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ABSTRACT

A rapid assessment of certain water and soil quality parameters were undertaken in different lakes covering
4 districts of Arunachal Pradesh from the month of May, 2019 to March, 2020. The sampling and analysis
were performed following the standard methods and recommended protocols for each of the parameters.
The results indicate maximum pH value of 7.9 in the high altitude Kyalem Lake in Tawang and minimum
of 7.0 in the low altitude Bone Lake in Upper Siang. The value of highest dissolved oxygen (11.55 mg/L)
was found in Hireng Lake of Upper Siang and lowest (1.15 mg/L) in PTsho Lake of Tawang whereas the
highest value of free carbon dioxide (1.3 mg/L) was recorded in Nagula Lake of Tawang and lowest (0.2mg/
L) in Pegu Lake of Upper Siang. The highest alkalinity (7.8 mg/L) was found in Bone and lowest (1.4 mg/
L) in Kyalem; the highest hardness (19 mg/L) was found in Pegu and lowest (3.5 mg/L) in Mehao. Among
the soil parameters, the highest moisture of 69% was recorded in Pegu and the lowest of 61% in Shungatser
(Tawang); the highest water retention capacity (0.92 mg/L) was found in Ganga and the lowest (0.8 mg/L)
in Mehao and the higher soil pH around 6.9 was recorded in lakes of Sela, Nagula and Shungaster (Tawang)
while the lowest value of 5.0 was found in Kyalem. The values for available soil nitrogen, phosphorus,
potassium and organic carbon showed fluctuations in accordance with the altitudinal variations of lakes.
Further, the soil texture was also observed to be mostly sandy loam and clay loam in majority of the lakes.
The results obtained from the water quality and soils of studied lakes revealed that there was distinct slight
variation among the lakes due to the altitudinal variation.
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Introduction

Lakes are dynamic lentic ecosystems and significant
resources of inland water to meet the increasing wa-
ter demand. However, the quality of water deter-
mines the functional patterns of utilization based on
its physical, chemical and biological variables (Yu et
al., 2010). Further, the diversified functional roles

viz. hydrological and chemical cycles, holding of
biological diversity and food web have made the
lakes as the “kidneys of the landscape” (Barbier et
al., 1997). High altitude lakes play a crucial role in
biodiversity conservation, maintenance of wildlife
habitat, formation of grazing areas for livestock and
ultimately provide socio-economic sources and
commodities for inhabitants in and around. The
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Space Applications Centre (SAC), one of the major
centers of the Indian Space Research Organization
(ISRO) has reported numbers of high altitude lakes
at more than 3,000 metres above mean sea level
(msl), often fed by glaciers or snow from the sur-
rounding mountains. The healthy ecosystems thus
depend on the physico-chemical qualities of the
water, soil and available life forms which in turn
determines the trophic status of the water bodies.
The  notable works on lakes of northern and north-
east India are Bhambri et al. (2015) on inventory of
glacier lakes of Uttarakhand; Pant et al. (2017) on
physico-chemical properties of a Himalayan lake of
Uttarakhand; Sharma and Tiwari (2018) on physico-
chemical characterization of water of sacred lake
Nachiketa Tal in Garhwal Himalayas;  Nath and
Deka (2012) on fish diversity and conservation sta-
tus of Chandubi tectonic lake, Assam; Raj et al.
(2013) on glacial lakes of Sikkim; Kangabam et al.
(2015) on ecology of Loktak lake, Manipur; Devi et
al. (2016) on Phytoplankton community of Lake
Baskandi anua, Cachar District, Assam; Hazarika
and Kalita (2020) on limnological investigation in
relation to plankton and fishes of Tasek Lake of East
Garo Hills, Meghalaya. However, there exists exten-
sive information gap so far on lake soil and water
qualities of glacier-fed, spring-fed and rain-fed lakes

in Arunachal Pradesh, India. Therefore, this paper
intends to unfold the vital ecosystem parameters
which may be of immense use in framing utilization
and conservation strategies of mountain lakes in
Arunachal Himalayas.

Materials and Methods

A preliminary survey was carried out in lakes situ-
ated at different altitudes of Arunachal Pradesh.
The lakes have been selected on the basis of low,
mid and high altitude. The low altitude lakes were
Ganga (Papum Pare), Pegu, Hireng and Bone (Upper
Siang) with altitudinal range of 274 to 445 m (msl).
Mehao (Lower Dibang Valley) located at altitudinal
range of 1661 to 1738 m (msl) was selected as mid
altitude lake. The Kyalem, Nagula, PTsho, Sela and
Shungatser lakes of Tawang situated at altitudinal
range of 3705 to 4230 m (msl) were selected as high
altitude lakes (Figure 1 & 2). In the low and high
altitude lakes only one sampling site was selected
for the investigation while in mid altitude lake of
Mehao, 4 sampling sites were selected for the study.
Mehao with about 400 hectares of surface area is the
largest lake in the state which is situated 14 km
away from the Roing town. The lakes of Tawang
district are about 5 to 14 hectares in water area and

Fig. 1. Location of study area in Arunachal Arunachal Pradesh (India).
(Legends: 1- Shungaster; 2- Kyalem; 3- Nagula; 4- PTsho; 5- Sela; 6- Ganga; 7- Hireng; 8- Bone; 9- Pegu; 10- Mehao)
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mostly located within a radius of 12-25 km from the
Tawang town. Ganga is a medium-sized lake which
is situated 6 km away from the Itanagar, the capital
of Arunachal Pradesh and the water body is sur-
rounded by primeval vegetation. Pegu, Hireng and
Bone lakes are comparatively smaller lakes located
in a radius of 6-12 km from the Yingkiong town. The
water parameters like pH, dissolved oxygen, free
carbon dioxide and hardness were estimated by fol-
lowing the scheme of APHA (1998). The soil
physico-chemical properties were estimated by fol-
lowing appropriate procedures like moisture (Oven
drying method), texture (Hydrometer analysis),
water retention capacity (Klute, 1986), pH (pH
meter), organic carbon (Walkley and Black, 1934),
available K (Metson, 1956), available P using Olsen’s

method (Olsen et al.,  1954) and total nitrogen using
Kjeldahl method (Jackson, 1967).

Results and Discussion

The results of the water quality parameters are pre-
sented in Table 1 along with name of lakes, its loca-
tion, and altitude. A marked fluctuation in the
physico-chemical variables was observed in the
lakes. Among the lakes, the pH was alkaline and
was found to be lowest (7.0) in Bone lake while it is
highest (7.9) in Kyalem lake; dissolved oxygen (DO)
was found to be highest (11.55 mg/L) in Hireng
lake while it is lowest (1.15 mg/L) in PTsho lake; the
highest (1.3 mg/L) free carbon dioxide (FCO2) was
observed in Nagula lake while it is lowest (0.2 mg/

A view of Ganga Lake, Papum Pare A view of Hireng Lake, Upper Siang

A view of PTsho Lake in Tawang Collection of samples at Shungatser Lake, Tawang
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L) in Pegu, Ganga and Mehao lakes; the highest al-
kalinity (7.8 mg/L) was found in Bone lake while it
is lowest (1.4 mg/L) in Kyalem lake; the highest
hardness (19 mg/L) was found in Pegu lake while it
is lowest (3.5 mg/L) in Mehao lake.

The study recorded highest pH in high altitude
lakes followed by mid altitude and low altitude
lakes. The pH is a key factor that decides the suit-
ability of water for various purposes. The observed
values of pH from the studied lakes lie within the
range of 6.5–8.5 as per World Health Organization
(WHO) standards of drinking water. It indicates
that the water is almost neutral in nature. The find-
ings are in relative agreement with the findings in
Satopanth Lake of Garhwal Himalaya (Sharma and
Kumar, 2017). The highest value of dissolved oxy-
gen (DO) was observed in low altitude lakes fol-
lowed by mid altitude and high altitude lakes. Dis-
solved oxygen is vital parameter for the survival of
all aquatic life; in addition it is the most reliable cri-
terion for assessing the trophic status i.e. eutrophi-
cation (Edmondson, 1966). The mean values of dis-

solved oxygen of all the studied lakes (except high
altitude lakes in Tawang district) do not reach the
critical values of 5.0 mg/L as given in WHO stan-
dards for drinking water. Similar results were re-
corded by Saini et al. (2008) and Sharma and Kumar
(2017) in different lakes of the Himalayan region.
The causes of low dissolved oxygen content in the
high altitude lakes are probably due to the location
of the lakes in the higher altitude Himalayan re-
gions.

The highest value of FCO2 was recorded in high
altitude lakes followed by low altitude and mid al-
titude lakes. The mean values of free CO2 were
found very less (less than the prescribed limit of 250
mg/L for drinking water given by WHO). Overall,
the highest value of alkalinity was found in low al-
titude lakes followed by mid altitude and high alti-
tude lakes. Alkalinity is a total measure of the sub-
stances in water that have “acid-neutralizing” abil-
ity. The mean value of alkalinity of studied lakes
was less than the permissible level of 200mg/L–1

recommended by the WHO for drinking water. The

Table 1. Water quality of the selected lakes

District Name of Location Altitude pH DO FCO2 Alkalinity Hardness
Lakes (Lat/long) (m) (mg/L) (mg/L) (mg/L) (mg/L)

Upper Siang Pegu 28o  34' 57" N 274  7.2±0.2 10.1± 0.4 0.2± 0.11 7.2± 1.42 19± 3.12
95o 03' 50" E

Hireng 28o 34' 57" N 383  7.1±0.3 11.55±0.32 0.3± 0.12 5.2± 1.1 5.6± 1.02
95o 16' 23" E

Bone 28o 36' 28" N 445  7.0±0.1 10.6± 0.52 0.4± 0.15 7.8± 1.24 7.0± 1.88
95o 02' 52" E

Papum pare Ganga 27o 04' 26" N 341  7.4±0.3 8.5± 0.31 0.2± 0.1 3.2± 0.82 6.4± 2.04
93o 34' 05" E

Tawang Sela 27o 30' 22" N 4164 7.8±0.2 2.01± 0.2 0.5± 0.32 4.5± 1.22 6.2± 1.4
92o 06' 22" E

Kyalem 27o 40' 34" N 4230 7.9±0.3 2.72± 0.43 0.7± 0.25 1.4± 0.62 10.3± 2.46
91o 52' 26" E

Nagula 27o 39' 16" N 4122 7.8±0.2 1.61± 0.42 1.3± 0.26 2.6± 1.02 10.2± 2.17
91o 51' 48" E

Shungatser 27o 43' 20" N 3705 7.5±0.3 3.02±0.45 0.5± 0.11 2.5± 1.08 4.7± 1.52
91o 49' 37" E

PTsho 27o 38' 13" N 3904 7.6±0.3 1.15±0.23 0.5± 0.14 3.9± 1.03 8.2± 2.72
91o  51' 23" E

Lower Dibang Mehao 28o 08' 41" N 1671 7.5±0.2 5.54±0.54 0.3±0.1 4.7±1.12 3.8±1.02
Valley (Site-1) 95o 56' 22" E

Mehao 28o 08' 33" N 1738 7.6±0.1 6.35±0.82 0.2±0.1 4.8±1.55 5.2±1.65
(Site-2) 95o 56' 33" E
Mehao 28o 09' 12" N 1680 7.6±0.2 5.42±0.21 0.2±0.1 2.9±0.98 3.5±1.0
(Site-3) 95o 56' 38" E
Mehao 28o 08' 59" N 1661 7.5±0.1 5.84±0. 35 0.2±0.1 3.1±1.01 3.5±1.0
(Site-4) 95o 56' 22" E
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total hardness which is also vital parameter of wa-
ter quality for use in domestic, industrial and agri-
cultural purposes was found to be more or less simi-
lar in high altitude and low altitude while compara-
tively low in mid altitude lakes. The mean value of
total hardness was also found to be less than the
WHO standards for drinking water (200 mg/L). The
main reasons for less amount of total hardness is
due to the fewer amounts of cations dissolved in
water. Similar results were recorded by Saini et al.
(2008) and Sharma and Kumar (2017) in different
Himalayan lakes. The dissolved oxygen, free CO2,
alkalinity, hardness and pH affects the distribution
of phytoplankton in lakes.

 The results of soil parameters are given in Table
2. The results show highest moisture content of 69%
in Pegu Lake and lowest of 61% in Shungatser Lake.
Ganga Lake shows highest water retention capacity
(0.92 mg/L) while Mehao Lake the lowest (0.8 mg/
L). Three lakes of Tawang namely Sela, Nagula and
Shungatser recorded the highest soil pH (6.9) and
Kyalem Lake the lowest with 5.0.  The soil texture
was mostly sandy loam and clay loam in all the
lakes. In terms of the available nitrogen (ammonium
& nitrate) a fluctuation between high and low in all
the lakes was found. The phosphorus and potas-
sium in the soil were observed to be fluctuating be-
tween low and high in all the lakes. Organic carbon
content was found to be high in higher altitude
lakes (except one lake) and medium in mid and low
altitude lakes.

The highest percentage of moisture content was
recorded in low altitude lakes followed by mid and
low altitude lakes. The soil moisture content was
comparatively high in comparison to the adjoining
area which indicates that the soil particles are small

and finely structured. A similar finding was also
reported by Das and Bindi (2014) in the soils of
Jaisamand lake area. Soil moisture influences the
physical, chemical and biological properties of soil
like texture, quality and quantity of organic and in-
organic matter and the nature and volume of pore
size (Das and Bindi, 2014). The water retention ca-
pacity on average was found to be high in mid and
high altitude lakes but comparatively lower in low
altitude lakes. Water retention capacity of soil is
determined by its texture, structure and the content
of organic matter. The findings of lower water re-
tention capacity in low altitude soils were in con-
trast to the observations of Deb et al. (2013). The av-
erage soil pH was found to be slightly acidic (6.23)
in most of the lakes probably due to high rainfall as
rainwater is known to be slightly acidic. However,
the present findings are in contrast to the observa-
tions of Das and Bindi (2014) in the soils of
Jaisamand lake area and Deb et al. (2013) in South
Sikkim. The soil texture varied from sandy loam to
clay loam. Most of the low altitude samples show
finer texture and reverse in higher altitude. The
present finding is similar with the observation of
Deb et al. (2013).

Nitrogen, phosphorous and potassium are the
main soil nutrients for normal germination, growth
and maturity of plants. The availability of nitrogen
depends on the varying degree of soil microbial de-
composition (Gairola and Soni, 2010). The study
found fluctuations in the available nitrogen, phos-
phorus, potassium and organic carbon content in
the lakes of different altitude. The nitrogen and
phosphorus content in the soil was found to be in-
sufficient in the lakes. Phosphorous act as a limiting
or co-limiting factor of ecosystem productivity

Table 2. Soil properties of different lakes

Lake Moisture Water Soil Available Nitrogen Phosphorus Potassium Organic Soil
(%)  Retention pH Ammonium Nitrate carbon Texture

Capacity (NH4+) (NO3-)
(ml/gm)

Kyalem 62 0.48 5.0 Low Medium Low Very high High Sandy loam
Sela 63 0.72 6.9 Very low Low Low Very high High Sandy clay loam
Nagula 62 0.8 6.9 Low Medium Medium Medium High Sandy loam
PTsho 62 0.8 6.7 Very low Low Medium high High High Sandy clay loam
Shungatser 61 0.84 6.9 Very low Low Medium high Very high low Sandy clay loam
Mehao 68 0.8 5.1 Very low Medium Medium high Very high High Sandy clay loam
Ganga 67 0.92 6.5 Very low Medium Low Very high Medium Sandy clay loam
Pegu 69 0.48 6.4 Low Low Low High Medium Loamy sand
Hireng 66 0.64 6.2 Medium Low Medium High High Loamy sand
Bone 67 0.64 5.7 Low Medium Medium Very high Medium Sandy loam
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(Elser et al., 2007; Harpole et al., 2011) and low P
availability can constrain N2 fixation (Wang et al.,
2007; Vitousek et al., 2010). Medium to very high
Potassium was observed in all the lakes which may
be attributed to the leaching of potassium from the
adjacent areas. The organic soil matter includes
plant and other debris which varies depending on
the rate of decomposition. The organic carbon con-
tent was medium to high in all the lakes except
Shungatser Lake which is dissimilar to the observa-
tions of Das and Bindi (2014).

Conclusion

The findings show variations in the water quality
and soil properties among the lakes of different al-
titude. Overall, the water quality of the lakes was
good as per the standards of WHO and Bureau of
Indian Standards (BIS). The water quality values of
the lakes except Sela, Nagula and PTsho was found
within the permissible limit of BIS (2012). The soil
pH of most of the lakes except Kyalem and Mehao
was recorded close to neutral (pH 5.7 to 6.9). The
evaluation of general water quality and soil proper-
ties of the lakes reveals no pollution load and sig-
nificant impact of anthropogenic activities. The
aquatic organisms in the lakes were found to vary
due to the altitudinal variation. The water samples
of the lakes were found to be free from harmful
pathogens with no psychrophillic bacterial popula-
tion including (lichens and fungi). The present
baseline findings can be a reference for further stud-
ies in managing the lakes of the Himalayan region
for sustainable development.

Acknowledgments

The authors are grateful to the Department of Sci-
ence and Technology (DST), Government of India
for financial support of a major research project un-
der the HICAB, State Network Programme (File No.
DST/CCP/HICAB/SN-AP/163/2018(G) & date
28.02.2019). We also extend gratitude to the Depart-
ment of Geography, Rajiv Gandhi University, Rono
Hills, Arunachal Pradesh for infrastructural assis-
tance in seting up the Soil and Limnological labora-
tory to undertake the present work.

References

APHA, 1998. Standard Methods for the Estimation of Water

and Waste Water, 20th edn. American Waste Water
Association and Water Pollution Control Federa-
tion, Washington. 874.

Barbier, E. B., Acreman, M. and Knowler, D. 1997. Economic
valuation of wetland: A guide for Policy makers and plan-
ners. Ramsar Convention Bureau, Gland, Switzer-
land.

Bhambri, R., Mehta, M., Dobhal, D. P. and Gupta, A. K.
2015. Glacier Lake Inventory of Uttarakhand. Wadia
Institute of Himalayan Geology, Dehradun. pp. 1–
89.

BIS, 2012. Indian Standard Drinking Water - Specification
(Second Revision). Manak Bhavan, New Delhi.
(https://www.indiawaterportal.org/sites/
i n d i a w a t e r p o r t a l . o r g / f i l e s / b i s _ 1 0 5 0 0 -
2012_wq_standards_0.pdf.) Accessed on 16 July
2020.

Das, B. and Bindi, 2014. Physical and Chemical Analysis
of Soil Collected from Jaisamand. Univ. J. Environ.
Res. Tech. 4(5): 260-264.

Deb, P., Debnath, P. and Pattanaaik, S. K. 2013. Physico-
chemical properties and water holding capacity of
cultivated soils along altitudinal gradient in south
Sikkim, India. Indian J. Agricul. Res. 48 (2): 120-126.

Devi, M. B., Gupta, S. and Das, T. 2016. Phytoplankton
community of Lake Baskandi anua, Cachar District,
Assam, North East India – An ecological study.
Knowl. Manag. Aquat. Eco. 417: 2.

Edmondson, W. T. 1966. Changes in the oxygen deficit of
Lake Washington. Verh. Internat. Verein. Limnol. 16:
153-158.

Elser, J. J., Bracken, M. E. S., Cleland, E. E., Gruner, D. S.,
Harpole, W. S., Hillebrand, H., Ngai, J. T., Seabloom,
E.W., Shurin, J. B. and Smith, J. E. 2007. Global analy-
sis of nitrogen and phosphorus limitation of primary
producers in freshwater, marine and terrestrial eco-
systems. Ecol. Lett. 10: 1135-1142.

Gairola, S. U. and Soni, P. 2010. Role of soil physical prop-
erties in ecological succession of restored mine land
- A case study. Intl. J. Environ. Sci. 1(4): 475-480.

Harpole, W. S., Ngai, J. T., Cleland, E. E., Seabloom, E. W.,
Borer, E. T., Bracken, M. E. S., Elser, J. J., Gruner, D.
S., Hillebrand, H., Shurin, J. B. and Smith, J. E. 2011.
Nutrient co-limitation of primary producer commu-
nities. Ecol. Lett. 14: 852-862.

Hazarika, A. K. and Kalita, U. 2020. Limnological assess-
ment of Tasek lake – a Tectonic lake of Garo Hills,
Meghalaya, India and its impact on livelihood devel-
opment. Eco. Env. & Cons. 26(1): 125-134.

Jackson, M. L. 1967. Soil Chemical Analysis. Prentice-Hall of
India Pvt. Ltd., New Delhi. 498.

Kangabam, R., Sarojini R. D., Boominathan, D. and
Govindaraju, M. 2015. Ecology, disturbance and
restoration of Loktak Lake in Indo-Burma
Biodiversity Hotspot - An overview. NeBIO. 6(2): 9-
15.



ABUJAM ET AL S225

Klute, A. 1986. Water Retention: Laboratory Methods. In:
A. Klute edited. Methods of Soil Analysis Part 1 Physi-
cal and Mineralogical Methods. Published by
American Society of Agronomy, Inc. and Soil Sci-
ence Society of America, Inc., Madison, Wisconsin,
USA.

Metson, A. J. 1956. Methods of chemical analysis for soil
survey samples. New Zealand Soil Bureau. 12.

Nath, B. and Deka, C. 2012. A study on fish diversity, con-
servation status and anthropogenic stress of
Chandubi tectonic lake, Assam, India. J. Bio. Innov.
(6): 148-155.

Olsen, S. R., Cole, C. V.  Watanabe, F. S. and Dean, L. A.
1954. Estimation of Available Phosphorus in Soils by
Extraction with Sodium Bicarbonate. Government
Printing Office, Washington D.C., USA.

Pant, B., Lohani, V., Trakroo, M. D. and Tewari, H. 2017.
Study of water quality by physicochemical analysis
of a Himalayan lake of Uttarakhand, India. Eco. Env.
& Cons. 23(2): 1128-1134.

Raj, K. B. G., Remya, S. N. and Kumar, V. K. 2013. Remote
sensing-based hazard assessment of glacial lakes in
Sikkim Himalaya. Curr. Sci. 104(3): 359-364

Saini, R. K., Swain, S., Patra, A., Khanday, G. J., Gupta, H.,
Purushothaman, P. and Chakrapani, G. J. 2008.
Water chemistry of three Himalayan Lakes: Dal
(Jammu & Kashmir), Khajjiar (Himachal Pradesh)
and Nainital (Uttarakhand). Himal. Geol. 29(1): 63-72.

Sharma, R. C. and Kumar, R. 2017. Water quality assess-
ment of sacred glacial Lake Satopanth of Garhwal
Himalaya, India. Appl. Water Sci. 7: 4757-4764.

Sharma, R. C. and Tiwari, V. 2018. Seasonal physicochemi-
cal characterization of water of sacred lake
Nachiketa Tal, Garhwal Himalaya. Appl. Water Sci.
8: 164.

Vitousek, P. M., Porder, S., Houlton, B. Z. and Chadwick,
O. A. 2010. Terrestrial phosphorus limitation:
mechanisms, implications, and nitrogen-phospho-
rus interactions. Ecol. Appl. 20: 5-15.

Walkley, A. J. and Black, I. A. 1934. Estimation of soil or-
ganic carbon by the chromic acid titration method.
Soil Sci. 37: 29-38.

Wang, Y. P., Houlton, B. Z. and Field, C. B. 2007. A model
of biogeochemical cycles of carbon, nitrogen, and
phosphorus including symbiotic nitrogen fixation
and phosphatase production. Global Biogeochem.
Cycles. 2: GB1018.

WHO, 2003. Guidelines for Drinking-water Quality, First
addendum to Third Edition Volume 1 Recommen-
dations. Geneva, World Health Organization
(https://www.who.int/water_sanitation_health/
dwq/gdwq0506.pdf). Accessed on 16 July 2020.

Yu, F., Fang, G. and Ru, X. 2010. Eutrophication, health risk
assessment and spatial analysis of water quality in
Gucheng Lake, China. Environ Earth Sci. 59(8): 1741-
1748.


