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ABSTRACT

A study over a period of twelve months for the different indicators of water quality was carried out in the rivers
Mandovi and Zuari from October 1977 to September 1978. The study covered observations in both the rivers from close
to the source to the sea. To delineate the recipient capacities for sewage and effluents, the stretches of the rivers upto
the tast loading points for ores have been considered ; while to judge their suitability 8s soutces for raw water for public
water supply only the zone, which is beyond the extreme point of penstration of the salt front, in the rivers has been
examined in detail.

Comparisons of conditions in the rivers Mandovi and Zuari with the prescribed tolerance limits for industrial
effluent discharge into inland surface waters were made and it was obseived that exceptthe toia! suspended solids,
oils and grease, the rest of the components are well within the maximum tolerance limits in the 1S} standard.

_To test the water quality as sources for municipal raw water supply, some of the relevant camponents in the
freshwater zones of the rivers were compared with WHO, USPHS, ICMR and ISi maximum aflowable concentrations for
such purposes. Occasional high values of calcium and magnesium, which are normally considered as marine contributions
to inland rivers, were observed. Of the riverine components, excepting 80D, phenolic compounds and oils and greasa, /
the rest were well within the limits of all - the standards, Excepting BOD,. which is an indicator of non - industrial
addition to rivers, all the ather components, whose values occasionally gat beyond the tolerance limits, originate due to
mining activities.

It has been concluded that both the rivers have a fairly good water quality as at present. But adequate measures
have to be adopted to reduce or at feast to maintain the present level of concentrations of ail the components. This
shou!d be catried out by establishing a regular moniioring network as a safeguard to maintain the present quality of water
of the two rivers.

INTRODUCTION

Since the:liberation of the territory :of Goa, Daman and Diju in.December, 1961, this territory has
undergoneimuch change -both industrially and. agriculturally. The two rivers Zuari and. Mandow being the
lifedine of-Goa;: it can be expected that maximum development . will take place along these two river basms
These twa river basins cover an area of about 2,500 km* which is about 68% of the total land area of the terri-
tory of Goa. The population in these basins is around 470,000 or about 55% of the total for this territory.
About two:thirds of the:tutal production of iron, manganese and “ferromanganese ores.come from.the mines
located on:these two riverbasins. Naturally major part of industrial agtivities in the territory are congentiated
here:as well.. Moreover, because of its scenic beauty. and unspoilt nature, Goa has a vast potential for
development of tourism. -

With the basic aim in view, that the two rivers ate to be kept least polluted, an extensive survey
was undertaken- in the twao tivers to prepare a master plan for pollution contol. . Eatlier to th\s work, sevetal
different charactsristics of the rivers Mandovi and Zuari have been examined, but most of them-penain to
estuarine regions (Singbal. 1973 ; Untawale, Dwivedi and Singbal 1973 ; Goswami and Singbal 1974 ; SmgL
bali1976). The objectives of the present work were to determine the existing water quality of the rivers
Mandovi and Zuari in order to judge their eventual-recipient capacities angd to compare some. televant com-
Panents from freshwater zones with WHQ, USPHS, ICMR and IS] maximum perm:ssnble concentrations.
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Description of the study area

The rivers Zuari and Mandovi (Fig. 1) can be called the "life line” of the union territory of Goa. They .
are mainly used as waterways to transport enormou’s quantities of iron and ferromanganese ores in barges to °
the harbour at Mormugao throughout the year. They are also used for fishing activities, practically throughout
the year and particularly during the monsoon months when the sea fishing gets suspended. i
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Fig._ 1. LOCATION OF STATIONS /&@

(SKETCH WAFRD

, Rlver Zuari originates from the Dighi Ghat of the Karnataka part of the Sahyadri hills and after flowing
through a stretch of about 67 km meets the Arabian Sea near the Marmugao-Dona - Paula point. Its width. at
the mouth of the estuary is 5.5 km while, it narrows down to less than 0:5 km. It is fed by monsoon: precipi-
tatlon .and. also recelves dlscharge from a catchment area ofabout 550 km- ' : .
T _»Rwer Mandovic ongmates from-the'Parwa Ghat of the Kamataka part of. the Sahyadri -hills and after
 triversitig ‘a stretch of about 70 km joins the Arabian. Sea through the Aguada Bay near Panaji. .Its width at

the éstuary is 3.2’ km while, upstream, it narrows down to 0.25 km. Like the Zuari river.it.is also fed by mon-
soon precipitation from the discharges from a catchment area of about 1,150 km?. :

MATERIAL AND METHODS

. Seven siatlons (Flg 1) were fixed in each of the two rivers. " These stations '’ took ‘into conS|derat|0n
of the salt front and consequently the ndal inflience and their nearness: to the areas” of mmmq industrial and
domestlc activities. One ‘'station was fixed at the uppermost’ reaches of each river 'asa’ “control . station.
Moreover two statlons were fixed in the Cumbarjua canal, 10 km apart, at distances ‘of 3 and 4 km from' its
openings. into the Mandovi and Zuari rivers respectively. The total dsstance covered in’ between the 7 stanons
in the Zuari was 43 km plus additional 24 ki between the- upper two statlons : ‘
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Observations were made once every month at mid-depth at ali the stations every 3 hours, The
parameters discussed here are colour, coliform organisms, pH, chlorides, dissolved oxygen, BOD, phenolic
compounds, nitrates, oils ‘and grease, iron, manganese, calcium, magnesrum arsemc, chromium, cyamdes,
selenrum and ‘mercury. -

: Standard methods were adopted for the analysis of different parameters described elsewhere (I1S|
1964 : APHA 1967 ; Carritt and Carpenter, 1966 ; Riley and Taylor 1968 ; Culkin and Cox 1966 ; Murphy

and Riley 1962 ; ERPA1976 ; HMSO 1972 Gardiner and Riley, 1974).

RESULTS AND DISCUSSION

Effluent Discharge

Zuari basin is populated by 224,000 persons comprising 27% urba'n. and 73%. rural population. The
corresponding figures for Mandovi basin are 246,000 and'29% and 71% respectively. - Population-wise, there-
fore, the difference between the two basins is not significant. ' '

In the absence of any data for communal sewage for the whole area, the known figures for central

Panjim have been extrapolated for the entire urban-population of both the basins. The rate in the rural areas

has been assumed to be half of that from the urban area. A population of 40,000 persons in the central Panjim

gave rise to-1,307.556 million. litres of sewage in 1977-78 or 90 litres/person/day. The rate for rurai area would

be about 45 litres/persan/day. Using these figures the annual cantribution of sewage to the Zuari and Mandovi
-river.gystams would be 4.67 and 5.2} million cubic metres. respectrvely

ln the Zuarl basrn there are 6 large, 13 medium-and 110 small mdustnes and therr eﬂluent drscharge is
approximately 4.4 X 10° m*/year. In Mandovi basin there are 4 large, 5 medium and 99 small industries and
effluents of the order of 0.8 x 10¢ m“/year This clearly mdrcates that the industrial actrvrty is far more intense
in the Zuari basin than in the Mandovi basin." ; .

About 18% of the total geographical area of Goa is estimated to have mineral deposits. " One third of
this (260 concessions/lease) is being exploited at present.- Of-the concessions given, only 37 large mines
produce two-thirds of the total production of iron,. manganese .and ferro-manganese ores. Ten of the large
mines are located in the Zuari basin while the remaining 27 are . in the Mandovi basin. These mings. drscard
1,000-6,000 tonnes of waste per mine.per day. It is thus: apparent that the mining actwrty is twrce more mtense
atong the Mandovr basin than Zuari basin.. ‘

) Rrver Zuarr is navigable upto 62 km from’ |ts mouth while the last Ioadmg pomt on rt is located at a
_ drstance of. 50 km (close to station Z8)). Pooin

River Mandovi is'navigable only upto a drstance of 42 km- from its mouth- where the last ioadmg pornt
on.itis also. chated (close to statron M8).

Most of the developmental activities, therefore, :along. the two:river basins are at present restricted
to the navigable distances from their mouths. The existing water quality in these rivers between the statrons
Z1 and Z8 and between M1 and M8 with the standards for efﬂuent drscharge into rivers, given by the 1S, is
of consrderable mterest for future planning. - : .
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TABLE — 1

Comparison of conditions upstream w the rivers Zudri ond Mondovi

with folerence lmits for inlond surface waters for use for public water supply
- T Tver Zwori | Worer Teorl [Rrer Wondesl [ Kiver
cine| camacremstc- wno uno:us PA:cszﬂA&f cc:?mum; 2288 3.,{;0:;0“ uu(nzn:'- ”ff,‘:'} fgg’:r :
COLOUR WIV - : B . 13 23 C- s-4a3 2-32 2-23 | .-28

: c:”u;-‘o::uuc - - - - ::(;o.” 3-100 - 0- 1100 0- 1100 ©- 1100
$ fom To-09 - r0-09 $0-9%0 ca-78 §0-69 c1-17 es-T3
4 |ensrsar tagn) 200 230 2%0 €00 0-33 0-30 0-10 o-7
4 |Ovsotves Oxygan Wi/t - - - . ) 62-82 64~81 si1-87 s1-86
6 80Dy mesy - - - 30 08-38 06-32 o9-38 08-42
7 |Pnanoic Compounts (mg2lf O 004 9 oor 002 o 003 0-001 0-001 0-0 01 0-0o01
8 | milistes (mg/1) - o3 20 80 008026 004-036 | 002-030 } 002-014"
9 Oily end qrasss (mg/i) - - - 010 Q-4 0-3¢ 03-62 oc8-%s
10 |;ullo)-|/| o) . B ] 09 - 0-0 04 001-023 [ 001-003 | 00:1-009
" denganssy (Malmy/l 01 0 0% o1 - 00%-0-03 0-004 0-0 02 0-0 038
12 | calcinm (Calmg/t 79 - T - 380-178 | 340-79%0 80-4¢ 4 0-10 " +
13 | wegnesivw (8is) my /i 50 - L] - 0-4a8? 0-61 0-T12 0-13 '
1 | areenic tastmg 2t - 0 08 - - 0-001 0-001 ©-0 01 0-0 01 :
19 lonmromium (G148 1mgn ‘ - 0 08 - - o-007 00s-001 | 003-001 ) oicoy -} i
16 [Cyomidss (Ca) mysi - 0 01 - o o) ] ] . [+] -]
37 | Sotemum (Selmps L - o ot - o 0% 0-0 01 009 0-001 | 0-~001
38 | Mercusy (M) agsi - el - - o-120 o-13 8 o-12-9 Q-108

()%,

Table 1 gives the existing conditions in the rivers in relation to WHO, USPHS, ICMR and IS).
standards., The values have been presented as ranges observed from October 1977 to September, 1978,

.Except for the total suspended solids, oils and grease all the other values are much below the

maximum tolerance limits prescribed by the ISl. The total solids, oils and grease are evidently the results of
mining activities.

Averaging the values for suspended solids at Z8 and Z9 and M8 and M9 for the observation period

- and combining them with the freshwater runoff in both the rivers the figures of 112,000 and 136,000 tonnes

are arrived at as the annual addition of suspended solids in the upper reaches of Zuari and Mandovi respecti-

“vely. Treating the values at Z1 and M1 the same way the final figures for the annual additions of suspended

solids from the Zuari and the Mandovi rivers into the sea become 187,000 and 531,000 tonnes respectively.

. About 20% af this gets precipitated in the estuarine and 10% in the nearshore regions where the river water

meets the sea water. This means that about 500,000 tonnes of suspended solids are added to the sea every

year from these two rivers of Goa. The waters from the Mandovi are far more loaded with suspended solids,
{ as compared to the Zuari waters during their flow from the upper reaches to the sea.

Oils and grease are contributed to the rivers by the industrial and domestic wastes. However’ there
is another saurce for oi! and grease coming from mining acuvmes. About 100 - 250 kg grease are used per
mine per month.

Thus, it can be concluded that both the rivers have a fairly high quality of water criteria and if
adequate measures are taken to reduce or at least to maintain the existing load of suspended solids, oils and

grease within the prescribed limits, the purity of water will continue to remain as it is at present in the two
rivers.

Public Water Supply

At present there are only two pumping stations for the public water supply in Goa - Opa Water Works
along the Khandepar river and the Assonora Water Works along the Assonora river. Both these rivers are the
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tributaries of.the River Mandovr and_the two pumping statlons together have the mstalled capacity of pum-
ping 31 x 10“ m* raw water svery year Another pro;ect the Salauhm lrngatron Prolect on the Rlver Zuari is
being planned to supply raw water to a large area. ‘

,,,,,,,

'pnate. The values for those months when the ¢chloride content " of the water was greater than the maxlmum
tolerance limit of 600 mg/1 have been omitted.
TABLE - 2 o
Comparison of conditions in the ‘rivers -Zuori- and Mandovi with tolerance limit

~ for industricl eifluent  discharge into inland surface woters
e L (1S 2490- Part 1. 1974)

1974 ) Raags - . - Rongo N
y . 'S 2490 River Zuori River Wandovi'
CHARACTERISTIC Tolarence  limit Mormugas Boy — Sanverdem] Aguode Boy — Usgoon
) ’ (Zy) {Zg) (Mg) . {Mg)
i - *

Total . auspenau solids mg/1 100 08 — 143 ¢ 2 -« 136
pH v , . 55-90 et - 79 ' 61 - 82
80D mg/i 30 04- 77 0.2~ 56

*

Oils aqnd greoss mg/| 10 oez-9 2, 0-3 ~ 82
Phenolic compounds mg /| 1.0 . ' - 0="0-006 0-—0-011

Cyonidas mg /1 ) 0-2 [+] [¢]

Arsenic mg /I 02 0 —0 041 0-0-02
Cadmium chromium mg /| - 2.0 0—-001 0~-0-0t
Hexovalgnt chromium mg/| o1 - ) 0 -003 . L 0-002-
Maercury mg /1 A o N ¢ 3 . X , 0 . 0 ‘
Selenium mg /1 0-05 0-0-01 0~ 0-01:

. Ammonico! nitrogen mg /1 S0 0-02 ~ 0-1 0:01-0-2

COD mg/t . ) 250 03- 3-8 ) 0-3- 6-4

_# Occosional hnoh" volues wers observed.
"SOURCE : Moster plan for pclluhon control of the vivon Zuari ond Mondovi '

(N10 Tech. Report 02779)

Table 2 gives our observationsalong with the maximum tolerance limits prescribed by 1Sl. The
“values given in the table are in ranges at the stations from October 1977 to September 1978 excluding
January May 1978 for Z8 and for May 1978 for M8. ' , TR

' Exceptlng BOD,, phenolrc compounds and oils and grease, the rest of the components are well within
the maxlmum tolerance llmlt of the ISl standard

Though the upper limits of BOD, are only margmally hrgher than the prescnbed standard the values
indicate higher .concentrations of organic material of non-industrial origin. These could conveniently be
removed by treatment before the water is pumped for the public supply. ' '

The excess of oils and grease:are.the result of mining activities, .as mentioned earlier and these
could also be remaved by pre-treatment. . :

“ The maximum values of phenolic compounds at the stations are about double the prescribed tolerance
limit. Phenolic compounds are as a resu't of industrial and domestic wastes, originating from the industries,
household needs and also from the explosives used in mining activities. In Goa 1000 - 5000 kg of

. explosives are used per mine per month. - Higher concentration of phenolic compounds in the waters of Zuari
and Mandovi may be the combined effect of these sources.
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The sta§1on MS,,yges located on Khandepar l’lVGl’ close to the»Opa Water' Works, 28 was lo\,ated on f

Zuari at Savordem and 29 at Curadi, The Salaulim lrngatlon Prolect I;es’m between these two statrons M_9 i
‘was located at Collem in the freshwater region of the River Mandovi. i :

ln conclpsron it can once aga;n be emphasrzed that regular mon;tonng of bloqhemwal oxygen deman,d :
J|§ and grease and phepghc compounds inthe raw water used for the publlc supply is’ very essentlgl to safe~ :
guard public health on a long term basis. B
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