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ABSTRACT

The water of Khandepar has been used for irrigation and for 
domestic supply. As the river passes through the mining belts the 
effluents get mixed with it. The mixing of the domestic sewage, 
transport of mining ores by the barges, industrial wastes deteriorate 
the water quality. The Khandepar river showed peak alkalinity in 
January and peak chlorinity in April and the water was very hard in 
summer. The water was acidic throughout the study period. It also 
had high sulphates, phosphates and nitrates.

INTRODUCTION
It has been  a practice m India to 

i use the perenn ia l rivers and their 
tributaries fo r disposing off the 

i domestic and  industrial wastes, 
thereby causing the deterioration o f  

! Ehe water quality. Rapid urbanisation 
associated with industrial growth has 
been causing the increase of 
pollution load in rivers. But there is 
hardly any re p o rt on the rivers of 
Goa, especially tha t of K handepar 
which usually receives effluents from 
mining belts du ring  its course 
towards sea.

Therefore, it was decided to assess 
; the water quality o f Khandepar river 
i from w hich w ater is pum ped for

irrigation and domestic supply.
MATERIALS AND METHODS
The surface w ater sam ples were 

taken fortnightly in polystyrene bot­
tles (500 ml.) from two stations from  
Khandepar river (74°20' 30"E, 15°2a 
50"N) in the year Aug. 1987-Aug. 

1988 and  Aug. 1993 to Aug. 1994. 
T he samples were collected on 15th 
of each m onth  in the early hours o f 
the day i.e. -between 7.0 a  m. to 9,0. 
a.m. Care was taken to avoid air bub­
bling during the sampling. The sam­
pling bottles were iodine treated. An­
alytical techniques as described in 
standard  m ethods for exam ination  
of w ater and  waste w ater (APHA,
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1980) and chem ical and Biological The alkalinity was in the range of
m ethods for water pollution studies 20 to 80 m g/L  for 1987-88 whlie for
(Trivedy & Goel, 1986) were adopt- 1993-94 it ranged between 20 to 90.4
ed for the physico-chemical analysis m g/L . Least values were recorded in
of river water. W ater tem perature, monsoon and the highest in January
transparency, pH, dissolved oxygen, in both the study periods,
free CG„ alkalinity were determ ined The least (11.36 m g/L ) chloride
at the site while hardness, chlorides, content was observed in June 88 and
sulphates, phosphates and n itrates July 94 (23.0 m g /L ) and the maxi-
were de term ined  in the laboratory, m um  value %vas obtained in May 88
Dissolved oxygen, free COs, alkalini- (278.32 m g/L ) and April 94 (210.0
ty were de te rm ined  by titrim etric m g/L ). Generally April and May ex­
m ethod  while phosphates, nitrates, hibited high chloride content. The
sulphates, iron were anlaysed with hardness expressed as CaCOs ranged
the help o f Systronic (108) spectro- between 13.3 to 264 m g /L  in the
photom eter. vear 1987-88 and in 1993-94 it

T he results ob tained at the two son the hardness was quite low. The 
sites were identical, hence the com- iron concentration in the water var-
b incd  average figures o f the results ied between 0.68 to 1.0 rn g /L  in
are given. Tables 1 & 2 show the 1987-88 and in the year 1993-94 it
physico-chem ical Characteristics of varied between 0.7 to 1.3 m g/L . The 
the water. f/on contents of water was high dur-

T he transparency in the River ing m onsoon (July 8c A ugust). The
water varied between 12 to 25 cm in least level (0.097 m g /L ) o f phos-
1987-88 while in 1993-94 it varied phate was observed in Aug. 87 and
betw een 12 to 26 cm. T he low maximum (1.482 m g /L ) was ob-
transparency  was observed in served in March 88. In the year 1993-
m onsoon when the water was turbid. 94 the low (0.98 m g /L ) level of
T he D.O. values varied between 6 to phosphate was seen in July 93 and 
12 m g /L  for 1987-88 while for 1993- the high phosphate level (1.34 m g/
94 it ranged between 7.4 to 12.2 m g / L) was observed in May 94. T he ni-
L. T he m onsoon figures for D.O. trate contents varied betw een 0.1
were high while the sum m er figures • nrtg/L to 10.0 m g/L  in 1987-88 while 
in d ica ted  low level. T he CO, level it exhibited a range of 0.5 to 6.8 m g/
was low in m onsoon, especially in L in the year 1993-94.
Ju n e  88 it was 8.0 m g /L  while in May The sulphate co n cen tra tio n  varr 
88 the  h ighest level o f CO, was ied between 10.0 m g /L  to 210.0 m g/
observed (30.0 m g /L ). In the year L in 1987-88 while it f lu c tu a ted  be-
1993-94 the  low level (10.0 m g /L ) tween 11.0 to 168.0 m g /L  in 1993-
was n o te d  in June and high (22.0 94. The maximum concentration  was

OBSERVATIONS

m g /L ) in May 94. observed in summer.



Table 1. Physico-chemical Characteristics o f Khandepar River, Goa. 1987-88
Month pH Temp.

Or.'
Transp.
rancy

cm
D.O.
mg/L

c o 2
mg/L

Alkali
nity

mg/L
Cl

mg/L
*v

Hard
ness

mg/L
p o 4

mg/L
V

Nit.
mg/L

so ,
mg/L

Fe

August 6.3 26.0 16 12.0 18.8 50 213 13.3 0 097 0.94 128 1.0
September 6.5 26.3 16 12.0 12.0 20 79.52 48.0 0.085 0.85 48 0.98
October 6.15 27.6 18 8.0 16.0 30 19.88 14.66 1.77 4.0 30 0.92
November 6.2 27.4 20 6.4 14.4 80 14.2 16 0.379 5.0 12 0.84
December 6.3 26.9 21 8.0 14.0 40 22.72 8.0 0.305 1.0 10.6 0.78
January 6.28 26.5 24 9.6 12.0 80 28.4 24 0.379 2.0 15 0.73
February 6.1 27.3 24 9.6 16 55 48.28 16 0.42 10 30 0.68

March 6.0 28.5 24 9.0 16 55 45 16 1.48 2.0 39.2 0.71
April 6.1 29.2 25 9.6 24 80 272.6. 264 1.0 0.1 210 0.64
May 6.2 30.1 23 8.0 30 80 278.3? 256 1.1 0.12 202 0.65
June 5.0 28 20 11.2 8.0 40 11.36 14 1.2 0.24 22 0.79
July 4.7 27 12 9.6 12 30 12.84 16 0.18 0.45 10 0.89

Nit = Nitrates
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DISCUSSION
Most o f the Rivers in the world are 

p o llu ted  du e  to  sewage, dom estic 
waste, industria l waste water and 
agricultural run off having hazardous 
substances. In  Goa the m ining 
effluents from  the  m ining sites and 
sites o f the m ining reject dumps add 
to the pollution level of the Rivers.

T he fluctuation in the river water 
tem pera tu re  usually depend on the 
season, geographic location, sam­
p ling  tim e as well as upon the 
tem peratue  o f the effluents pouring 
in to  the  river. T he water transpar­
ency dep en ds u p o n  the suspended 
and dissolved m atters but even the 
flow rate of water alters the transpar­
ency (M ishra and  Saksena, 1991). 
T he low transparency observed in 
the present study, especially in m on­
soon was due to the water turbidity 
and  partly due to the mixing of do­
mestic sewage, The higher sediments 
and phytoplanktons during rainy sea­
son may settle down and thus in­
creases the turbid ity  and decrease 
transparency (Patric, 1971).

T he pH  o f  the waterbody 
ind icates the degree of pollution 
(Verina et al., 1984). In Ganga water 
pH  was above 8.0 in all seaosns 
excep t m onsoon (Saxena et a i t 
1966). K alinadi had pH  value 
between 7.2 to 7.6 and due to mixing 
o f factory wastes it dropped to 4.8 to 
5.9 (Verm a and  Dalela, 1975), 
C handra Prakash et a l  (1978) noted 
th e  alkaline pH  in Jam una. Similar 
observations have been reported  by 
Shyatnsunder (1988), Shalh (1988) 
an d  M ishra an d  Sexena (1991) . In 
th e  p resen t work th e  river showed 
acid ic pH  th ro ughou t the study

period and was never on  alkaliac 
side. The pH of the Khandepar river 
is within the permissible values (6.0 
to 9.0) for sum m er but lowering 0f 
pH in June and July could be due to 
the mixing of m ining effluents in 
monsoon. Fergusson (1982) argued 
that one com m on com ponen t of 
m ining rejects is FeS2 which has an 
im portant role in the form ation of 
acid mind water. T he river water 
showed a significant am ount o f iron 
contents which may be causing the 
drop in pH, especially in summer 
when the water tem perature is high.

The deterioration of water quality 
results in the depletion  of oxygen. 
The increase in tem perature  may 
alter the concentration of D.O., Free 
CO, and o ther gases dissolved in 
water. In the present study the river 
exhibited considerably high level of 
D.O., in rainy seasons and it could be 
so as the rain water in rich in oxygen. 
In other season the D.O. level could 
be fluctuating due to the fluctuating 
water tem perature. Besides this the 
mixing of the waste dem anding 
oxygen can also induce d ro p  in 
oxygen level.

Some investigators have reported 
increase in CO? in po llu ted  waters 
(Verma 8c Dalela, 1975: Saxena & 
C hauhan 1993). Verma and  Dalela 
(1975) have reported high C 0 2 leve 
(27.6 m g/L ) in winter in river Kal: 
but the present observations do  no 
agree with these observations thougl 
CO, level is quite higher than that o 
D.O. level in winter. On the contrar 
in the present work the maximun 
CO. level is* found iii summerzSaxena and C hauhan (1993) foun< 
the inverse relationship between CO 
and D.O. In the present study th<
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Table 2. Physico-chemical characteristics of Khanderpar river, Goa. 1993-94
Month pH Temp.

Oc
Transp-
rancy
cm

D.O.
mg/L

c o 2
mg/L

Alkali
nity

Cl
mg/L

Hard
ness

mg/L
p o 4

mg/L
Nit.

mg/L
SO,

mg/L
Fe

mg/L

Aug. 6.1 26.1 13 12.2 12.2 20.0 30.1 12.5 0.1 1.0 20.0 1.1
Sept. 6.3 26.8 12 12.0 14.0 25.0 60.4 28.32 0.14 0.9 30.0 0.9
Oct. 6,3 27.4 18 7.4. 16.4 60.0 24.26 15.0 1.162 2.9 12.6 0.8
Nov. 6.1 28.3 17 8.0 14.1 50.0 23.8 18.0 0.40 5.2 11.0 0.7
Dec. 6.3 27.6 18. 10.0 12.6 30.6 23.2 12.0 0.41 4.6 15.0 0.7
Jan. 6.32 26.4 20 8.6 18.0 90.4 30.6 20. 0.392 4.0 20.4 0.82
Feb. 6.25 26.7 24 8.8 18.2 80.0 45.0 22.0 0.405 3.8 38.0 0.75
Mar. 6.1 28.6 26 9.2 16.0 60.23 40.0 18.0 1.32 6.8 26 0.88
Apr. 6.15 29.2 .25 8.6 20.12 64.0 210.0 208 1.26 2.0 168.0 0.92
May. 6.3 30.1 24 8.0 22.0 70.0 I960 190.0 1.34 1.40 152.0 0.90
June 5.6 28.2 16 9.4 10.0 40.0 40.0 28.0 1.18 1.0 23.0 1.0
J»iy 5.38 26.3 12 9.6 10.5 30.0 23.0 16.0 0.98 0.5 15.0 1.3

Alkal -  Alkalinity, D.O. = Dissolved oxygen, Cl = Chlorides, Nit = Nitrates
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general inverse relationship was not 
seen though  it existed in all seven 
m onths. Thus, the p resent observa­
tions partly agree with the observa­
tions o f Saxena an a  C hauhan 
(1993). Increase in sum m ar COa 
level could be due to the increase in 
aerob ic  population as well as pollu­
tion  load. G eorage et al., (1966), 
Saxena et al. (1966); Som ashekar 
(1984); Ajmal et al. (1985); Ajmal 
an d  Razi-Ud-Din (1988); Ghose and 
Sharm a (1988); Shah (1988) have 
observed very high alkalinity in con­
trast to the p resen t study. The 
p re sen t observations o f fluctuation  
in alkalinity in the range o f 20.0 to 
80.0 m g /L  (1987-88) and  20.0 to 
90.4 m g /L  (1993-94) may be due to 
the mixing o f domestic sewage.

T h e  chloride concentra tions de­
p end s upon the charactersitics of 
sedim ents and the pollution load. In 
unpollu ted  rivers the values of chlo­
rides are usually low (2.0 to 10.0 m g / 
L). T he increase in ch loride values 
in the present study could be partly 
due to the back influence o f sea wa­
ter and  partly due to the increase in 
pollu tion load caused by the sewage 
effluents. Thus, the high chloride 
values indicate the deterio ra tion  of 
water quality, Steep, increase in chlo­
ride values in summer may be due to 
evaporation of water and addition of 
large am ount o f organic m atter 
Ajmal et al. (1985) found the influ­
ence o f season on  the chloride con­
tents o f  the river bu t in the present 
study no such direct influence could 
be seen.

T h e  rainfall is said to be 
responsib le  for increasing the 
am ount of nitrate in water but in the 
present study the maximum am ount

c f nitrate was observed in February. 
Ajmal et al (1985) rep o rted  least 
value of nitrate (0.1 mg/1) in winter 
and maximum (4.5 m g /L ) in 
sum m er for Kalinadi. Shyamsunder 
(1988) observd m inim um  nitrates 
during July through Septem ber and 
maximum in the m onth o f  January 
in river Jhelum . Shah (1988) 
reported  m inim um  nitrate  level in 
April and m axim um  in December. 
Nitrate concentration between 4 to 6 
m g/L  is considered high. According 
to Kapoor (1993) higher amounts of 
nitrates and phosphates represen t 
high pollution load.

Major sources of phosphate in the 
water are domestic sewage, agricul­
tural effluents with fertilizers and in­
dustrial effluents. The high phos­
phate concentration therefore indi 
cates pollution. Verma and Dalek 
(1975) observed 0.77 m g /L  concen 
tration of phosphate in river Kali 
Mahadevan and Krishnaswam; 
(1983) no ted  phosphate range o 
0.08 to 0.83 m g /L  for river Vaigai 
Som shekhar (1984) found pho< 
phate concentration as high as 1 
m g /L  in Ju n e  and July in rive 
Cauvery. Shyam sunder (1988) ot 
served mean phosphate values i 
river Jhelum  as 0.005 m g/L  and 0.€ 
m g /L  at two sampling stations.

The high sulphate concentratioi 
in the river water indicate pollutic 
caused by the domestic sewage an 
effluents. Especially the hig 
sum m er values for sulphate clear 
indicate the deterioration  o f wat 
quality.

T he  higher concentration of ir< 
in m onsoon could be due to t! 
effluents com ing from the minii 
sites.
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Thus it could be concluded that 
the Khandepar river of Goa is getting 
polluted. Also there is not much 
diference in the pollution status 
observed in 1987-88 and 1995-94.
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