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Rawasan ~ Stream,  Physico- (0.40+0.07 NTU to 80.5+1.95 NTU), pH value (7.4+0.24 in to
Chemical Characteristics, 8.440.17), total alkalinity (31£1.12 ppm in August 2013 to 67.6+1.03
Pollution Status ppm), Hardness (46.2+2.94 ppm to 85.2+9.71 ppm) and average free

carbon dioxide (0.02+0.2 mg/l to 0.7+0.27 mg/l). From the overall
analysis it was observed that fluctuations in the value of different
parameters season dependent. Rawasan stream was observed as
conducive for aquatic biota.

INTRODUCTION:

The present study is carried out in an important tributary of River Ganga in District Pauri Garhwal.
Geographically, the Rawasan stream is bounded by 29°55'33.82"N and 78°26'42.41"E. This stream has its
origin from the Kher-Pokhri Danda (1,130m asl). The study on Rawasan stream in different sites
downstream (Narikatal (S1), Jarpani (S2), Seela (S3), Pupaldanga, Madhan (S5) extended up to 30 km
from its upper tributary known as Sateri sot. Jarpani sot is another important sub-tributary of the
Rawasan stream meeting it near Padyana. Below the junction of the Sateri and the Jarpani the stream is
called Rawasan and flows toward Southwest throughout its course. The stream reaches in the Bhabar
track near Laldhang and flows towards South and Southwest, meeting the Holy River Ganga at Tantwala
in Amsot Block. The study is aimed to analyze the water quality as this is a highly productive stream and
play an important role as breeding and nursery ground for many fish and other benthic communities. The
regular and periodic change in the climate synchronized with season and anthropogenic activity
ultimately influence the abiotic and biotic nature of the river water and directly or indirectly affect the
productivity of that river.
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Good quality of water resources depends upon on a large number of physico-chemical characteristics and
the magnitude of the source of pollution. Many authors have studies the physico-chemical characteristic
of water in Uttarakhand (Sharma 1984; Singh et al. 1994; Agarwal et al. 2003; Sharma et al. 2007;
Khanna et al. 2010; Madan 2013; Kumar and Saini 2014; Balodi et al. 2014; Matta 2014; Kumar and
Rani 2015; Balodi and Koshal 2015; Pramod and Shweta, 2015). Hence, the present study was conducted
to study the physico-chemical characteristic to assess the water quality of Rawasan stream.

MATERIALS AND METHODS:

Water sample were collected in BOD bottles from the selected sites (from Aug 2013 to July2015). The
monthly samples of subsurface water were collected during the first week of each month in the early
hours of the day i.e. between 7 AM to 9 AM. Utmost care was taken to avoid spilling of water and air
bubbling at the time of sample collection and brought to the laboratory for the analysis of various
parameters. Temperature and pH was recorded on the site with the help of digital pen type temperature
and pH meter and free carbon dioxide was also analysis on the spot by titrimetric method. DO was fixed
on the sampling site with magnanous sulphate and alkali-iodiade-azide for further analysis in lab. The
physico-chemical characteristics of water were analyzed according to the standard methods of Welch
(1948) and APHA (2012).

RESULTS AND DISCUSSION:

The physico-chemical characteristics provide a fair idea of the water quality in any water body. These
characteristics generally depend upon the environmental conditions and the composition of water as well
as the pollution sources near the water. Figure 1 showing variations in different ecological parameters of
Rawasan stream during different months (2013-15).

Air temperature (AT): In present study the air temperature fluctuated between (34.96+0.59 to
18.48+1.07) with maximum in July 2014 and minimum in December 2014. The fluctuation in air
temperature followed a seasonal climatic pattern, as data revealed high temperature during summer
months (May, June and July), moderate during monsoon months (August, September and October), while
the lowest temperature recorded in winter months (December, January and February). Observation of air
temperature were found in close proximity with the results of Kanwal and Pathani (2012) as they had
recorded the air temperature range (13.5°C to 33.0°C) at Petsal and Sironia Garh of Suyal river of
Kumaun Himalaya Uttarakhand.

Water temperature (WT): Like the air temperature water temperature also shows the same trend of
fluctuation during the study. Maximum water temperature was recorded (27.6+1.17) in July 2015 and
minimum (15.2+0.46) in the month of February 2014. A fluctuation in water temperature leads to the
disturbance of biodiversity of aquatic ecosystem. Water temperature showed an upward trend of increase
from January to July and followed by down ward trend of decrease from July onwards. A similar trend
has been observed by Chakrabarty et al. (1959) in river Yamuna.

Water velocity (WV): In the present study the water velocity ranged from 0.274+0.06 m/sec to 0.65+0.0
m/sec), similar result was observed by Verma (2013). The high and low velocity may be correlated with
steeper and horizontal slopes due to altitudinal variation, but maximum water velocity in our study was
observed in rainy months as was also observed by Sharma et al. (2007) in hill stream Chandrabhaga from
Garhwal Himalaya and Singh et al. (2012) at hill stream Sidzii, tributary of Doyangriver Manipur.

Dissolved oxygen (DO): In present study for Rawasan stream DO is fluctuated between ranges from
8.9+1.5 mg/l to 11.9+1.14 mg/l. Increase in dissolved oxygen value during winter and decrease in
summer, are well known characteristic features of aquatic ecosystem.

© SHARAD 10



11 (2016)

in R

Moun

N: 0974-3030

L

- R si-mr S1-ng SELE
gy-ung Si-ung s1-ung Sr-ung
ST-Kel SI-Ae N S1-Ae A SI-ABA o Y~
Sr-ady s1-ady si-ady s1-ady = O uhL
S1-aupy ST-IRIA ST-Ie ST-IeN . m
— S1-aou S1-aRu ST-ao1 S » m
ST sy-uwp sr-uep A s1-uep m mu.
rI-99Q FI-00 ri-02qQ H rI-001 m ﬁ m
P1-rON ri-AoN pl-aoN FPI-AON Mm m m.xv
PI10 r1-190 FI-1R0O rI-PO S &8
r1-dog ri-dog i ri-dog Y ri-dag . Mm n.u
o g e & e 3 e 5| 27T
e 8 -
H ””.“H_... = ri-ung = pi-unge g ri-ung = m nnu..o
PI-KeA pr-Aey PI-Aen Fr-Aepy o) .nl.a .H
pr-ady F1-ady r1-ady pr-ady .mu . w 1w
p1-aupy [ BTN Fl-ae FI-aeA WO
FI-aouL ri-aau vi-aau r1-aas n = m
paner pr-uer rr-uep Fr-ue mlh. w <
€1-00q £1-92a £1-22d £1-990 =} m
E1-AON E€1-AON E1-AON €1-AON o0 A7
£1-P0 £1-PO £100 £1-P0 — - o
g1-dag ci-dog £1-dog c1-dog .8 o —
cr-any cr-E#ny . e g1-any e gr-ny — m % A.«_,.
S w s w oS o e Tagee s as SsucEEIoCe 882832888 ° wie 25
(3,) 2amesadway 123em (/3w) oa 11 (wdd) ssaup.aefy H 1m R /2\
N si-me st-mr sT-mr s1-mr ST-mr
1 stunr sT-ung sr-ung sT-ung sT-ung
,f S-S Si-Kepy sI-Ke ST-Re ST-ABIA
sy-ady ST-adv sT-adv sT-adv s1-ady
ST-EI ST-ae ST ST-tepy ST-aeIA
ST-Pd ST-aRA & ST-gRA ST-qo.1 ST-qo
Ssi-uer Sy-uer sr-uer gr-uep Sy-uepr
ri-sed rI-90Q PI-2Q H PI-20Q rI-o0a
PI-AON FI-AON PI-AON PT-AON rI-AON
F1-100 FI-P0O F1-P0 P1-PO rI-190
r1-dos ri-dos ri-dos p1-dog ri-dog
E.u:aulm p1-Sny m pr-sny m p1-3ny m rI-8nv m
/ L L veme S vime S P S H”.M”J_J =
p1-ung rI-unge pI-unp pr-unp
H ri-Aen vI-Aepy r1-fepy p1-Ae A ri-fe ]y
pi-ady pr-ady p1-adv pr-ady ri-ady
FI-AeIA PI-1eIA PI-1eA P 1-deIAl FI-IeIA
F1-9940 FI-aod ¢ PI-go4 PI-qo.1 Fi-q2d
p1-uer pr-uer pi-uer p1-uer pluer
£1-99Q €1-92d c1-92Q €1-99Qq €1-92d
€1-AON €1-A0N CT-AON €I-AON €1-A0N
€10 €1 PO €1-P0 €190 €130
c1-dog ci1-dog ci-dog c1-dog g1-dog
c1-sny . e : cr-sny cI-8ny 18NV €1-8nv
smgRg®mewoe i b s = T sge3R888=S° gsergssesas " 2528332827
(Do) damesadwa) 1 Ty (sfw) Adojen s=remn (MULND Appigan, (wdd) ey e, {1/3w) apixoip uoqued aaiy

11

© SHARAD



ISSN: 0974-3030 J. Mountain Res. Vol. 11 (2016)

Similar observation for DO was recorded by Sharma et al. (2007) in the stream Chandrabhaga from
Garhwal Himalaya. Same trend of fluctuations of dissolved oxygen i.e maximum in winter months and
minimum in summer months was observed in Nambol river by Devi et al. (2005). The maximum DO
during the winter is due to the phytoplankton enrichment and photosynthesis.

Turbidity (T): During present study the turbidity ranges from 0.40+£0.07 NTU to 80.5£1.95 NTU was
recorded. Maximum turbidity observed in August was due to the rain fall and flash flood. Our
observations was well supported by Bhatt et al. (1984), who observed that turbidity increases to a
maximum value in monsoon due to suspended solids in the flooded water. Our results for high turbidity in
August (monsoon) and low or negligible during January and February (winter) were also in accordance
with the results of Verma (2013) for Western Ramganga river in Kumaun Himalaya.

pH: The value of pH was found to vary between (7.4+0.24 to 8.4+0.17 ) in Rawasan stream. This is in
conformity with the work of Malik et al., (2012), as they recorded pH value of 7.09 to 8.03 in Asan
reservoir. The pH was recorded minimum in July 2014 and maximum in March 2014. However the data
obtained from the study showed that the water of Rawasan stream was alkaline in nature during study.

Total Alkalinity (AL): Alkalinity was recorded in the range of 31£1.12 ppm to 67.6+1.03 ppm during
the study and similar observation was recorded by Gangwar et al. (2012) and Selakoti and Rao, (2015).
Our result for total alkalinity range is much less than the observations made by Kumar at al. (2010) who
report the alkalinity range of (32 mg/1 to 118 mg/1) from rivers of Uttarakhand.

Hardness (HD): The value of hardness was in the range of maximum (85.2+9.71 ppm) in January 2015
and minimum (46.2+2.94 ppm) in June 2015. Productive water should have hardness above 20 mg/1 (Das
and Das 1997). As per the statement of Das and Das (1997), the Rawasan stream is righty observed as
productive.

Free carbon dioxide (CO): During the present study the maximum value of CO, was calculated as
(0.7+£0.27 mg/1) in September 2014 and minimum (0.02+0.2 mg/I) in July 2015, and no carbon dioxide
was observed in December, April, May and June month during the study periods. Comparatively higher
values of free carbon dioxide were observed during September. These could be due to the decay of
organic matter and respiratory activities of organisms, resulting in the addition of large quantities of CO»
to the water. The results of the present findings are in agreement with the finding of Nath and Srivastava,
(2001) and Gurumayum et al. (2000) who have also reported higher values of free CO, during summer
and monsoon months.

RELATIONSHIP BETWEEN PHYSICO-CHEMICAL PAPAMETERS:

The statistical correlation between the physico-chemical parameters is presented in table 1 in the stream
Rawasan at Pauri Garhwal. Most of the parameters were found to bear statistically significant correlation
with each other indicating close association of these parameters with each other at different levels of
significance as shown in table 1. The positive correlation coefficient (r) was noticed in between water
temperature and air temperature (WT-AT), water temperature and water velocity (WT-WV), DO with
alkalinity and pH (DO-AL , DO-pH) and negative correlation coefficient (r) was noticed between pH with
turbidity and air temperature (pH-AT, pH-T) during study, but air temperature and water temperature
showed a highly positive correlation (r=0.96, df=8, p<0.001) and water velocity and pH showed strong
negative correlation (r= -0.93, df=8 , P<0.001) was noticed from the Rawasan stream water.

CONCLUSION:

On the basis of various parameters studied Rawasan stream study area can be placed under oligosaprobic.
When various water parameters of our study are compared with that of Indian standard (IS-1055, 1991)
© SHARAD 12
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for public, fish culture and irrigation purposes, it was revealed that all such parameters are well within the
limits. The water characteristic considered for the study indicates that the Rawasan stream water is
pollution free and can serve as a good habitat for many aquatic organisms.
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Table 1 Correlation matrix of Rawasan stream water analysis

AL HD | CO
AT (°C) WT (°C) DO(mgl) | WV (m/s) | T(NTU) pH (ppm) | (ppm) | (mg/l)

2013-2014

AT (°C) 1

WT (°C) 0.800%%* 1

DO (mg/l) | -0.763** | -0.799%** 1

WV (m/s) | 0.840%** 0.730%* -0.656* 1

T (NTU) 0.639* 0.657* | -0.740%** 0.553 1

pH ~0.897%*** -0.753 0.853%%* -0.710% | -0.827%** 1

AL (ppm) -0.628 -0.621 0.808*** 0.503 | -0.726** | 0.827*** 1

HD (ppm) -0.591 -0.536 0.700* 0.671* 0488 | 0.679* 0.568 1

CO (mg/]) 0.130 0.275 -0.449 0.086 0497 | -0373 | -0.494 | -0.501 1
2014-2015

AT (°C) 1

WT (°C) | 0.960%*** 1

DO (mg/l) | -0.786%** | -0.793%** 1

WV (m/s) | 0.834%%% | (.823%%% | _(.9]5%*** 1

T (NTU) 0.505 0.577 | -0.820%** 0.814 1

pH -0.804%%% | _0.821%%* | 0.047FFF* | _(.935%k¥x | () 798%** 1

AL (ppm) | -0.891%*** | -0 900**** 0.855%%% | _0.851%** -0.673 | 0.806%** 1

HD (ppm) | -0.768%** | -0.767%** 0.773%%% ~0.735%* 0.607 | 0.658* | 0.850%** 1

CO (mg/]) 0.202 0.310 -0.331 0.495 0.638 | -0.335| -0.408 | -0.416 1

(df= 8, level of significance * 0.05 %, **0.025%, *** 0.01%, ***0.001%), df=degree of freedom

REFERENCES:

Agarwal, N.K., Rawat, U.S., Thapliyal, B.L., and Raghuvanshi, S.K., (2003). Seasonal variation in physico
chemical characteristics of the River Bhagirathi and its impact on phytoplankton and benthic
entomofauna. Proc. of 12th Nat. Symp. on Env.:430-437.

APHA, (2012). Standard methods for the examination of water and waste water. APHA, AWWA, WPCEF,
22th edition, New York

Balodi, V.P. and Koshal Kumar, (2015).Macro-Zoobenthic study in relation to physico-Chemical
parameters of Khoh River in Uttarakhand. Int. J. Sci. Res., 4 (6):171-173.

Balodi, V.P., Koshal Kumar, Rashid, M. and Thapliyal, Anju (2014). Study of planktonic diversity in Potamon
section of Western Nayar, Uttarakhand, India. J. Mountain. Res. 9: 95-102

Bhatt, S.D., Bist, Y. and Negi, U. (1984): Ecology of the limnofauna in the river Kosi of the Kumaon
Himalaya (U.P). Proc. India. natn. Sci. Acad. 50 (B): 395-405.

Chakrabarty, R.D., Roy, P. and Singh, S.B., (1959). A quantative study of plankton and physico-
chemical conditions of river Yamuna at Allahabad. Indian J. Fish. 61:186-208.

Das, M.K. and Das R.K., (1997). Fish and Prawn diseases in India, diagnostic and control, Inland fishery
society of India. Barrackpore, 139 p

© SHARAD 13




ISSN: 0974-3030 J. Mountain Res. Vol. 11 (2016)

Devi, R.K.R., Dhamendra, H, Gyaneshwari R.K. and Kosygin,I. (2005). Limnological studies of Nambol
river Manipur with a note on its aquatic bio-resources. Indian J. Environ. and Eco.10(3):831- 834.

Gangwar R.K., Puneet, K. Singh J. and Singh, A.P. (2012). Assessment of physico-chemical properties of
water river Ramganga at Bareilly, U.P. J. of Chemical and Pharmaceutical Res. 4(9): 4231- 4234

Gurumayum S.D. Daimari, P.Goswami, B.S. Sarkar, A. and Choudhary, M.,(2000). Physico-chemical qualities
of water and plankton of selected rivers in Meghalaya. J. Inland Fish. Soc. India. 34(2): 36- 42.

Kanwal, B.P.S. and Pathani S.S., (2012). Studies on some physic chemical and plankton diversity of Petsal and
Sironia Garh of Suyal river of Kumaun Himalaya (UK). J. Env. And Biol. Sci. 26(1):43-51.

Khanna, D.R., Bhutiani, R., Matta, G., Singh, V., Tyagi, P. and Ishaq, F. (2010). Water quality characteristics
of river Tons at District-Dehradun, Uttarakhand (India). Env. Conservation J.,11(1&2) 119- 123.

Kumar, A., Bisht, B.S., Talwar, A. and Chandel, D. (2010).Physico-chemical and microbial analysis of ground
water from different regions of Doon Valley. Int. J. Appl. Env. Sci, 5(3): 433-440.

Kumar, P. and Rani, S. (2015). Seasonal variation in physic-chemical properties of Ram Ganga River in
Kalgarh Uttarakhand. J Mountain Res., 10:109-115.

Kumar, P. and Saini N.(2014). Phytoplankton and icthyofaunal diversity of Kosi river at Lalpar Barriage
(Rampur) India. J] Mountain Res., 9: 49-55.

Madan, S., Dutta, S. and Chanchal, (2013).Water quality assessment of river Tons, Dehradun (Uttarakhand),
India. JANS 5 (1): 76-81.

Malik, D.S., Kumar S. andNagar, S. (2012). Seasonal nutrient characteristics of Asan reservoirat
Dahradun, Uttarakhand. J . Sustainable Environ. Res., 1(2):233-238.

Matta, G. (2014). A study on physic-chemical Characteristics to assess the pollution status of river Ganga
in Uttarakhand. J. Chem. Pharm. Sci. Vol. 7 (3): 2010-2017.

Nath, D. and Srivastava, N. P. (2001). Physico chemical characteristics of Narmada for the stretch Sondia to
Mola in M.P State. J. Inland Fish. Soc. India, 33(1):17-24.

Selakoti, B. and Rao, S.N. (2015). A study on seasonal fluctuations in physico-chemical variables in
spring fed Kosi river at Almora province from central Himalaya, India. Int. J. Curr. Microbiol.
App. Sci., 4(4): 418-425

Sharma, A., Sharma R.C. and Anthwal, A. (2007). Monitoring phytoplankton diversity in the hill stream
Chandrabhaga in Garhwal Himalayas. Life Sci. J., 4:80—84

Singh, H.R., Nautiyal, P., Dobriyal, A.K., Pokhriyal, R.C., Negi, M., Baduni, V., Nautiyal, R., Agarwal,
N.K., Nautiyal, P., and Gautam. A., (1994). Water quality of the River Ganga (Garhwal
Himalayas). Acta Hydrbiologia 36, pp.3-15.

Singh, S.J., Sunita Gurumayum and Abujamm, S. K. S., (2012). Water Quality and Fish Diversity of a  Hill
Stream ‘Sidzii’- A Tributary of Doyang River. J. Biol. Chem. Research.29(2): 159-166

Verma, R. (2013). Current status of physico-chemical parameters characteristic and biological factor of
West Ramganga river in Kumaun Himalaya India. Int. J. of Curr. Micro. and Appl. Sci., 2(8) 114-123.

Welch, P.S., (1948). Limnology methods. Mc Graw-Hill Book Co. NY Toronto, London.

fhddnk

© SHARAD 14



