to survive in the harsh conditions
of space, including extreme temperatures and high
levels of radiation (Jonsson et al., 2008). This has led
to their use in space research and the development of
new technologies for space exploration. Tardigrades
have significant economic importance in several key
industries, including biotechnology, environmental
monitoring, and space research. As research of
these micro-animals continues, it is likely that their
importance will only increase, making them valuable
resources for the future.

9. Conclusion

Little or very few studies have been conducted
and there are still areas, which remain unexplored in
terms of the species diversity and distribution pattern
in India. Increasing research on tardigrade diversity
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and distribution, ecophysiology, and potential as
bioindicators has contributed to our understanding of
these unique micro-animals and their significance in
the Indian environment. Tardigrades have also become
a subject of interest due to their potential economic
importance in fields like Biotechnology, environmental
monitoring, and space research. The rise in research
of these microscopic invertebrates will increase their
significance and make them a valuable resource for
future applications.
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