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PREFACE

The sources of ground water poll{ution are mostl{y disposals from
industries, domestic sewages, insecticides applied in oagricultural
practices and so on, Quality monitoring of ground water is very
essential since it is the source of domestic supply for miflions in
the country both in rural and urban areeas. Ground water pollution is
much more dangerous than surface water pollution as the former once
roflfuted, can not be recovered very easily and is remains unusable
for. a very f[ong time. While surface water pollution is visible and
can be directly approached ground water pol{(ution problems can not
be so easil{y handled,

The main objective of the study is of preliminary nature to see
the suitability of water for various designated uses in the study
area, An analysis of phAysical properties of water quality pavameters
are  given in this report, The determination of physical parameters
from time to time is very important for appraisal of pollution
hazards. The work includes determination of such parameters [ike pH,
temperature, % (ight transitivity, oxidation reduction potential,
conductivity, total dissolved sofids etc, determined by [aboratory
and fiefd tests on the water quality samples seasonall{y collected
from o network of sefected dug wells in the study area., This study
is expected to continue for different other water quality aspects
[ike chemicaf, bacteriological, radiofogical and tracer elements.

Guwahati is a fast growing city regarded as the gateway of the
north eastern region, With the growth of popufation and industries
.there s adverse impact on its ground water reserve which has been
source of drinkRing water for more than half of its citizens., It was
therefore proposed to undertake initially ground water quaflity
monitoring and evaluation'in the Greater Guwahati,

The study hAas been carried out jointly by Norih Eastern Region-
al Centre, Guwahati and Environmental Hydrology Division, NIH,
Roorkee under guidance of Dr. K. K. S. Bfiatia, Scientist '‘F' and
Co-ordinator NERC, NIH, Guwahati,

The report has been prepared by Sh. S. R. Kumar; Scientist

‘B', Sh. B. C, Patwary; Scientist 'E’, Dr. €. K. Jain; Scientist 'C’
and Sh. D, M, Rangan; TecA-III under the work programme of 1995-96,

Director
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ABSTRACT

t

The quality- of grouﬁd water varies from place to place and from time to
time. Good quality water drown from a particular strata a‘t a particular time of
the year may be unsuitable drawn ;':tt other time due to various factors. The
quality of water depends on a large number of individual, h_ydroloéical, physical,
chemical and biological factors. Some parameters are of special importance and
deserve frequent attention and observation, while others (like physwal parame-

ters) give a rough picture of water body and its quality status.

Ground water quality variation problem can be understood only by the
regular monitoring of quality of water. In Greater Guwahati rapid industrial and
population growth has taken plaée durjng the iast def:ade.- The adverse effect or{
water quality because of this urbanisation has been the coﬁcern of the people.
Therefore, it was proposed to study grpun& water q-uality in and around Greater
Guwahati. Samples from twenty three dug wells, representing the shallow uncon-
fined aquifer, were collected in pre and post monsoon season of 1994 and 1995
and aﬂalysed for various physical parameters, viz., tehpérature_, pH, conductivityf,/
% light transmission, oxygen redliction potential, total dissolved solids etc. The
findings of the water guality tests on the;representative time variant samples
should be useful to have a first hand knowledge about the quality standards of
ground water which is the source of drinking water for a vast population of elite

_ citizens of _the locality.

iii



1.0 INTRODUCTION

Water Quality has‘ been one of the importaht water resources issues since
1970s. With the population explosion and rapid irldustrialisation there is ‘c-onti'nu—
ous adverse effects on the sources of water and hence on its quahty It is global‘
phenomena that due to human influence and ever mcreasmg pressure on the
resources for fulfilling demands, the quahty of water is detenoratmg day by
day. Polluted and unpotable water has been creating many health hazards to the
living beings and often cause rnany water born‘ diseases in the country. Oflate,
scientists, technocrats and planners have engaged serious attention to the water
quality problems. The water quality study has therefore been presently regarded
as one of the trust areas in the water resources sector as env:saged in the
national water policy that. "..Both surface and greund Water shoufd be regularly
monitored. A phased programme should be unﬁertaken for improvements of water
qualjt_}’f". |

Ground water is one of the major sources for meeting the dom;stic needs
for the people. So ground water quahty studies a-re not only essrential for rritical
evaluation of its standards for the purposes such as domestic, agncultural and
industrial supplies etc. but also req_urired in many céses to ascertain geological
history of the area where it occurs,

For proper utilisation of water for various purposes, understanding geo-
chemical co_ntrols on it and the extent of pollution, it is of paramount importance
to carry out systematic monitoring of\ground water quality to suggest suitable
remedial measures. |

The Guwahati city which has been selected for ground' water quality sfudy
saw its first phase of expansion during the period 1960-1963 with the setting up
- of the oil refinery, the New Guwahati Goo.ds Yard, the Army cantonment and the
0il India Campus. The second phase of expansion in 1972 was when the State

Capital was shifted to Dispur on the south-eastern strip of the city. Then added



With- time where population growth, urbanisation etc. giviné rise to great demand
for quality water for drinking and allied purposes. The water supply system had
to be extended but onIy to serve less than one forth of its populatlon The rest
of the people continuéd to depend on ground water only.

- Keepmg thls in view, the North Eastern Regional Centre of National Insti-
tute of Hydrology undertook the study of ground water quality monitoring in
and around Guwahatl c1ty The main objective of the study is to see the suitabili-
ty of water for various demgnated uses like regional varlatmn in the quahty of
shallow ground water, the seasonal variation in the ground water quality, delinea-

tion of bad water quality zones and so on. For the purpose, water samples from a

selected network of dug wells covering the stndy area were collected from time -

to tlme initially for a per1od of two yvears (1994 & 1995). The Samples were sub-
Jected -to var1ous laboratory and fleld testes for phys:cal parameters like tem—
perature, pH, conduct1v1ty, % hght transmlssmn, oxygen reductron potentlal total
dissolved solids etc. The study is expected to continue for different other water
quality aspects like chemical, beeteriological, radiolugical and tracer elements in

due course.
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2.0 REVIEW

2.1 General

History reveals that the beginning of civilization always took place near the
water sources. The people of ancient times seemed to be .(;ﬁrious about the qugli—
ty of water which is abode for life. A quotation from Yajurveda tells that
"..Anything we try to identify requires water and dgpends parasitically én Wgter,
to this unique indispensable part of our life we pray".

Marsh(1907) examined the imp-act of industrial wastes on fish, while Shelford
(1517) e);perimentalljr studied various effects, caused by gas waste on fié.hes with
reference to stream polfution. Richardsgn (1921) reported various chaﬁges in the
composition of bottom and shore fauna of Illinois river and its connecting lakes,
due to sewage pollution. Kitrell (1969) experienced that when man alters the
nature fof his own good, he often produces un_anticipated re_sults'. _kerﬁp (1971)
studied the chemistry of waters and gave a classification. Duran and
Haffty(1971) eﬁcamined the selected minor elements in water. Stumm and
Bilinsl'c;i(1973-) studied the_tracermetals in natural watsr. Golterman (1973) worked
with Phosphate. Kunkla(1974) described that water Qup.]ity often depends on the
forest. Horned (1982) analyzed the water quaﬁty in terms of variability, pollution
loads and long term trends. | ‘

During the latter part of nineteenth century forf_ chemicﬁl analysis of water,
therrelétive concgntrationl of ammonia nitrogen, nitrate nitrogen, nitrite and aliu-
minoid nitrogen were used to indicate the presence of pollutants. Today, the
chemical analysis mvolves various, important factors i.e.. salts, metais, nutnents,
radioactivity etc. No definite standard of water quality other than general clari-
ty or pélatabﬂity was recorded by ancient civilization. In 1921, very f1rst stand-
ard criteiion for drinking water was reported in the literatﬁre when United
States published USPH standard for' Qﬁnking .water specifying only bacteriologi-

cal parameters.
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In India, many scientists have valuable contributioné in the area of water
quality. Hora in 1942 published a sﬁort note on the pollution of streams and its
likely effect on fisheries. Ganpati and Chacko(1951) made an investigation and
examined the effects of ‘baper mil'l_ poliution at Rajmundry. Chakrabarty et al
(1959) studied the physico-chemical condition and plan}ctonric' population at Allaha-
bad between 1954-55. Mahatre et al, (1980)- studied the effects of industrial
pollution on the agquatic ecosystem . Sharma (1981) investigated the pollution and’
its effeét on drinking water s'u-pply of Agra city. Olaniya and Saxena (1977)
observed pollution effects in well waters upto a distance of 450 meters;. in sandy
scils of Jﬁpur, Rajasthan due to refuse dumps. Similarly pollution’ of ground
water lhas been observed in M.P., Gujai'at, U.P. and Delhi (Kaushik et al., 1963,
Kaushik and Prasad, 1964, Aboo et al. 1968, Thapliyal ét al. 1972, Rajgopalaﬁ et al,
1972 and Sas‘try et al. 1972, perri Subbea and Veni(at Rao (1973). -

The first manual for the examination cf i'ndustrial. water in the country was
published by ISI. Nafinnal En‘ﬁronmental Engineefing Education and Research
Institute (NEERI), Nagpur published a manual of water and w-aste ‘water analysis
in 1979. Mathur (1%82) published a laboratory manual for water and waste water
testing. In the year' 1684, Trivedy &and Goel pﬁblished a book on chemical and
biological methods for water pollution' studies. In 1988 Jain and Bhatia, National
Institute of Hydrology, Roorkee published a user’s manual on Physico-chemical
Analysis of Water and Waste Wafer.

All India Institute of Hygien'e and Public Health, Calcutta and Indian Council
of Medical Research, New Delhi carried out several surveys for-detection of water
pollution in the critically affected industrial and urban aré.ﬁs of West Bengal,
Bihar andi Uttar Pradesh. During recent years National Environmental Engineer-
ing Research Institute (NEERI) at Nagp.ur, various Universities and other Institu-—
tions have also sta;ted woi'king on these prdblems.‘ Uttar Pradesh is the first
state in the couﬁtry to establish an Efﬂuent Board (1955). "In 1970; Mahara.shtra

introduced a Comprehénsive Water Pollution Prevention Act and in 1974, Parlia-



ment passed the National Act to provide effective prevention and control of water
pollution. Recently & Central Board for the Prevention and Control of Water
Pollution has been formed by Central Government at New Delhl. |

The water quality study has since been one of the thrust areas in the_
water resources sector as envisaged in the Natlonal Water Policy. - As a result
government departments, academic institutes and research orgenizabions have
created infrastr,uctures for thorough examination and monitoring ef water quality

throughout the country.

2.2 Water Pollution -

Water Pollution may be defined as the adverse change in combbsition or
condition of the water such that it becomes less suitable for the purpose for
which it would be suitable in its natural state. The changes 1nclude, phys1cal

changes, and biological changes Water pollutmn now a days is considered: not

only in terms of public health but also in terms of conservatmn, aesthetms and

preservation of natural beauty and resources.

Types of pellution :

(a) Physical pollution : This refers to the physical quality' of water like colour,

odour, temperature, turbidity, suspended matter, radio activity, foexns in the form
of gas etc.. | 7

b) Chemical pollution :“This refers to the chemical elements of water like
‘acids, alkaline, toxic inorganic compounds, dissolved inorganie substances, '

suspended inorganic substances and so on. ‘ ‘ - 'Jz

{c) Bacter1olog1cal pollution : This refers to the const1tuents of  water like

domestic sewage, industrial wastes, solids excreta from. human bodies, decom-

posable organic matter etc.

2.3 Water Quality Characteristics

2.3.1 Conductivity

Most of the salts dissolved in water are in ionic forms by which water is




capable to conduct electricity., The capacity of water to conduct electric current
is known as conductivity. The condﬁctivity of distilled water raﬁges between 1-3
micro mho/cm. Generally, natural waters possess low conductivity but contamina-
tion increases its level, .

.Conductivit'y'is a convenient, rapid method of- estimating the amount of
dissolved solids. It is a numerical expressioﬁ of the. ability of an aqueous solution
to convey an electric current-.. This‘ property is related .to the total concentration
of ionized substances and their respective concentrations, mobility, and valence
and to tt{e temperature at which the measurement is' made. Solutions of most
inorganic acids and bases are reiatively good conductors. Organic compounds that
.do not dissociate in aqueous soiutions are not good conductors.

Conductivity measurement is also used to indicate the concentration of
total dissolvéd éolids . Total dissqlved solids (mg/L) is equal to the conductivity'
multiplied by a factqr between- 0.55 and 0.9- depending on the soiul_ale' constituents

in a specific water.

2.3.2 Turbidity
It ié principally caﬁsed by the presence of coliforr.n or very finely divided
suspended matter. The main causes of turbidity are silt, -clay, sand, microscopic
biota, organic matter etc. The higher amount of turbidity produces water unfit
foi: domesfic, use. It also causes profound adverse effect on the biota of natural
water as it blocks the gills of fish and reduces the penetration of light which in
turn ﬁinimize the primary productivity.
| The term turbid is appliedr to waters containing suspended matter 'that
interferes with the passage of light through the water or in which the visual
depth is restricted. In lake or other waters existing unﬁer relatively quiescent
conditions, most of the turbidity will be due to colloidal and extremely fine dis- -
persions. In rivers under flood conditions, most of tﬁe turbidity will be due to

relatively coarse dispersions. ' .



Turbidity is an important consideration in public water supplies for three

major reasons.

{a) Aesthetic : Consumers of public water supplies expect and have a right to
demand turbidity free water. Laymen are Iaware that‘ domestic waste water is
highly turbid. Any-turbidity in the drinking water is automatically associated
with possible waste water pollution ahd,the health hazards occasionedrby it. This
fear has a sound basis historically, as anyone knows who is familiar with the
water borne epidemics that formally plagued the water works i_ndustry.

{b) Filterability : Filtration of water is more difficult and costly when turbidity

inc_reases. The use of slow sand' filters has become impractical in fnos't é.reas
because high turbidity shortens filter runs and increases cleaning costs. Satis-'
factory operation of rapid sand filters depeﬁds upon effective removal of turbidi-
"ty by chemical coagulation before the water is admitted to the filters. Failure to
do so results in short filter runs and production of an ihfefior quality water,.
‘unless filters of special construction are used.

(c) __ Disinfection : Disinfection of public water supplies is usually accomplished

by means of chlorine or ozone. To be effective, there must be contact between
thg agent and the organisms that the disinfectant is to kill.

| In turbid waters, most of the harmful organisms; are exposed to the action
of the disinfectant. However, in cases in which turbidi‘tyl is caused by sewage
solids, many of the pathogenic organisms may be encased in the particles and
protected from the disi_nfectant...For this and aestheti}c‘Ar_easons the U.S. Environ-
mental Protection Agency has placed in limit ofl 1 unit of turbidity as thé maxi-

mum amount allowable in public water suppliés.

2.3.3 Oxidation-Reduction Reactions.

Oxidation-reduction reactions are‘am'ong the most important characteﬁstic
with which the environmental engineer deals. Many reactions of interest in waste
water treatm.'ent such as organic oxidation and methane fern)éntation, nintrificaf

tion, and denitrification, are of this type and are mediated by bacteria. Oxidation-
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reducfion reactions afe important in the solubilization and  precipitation of .iron
~and manganese. Oxidants such as chlorine and ozone are added 'to water anﬂ
waste water to bring about desired inorganic transformations as' well as to disaf;-
fect. The fate of materials introduced into the 'envirdnment frequently depends
upbh the redox environment to which they become subjected. Also, maﬁy analyti-.
cal tests used by the environmental engineer depend upon oxidation-reduction

Teactions.

{a) Oxidation-Redﬁction Potential (ORP) : Chemical suﬁstance 1s 'oxidized by
losing its electrons while a substance which acquires electrons is r-educed.‘ Both
the processes always occur simultaneously. When any solu_tion contains chemical .7
substance in more than one state of oxidation or reduction, a particulaf boteﬁtial
| :is- as.sociated with each state. But the poten-t'ial of any solution is tﬁe net of ali
these reactions and known Redox Potential of th'at solution (or water).

The redox potential is an indication of the en'ergy state of \‘vater éySfem,
éoverned by the. éresenée of oxidized and reducéd chemical suli)stant.:es. or - their
biological activities as the oxida-tion and reduction reactioﬁs are accompanied b)(
the transference of electron. The oxidized or reduced énergy can be estimated
by mea$uring emf capable of regulating this movement by electrons. "Th'e Redox
Vpotential can be quickly observed and is, therefore a valuable index to measure
the conditions of water body.

(b) Oxidation Reduction Index (rH ) : It is also an efficient indicator of Redox

conditions of water system and always associated with the ORP and pH.
rH = ( ORP / 0.029 ) +2pH

72.3.4 Temperature

Temperature of surfaqe and ground water ira;x“ies with the climate and the
season. Its measurement is useful to indicate.the trend of various chemical.and
biological activities. A r:irse in water temperature lead to the faster chemical and

biochemical reactions. Biological activity is also enhanced by higher temperatui'e
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upto 60 degree centigrade. Kinetics of BOD is‘ also regulated to sbme extent by
water i;emperature. If may al‘sd affect some other characteristics of water like
dissolution of gases, pH, conductivity etc.

Tempe‘rature‘ relation of water éontrolé -the structure and function of aquat-
ic ecosystem in a significant way. The s.un is the source of héat by which most

water is warmed.

2.3.5 pH

pH is a term used r'athér universally to éxpress the intensity of the acid
of alkaline con‘ditioh of a solution. It is a way of expressing the hydrpgen—ion
concentration, or more precisely, the hydro'gen—iior'i actiifity.lIt is. important in
almost every phase of environmental engineering practice. In the field of water
supplies, it is a factor that must be conside‘ret‘i in ch;amical- coagulation, disinfec:-
tion, water softening, and c¢orrosion control. In vﬁaste water treatment employing
biologic;aﬁl processes, pH must be controlled within a range favorable; to the par-
tiéular organisms involved. Chemical process-iused' to coagulaté'wast&waters,
dewat-erlslu_dges_, or oxidize certain substances, such as cy#ﬁide ion, require thatr
t_i‘ng pH be controlled within rather narrow l;imits'. For these’ reasons‘land because
of the fundamental relationships that exist between pH, acidity and alkaﬁnify, it
is very important to understand the theoretical as weil as the practical aspects
of pH. . -

The measurement of 'pH is of glreat importance as many chemicai ahd bio-
chemical reactions take place at a particuiar pH 61‘ wi‘thin‘ & very narrow range.

pH value is generally determined by calorimetric method or électrometric
method. In calorilmetric_ method some indicator is added (Table é.l) in the
sample of water and colour so formed is compared with standard colour st_>lu.n;ion7
This method givés, a range of pH of the sample. For _accurate measurement pH

\

. meter is used.




Table 2.1

Common Indicator for Determining pH Values

Sl.No. Name of the Indi- pH range Original Colour Final colour

cator of indicator

1. Methyl Red 4.4 - 6.2 Red Yellow

2.  Phenol Red 6.8 - 8.4 Yellow Red
3. Cresol Red 7.2 - 8.8 Yellow Red

4. Thymol Red 1.2 - 2.8 Red Yellow

5. Methyl Orange 2.8 - 4.4 Red ‘ Yellow

6. Brown Thymol Blue. 6.0 - 7.6 Yellow Blue

7. Phenoloph Thaline Red 8.6 - 10.3 Yellow " Red

8. -Polyl Red 100 - 11.6 Red Yellow

9,  Thymol Blue 8.0 - 9.6 Yellow Blue
i0. Bromocosol Green 3.8 - 5.4 Yellow ‘ Blue
11. Bromopheno!l Blue 3.0 - 4.6 Yellow Blue
12. Chlorophenol Red 5.4 - 6.8 ~ Yellow Red
2.3.6 Colour

Pure water has no significant colour but natural water shows a phle gréen-
blue tint in large vblumles, which may occur due to many dissolved substances
i.e. humic acid, fulvic acid, metallic ions etc. and their micro-biota i.e. phyto-
plankton. . On the ground of aesthetcity water with dark colour is oﬁjectionq,ble
for the public water supply. |

Many surface and ground waters, particularly those emanating from swampy

~ areas, are often coloured to the extent that they are not acceptable for domestic

. or some industrial uses without treatment to remove the color. The coloring

material results from contact of the water with organic debris, such as leaves,
negdles of conifers, and wood, all in- various stages of decomposition.

Natural color exists in water primarily as negatively charged colloidal

particles. Because of this fact, its removal can usually be readily accomplished by

coagulation with the aid of a salt having a trivalent metallic ion, such as alumi-

num or iron.




In water analysis it is importa.,nt to differentiate between apparent and true
color. Color intensity generally increases with increase in pH. For this reason
recording pH along with color is advised..

‘Many industrial processes also require the use of color-free water. Removal
of color is expensive when capital invéstment and operating costs are consid-
ered. Therefore the water engineer, wheh .developing for new supplies- look for a
suitable source with a color low enough so that chemiéal treatment is not re-

quired.

2.3.7 Dissolved and Undissolved Solids
l!a! | Total Solid (TS): Total solids is a measure of dissolved and suspended
impurities of water. lIn ﬁatural water many lrﬁinerals,llsalts and organic sub-
-stances are present in dissélved form, known as dissolved solids. While silts,
sand, clay etc present rin suspended form, are known as suspended solids.
Higher TS concentrations are much harmful to the biota of the wﬁter ‘body and
also its users. An incréase in the values of total solids shows an incfease in the
pollution, may bé physica‘i or chemical, |

The total‘ solids content for potaﬁle waters usually ran‘gés from 20 to 1000
mg/l, and as a rule, hardness increases with total solids. In all othe;r liquid
materials, the amounts of undissolved colloidal and Susbe'rided' matter iricrease

with the degree of pollution.

{b) Volatile and Fixed Solids: One of the major -objectives of performing' solids
de;err'ninations 'upon domestic wastes, inAdustrial‘ wastes, and sludge samples is to
obtain a measure of thg amount of organic matter present. Thisrt'est is accom-
plished by a combustion procedure in which organic matter is .convérted to
carbon dioxide and water, while the temperature is .control_ied to prevent decom-
position _and volatilization of inorganic substances as much as is consistent with
complete oxidation of. the rorganic matter. The loss in weight' is interpreted in

terms of organic matter.
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{c) __ Settlable Solids: The term settlable solids is applied to solids in suspension

that will settle, under quieécent conditions, because of the influence of gravity.
Only the coarser suspended solids with a specific gravity greater than that 'ofl
water will settle, Sludgés are accumulations of settlable solids. Their measure-
ments is important in engineering pracfice to determine the need for sedimenta-
tion units and the 'phySicaI Behavior of waste streams entering natural bodies of

water.

2.3.7.‘1 Environmental Significance of Solids Determinations

The amount of dissolved solids present in water is a consideration in its
suitability for domestic use. In general, ﬁaters with a total solids content of less
than 500 mg/l are most desirable for such proposes. In many areas, it is impossi-
ble to find natural waters with solids content under 500 mg/l; consequently it is
iméossibie to meet this desired rlevel without some form of treatment. Standards

generally recommended an upper limit of 1000 mg/l on potable waters.

‘2.3.7.2Applications in Environmental Engineering Pra_zctice

In public and industrial water supplies, the total-solids detefmination 'is of
unique importance, It is used to determine the suitability of potential supplies for
development. In caées'where water softening is needed, the type of softening
procedur.e used may be dictated by the total-solids content. Corrosion control is
frequently accomplished by t.hel production of stabilized waters through pH ad--
justment. The pH at stabilization depends to some extent upon the totsl solids
present as weiI as the alkalinity and temperature.

- The settlable-‘solidsr determination has two very impo.rtant applications.
First, it is used extensively in the analysis of industrial wastes to determine the
need for and design of primary seftling tanks in ‘plants employing biological
treatment pfocgsses. The test is also u;i'dely used in waste-treatment-plant opera-
tion to determine the efficiency of sedimen‘tation‘units. It is fully as important in

the operation of large treatment plants as in the smaller.

-:12:-



The total and volatile-solids tests are the orily solids determinations normal-
ly applied to sludges. They are indispensable in the design and operation of

sludge-digestion, vacuum-filter, and incineration units.

2.3.8 Dissolved Oxygen (DO) .
. Temperature has the greatest affect on the solubility of oxygen in water.
'The relationship between- oxygen solubility and temperature is calculated using

an empirical relationship (Churchill et al., 1957) :
C(t) = 14.652 - 0.41022T+0.0079917T2 - 0.000077774T7

where Cs(t) is the solubility of o;?ygen in water at a given température, T(*C).
The relationship shows that temperature is inversely proportional to solubility,
meaning that as water becomes warmer its ability to hold oxygen decreases.

All the atmospheric gases are soluble in water to some.-degree. Both nitro-
gen and oxygen are classed as poorly soluble, since they do not react with water
chemically, their solubility is directly proportional to their partial pressure. The
solubility of atmospheric oxygen in fresh waters ranges from 14.6 mg -1 at 0°C
~to abbut‘,? mg L~1lat 35°C under 1 latm of pressure. Since it is .a ‘poo‘rly soluble
gas, its solubility wvaries ciirectly with the atmospheric pressure at any given
temperature. This is an important lconsideration at higher altitudes.

DO measurement is meaningful onfy instantly at the sampling spot. The
oxygen content of a sample of water can readily change after collection and thus
must be chemically preserved and determined quickly. The development of elec-
trodes for sensing dissolved oxygen has greatly simplified sampling and determi-
natiori prolblems. |

The low solubility of oxygen is the majorrfactor that limits the purification
chpacity of natural waters and nécessitates ,tréatrment of wastes to remo-ve pollu-
tional matters before distharging. info receiving streams.

The ‘golubility of oxygen is less in salty water than in clean ulrater. For this

reason the solubility for a given temperature decreases as one progresses from
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fresh water to estuary water to the ocean.

2.3.8.1Environmental Significance of Dissolved Oxygen

In liquid wastes, disst;olved OXygen is the factor that determines, whether
the biological changes are brought about by aerobic or byl anaercbic organismsl
The former uses free oxygen for oxidation of organic and inorganic matter and
produces innocuous end products, whereas the latter Brings about products like
sulfates, and the end products are often very obnoxious. Since both types of
organisms are ubiquitous in nature, it is highly important that conditibn; ‘fz-a.v;:ara—
ble to the aerobic organisms (aerobic conditions)‘.be maintained; otherwise the
‘anaerobic organisms will take over, and developr_nent of nuisance conditions will
result. Thus dissolved—oxygen measurements are vital for maintaining aerobic
treatment processes intended to purify domestic and industrial waste waters.

Dissolved-oxygen determinations are used for a wide variety of other
purposes. In most instances involving the control of stream pollution, it is
desirable to maintain conditions favorable for the growth and reproduction of a
normal population of fish and other aquatic organisms. This. condition require the
maintenance of dissolved-oxygen levels that wiil support ther desired aquatic life
: in & healthy condition at all times. |

Oxygeri is a significant factor in the corrosion of irém and steel, particular-
ly in wé.ter distributign- systems and in éfeam boilers. Removal of oxygen from

boiler-fed waters bjr physicé.l and chemical means is common practice in the

power industry.

2.3.9 Taste and Odour

The presence of taste and odour in natural water show the presence of any
toxic matérial or the decomposition of organ.ic material by micro—orgﬁnisms. Due
to decomposition process a sharp increase in the number of ﬁicro~organisms

takes place. Water wit'hr taste and odour is objectionable for the public water

supply.
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Industrial effluents containing chemical substances such as iron, free chlo-
rine, and phenols impart characteristic and unpleasant tastes to water. According

o

'_co Southgate {1948), phencl prodqces an iﬁky Faste when present in water to the
extent of 7 ppm. When a water containing pher?wl is chlorinated, chlorophenols are
formed which .have a characteristic taste and :odour. Manganese, synthetic deter-
gents,. oils, petroleum products, and hyd;oc!art;ons are the other substances
reported to produce'tastes in water. Thg decomposition of organic matter and
algae fungi and filamentous bacteria imparts peculiar tastes. Unpleasant earthly
or musty tastes and odours are produced by aquatic actinomycetes. The taste
producing substances can be removed by conventional water purificatibn process-
es such as chemical precipitation, chlorination and treatment v;fith activated
carbon.

Odour .in w‘ater is one of its most important characteristics. It is cauéed
both by chemical agents such as free chlorine, phenols, hydrogen sulfide and
ammonia and by: biclogical agents such as alag;a and micro organisﬁs. The com-
monest form of objectionable odour in streams and other water bodies is attribut-
ed to tbe presence of small amounts of sulfides. The extent of odour depends
upon the pH of water. The presence of inorganic and organic compounds of
nitrogen, sulfur and phdsphors and the eutrophication of proteins and other
organic materials present in sewage and inl trade wastes are the causes for
odour in polluted w.ater. Many of the industrial effluents clontaining organic
substances (e.g., phenols, alcohols, estersl, aldeyhydes, ketones and sulfur com-
pounds) possess characteristic odburs. l |

The Royal Commission in. Sewage Disposal, London, ciassified the smells from
polluted water as follo».vs :

1. Putrid smell (mainly due to hydrogen sulfide)

2. Fishy smell (probably due to organic amines)

3. Wormy smell {may be due to phosphorus amines)

4, Earthy smell (due to humus)
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Odours in drinking water can be eliminated by rhe use of activated carbon.
In addition to the removal of odour it also eliminates tastes. Aeration is another
method of removal of odour. Chlorine, chlorine dioxide and ozon may also be used
in the removal process. Chlorination is reported to be a useful method in control-

ling odours of some of the industrial effluents.

2..4 Water Quality Monitoring Programme

Important considerations for an effective water quahty program primarily
depend on its obJectxves Broadly these 1nc1ude
(i) ObJectwes of the monitoring programme,
(ii)  Identification of the delfinite sources of pollution and other needs as for
objective monitoring
(iii) Selection of samphng locations, so as to link the sampling locations to
sites for other momtormg operation,
(iv) Selection of the water quality constituents of sample.
(v) Determination of the sampling freqoeneies.
(vi} Decision upon the methods required to sample‘ the selected water
quality constituents_. |

("ri.i) Selection of the equipment necessary for field and lab analysis.

2.4.1 Water Quality Sampling

Chemical elements in various formsl are distributed throughout the hydro-
logic environment- in the atmosphere, precipitation, surface water, soil wafer and
ground water. Measurements of these elements are ‘made on the representative
semples. The term "representative" means that the eample represents all possible
samples wi-thin the population. To achieve representativeness for data it is neces-
sary to mininrize, or at least standardize, sampling bias as it relates to site selec-
_ tion, samphng frequency, sample collection, sampling devices and sample handling,

preservation and 1dent1f1cat10n The major conmderatmns for water quality sam-

‘pling are as follows:
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Selection of Sampling Sites : Sampling sites are located to meet the monitoring
- .

objectives. Sampling locations can be established as

ST
-individual locations in a network

-a pair of locations above and below a suspected pbllution
locati_oh. |
-one location for sampling before and after a pollution location.

The locatién can be concentrated in key sites, or the locations can be
distributed throughout the entire watershed. It is often useful to select
locations that are easily accessible and can be reached throughoutr the
monitoring period, but in doing so it is imperative not to predicate the selec-
tion of locations thaf will contribute to la more representative.

Sampling Frequency : There is no definite answerl for sampling frequency of
ground water for water gquality. The minimum no. of samples to be collected and
the frequency of sample c_ollection.from a distribution system have been generally

based on the size of the population served (Table 2.2). .

Table 2.2

Sample Frequency Based on Population

Population Min. No. of Samples ’ Min. Frequenéy of

Served ‘ per Month Sampling
Interval ‘

up to 1000 2 twice per week
1001-100,000 10+1 per 1000 of ‘ .once per_week

population per month

over 100,000 10041 per 10,000 of once per month
population per month

Sample Handling : Deteriorated samples negate all the efforts and cost expended
_in obtaining good samples. In general, the shorter the tiﬁle that elapses between
the collection of a sample -and its analysis, the more reliable will be the analytical

results. For certain constituents and physical values, immediate analysis in the
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field is required in order to obtain reliable results to avoid possible change in
- the samples by the fime it reaches from the site to thg laboratory . However,
some samples can be satiéfactorily preserved by chiliing or by adding suitable
acid or germicide or by other special treatment. They may then be allowed to
stand for a longer period of time till the specific tests are conducted on it.
Certain sensitive parameters like temperature, pH, specific conductance and
dissoived gases should be tested at site. Samples for metal ar_lalysis can be
preserved by the addition of nitric acid, samples for organic constituents can be
preserved by chilling or freezing and samples for determination -of biod.egradable
substances as .ni‘trates, ﬁhosphates, and surfactants can be preserved by chilling
 the sample immediately and then storiﬁg it in the dark at a.temperature just
above freezing until the tests are conducted. Samples for determination of cer-
tain dissolved inorganic and organic elements must not be frozen unnecessarily
. \
since it is not always possible to reconstitute the original sample exactly as it
was before freezing. Selection of preservatives however dépends ‘'on the parame- -
ter to be'examined and method of its analysis since some preservatives interfere
with analytical measurements. However water samples should be analyzed as

far as possible within thel time limitations specified (Appendix - I).

2.5 Ground Water Quality Modelling

Traditionally ground water quality 'modelling has been based on distributed
system representation of the ground water flow e.g. Maddaus and Aaronson {1972)
used ra computer based finite diff;arence model of two dimensional gquifer flow to
lpredict quality trends throughout a ground water basin. Lyons and Stewart
(1973) developed a distributed two dimensional finite difference aquifer model
coupled with a storage effect for the unsaturated zone to predict concentration
distribution in an aquifer including the effects of hydrodynamic dispefsion.

Konikow and Beredehoeft (1974) have-demonstrated the application of a
numerical model which includes dispersion to water quality Simulation in an irri-
gated stream-aquifer system, but the model requires extensive field data. Elabo-
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rate digital models have been useci to evaluate the ground water quality hazards
of the AEC Hanford Project {Cearlock, 197i). Lumped par.ameter models have been
used in predicting the salinity of irrigation return fiows (e.g. Hornsby, 1973,
Thomas, Riley and Isralsen, 1972).

United States Geological Survey has developed number of generalized codes
e.g. MOC, SUTRA and ‘MOD—BD. |

Ground water quality modelling is comparatively a new field and as ‘such
~ there is not much research. work has been acknowledged in India. Anand Pfakash
(1982) develoi)eﬁ simple analytical models to simulate gfound water contamination
due to poiht, line, plane or parallelopiped sources in a confinea or unconfined
aquifer. The effects of the upper and lowef confining boundaries in an.artesian
aquifer are accounted for by the method of images. The same technique is used
to model the contribution of a constant concentration boundars_r in the flow field
like the one provided by a full penetrating perennial stream the number _of.
images at which accuracy of the results is indicated. Uniform flow velocity has
been assumed in the analysis. |

Third symposium on Hydrology at Central Water and Powe;r Research Station
(CWPﬁS), Pune noticed the ‘work of Pawar et. al. on effect of vibration in the
quality of ground water in Bhairoba Basin, Punre and Patil et. al. on Geochem—
istry of ground water and its implications on the precipitation of Carbonates in

.

the Saswad-Nira Area, Western Maharashtra.
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3.0 GROUND WATER POLLUTION SOURCES

3.i " Pollution of Ground Water

The problem of pollution in ground water is much less than th.é.t in surface
waters as thé soil acts as an adsorbent retaining a largé part of coiloidal and
soluble ions with a maximum of its cation exchange capacity. Still, g'round- waters
are not absolutely free from the menace of pollutiori; however, they are likely to
be the suspended solids. '

The extent of ground water pbllution depends upon several factors: (i)  soil
properties, viz texture, structure and the infiltration ra.fe,‘ {ii) debth of water
table, (iii) rainfall pattern, (iv) disténce from the soufce of contamination.

Onlf soluble effluents pollu'te the ground water and the extent of pollution
is likely to be more in sandy soils, with high water table conditions, and in
humid regions. Seepage flrom polluted lake, pond or stream can also pollute the
well waters. The détergents being soluble can also pass thl"oug.'h,the soil and
polluté the gi-ound water. The infiltration .Qf liquid from refuse dumps particular-
ly in low lying areas, may cause pollution and more easily in sandy soils.

Some Aground‘ waters of high rainfall areas are polluted naturally by exces-
sive iron. This problem has often begn observed in the ground water of Assam,
Wgst Beﬁgal, Orissa ahd Kerala. 1Iron in toxic amounts as high as 20 ppm exists
in deep tubewells as ferrous iron and on faking out, it immlediately changes to
light yellow orange colour on oxidation and precipitate as ferric hydroxide: lSuch
waters are very harmful for drinking purposes as the permissible limit js only
‘0.3 Ppm. | ‘ |

The complexity of water pollution in surface and'ground ‘water is due to
the various processes occurring simultaneously vii.' {i) vari;ation in the flow rate
of water, (ii) nature of effluent, (iii} their chain of reactions (iv) their‘ reaction

products -in water (v) biological activities therein and (vi) the extent of water

quality modification with time and space.
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3.2 Sources of Water Pollution

Most municipal sewages are reported to have no treatment beforé disposal.
These incombination with industrial wastes produce many health hazards. With
population growth the quantity of waste water is also increasing.- All the sewage
conta{h decomposable organic matter_and they exert oxygen demand on water.
tyw Next in order l.‘:“: the waste from agriculture practices. Drainage from silage .
. and manure slurry from intensive husbandry is-repprted to cause serious pollu-
tions in some water courses. Plant nutrients, insecticides and pestigigﬂqg are .also
introduced into water courses by agricultural practices. Sediment from land
erosion containing mostly inorganic materials are also pollutants.

Underground water pollution occurs by the substances leache;d through
refuse and spoil heaps, from fertilizers spread over the land ana from silage
making. The pollution of water may also arise from the disposal of industrial
wastes in unused mineshafts and quarries. Since saline waters are drawn on to
the aguifer, overpumping in coastdl areas is considered to cause ground water

pollution.

33 Nature and Effects of Water Pollution

Based on the contaminants, water pollution may be divided into two types,
(i) pollution ca'tused‘_ by materials and (ii) pollution caused by biological organisms.
The first category involves the following organic and inorganic contaminants.
Acids, alkalis, carbohydrates, coal, dyes, fats, soaps, waxes, gases, toxic, metals,
oils, proteinaceous matters, resins, rubber, synthetic deférgents, and irarious‘
other poliutzints including radio-active materials and heated effluents that impart
thermal loading on receiving waters. The second category includes bioiogical
organishs such as bacteria viruses, plants and animals.
Acids : Acids are considered to cause damage to metals or concrete struc-

tures, pumps etc. by their corrosive activity. More over, they produce hydrogen_

sulfide gas when they come into contact with the sludge and mud of the river.
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The lower the pH value, fhe greater is the amount of hydrogen sulfide liberated
leading to a higher degree of atmospheric pollution. Acidic pollutants, also de-
stroy micro-organisms and thus inhibit self-purification of the stream.

Alkalis : = Alkalis also cause dgmage to ground water by altering the pH values
resuliting in a break in the natural buffer systerﬁ. Chemical manufacturing wastes,
Kier Iliqu.ors, wool scouring wastes, tannery wastes, cotton mercenising wastes
raﬁse the pH values even up to 12. Alkalis behave similar%y as acids iﬁ dest_roying
bacterial and other micro—organisms .

ngs_; Though the dyes are not harmful, they create aesthetic p.roblems.
Moreover they also add to the B.0.D., (Biochemical Oxygen Demanci) 6f the water.-
In addition to the dye material, salts of chromium, aluminum and iron also are
impart colour. The colours imparted to water may be removred‘by treatment with
activated carbon. or other chemical agent. |

Fats ; The highér fatty acids undérgo decomposition to lower fatty acids
when sub_jepted to microbial action. These lower fatty acids’ produce unpleasant

rancid odours.

Gaseous Pollutants ; This category includes ammonia, free chlorine, hydrogen

‘sulfide, ozone and phospine. Ammonia is liberated during the_ manufacture of
chemiéals, fertilizers, gas and coke. Sewage and other.nitrogenoué organic mat-
ters -contribute and increase the ammonia content to .dangerousrlevels. Free chlo-
rine results from the process of textile ble&ching, paper mills and laundries.
Hydrogen sulfide occurs by the bacterial action and pH alterations during the
discharge of viscose rayon wastes, and sulfate and sulfate containing materials.
Inhalation of considerable quantities of émmonia seems to be an internal poison to
fish which gets into the body through the gills.

Pesticides : Pesticides have great value in the control of insect borne dis-
eases affection in the prote.ction of crops and livestock. They are used in homes,
industries, shops and by farmers, gardeners and foresters. In agriculture, these

chemicals are used to protect plants against diseése and to treat seeds,
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DDT is the most widespread man-made molecule in the environment. DDT,
the archetypal pollutants is considered to be the most emotive and controversial
of pollinates. DDT is partially soluble in winter and it evaporates into air. result- .
ing in atmospheric pollution. Winds, rains and rivers e;.re the carriers of DDT to
all over the plants. The DDT from air and water accumulate in animal tissue,
humans, soil or mud in concentrations thousands of times higher than it is found
in water through food chain. Man is also ;:ontaminated by DD'I_‘A and other organo-
chlorine pesticides residues. The levels of these insecticides in human fat is
feported to be on the lower side.

The residues of DDT in sa;il disappears slowly and the period 1s estimated 7
to be roughly about fifteen years. It is reported that DDT is contin}lously recy-
cled in living slystems. Other insecticides such as gammexane, aldrin,‘ dieldrin‘_,
endosulfane and chlorine are also reported to be similar in causing effects to
wild life and in changing the metabolic activities through the change in body
chemistry.

Fertilizers and Farm Wastes : Modern agriculture practices introduce feft‘ilizers
into water. Now-a-days, the use of fertilizer is increased by a number of times.
These fertilizers are generally retained in the soil and by the crops, but some
nitrates are liable to be washed out due to the‘neglige'nce in applying fertilizers
to ‘grable hlands, particularly in a wet spring, these -nitrates cause undesirable
effects on watggf;tn_f nearby wells. Increase in the population of cattle and pigs
has resulted inﬁan increase in thé numbers of cattle sheds. Poultries have also
increased considerably. Buildings -in which  cattle and pigs afe housed are com-
monly hosed down with water for cleaning with the reéult thé.t the manure is
washed out and deposited.as wet slurry on the land. This slurry deposited on
soil may be washed' or it may seep into drains and strearﬁs causing pollution in
them. These manures are completely organic in nature. The quantity of organic
material .produced by cattle and pigs is high. Excess amounts of nitrates of

conjunction with phosphates cause many unwanted nuisances.
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Toxic Metals : Mining processes, discharge of industrial effluenrts‘ containing
metallic solutions, dumping of solid wastes which contain considerablie amounts of
heavy metals. The primary metals considered to be toxic are lead, arsenic, copper,
cadmium, mercury and nickel.

These metallic solutions afe toxic to living organisms and higher amounts of
these metals may inhibit self-purification of waters. The metallic contaminants
destroy bacteria and other organisms which act on water to purify it. In addi-
tion, aguatic plants and animals are also killed. Arsenic and lead particularly
mak_e the. water dangerous to drink. These toxic materials are reported to cause
chromoscme damage and thus interfere with the process of _heredity.

Qils : Replacement of coal by oil fuel has increased the problem of pollution. The
‘presence of oil in a watér course is undesirable since it creates aesthetic prob-
lems. It has a tendency to spread ;wer the surface of water and the diffusion of
oxygen into water is inhibited and reaeration of water is affected. The absorption

of oxygen from air into water depends on the thickness of the film formed by oil

Protein _and Carbohydrates : Faces and household wastes in sewage are the
principal tributors of proteins and carbohydrates to a Watgr .caurse. Carbohy-
drates are compounds of carbon, hydrogen and oxygen are distributed in plant
‘and anima! kingdom widely. Glucose, sucrose, starch, dextrin, cellulose, glycogen
and alginic acid are some of the carbohydrates. Sugar factories, glucose factories,
sweet manufacturing industries, dairies, breweries, wood processing industries,
food processing industries and textile industries contribute sugars and starch.
. Proteins are a group of prganic nitrogenous cor’npouﬁlds of high molecular weight,
distributed widely in plant life aﬁd animal kingdom. The main component of pro-
teins are amino acids. Proteins vary in their nature according to the nﬁmber of
amino acids present, their order in the chain and the geometrical shape of the
molecule, Apart from carbon, hydrogen oxygen and nitrogen, 'protéiﬁs also contain
sulfur and phosphorus. Egg albumin, gelatin, casein keratin, glutenin are some of

the examples of proteins. They undergo putrefaction by bacterial action to release
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primarily sulfur and phosphors compounds. The released sulfur compounds on:
further action by bacteria produce sulfuratted gases such as hydrogen sulfide
which in turﬁ produces a putrid smell. Phosphorus compounds on the other-hand
causes mostly smell.

Mercury and Mercuric_ Compounds : In very recent years, a lot of attention has

been given to the problems of mercury poisoning. Natural waters contain only a
few parts per billion of mercury. Mercury enters the b_iosphere as a water
product from a number of industrial activities. A major source is the production
of chlorine where mercury is used as an electrode in the electrolysis of brine.
Paper and pulp industries, oil refining induétries, plastic industries and battery
manufaéturing industries also contribute to mercury pollution. Mercuric com-
pounds are also used as fungicide to prevent seeds from and for the protection
of various plants. But the use of mercuric compounds as Vfungicide and insecticide
are declining due to the acute poisoning nature.

Biological Pollutants : Biological pollutants may conveniently be classified into

two groups as primary pollutants and corollary pollutants. Primary pollutants
comprise biota that are added to water directly as a result of man’s activities
e.g. pathogenic bacteria or viruses from sewage. Corollary pollutants are the in-
digenous living materials that interferes with the beneficial uses of water e.g.
weeds in rirrigation ditches. Corollary pollutants although not added directly to
the water course by man, are attributable to human endeavor. While primary
pollutants have very short life, colrolla.ry pollutants have a longer life. The organ-
isms that constitute primary and corollary pollutants are RuUmerous.

Viruses :' Viruses are infectious agents of both plant and animal cells. They are .
ultramicr‘oscopic, obligate intra-cellular parasites. their presence is mainfested_ b)-.{
the destruction or impairment of the host cells. They ai‘e divide of any intrinsic

metabolism and they have to depend only on the host cell for development and

replication.

A report by Derby et al. (1960) indicates that nearly seventy-six viruses
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are pathogenic to man. Among them, Enteroviruses Adenoviruses, Poliovii‘uses,
Infectious Hepatitis viruses, and Coxsackie viruses are the most common viruses
present in polluted waters and sewage. One of the most impoftant anﬂ dreaded of R
virus diseases is poliomyelitis. It may cause paré.lysis of one or more parts of the |
body by the destruction of certain ner\.re cells controlling the muscles. The dis-
ease occurs all over the world. |

Other .Nuisance Organisms_: Apzirt from bacteria, viruses, and algae there are

numerous organisms which are a nuisaribe to man. Among them, para_sitics ai‘é of
considerable importance. Eggs of nematode worms and tapeworms are common in
crude sewage. When such sewages are dischai‘gedlin to' water courses without
| treatment, contamination of water occurs with resulta.m-: danger to man and ani-
mals. Of the parasites that may be inéestéd,. Entamoeba histolytica is the casual
agent which causes both ihternal amoébiaéis sluch‘ as ‘ar-noe‘bi‘c dyseﬁtei‘y and
extra-intestinal forms ‘of the disease.. The guinea worm, causes draconttiasis, is
tra‘nslmitted through open village wélls and ponds infested with the Cope.pod
intermediate host. Intgstinal helminths, sué-h ass Ascaris lumbricoides and Trichur¥
istrichiura are also reported .to b‘e water-borne. Heavy clhlorination is needed to
destrqy the eggs and cysfs of these parasites. )

.S_oliQWasté: - The disposal lo'f solid waste poses many problems, depending
upon both the type of waste and the disposal method employed. The majority of
‘the waste classified as combustible - rubt_)ish, garbage and sewage sludge- has.
.been disposed of by ‘one of three methods: incineration, using it as landfill, or
disposal by ocean dumping. AIncinerfl;;tion generally giyes to air pollution; landfill
' operations or ocean dumping lead to water contamination. If landfill disposal is
used the material, as. it decomposes, will dissolve in or become suspended in the
rainwater percolation i‘r;'to the ground and thus into subsurface aquifers. This
tends to contaminate not only ground water but also surface water, since the two

system are ultimately interconnected.

Septic Tanks : Septic tanks and cesspools contribute filtered sewage effluent
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directly to the ground, and are the most frequently reported sources of ground
water contamination, espacially in rural, recreational and suburban areas. Poorly
located septic tanks endanger water supplies. If the dispersal field is ‘to close to
a wall or a local aquifer, and if the soil is tdo sanﬁy, waste‘liquides‘ from the -
tank may enter the local water supply before bacterial decomposition gets com-
pleted, | |

R'adioa.ctiverMaterials : Harmful radiation may result inAwater environments from
the wastes of uranium and thorium mining and refining, frqm nuclear power
plants; and from industrial, medical, and scientific wutilization of —radioqctivelmate-
rials. An important source of radioisotopes is nuclear weapons testing. The
amount and variety of radioactive materials formed depends on the type of

weapon tested. These materials reach the earth as radioactive faliout.

—327:-



4.0 METHODOLOGY
4.1 Sampling

Water samples from twenty thfee observation wells (Fig 4.1} were collected
initially for a p?riod of two years during 1994 and 1995 in pre & post monsoon
season aﬁd was subjected to yarious physical tests. Water samples collected were
collected by dip (grab) sampling method. While collecting the samples, the depths
of water in t-he'w‘ells were also measured. The samples were collected in clean
polyethylene bottles fitted with screwr caps.' Some physical parameters like tem-
perature, pH and conductance were measured at the spot by means of portable

water testing kits.

4.2 Method and Equipment Used

F‘orr the meagurements of some physical pararﬁeters such as pH, conductance
and temperature, the portable water testing Rit were used. The list of parameters
and purpase of analysis,‘ essential equi'pment used and methods of analyses é,re
presented in Table 4.1.
| Table 4.1

Analysis Methods and Equipments Used in the Study

Parameter " Equipments used

Temperature Thermometer

pH : ' pH Meter

% Light Transmission . Sludge Blanket Detector
Conductivity Conductivity Meter

Tota! Solids From Conductivity Results
Oxvgen Reduction Potential pH Meter (with ORP Probe}

Details of proceduresl adopted procedure and instruments' used for analysis ..
of physical parameters are given below. Also a sample field record sheet to keep
water 'quality related information during sampling is given in Appendix - IIL
%2J.PORTABLE‘WATER TESTING KIT

This equipment can be used both in laboratory as well as in -the field for
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measurement .of parameters such as pH, ORP, conductivity, TDS for water sam=

ples. This can be operated electrically (mains) or by battery. Ranges of Measure-

ment are :

pH range =0 to 14 pH

Redolx Potentiai = -1999 mV t.o 1999mV .

Conductivity | =0 te {20 p~mho, 206 p—mho, 2 m-mho, 20 m-—mhe,‘ & 200 m-mho)

TDS Range = 0 to 2000 mg/L

Calibration & Measurement
' (i) pH Measurement

The pH electrode is connected to the input socket.: The‘electrode is
cleaned with distilled water and dried. The temperature of_the buffer
solution supplied along with is measured and tﬁe temperature knob is set to the
temperature of the buffer sel'ution. ‘T,he ele‘ctrode‘is dipped in a solution of
known pH buffer solution and tﬁe display is adjusted to the pH value with the
cal knob, instrument is now calibrated. The electrode, is dried tissue paper may
be used for drying the electrode. The temperature of the sample is measured
and the temperature knob is to the measured value. The probe in the sample of
unknown pH and the reading is noted after a steady rate is obtaieed, which is
the value of pH of the sample The probe may be dried and d1pped in another
sample for measurement Random cahbrat:lon can be made to avoid 1mp,oper
readings. The measurement of pH using a Portable Water Testing Kit and the

Digital pH meter is same as mentioned above.

Maintenance of pH Elec.trode

For the pH electrede to work satisfactorily it .should be kept immersed in '
distilled water when not in use. The level of the saturated KCl solution in the
probe is to ‘be maintained, thie can be done by adding KCl solution in the tube
by opening ‘the small cap provided on the side of the electrode. When the buff-

ers are damaged due to fungus, the buffer solution may be prepared freshly.
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When the electrode becomes too slow, it may be kept dipped in N/10 HCl for

some time and washed thoroughly before use..

(ii) ORP Measurement

The ORP electrode (special platinum electrode) is connected into the inﬁut
" socket, The electrode is cleaned with distilled water. The temperature of the
4.00 pH buffer solution is measured and the témperature knob is set to that of
the buffef solution. The ORP switch is switched on and calibrated to the -ralue

according to the temperature of the solution as shown in the table below.

Temperature of the buffer ORP

in degree Centigrade in mv
20 268
25 : 263
30 ' ' 258
35 253
40 248
45 243

The probe is dipped in the sample of unknown ORP and the reading is

noted down after a steady state is obtained, which is the value of the ORP of the

" sample.

(iv) Measurement of Conductivity

Electrical conductivity is measured by l- passing the - AC voltage through
the solution. Measurement or 'resist‘ance of fhe solution is made and is
" suitably convertdd to disp‘]ay the conduptivity directly. The unit for electric-
ity conductivrity' is mho.

Conductivity cell is to be connected into the input.sockets provided.
Then the cell is immersed in the solution whose specific conductivity is
known (0.1N KCl sglution).. The conductivity switch is pressed and the range
switch is brought to proper pos_itionr in which maximum resolutiqn ié obtained.
Reading is set after measuring the temperature of the solution as per the table
given below, The measurement of conductivity using a Diéital Conductivity meter

is same as that of a portable Water Testing Kit as mentioned above.
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Temp. in degree Specific Conductivity - Salinity TDS of 0.1

Centigrade of 0.1 KCl solution of 100 ppf KCl solution
10 9.33 ‘ 7.20 5071
.20 ' 11.67 : 9.06 7469
21 , 11.91 : - 9.25 7622
22 12.15 9.45 7776
23 12.39 9.66 7930
24 12.64 9.83 8090
25 A 13.88 oo 10.00 . 8243
26 13.13 ‘ 10.18 8403
27 13.37 10.36 - 8537
28 ‘ 13.62 . 10.54 8717
29 14.87 10.73 8877
30. 14,12 ' 10.91 9037
31 ' 14.12 11.10 9197
32 14.62 . 11,24 9357
33 14.88 11.43 9523
34 15.13 11.60 - 9683
5 . 15.59 : 11.79 9978

In some cases the. conductivity of the sample may exceed the range of
the instrument, in such cases the following procedure may be applied:
Dilute the water sample with deionized water to a final sample of known'

‘volume. Measure the conductivity of the sample.

Conductivity {C) (100 (C; - Cy (100 - Vv N/V )

 where Cj - Conductivity reading on instrument.
Cq - Conductivity of diluted sample
Vv - Volume of the sample

Maintenance of Conductivity Probe
Conductivity cell is thoroughly washed when it is being changed from one
- solution to another. Once the platinum coating on the cell is damaged after

prolonged use it has to be deposited again chemically.

(iii) Temperature Measurement

The femperature probe is‘connected into the inpuf: Hsocke'ts provided.
for. Thé _'probe is immersed in  the solutidn whose temperature is to be
measured. The Temperature switch " is switched on and the temperature of solu-

tion/sample as required is measured when the reading becomes stable.
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Maintenance of Temperature Probe

To ascertain that the temperature probe is working properly, the resist-

“ance of the probe has to be measured by' an ohm meter. It is open (infinity)

in one side and offers some resistance on the other side.

4.2.2 SLUDGE BLANKET DETECTOR (For % Light Transmission)

The sludge blanket detector is a simple instrument which can be uséd’to
establish the height of the sediment layer in ca;.se of settling sludge. The in-
strument consists of a cietector unit which is a photo sensitive device coﬁnect—
ed to a measuring unit which is an analog meter. The detector unit
consists of a photocell, filament lamp m_ounrted‘ on a water proof U
shaped housing. The detector unit has a long éable marked in definite length
and is designed to be lowered into the sedimeﬁtation tank. The filament lamp is

fed by a separate 1.5 V battery.

Operating Ihs‘;tructions |

The detector unit is connected to the socket of the measuring unit. The
Range switch is set to position .1 from off positibn; Using the small plastic
plate supplied with, the light'falling on the photoqell is blocked Wholly to
protect it from day light as well as from the lamp. The best ‘\way to achieve
this is to hold the plate well pressed against the photocell window, potentiome-
ter screw head marked zero/null is adjusted so that the meter shows ze}b %
transmission. It is necessary to avoid any stray lighf, otherwise the zero adj—
justment may not correct. Thé detector unit is :Idwered intd Ia container
. containing cilear water, the potentiometer scre‘w ‘head marked Cal / 100 % is

adjusted so that the meter reading shows 100 % transmission.

Measurement
When. using the instrument for actual measurement, the detector unit is

lowered slowly into the sedimentation tank/sample. The readings on the meter
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will go on decreasing as the fully 'sediménted zone is re-ached.\ A graph
can also be plotted by noting meter 'feadings and depth rnarkinés. In'gengral
the select switch ‘is kept in position 1 only. When higher sensitivity is - required, |
during cloudy surroundiﬁgs, range switch is taken at position 2 .and the

calibration 1is repeated as mentioned above.
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5.0 STUDY AREA '

The city of Guwahati is located at 26°11' N latitude and 91°45' E longitude.
Structurally, the region is Lsituated on a.SO meter thick alluvium bed of middle
\ Brahmaputra valley underlain wlith granitic rocks of the Shillong Plateau, the
outcrops of wﬁich may. be seeh in‘ various parts of the city and neighbourhood.
The area covered by the city is abou’t'2.57.09 $q.Km. with a population of about
5,77,591 according to 1991 census. The city is situated on an undulated plain area
dotted with small hillocks altitude of 50-60 me-ters.- above mean sea level.

Towards the East, South and mid i:art of the (;;ity, there are scattered
swamps and marshes. They are generallf found in the Ulubari, Paltan Bazar and
‘Kalapahaf areas. The marshy lands are now gradually filled vp for residential and
other pur‘posegs. There are 'a number of small and big water supply tanks scat-
tered through different pafts of the Eity. The largest weli;maintained tank is’
Dighali Pukhuri. A very big waterbody called Deepar Beel is on the outs\kirt's of
the city in the Western part. Other beels or natural -watelf r‘eservoir.s ‘which are
not properly utiliséd are Solabeel and Silsako Beel. The main‘ dréinag‘e éhannél of
the city, Bharalu river passing through heart of the city is also being u;éd for
discharge of refinery waste. This has created serious problemé of pollution
endar;gering public health in the locality. ' |

Major problems that aré affect.iﬁg the iives of the city dwellers are drink-
ing water and water logging. These two problems prevail in ea,ch and every
corner of the city under the governance of Guwahati Mun1c1pal Corporation.

Accordmg to the Master Plan of Guwahatl, the lush green hlllocks around
: the city were kept isolated from the prev1ew of any developmental activity con-
sidering it ecolog1cal and envu'onmental 1mportanc_e and impact on the town. But
with the paslsage of time,and_in-cl:réasing- demand of housin_g, the people went on
constructing resideifltial quai"t;e;s by felling trees dn the hillpék-. And as a result\.‘

of massive destruction of the‘green cover around the city, the water table dras-
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tically dropped down. And this is the reason that ring wells in the areas like
‘B1rubar1, Navagraha, Kalapahar, Chandman, geetanagar, Kah1l1para, Christian Basti,
Ganeshgurl ete., remam dry and face acute water crisis round the year bearmg a
few months of monsoon.

Due to wanton. felling of trees end earth lcntting, the hillocks surrounding
Guwe,hati lost its capacity to hold rain water resuiting in 'heavjf soil erosion. A
hil]y‘ area oonered with trees holds 98 % of total water it receives from rain and
releases only two percent but in case of denuded hillocks; it does just the
reverse. And ae a matter of fact‘ during rainy season ‘with full flow of ‘water, it
causes -massive soil erosion which is carried down to the plains and bl'ocks'the
outl_ets, chokes tne drainage cenale etc. resuiting in water Iogg'ing.and flood; |
' Serious problem of water logging when a shower of rain even for a rninute
used to turn the low lying riverine areas and rroads under knee deep water for
hours,_ sometimes even for days. ‘

A very basic human need is drinkiné water.‘ T.:is premier city of Assam, in
this later part of the 20th century, provides piped drinkiné water to only 20% of
its pop_ulation, leavrng the rest to fend for themselves with tube wells,‘ shallow
wells, .'ponds and so on.
| Guwahati nas no scientific sewage disposal 's’ystem., Mejority of the ar_ea;s o
have individual septic tanks without any collective disposal of the effluents.'iSome
areas- are being'served by thet abomination called the service pit latrines. Ga-
rages are dumped on the streets and roads are littered with dosed disposals as
the GMC does not have any effective system of garbage collectlon and disposal.

The acute shortage of land has resulted in overcrowdmg and many residen~
tial houses have been converted mto shops and ofﬁces (government offices not
excluded), thus adding to the chaotic conditions. .The resultnnt pressures on
landﬁ have led to encroachment of the e surrounding ‘hills; thus further reducing
the open space in the city. The hills'around Guwahati are now bleeding_and are
the picture of ‘ecolog'ical' and environmental disester.

( -
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.Due to lack of broper drainagé system fainwater gets flqoded during mon-
soons. Even the water enters the hquse holds. E\lfén the efﬂﬁents discharged
from the Noonmati refinery sometimes pollute fhe well ‘water po;ing heaith haz-
ards, Water logging problem is so serious that even a émall.'rai‘n for a brief

period brings the low laying areas and roads under knee deep water (Plate-I).
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6.0 RESULTS AND ANALYSIS

R

The results of physical properties in ground water of Greater Guwahati at
different ‘places (Fig. 4.1) in pre and post monsoon period of 1994 and 1995, The
results of the physical analysis of ground water sémples are presented in Table

6.1 to 6.12 and Figure 6.1 to 6.8 and are discussed below.

6.1 Water Temperature

Temperature i:-.;. a standard physical characteristic_ that is important in the
considération of‘the .chemical properties of watér.lIn natural rivers also it is
ﬁecessary to assess thé effects of temperature on living organisms. The tempera~
ture of water depends on the season and the temperaturé of the ground with
which it is in coﬁtact.

The témper’atﬂre of Guwahati during the month of July 94 varied between
30 to 26.4°C with én average temperatufe of 28.7°C. The variance in temperature
w;a.s found to 59 + 1.8°C. Maximu‘m texﬂperature of 30°C was measured at Lachit
Na'gax; and Pa'njabari; and minimum of 26.4°C was measured at Maligoan.

During. fhe month of December 1994 the temperature varied between 24 to
20°C with an dverage tembefé.ture of 21.7°C.” The variance in femper&ture was
found fo be + 2°C. Maximum température of 24°C was measured at Pailtan Bazasr
and Jalukbari and minimum tempera.ture of 20°C was measured at Chandmari. |

During the month of April 95 the temperature varied between 29.8 to 24.9°C
with an averagé temperature of 28.4"(_:. The variance"in temperature was fout;d
to be  2.5°C.° :Maximilm temperature of 29.8°C was measured at Rukminigaon and
a minimum of 24.9°C at Jalukbari |

During the month of October 1995 the temperature varied between 29.3 to
26°C with an average temperature of 28.1°C. The variance was found to be %
1.7°c.  Maximum temperature of 29.3°C was measured at Nutan ‘Bazaar and a

minimum temperature of 26.0°C measured at Maligoan,

vadadte cda ‘v wor - e . 1.
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In general the maximum temperature varied between 29.5 to 30°C and a
minimum temperature between 26 to 26.4°C . The variance in temperature was
maximum ar Panjabari and Bhangagarh with a value of ‘:t 4.9°C and minimum at
Boragoan and Paltan Bazaar with a value of %2.4°C. During the sampling period
maximum temperature of 30°C was meaaured at Panjabari and Lachit Nagar during

July 94 and a minimum of 20°C was measured at Chandmari.during December 94.

6.2 Conductivity

Elect'ricaln conductivity (EC) is a physical property of water that is depend-
et on the dissolved salts. Thus its measurements in u-mho per centimeter gives
a good estimate of the dissolved solids content of a sample The conductivify of
water depends upon the concentratlon of dissolved ions.

During July 1994 conduetivity varied between 1198 to 720 p-mho/cm with an
arerage value of 1048 pu-mho/cm. The variance waslfound to be t 239 u-
mho/cm. Ma;r‘ixnum cond‘uetivity ef 1198 pu-mho/cm  was rneasured at Rukmanigaon
and a :ninimum of 720 u-mho_/cm at Kahilipara.

rDu"ring‘ the menth‘of December 195;4,'the conductivity varied between 1148
to 651 u-lnho/cm with .an average value uf 998m. The variance was found to be
b 4 249' p-mho/cm. Maximum conductivii-:y of 1148 u—mho'/cm‘was measured at Jaluk--
bari and a minimum conductunty of 651 u—mho/cm was measured at Kahilipara.

Durmg the month of April 1995 the conducthty varied between 1154 to 698
u—-mho/cm w1th an average value of 1000 w-mho/cm. The vanance was found to
be & 228 u—mhe/cm. Maximum- conductivity- of 1154 p-mho/cm was measured at
~ Barsajai and a minimum ef 698 u—-mho/cm was measured at Kahilipara.

During the month of October 1995, the conduct1v1ty ‘varied between 1068 to
659 pu-mho/cm with an average value of 949 p-mho/cm and the variance was found
to be £ 205 p-mho/cm. Maximum eonductivity of 1068 p-~mho/cm Vwas measured at
Panjabari and a minimum of 659 p~mho/cm measured at Kahilipara.

From the above it is found that the variance has a whole does not change

much and the conductivity of Kahilipara , Noonmati, Jalukbari, and Rukmaninagar
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almost remained same with a variance of + 35 p-mho/cm, * 31 y-mho/cm, + 8 p-
mho/cm , + 22 p-mho/cm ;espectively with negligible variance. The maximum
variance was at Maligaon and Khanapara with a variance of + 143 pu~mho/cm and *
144 p-mho/cm respectively. During the sampling period maximum conductivity of
1198 p-mho/cm was measured at Rukmanigoan during July 94 and a minimum of

651 p-mho/cm was measured at Kahilipara during December 1994,

6.3 % Light Transmission

The suspehded particles - sbil, silt particles, decorﬁposed, or undecomposed
organic matter, total dissolved solids as well as micro scopic organisms etc. one’
the main source of turbidity in water, which always interferes with the penetra-
tion of light. Hence % light transmission can give a rough idea about level of
turbidity’ 1n water surface. The % light transmission of ground water at Guwahati
Varied bétween 69 - 88 during the month of July 94, 74 - 88 during he month of
- Dec. 94, 75 - Sé during April 95 and 74-88 during the month of Oct..-‘95. The
maximum % light transmission of ground water at Guwahati was 88 during the
month of July 94, Dec. 94. April 95° for Nutan Bazar, Jalukbari and Zoo Narangi
re§pectively. The minimum % light transmission of ground water at Guwahati was'

74 during the month of Dec. 94 at Ajra.

T. &=

6.4 Hydrogen Ion Concentration (pH)

pH is a mee;sure of the concentration of hydrogen ions (H"’) and indicates

)

the degree of acidity or alkalinity of the water. The permissible pH range for
public water supplies is 6.5 to 8.5 (WHO). Lower pH cause tuberculation and
corrosion while the_ higt}er\ value produce incrustation, sediment deposit, difficult
in chlorination, certain phirsiological effects on human systems etc.

f:H of Guwé.hati duri‘n‘g the month. of July 94 varied between 7.43 to 5.74
with an average value of 6.55 and the variance was found to be £ 0.85. Maxi-

mum value of 7.43 was measured at Lachit Nagar and a minimum of 5.74 at

Noonmati. !
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During the'month of December 94 the pH varied between 7.38 to 5.24 with
" an averége of 6.41 and the variance was found to be % 1.07; Maximum of 7.38
was measured at Maligoan and a minimu-m of 5.24 at Noonmati. !

During the month of April 1995, the pH varied between 6.99 to 4.87 with
an average value of 6,06 and variance was t 1.06 . Maximum value of 6.99 was
measured at Jalukbari and a minimum of 4.87 was measured at Noonmati.
' During the month of October 1995, the pH varied befween 7.03 to 5.47 with
an average value of 6.38 and the variance was found to be % 0.78. Maximum
value of 7.03 was measured at Méligaon and a minimum of 5.47 was measured at
Noonmati.

From the results 1t is found that the pH-of Noonmati almost remained the
same compared to other sampling sites, prH varied between. 4.87 to 5.74 with a
lowest of 4.87 _measured m the month of April 1995. From the values it is found
that the water was slightly acidic. In other sites the pH values were wifhin the
hormal range. During the sampling period maximum pH of 7.43 was measured at
Lachit Nagar in July 94 and a minimum of 4.87 was meas_uredl at Noonmati in‘

April 95.

6.5 Oxidation Reductioﬁ Potential {ORP)

Testing -the value of ‘ORP plays very impo'r.tan‘t role in the factory and
industrial waterr applications (chromium and cynide concentration), fish farming &
aquarium (wé.ter quality), sWimming pools (sanitation levell) etc. A typical ORP
application_ is the destruction of cyanide in p]atiné solution with the additions of
chlorine. The process can be monitored and controlled by measuring the ORF of
solution, \

| ORP of Guwahati during the month of July 94, varied between 221 mV to -
145 mV with an average value of 179 mV. The _variance. was found tol be t 38
mV. Maximum value of 221 mV was. measured at Ajra and a minimum of 145 mV

was measured at Hatigoan.
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Dufing the month of December 94, ORP varied between 279 mV to 156 mV
with an average value of 2}8 mV and the variance was ¢+ 62 mV. Maximum value
of 279 mV measured at Noonmati and a minimum of 156 mV was measured at

Jalukbari.

During the month of April 95, ORP varied between 229 mV to 143 mV with
an average value of 196 mV. The varilance was found to be £ 43 mV. Maximum
value of 229 mV measured at Hatigaon and a minimum of 143 mV at Usha Nagar

and Mathura_Nagar.

s

During the month of October 95, ORP varied between 231 mV to 165 an with
an average value of 198 mV. The variance was found to be % 33 mV with a
maximum value of 231 mV measured at _Hengrabari and a minimum of 165 mV at
Mathura Nagar. During fhg sampling period maxirﬁum ORP of 279 mV was méasured

at Noonmati and a minimum of 143 mV at Usha Nagar and Mathura Nagar.

6.6 Total Dissolved Solids

L

How much solids are dissolved in water’ (TDS) is a problem to be reckc'meci
with . A high concentratignlcould resu{t in corrosion &;nd scale depositls in indus-
trial applications with extens'iye damage i‘or ;'ntquatic flower & fish f;':ering. Drink-
ing water havir;g TDS upto 500 ppm is the ideal (WHO).. 7

'Durin.g‘ thg month of July 94, TDS varied betv&een 719 to 432 i;)pm with an
average value of 629 ppm, the varianc‘c.e W(;IS found to be & 143 ppm. Ma#imum
TDS of 719 ppm was measured at Rukménigoan and a minirﬁu;n of 432 ppm was
measured at Kahilipara.

'During the month of Dec. 94|, TDS varied’ téetween 689 to 391 ppm with an
averagé value of 599 ppm, the variance was i"ouﬁd to be i 149 prm. Maxifnum
TDS of 689 ppm was measured at Jalukbari and a minimum of 391. ppm at Kahilipa-
ra.

During the month of April 95, TDS varied between 692 to 419 ppm with an
average value of 600 ppm, variance was t 137, Maximum TDS of 692 ppm was

measured at Boragoan and a minimum of 419 ppm was measured at Kahilipara.
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During the m‘on.th of October 95, TDS varied‘betu.'reen 641 to 3.95 ppm with
an average value of 569 ppm, the variance was found to be 1.23 ppm. Mexjmurfn_
TDS of 641 ppjn v;ras measured at Panjabari and minimuﬁ of 395 pl-).m was meas-—
ured at Kahlllpara |

During the samplmg period max1mum TDS of 719 ppm was measured durmg
tﬁe period July 94 at Rukmamgoan and a minimum of 391 ppm dur_mg Decemberl 94

at_Kahilipara. In general the TDS was higher at all the sampling sites except

Kahilipara and Paitan Bazar.

6.7 Dissolved oxygen {Do)

Dissoleed e;cygen -(DO) piays a large part in tﬁe assessment of water quali- -
ty, since it is an essential ingredient for the sustenance of -fish and all ot.her
forms of equatic life, It zla,lso affects the taste of ‘\Wyater, and a high concentration
of dissolved_ oxygen is domestic supplies is encoureged by aeration. Valueé of
dissolvedl exygen are g-ive‘n il"l‘ mg 1-1 (02). |

During' the ql_(mth oi;- Jqu 1994 DO varied between 8.8 ppm - §.4 ppm with
an average lv-alue ef '7.51 pp;n. 'The variance was found to ‘be” + l.é ppfn. Mex_i—
mum.,valueref 8.8 .p.pmlvéras mee.sured at Maligaon and a‘ minimum of 6.4 ppm was
measured at I;echit Na.galr.‘ |

During the period ef December i994, the value of DO varied between 8.2
ppm'to 4.8 ppm with:~ an evereée ';falue of 6.80 ppm. The _veriaece .\.gvas found to
be * 1.7 PpPm. Maximem veiue of 8.2 ppm was measered et Khanapara _and a
minimum of 4, 8 ppm was measured at Durgeswan )

Durmg the per1od of Aprll 1995 the value of DO var1ed between 7.5 ppm to‘
6.56 ppm with ae average value of 5.82 ppm. The variance was found to be %
0.84. Me;(imu;n valjﬁe ef 7;5 ppm wa:s measured et Duréeswari and a mieimum of
5.82 ppm was meesured at' Zoo nerangi.

During the period of October 1995, the value of DO varied between 8.14

ppm to 6.38. ppm with an average value of 7.044 ppm. The variance was found to

be + 0.88 ppm. Maximum value of 8.14 ppm was measuTted at Ajra and a minimum
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of 6.38 ppm was measured at Durgeswari.

Maximuni variation in DO was between 7.50 ppm to 8.80 ppm and a minimum
was between 4.80 ppm to 6.38 ppm. the variance in DO was maximum at Matigaon,
Zoo Narangi and Duregeswari with * 1.45ppm, ¢ 1.44ppm, #1.35ppm respectively.
The minimuﬁl variance was % 0,19 at Lachit- Nagar. During the sampling period
maximum DO was 8.80 ppm measured at Maligoan during April 94 and a- minimum of

4,80 ppm was measured at Duregeswari during December 94,

6.3 Ground Water Table _ ‘ -

In general the water table was high except at Paitan Bazar and Maligoan.
During the month of July 94 the water table varied between 7.32 m (BGL) to 1.14
m (BGL) with an average value of 2.97 m (BGL), the variance was .+ 3.09 m (BGL).
Water tablel was low at Hengrabari and higlh at Nutun Bazar -with 7.32 m {BGL)
and 1.14 m {BGL) respectively,

During ‘the month of Dec. 94 the water table varied between 9.70 m (BGL) to
1.13 m (BGL) ‘with an average value of 3.62 m (BGL.), the variance was found to
be ¢ 4.:?9 m (BGL). Water fable was low at Paltan Bazaar and high at Nutun
Bazaar with 9.70 m {BGL) and 1.13 m (BGL}.

During the month of April 95 the water table varied between 10.10 m (BGL)
to 1.54 m (BGL) with an average value of 4.3é m (BGL), the variance was found to
be + 4.28 m (BGL). Water table was very low at Paitan Bazaar and high at
Nutun Bazar with 10.10 m '(BGL) and 1.54 m (BGL) respectivély. |

During the month of Oct. 95 the water table varied between 7.20 m (BGL) to
0.50 m (BGL) with an average value of 2.66 m (BGL), the variance was * 3.35 m
BGL. Water table wés loﬁr at Paltan Bazar and very high at Noonmati with 7.20 m
(BGL) and 0.50 m (BGL).

In general the water table was high at all places eXxcept at Paltan bazaar,

which had a low water table throughout the sampling period. Maximum variance

of ¢+ 3.02 was found at Usha Nagar (Dispur) and a minimum of t 0.19 at Barsajai. -



6.9 Suitability of Irrigation Water
(a) On the basis of conductivity; In general, waters with conductivity values
below 750 micro-mhos/cm are satisfactory for irrigﬁtion in so far salt content is

w
concerned, although salt sensitive crops may be adversely affected by the use of

irrigation waters having conductivity affected by the use of irrigation waters .

having conductivity values in the range 250 to 750 micro-mhos/cm are (USDA,

1954). Waters in the range of 750 to 2250 micro-mhos/cm are widely. used, an

satisfactory crop growt'h is obtained under good management and favorable drain-
age conditions, but saline conditions will develop if leaching and drainage are
inadequate. Use of wéters with conductivity values éa.bove'2250 micrijhos/cm, is
the exception. However, in ti1is case the mofe salt ‘toleran't crops can be grown
with such waters, only if sub-soil drainage is good.

(b) On_the basis of total dissolved solids: In addition, for best quality of irri-

gation water total dissolve solids shoﬁ_ld “be below 800 mg/l (Jermer, 1987). In
general water is good for irrigation, if ‘total dissolved solids are below 1000 mg/lL
However, this limit can be increased to 1700 mg/l, in case calcium forms 25% of

the total bases (K + Na* + ca't) in the irrigation water (Raghunath, 1982).
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Tr, - % Li%ht.Transmlssion at 1000 nm)
TDS - Total Dissolved Solids |

EH - Hydro%en.lon Concentration

Q0 - Dissolved Oxygen
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TABLE - 6,2 : PHYSICAL AND REDOX PARAMETERS IN
(DECEMBER - 1994)
éét]éggﬁ'féigﬁé'I_'“EBEE%IBQ‘"'IEEBE*{-EEF—{'Bﬁﬁ _______
{ }SOURCE ¢ | | my
1IN (Well Dol Govind | [22.6 |6.38 | 216
2 Iw- 2 | Well |Kahilipara  |23.0 |6,79 | 226
3 18- 3 | Well |Durgeswari  |22.7 |6.50 | 200
4 lw- 4 | Well !Maligaon 123.0 |7.38 | 200
5 1w- 5 | Well |Khanapara  ]23.2 |6.64 | 204
6 lu- 6] Well |Azra 23,5 16,76 | 233
7 lw- 7 | Well }Bora Gaon  |23.4 16,03 | 226
8 lu- 8 | Well |Paltan Bagar |24.0 16.57 | 221
9 lw- 9 | Well lzoo Narangi |23.1 ;7,04 | 208
10 l4-10 | Well |Nutun Bazar 20,4 |6.30 | 242
11 1W-11 | Well |Barsajai 120,68 {6.34 | 220
12 lw-12 | Well |Rukmini Gaon |21.0 |6.74 | 221
13 14-13 | well |Jalukbari 124.0 16.98 | 156
14 Ju-14 | wWell |Noonmati l21.0 15,24 | 279
15 !w-15 | well |Chandmari 120,0 J6.11 | 205
16 lW-16 | Well |panjabari  ]20.2 {5.70 | 178
17 lu-17 | Well !Lachit Nagar [20.8 |6.15 | 238
18 |u-18 | Well |Bhangagarh  |20.1 }5.54 | 274
19 li-19 | Well |Hati Gaon  |20.6 ]6.89 | 256
20 1w-20 | Well !Usha Nagar 20,1 |6.29 | 168
21 1W-21 | Well |Hengrabari  |20.6 |7.14 | 237
22 lu-22 | Well |Mathura Nagar |20.4 }6.20 | 233
23 'w-23 | Well !Rukmani Nagar 1209 !6.74 | 179
"""""""""""""""""""" MAX. 124.0 17.38 | 279 18.20 | 1154
e e )
VAR.* 72,0 11,07 | 82
NB : VAR = [( MAX - AVE ) + ( AVE - NIN )] /2
Abbreviationg '
ORP - Oxidation Reduction Potential

goud.
enp.
WL P

BGL

iCond, 1% Tr.; TD3 LN
ju-mho/| i } (BGL))
_imv_imem g oem v PR T
7040 [84,0 | 658 12.64 |
| 651 lga.0 | 456 |2.40 |
b 1130 Je2.0 | 701 [2,15 |
| goo jRz.0 | 623 |7.20 |
| 8aq la4.0 | 619 |3.25 |
| 1038 }74.0 ) 727 |3.90 |
! 1020 |82.0 | 714 |1.45 |
| 810 }82.0 | 567 [9.70 |
| 1078 76,0 | 756 |2.30 |
! 1002 |83.0 | 764 112 |
| 1088 le1.0 | 741 (1,59 |
| 1007 lsa.0 | 768 | - |
| 1148 |88.0 | 804 | - |
| 1050 |R0.0 | 735 |1.50 |
| 949 las.0 | 664 4,20 |
| 1154 |30 | 808 }4.20 |
1113z Je1,0 ) 79z j2.40 |
| 879 laz.0 | 615 |6.80 |
| 959 1830 ) 671 }4.20 |
! 1048 J78.0 | 734 2.84 |
| 848 }62.0 | 594 |6.03 |
| 1056 181.0 | 739 |2.53 |
| 1049 176,01 734 !
I (E A 1070 |
I RUR R R
| i | | |
a2 10, 178 828 0
- Conductivity
- Temperature

- Water Tahle
~ Below Ground Level




TABLE -~ 6.3 : PHYSICAL AND REDOX PARAMETERS I¥ GROUND WATER OF GREATER GUWAHATI
(APRIL - 1995)
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+ VAR
Abbreviations

NB

[{ MAX - AVE ) + ( AVE - MIN )]

tivity

eratnre
- Below Ground Level

- Water Tahle

Cond, - Conduc
p.- Temp

Tem

WL
BGL

at 1000 nm)

otential
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TABLE - 6.4 ; PHYSICAL AND REDOX PARAMETERS
{OCTOBER -

S, {SITE |SANP- \" LOCATION Temp | pH | ORP
P Dsource! e | ! mv
T WLl jpol Govind (767 (522} 183
2 |W- 2 | Well |Kahilipara '28.5 16,33 | 185
3 |w- 3 ] Well |Durgeswari 126.7 16.45 | 195
4 [W- 4 | well |Maligaon l26.0 17,01 | 201
5 Jw- 5 | Well !Khanapara l28.7 |6.18 | 191
6 l¥- 6 | Well |Azra l28.5 |6.22 | 208
7 1w- 7 ) Well |Bora Gaon l27.0 6,01 I 215
8 lw- 8 | Well |Paltan Bazar |28.7 |6.52 | 196
9 lw- 9 | Well |zoo Narangi |28.6 }5.58 | 221
10 |W-10 | Well |Nutun Bazar 129.3 ]6.91 | 191
11 1w-11 | well |Barsajai 128.9 |6.42 | 206
12 Ju-12 | Well !Rukmini Gaon [27.9 }6.54 | 208
13 [W-13 | Well |Jalukbari T T .
14 Iw-14 | Well |Noonmati 128.7 15.47 | 204
15 14-15 | Well Chandmari . |28.6 6,59 | 168
16 |¥-16 | Well |Panjabari l27.2 |6.15 | 198
17 lw-17 | Well !iachit Nagar |28.7 |6.88 | 174
18 lw-18 ! Well |Bhangagarh  |28.8 [6.44 | 181
19 |W-19 | Well |Hati Gaon 128,4 16,38 | 219
20 'w-20 | Well |usha Nagar  |28.6 }6.,43 | 209
21 1W-21 | Well |Hemgrabari 128.3 |6.78 | 231
22 ly-22 | Well |Mathura Nagar ]28.2 |6.38 | 165
20 1u-23 | Well |Ruknani Wagar | | i
, i
AVG, 12801 |B.38 | 181
vAR.+ 171.7 10,78 | "33

Abbrev1at10ns !
ORP

x1dat10n Reduction otential
Tr., - %ht Transmission{at 1000 nm)
DS - Tota Dissaolved Solids
Bg - dro§en Ion Cnncentrat1nn
- Dissolved Oxygen

—249:—

jCond, i% Tr.} TDS j WL i
A DU . . N
{984 180.0 | 689 '1.75 |
| 659 174.0 | 461 {210 |
| 99 ]o.0 | 678 |1.00 |
| g4z l8s.0 | 589 |4.16 |
| 924 ]81,0 | 647 |1.50 |
| 949 1780 | 664 |1.84 |
| ase ]85.0 | 692 1,35 |
| 842 82,0 | 589 |7.20 |
| 989 ad.0 | 678 l1.80 |
| 984 Ja2.0 | 689 |1.10 |
| 1003 l81.0 | 702 |1.38 |
| 987 ls4.0 ] 601 | - |
RIS
| 1058 J80.0 | 741 |0.50 |
| 936 11,0 | 655 |2,90 |
) 1068 88,0 | 748 13.69 |
| 1089 |76.0 | 741 |3,90 |
| 923 80,0 | 646 |3.30 |
! gad l83.0 } 626 |2,90 |
| 1028 |81.0 | 720 J1.28 |
| 839 ls0.0 | 887 {692 |
| 1018 181.0 | 713 12.56 |
! ! ! ! |
" T0%a 18,0 1 748 17,20 |
| “659 17410 | 461 10.50 |
1949 |a1.3 | 664 (2,66 |
bo205 17,0 | 143 13.35 5

Cond.~- Conductivity

Temp.
WET
BGL

- Temperature
- Water Table
- Below Ground Level



: WATER TABLE (BGL) VARIATION IN GROUND WATER OF GREATER GUWAHATI
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[( MAX - AVE ) + ( AVE - MIN )] / 2

1 VAR

NB



LE ‘.i + ‘j . AR- A I N OF

S, 'SITE !
§o. | LgE :Sﬁgﬁ- | LOCATION | EMPERA
SOURCE! T TURE ; ° :
! i LRCE: YEAR---> 1951--;——---Iaé__g_ﬂéf_field) ,
bt ! MONTH-—TTLT TDEC. I _ 5 TMAX. 'MIN: 'AVG. | VAR !
______________ ONTH-->JULY | . 1995 [MAX. jMIN. YAVG. ! i
1 1%- 1! Well !Dol G;;T”a---r-——z-lgggl_léfglLEOCT. | | } | VAR
2 ly- 2| i pvin 126.8 122.6 uza—"T"'---——---l____ l ! !
3 iﬁ l Well !Kahilipara ]27.5 =23 0 : X =26,2 280 ;22.6-?§§‘§’T‘£“;'I
e 3 i Well !Durges . I |23.4 28.5 i fon LA B |
geswari | | j28.5 ;28.5 [23.0 | I
4ty g ! ! l28.8 122.7 | I n 126.9 | 2.8 |
t ! Well |Maligao AN 128.7 26.7 |28.8 | e
.8 122.7 t26,7 !
5 e 5 | wewy | n l26.4 l23.0 l28.6 | 28,8 |22.7 |26.7 | 3.1 |
] j Well I Kh 123.0 ;28.6 (26.0 lo ] st
j Khanapara i 1 (26.0 ;28.6 ,23.0 io i
6 lw- & ] |28.Z 23 z.l i | ] 6.0 ) 2.8 i
™ jHEra i28,1 | | A l28.7 |23.2 |27.2 ! i
; =w 7 i Well |Bora Gaon i"a ) :22-5 =29.0 128.5 1290 |23.5 {27 . | :-8 |
W- 8 | 2% .4 log.0 i .5 1273 | 2.8
! I Well Paltan B l9g l | 0 127.0 log 2 | | |
g ly_ g | |Paltan Bazar |26.8 |24.0 | l 28,2 123.4 126.7 | 2.4 |
i 4 well {Zoo Na o e ]23.8 128 7 log.g | [
2a ' .8 24,0 12 b
10 iw-10 | | rangi |27.7 |23.1 | | ! | l27.1 ) 2.4 |
| ] well !Nutan Ba | [ 127'9 |28.5 log. 6 i ! ;.
- .6 123,112 i
11 fw-11 ! f zar 29,7 190.4 | | I i ;26.8 ) 2.8 |
J | Well I Rargaiai i 120.4 29,3 29,3 lgg, 7 | i ! I
12 lw-12 | | PAYRAIAL 120.6 120.6 | | 1297 120.4 l27.2 | 4.7 |
13 ty-13 ! I ni Gaon ;29.7 in1.0 | | 129:6 120.6 127.2 | 4.5 1
tw-12 | well |J - l21.0 |29.8 }27.9 | | R
14 lwozg | i alukbari  129.8 !24.0 |24 : l29.8 l21.0 J27.1 | 4.4 |
5 :W : Well |Noonmati log, 2 =Zl 0 : L :ZQ.S :24.0 log. 2 { 2.9 :
5 |W-15 | Well !Chandoari 129.2 |21.0 128.7 |28.7 | e Sy
- | l28.7 129.2 }21.0 | |
16 'w-16 ! ! Rari 129.4 log.o V2’ | i pete '26.9 4.1 !
' | well |Panjabari 120.0 }27.3 |28.6 | i it
, jPanjabari I I | 129.4 120.0 i i
17 w17 | 30,0 |20.2 |28.9 | 120.0 (26,3 | 4.7 l
i i Well | Lachi 120.2 128.9 [27.2 l39.0 | ! !
|Lachit Nagar | 1 I 130.0 20.2 } i
18 lw-18 i r 130.0 20.8 | I ] == 125-5 4,9 }
| i Well | Bhangaza }20.8 |28.6 ,28.7 I3 | ! !
| angagarh i a i I I 0.0 '20.8 I |
19 lw-19 | : l29.8 120.1 | i 120.8 (27,0 | 4.8 |
9-19 | Well |HatiGaon™ |29 120.1 |28.6 }28.8 {29.8 | o l
. AL ) 0 20.1 IZG |
20 lw-20 | ' on”  |29.0 120.6 | ; ! | l26.8 | 4.9 ]
l | Well lusha N i 1206 |29.5 128.4 20,5 | N |
) | Well |Rengarabari | 20.1 {28.8 128.6128.8 | | ' '
92 w22 1 we |Hengarabari 28,8 I2g.6 | ;28.8 [20.1 ;26.5 bog,q |
23w 22 : Well jHathura "“gﬂrizﬁ 5 120 i 128'0 izs.s {288 120.6 izs .y : |
ez well | . -5 20,4 27.4 ] A B
_tW-23 | Well |Rukmeni Nagar| - 120.9 Al il b 0.4 1261 | 4.1
il T Rt - i Ly
NAX. 130.0 124 9 128.6 | - l28.6 l20.9 |24.8 | 3.9 |
ik 1929 128: 183:8 122:3 T30 5-7§—~—-}-__§_1_§;§_.
yaxG. 128.1 129-0 1283 1289 139-0 124.0 12731 §-3 ‘
R.2, 1.8 i 2.0 |28'4 |28.1 Izg 1..[ .0 |24.8 | 9.4 ]
! ' 1. 205 1 1‘7 | 1'0 }2117 '26.6 I 3.7 l
.10 0 2,0 ¢ 1.3 ! 1:3 E

BB : V =
AR [{ MAX - AVE ) + { AVE - MIN )] /

-:z51:-



TABLE - 6.7 : VARIATION OF pH IN GROUND WATER OF GREATER GUWAHATI

e e e o T A i e e e e e T . 7 1 L e e e . T TP it o o P B ke e e

A o VALUE (At Field) i
.} }anRCE' CYEAR---} 1994 | 1995 IMAX. |MIN, |AVG. |VAR, |
! ! ! MONTH--3JULY |DEC. !APRIL!OCT. ! ! ! ! :
'iBEQZ_I'f'ﬁéii°}65i'ES;ISE—“-}ETEF'[éféé"}Ef55_EETEE'EETEF_IETSE'{ETIE“EBTEE-}
2 {W- 2 | Well |Kehilipara |6.67 [6.79 |6.20 16.33 |6.79 |6.20 }6.50 10,29 !
3 |W-3 | Well |Durgeswari [5.87 |6.50 15,99 l6.45 6,50 |5,87 '6.20 lo.31 !
4 [¥- 4 | Well |Maligaon - 17.20 !7.38 |6.94 17,03 |7.38 l6.94 17,14 }0.22 !
5 |W- 5 | Well }hhanapara 16.40 6,64 16.20 ]6.18 [6.64 6,18 !6.36 0.23 !
6 |W- 6 | well lazra 16.20 15,76 |5.42 }6.22 l6.22 |5.42 15.90 |0.40 |
7|W- 7| Well |Bora Gaon  16.42 |6.03 [5.56 16,01 l6.42 15,56 !6.01 l0,43 !
8 |W-'8 | Well |Paltan Bazar [6.75 6.57 15.93 |6.52 6.75 15,93 l6.44 .41}
9 [¥- 9 | Well [Zoo Narangi |6.10 17.04 4.96 |5.58 |7.04 l4.96 15.92 l1,00 !
10 [H-10 | Well |Nuten Bazar |6.57 |6.30 16.48 16,91 16,91 6.30 l6.57 l0.31 !
11 |6-11 | Well |Barsajai 6,60 16.34 16.50 l6.42 |6.60 16.34 16,47 10,13 |
12 |¥-12 | Well |Rukmani Gaon |6.96 6.74 16.66 |6.54 |6.96 !6.54 16,73 |0.21 |
13 |W-13 | Well |Jalukbari  |7.18 |6.98 16,99 ] - |7.18 l6.98 }7.05 l0.10 |
14 |W-14 | Well |Noonmati  |5.74 |5.24 |4.87 15.47 |5.74 14.87 }5.33 l0.44 |
15 |W-15 | Well |Chandmeri  |6.73 |6.11 [6.30 [6.59 |6.73 l6.11 |6.43 J0.31 |
16 [W-16 | Well |Panjabari  |6.32 [5.70 15.48 ;5.15 |6.32 |5.48 15,91 l0.42 |
17 [W-17 | Well |Lachit Negar |7.43 16,15 [6.00 16.88 |7.43 6,00 !6.62 l0.71 |
18 {¥-18 | Well |Bhangagarh |6.28 |5.54 15,70 16,44 l6.44 [5.54 15,99 l0.45 |
19 [¥-19 | Well |Hati Gaon  |6.76 |6.89 [6.70 |6.38 |6.89 !6.38 !6.68 l0.25 |
20 |¥-20 | Well |Usha Negar |6.77 |6.29 6.75 16.43 }6.77 l6.29 16.56 |0.24 |
21 |W-21 | Well |Hengarabari |6.02 |7.14 |5.26 |6.78 |7.14 5.26 6.30 |0.94 !
22 |W-22 | Well |Mathura Nagar}ﬁ.4a 16,20 |6.53 16.38 16,53 |6.20 16.40 }0.17 |
23 1¥-23 | Well |Rukmani Neger! - 16.74 16.61 1 — l6.74 l6.61 l6.68 l0.06 |
"""""""""""""""""""" MAX. 7.43 17.38 16.99 17,03 17.43 16.98 17,14 |1.04 |
Ave, 18:88 13141 15108 12134 1878 18:80 12182 1195
vak.s 16:88 11:07 13:08 1678 16:44 19:88 15:85 1838 !

NB : VAR = [( MAX - AVE.) + { AVE - MIN }] / 2
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VARIATION OF COMDUCTIVITY IN GROUND WATER OF GREATER GUWAHATI

TABLE - 6.9 :
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[{ MAX - AVE } + ( AVE - MIN }] / 2

VAR

NB :



e,

VARTATION OF TQTAL DISSOLVED SOILDS IN GROUND WATER OF GREATER GUWAHATI

TABLE - 6,10 :

-
|- PR = T 7= TR T~ TR VS ¥ - B -+ < T = I o < e
[~ [N T N B S < N o= Y T T+ B~ BT < Vol o < o o e [T T S I — ' o e
L~ 1
(== 1 1
§ o e e = | = o o o i it b Ty o o St e i e o T A e S S T il L e S S e i L e e __ lllll
1 - 1
[ o & &8 o el b= O m O o O M oo MY O w0 1 e | Uit
[l jom & & & O e I 00 GO 04 00 00 W = B L W o T o o= o oo
1 uM B - = R - - Y= V- T - T R I- R T R AR T T L L _- s r=t]
1 !
1 l'llI“ lllllllllllllllllllllllllllllllllllllllllll “ lllll
b
P [ R e = - T I T e T - I S e Y BT T o T o B S s B =L =t
(-4 - T T R s e - P S T T I e T o B R e B == B BN el L
1 m I T Y v Y Y ¥ Y T~ T B T Y S e - L= TR = “ Y=t Vet
1 X 1 :
“ l\llll" llllllllllllllllllllllllllllllllllllllllllll _— lllll
[ 1O 0 O =~ 9 O o o b= e o e O b N s DN oes e 8 U QRO
8= = T = o e B < = B = B = R o BT I~ - S o B p e A
W_. M _ P R T B Y T L~ B =R V=T T- I R T =R - T A 3 __ =l
ulllln IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII " iiiiii
emd. 0
i R = T e e - L T I o SR == B - B W e oo o= o = o IRl rl=21 ]
i O G O W & & © o O O @ ] Oh WD s o o o o o R l= LY=o
CRreh 1w o am um wn W W D G S uw [7- 2N VR Yo T TR VR Yo R <R VA [RY=lo AV
B 1O 1
n Fol ] e | e o o o o e i T e T e e o e T S e i T % i e o e e i T e o e e “ |||||
S - .
1 I I O &N e O &) o O o & b~ b o R 0 e O O W | oG
l I 1t - = = o & & O o~ O O N W U L e e O 0 omp n | oo
k i W R R TR N T- R TN Vo S - S N P Y- T T~ V- R - T L L~ R R “ e
[
HII—IIH llllllllllllllllllllllllllllllllllllllllllllll “ |||||
1
1 [ R R R o S -G T T SRR TR T - s R« R e B« (O L T v . Lo (S =L b= Ly 4
Pt i 1 O B ™ 0 0 = o =P LS 00 L 00 0 W D b= & B 0 N o SN E CDIT et
1 W “ M “ I T Y T~ S T - TR 7~ T~ < T~ 7~ T~ B Vo N T~ N T+ T Tt (T B S ) “ R BT
K-2
1+ __ - “ lllllllllllllllllllllllllllllllllllllllllllll " IIIII
1
| I om & b @ & R 0T o O e W O G NN W o N o OeeIthen
[ I led o &0 W O B S W o S U e B owp o= & v O i O o= b | SN
" “ = n N I - R T - T - R ¥ - e 7= R T T T = R T T -~ [t Y=L
) . 1
§ m o e e | o e o i e L Lot T T o e o e T o e o b T e S o e s st o = | = — -
1 ] [ 4 Kl
1 | [ i = 54 & ©E e v =l
1 | oy | - e ] T R " LTI - e
i E OEHIT & e . [T - - [ -1 I = - - I =1
|2 <€ 21 6 S b 4 = & = ow S~ e @ R O € O EEel
[ TR e © [ == S [ - <] 2 o el N TR S DT T < R '1 I 3 i =
I+ = El > v 2 O «© €T O W ed W e o m T - A ]
| &= [T T 7 S~ < S} = x - g oL [ — RO = © o= - =
| =T 19~ @ W & © E e ® | B T (L B> 1] : & = @ |
1 | L - T B~ B - B © w B = 2 & ‘oS o2 A4 o« Wwoa &)
[} I = S L~ R v e R~ S - = B -~ -
I3 | W ® ©F &« LS N C ® & =2 @© =@ & &8 & & & &©&@ wo oo & =
“ " WO % N o M koM = OE o e o U R e o D @I R Du_
; m i T
) R P e T T T e e e T I T O T T T B e T e T B |
1 B [ N R e s T e T e T e T e T e T e B e I e T e A o e T s B s B e B e B o B I
1 MIU 1 @ X [N - 3 q o a Qs Q. LK & +r L P O a q & Q QA ot
_ QJL% __ r OF ¥ X Z X B F X X F F X X X F X F F F F F x|
] & 1
| m— ———— | et e - r—r— o o o P e S e i L SR L S E TR T T e e e e e e e e e e S e s I
I 1 t
(R [~ B B I T =S Y~ B + S = T - -~ B T~ T < i« <R« S o S s L
| B ] - e I I T T T e T e I e T B X B 5 B - I SN |
1 - [ | | | | | | i I 1 1 | | 1 ] | 1 ] ] § 1 1 ] 11
“ ol " ¥ T F F X T T F F X =2z X T T FET T T X T X X = =
lllllllllllllllllllllllllllllllllllllllllllllllllll I
1 - | 1
=] |- BT T I TR S S A N o e T N - 7= Y = < = S = e T < ]
(N2 b e R T T R e e A == IR B - B N - N I 4

—-:55:—

NR : VAR = [{ MAX - AVE ) + { AVE - MIN )] / 2




T+ L 2 LI

+
At Field) 1
' [ SAMP- 1§ LOCATION i %;Tﬁﬁgﬁﬁlfffffﬁ_f_;_,______________T____ !
S, ISITE |SAMP- | LOCATION | % . . e
N0, N0 | KING - 1994 | 1995 [MAX. |MIN, 'AVG, | |
L"} " |50URCE| YEAR--—?______::___}__”‘"T _____ | i | | J
1
IR .. R N X Taxr
____________________ T ip i ] . 8. A . R
1N 1] Well Dol Govind  j78.0 {84.0 {86.0 |80.0 |86.0 |78.0 | 40
M = } 0 igz.0 174,00 !83.0 174.0 180.5 1 4.5 )
2 :w— 2 } Well Kahilipara ,83.0 Eaz.k :7;‘6-£30 ’ 134 o 1o ;az.5 : . :
; i | .0 tag, .0 teg,0 N
3 lw- 3 : Well :Durgeswar1‘ j84.0 (82,0 { : ’ :Rﬁ i IRO I :
i | IMaligao /80,0 182.0 |83.0 186.0 }86.0 !80.0 | , i
L s e e | i 182.0 |81.0 [84.0 {81.0 82,8 | 1.5 |
K | !Xhanapara 84.0 84,0 82.0 |81.0 ;84.0 8 |
e | [ [ '74.0 179.5 | 6.0
A }wh A E Hell jasra (50.0.474.0 6.0 :78'0 :86'0 }75 0 =n1 3 : 5.0 {
i ' ! Gaon  |75.0 [82.0 !83.0 |R5.0 |85.0 175.0 [81.3 |
P B i } I 4.0 !a2.0 84,0 !B0.0 I82.0 ; 2.0 |
8 fw- g ; Well :Paltan Bazar |80.0 |82.0 54 :ﬁJ. :ég ’ :76 N ;
| ! |Zoo Narangi |82.0 |76.0 188.0 J84.0 ]88.0 [76.0 | , i
. ;W— Ly e e : : 'a5.0 'R2.0 88,0 '82.0 234.5 } 3.0 |
10 :W~10 : Well {Nutan Razar l88.0 :83.0 :8;'6 :él.é {82 ; ’al ; {81.3 : o :
‘ i i ' + * - 1] *
11 :W—ll : Well :B&FSEJ&I {81.0 :81 0 =R ’ =84 X 184 ’ lao ’ 182'3 : ZQOA}
12 ly-12 } Well 1Rukmani Gaon |80.0 83,0 :,z, : . Ige ’ :Bq NG R }
13 {w-13 P well :Jalukbari }aa.o {aa,n 187.0 =- - l_ .0 18;.0 Igz 0 : .
| I i ti {82.0 180.0 186,0 180,0 |86,0 180.0 182.0 | :
14 IW~14 | Well ’Noonma | i | | IRG . '80.0 182'5 ! .o '
| ! {Chandmari ~ |83.0 |86.0 |80,0 |81.0 |86.0 | , , |
15 [1C18 ) Vel jChandnar : | teq.0 !sg.0 i88.0 fg0.0 fg3.8 }-4.0 |
16 1v-16 | wall !panjabari :ao.u lsa.o 5;3'6 {79 ; %Rl ; :75 gl bl
i 0 ) 5.0 181, . :
17 }w-17 j Well {Lachlt Nagar | 78.0 !81., : ’ :BO 0 284 0 :30 ’ :82 0 : o :
i ' j RZ.¢ . . . .
18 |W-18 | well |Bhangagarh }84.0 IIsz.o 234 ’ !Bq 0 :94 ’ :az o lona | 1o |
i e * AL L LI I T
19 1W-19 | Well JHati Gaon  |82.0 |83.0 | | ’ }31 o leog imro | o0
| i | Nagar 69,0 78,0 [a0.0 [81.0 |81, 169.0 | i
S W B | (420 84,0 l80.0 ls 0 |80.0 |81.5 | 2.0 }
21 [W-21 I well {Hengarabari 180.0 }32.0 | q.n {Rl ; lgq o e loor oo
. l e L A 1 AL ] L] 1]
22 {w-zz } Well :Mathuna Nagar|76.0 }31.0 [85 n I =7ﬁ ’ }75 I :
N i oo trs.0 b — l7e.0 ! 0 175,51 0.5
by I Well !Rukmani Nagar) 0.0, — 4 h.0 79, : i !
RN T MAY 1BR O AR i 188,0 '83.0 'B6.0 ' 6.0 '
""""""""""""""" . 8.0 '88,0 !88.0 101830 186.0 | £.0
R R e 8y
V Rn. " &, 7.0 ] [ .
VAR Pavs 1'70 g 70 Va0 V70 ! ! !

NR : VAR = [( MAX - AVE ) + { AVE - MIN }] /

—:56:~




TABLE - 6,12 :

VARIATION OF DISSOLVED OXYGEN IN GROUND WATER OF GREATER GUWAHATI

1
[
[
| =
(=3
P p——
&
-
=T
1
| -
el
Tt e
— =
!
[
<
1 et
<t | <
—_ =
F
Ele———
Sl 1
a I -
1 | E=
e by I T2
Lo O
= =]
[CA R I
[ I
R 1wt
- I =
<t [
b (=N
=] b T
[L] ] == mn
=1 1
I
c 10
[
| A I ot}
— | S
[~ N
I 1
| [
[} [
1 =
1 [ Bar]
I 1
-
i 1
1 b
i m
[
= 4
<=
.o E
[
<
[ )
<
'
<5]
[ ey o]
WNR
e
e )
o
Bl -
=
—t 2,
[45)
-
/3~

| .

R e R e = R L e I s s = T -~ e T T < B - == LT (R - L L AL
R = R R A £ - - T T R P B B B
) - - . - - . - - - - - - - - + - - - - - . -
= I B R - PO~ S <= S B coc R <R v B = = o= S e Y o R o T
S L S T e T T e e e
! 8

= N P T O W e & N om0 e W O W
[ R R R - T T S - =T Y - SR B R =T T < ST = SR A
I - - - - - ‘ - - - - - + . - - - - - . - .
VO b= & b b= B b S b= B b @ b O @ e e
J o e e e e v e e e e e e A A ST T e S e e e e el L L T ST S e e e e s S
1

I T =T = = B = T =T v T - B e B (oo Y = - e B = « R~ = S o K [ e R ]
N - = I = S T - - B T+ -~ B SR I = TR TN B R T T g
1 - . . . - . - . . . . . . . . . . - . . . .
P o = U our e g W U W L W W O o o o W W [T (oS < R
I

| e e e e e e MLk G TR T e e e e e A SR AL SRAL S TS S A mAl e s o e i s AL T T
1

o oo o o o 0D S oo C oo Qoo oy o Qc
(= 07 10 G & 1 = b~ [~ 1D 80 =W b~ O b e s w0 0 0 N
[ - .. - - - - - - . - - - . . . .
P B~ = & o oo o0 bt~ O I~ & B b~ 00 e o e b O O e B
¥

“ lllllllllllllllllllllllllllllllllllllllllll
J= = o & = < oo o o O oo < o o o= oo o O oun O

[ e T T L - Y e - "I - |
[ - - - - . - - - - - - - - -

“ (TR S = S - R T - T I o T < R R T - T - S ¥~ T =

| — i it e e o S e A Al L T S S AR s e e e e e i i L R T T S S i e e e
1

[ TR I o B e S+ P o B cov SO = (N - N v B - Y o R~ S e+ = R = Y o S NI [~ I = R
Joa & W = 0 o G G e I e o e & w0 e 0 D
|« . . - . - . . . . - . - - - . . . - - - -
[ @& = = 1 e W W 1 0 W W W @ g W D W W o W
1

J m o e e v e e e i e e S b i Ll L R ST S T S L Sl s e e i
'

= e T e S o S v B i S oo SRR o S v Y o T v B L v S B Y o o ¢ i S i e
IR - = - T L = N VR N BN R ~ I SR - A S v N
I - - - - - - - - - - - - - - - . - - -
It~ T~ " w3 & b~ b & O - g e WD e W o o o b b
]

" llllllllllllllllllllllllllllllllllllllllllllllllllll
- o e o e o o o o o @ o o o oo Cc oo o

= v e OO Wy W o= D = M O W - O D~ e s oW W O
1 - . . . s - . . . . - - - - - - . . -

1t~ I~ t~ o W OO 0 ™~ OO bt & b=t~ 0 b~ - W ot~ b e O O

1

_||||||||I-|r-|-.li.il‘lIIIIII‘4I|Ii'iiiiill‘l'llll IIIIIIIIII
1 - [ ¥
| = = = [
1 O ) < [ R =" ="
[y =] [ S I <1 -] < W = bt 131 &
(R =T R, 1 [ & &£ ™ [ - e o e R & E
[ I = R c m & g - o fu R & O W L

I BF Q€ «© M & A E e E& @ W & & & @ e
| T ] u w =3 [ =} < —a L «© E L 9+ [ - A
[ | & W o« w2 = «© & L E T T B - =]
1 e W) A 2 ® R © w E SN £ £ ™M &8 &8 -4 w W oo B
frd 5 R o @ b R e O e LN O £ U@ e SO e
o & o &€ & 88 ¢ ©® & = «© Z « 6O &£ © ®© L & woa & o
“ [ R S B v B - < = W T ~ = R - O = - -~ ==~~~ ]
) 3 e et o i e S e o o 2 e o
T T e T T e B B T B T T e B
[ R S N T e T e T e T e T e T e T e T T TR e e e B By B e B B o
e @ @ o & ¢ o4 ¢ ¢ e ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢
" x F X X X X X X X X X X ¥ X X = F =X T F F X F
“ iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
|- - T VR Vo S TR S TR - - = R e I A B < S S VR TR« S« o o i T )
| | P I T e Tt A et R e M e B o B o B N I S L
[ ] | ] ] | i ] | | 1 I E] | i 1 ] ] ] ! i | |
“ z ® ®X X Z®T 2 X X X T X T F X = X 2 =X =T X F F X
1

e B I T T~ - <~ = S R~ B~ I - (N T+ LT o = ~ T = == I v T
I [ R T e e T e TR e T e e s R ™ B - N B ~ Y B Y

{{ MAX - AVE )} + { AVE - MIN )] /

2

VAR =

'

NB

—-257:-



HI IV ONNOHD NI HY 40O NOILVIHVA : 1'9 "BId

ON 2418 ONITdWYE Ok JLIE DNIdNYR
T\vd Eod 2o Joed  [ozd 78-A101 . 6z d Sv ol 2i'g vs'G erel ER ve-Anr
IR 29 LV zd pad f{rog L1 +8-03@ ro g =T 28 u'e red 960
w09 psd  pzg 29 La L9 BN S6-udv 2 0 By £e 8y (860 5E
pe'd g v  bzd |prs Bl 96-.00 frro 509 o9 ea'g 1o B §5-i00

-

b1~ A L= - sTREY Bl-Ay P 1~ A ElL-A

)

CARGEIRITIS

ml)

N 2t 1A

3]

\ i

INTvA Hd AMNIvA Hd
OM LG DNIIdMYE ’ . ‘OM JLIE DHITdRVE
26 259 L' 28 1] v&-ANr e 4L L8°S EisN 299 re-A0N0
5B ge vod |99 ] ve-03a 62| e 2 g9 eso| |eeo ¥8-030
956 20 68 v GG 952 5] So-bdv Fa - & G B&°G| cel- == S FE6-Hdv
75D 189 69 Q) AN e il 95-L00 ao'9 L2le ¥l ore PR SO Il S58-100
DL -\ B -1\ 1..\5 L-AN B-A\ Laadss! S~ L—An '
1 i L L L 1 Il [o] -t i i 1 1 i

S e

3N HA ‘ antva wd

-:58:~




" H2IVM GNNOHD NI ALIAILDANOD 20 NOILYIHVA © 2°9 ‘|l

"GN ALUE DNITIINYE

'Ol 3L DHINdNYE

POy

|ees

806
ez

E=m ogtL Ta¥zeld £ 0 zeuw] g v8-A00r
ZELL =3 g81 8re g0y ari [FFg ve-030
280U TG 628 FAREY cril gl S€-ddv
s SO 58 Ol 0886 jla]l B 96-100

er)._.

.- M BL-M LA =M FlL-A
i 1 1

P R o

.} ooz
L oov
- {ooe
4008
. }-oooL
" foozu
Loow

i Oz B f50L 0801 Sy ra-Anr
EvOL o501 ara aBvoL 8g8 B ve-03d
Z60L izl 1 vas 2541 ro8 H S8-tidv
810 sead 2201 »83 g8 98-100
ES-M S~ A - 2-M BL-AW
1 1 1 1 1 1 L O
g a0z
-~ . oor
......... "~ | ooe
.......... i~ 008
. - aoot
i t h - 003t
.......................... i ﬁ oovi
w/oqu-n A LIAILSNGNOD
“ON ALE BRI TdIvE
Bl +80 8l GLOY pA-F 3 2201 ] v&-AINC
2604 sgoy  Reoy 2oy oe pzol @y v6-03Q
51O Zlell a66 2a8 2| vol| g S6-ddv
288 EQ0Y 86 51+ cve 606 EER SB-100
1- A9 e PL-M B-A £-AN
k -l 1 1 L i D
- AR 002
“m 2 - nov
g - U | ooe
- 2 4 oo
- . — A ..‘.1 fale a ]l
. 2 S g D R— Fooa

WO OYW-T LA LA LONANOD

WS OUW-M AL IALDNONOD

"ON 311§ BNIEHYE

ZLLH rE oL 8.8 0Z: vi8

¥B-A007
roe o088 oeti 139 ove|EEy v6-D3C
20 aziL v08 869 6L S8-ddv
26 zre 806 8ge vas| @R 98-100
—AN Laary E-M| &M AN
1 i 1 Il L 1 1 A L O
_tooz
. cov
. oo9
4 oo8
- .} ooot
a - - oogL
e - - - - - L QOvL

WS oy A LI LONGNOD

-:59:~




HILVM ANNOHD NI dHO 40 NOILVIHVA : €8 'Bld

‘ON ALIE DN TdMYE ON 3 DHINdHYE
aL 29L avL St g ve-Anr olL 91 oot ogL o2 Q0Z| mm v&-Anr
81 eeg AE2 acl o052 5N v8-03qQ viZ = 1oF |4 go2 esz 0SLIESS tre-o3ag
&2 evL =1=18 evrt ez [ se-dHdv ozz re2 2841 :718 861 231
9L (854 80g 8Le BEER 96-100 8L vil asL =13 sk
E2- M ge-mM L2/ pa-m B LAY L-AA i~ B L-M BL- M P 1-AY BT,
N 1 — i e I L i 1 1 [a} [l 1 H 1 Il i L I 1 i - O

AW THH D
'OM 311§ SN TIdNYS ‘ON F1IE OHINdNYR
vt 0oL a6 QEt eoL 6] N v8-A1AC = eal €02 osL s81 o6l Nl *B8-A10r
LZ2 v rr A cre 802 L2 ezZ S v6-D3Q ecd roe 00eg ooe 2 Xt oL I By v8-03¢
8k2 0.2 g8 =t aet olg| ] se-gdv g ol vOZ g3t rBi E6LI[] S6-ddv
80z 802 LB |22 =118 e i 9B-100 802 1313 o2 GOL j=2=]1 E6l | FEE 98- 100
2L A1 LA ey B~ -] 4~ fo-m am AN M z- ey
Il 1 A - Fl 1 3 ek 1 d O - 1 1 i L J 1 - 1 1 0
- L g /
7] ¥ 4 09 F
ﬁ -7
. o | . - "L oo ..
- - . - .Hu.l gL .
- . .- - . . " ogL e
. [ w - . - 4 | gaL .
. . . - o2 -
- e} . I I (¥ 7.1 L.
ERSE . RV S - LN T o ,.‘...‘. - pgz

AL TIHG

-:160:—




HIIWM ANNOHD NI SHNLVYHIANIL 40 NOILLVIHVA © +°9 'BDIld

‘ON ALIE DNITdNYE

ON JLIR DHIdNYE

e o8 og ree Z'62) Bad B=g ve-A1Nr
L'0Z 30 z2'03 oz 1z vz |E=3 v6-03a
oag |o83 6'8g g4z 85 &3 FB-Hdv
@z £'9d 2'42] o'ge 287 98- 100
BL-M Ty DL -M 51— A 1=

1 1 1 1 1

FETEIAET TR

S L

BRR208000 300000t 0BEREER00RED 4

Je UNIVYEHIGNIL

9'gg @'8g £82 ez £S5 re-A1nr
602 +'02 PO o2 0'a2 B3 ve-53a
p'a2 viz|’ 88 a2 [T g oe-ddv
282 e'8e oa2 rae 26- 100
EZ-A -1 Z-7 DZ-AY LA
1 L L L 1 A 1, 1
(Y
= v
= 7
Oy IENLvHISMaL
‘ON LIS DNITTdNYE
62 o'e 182 22 E zad £ re-A1nr
12 907 "0 VEZ vZ g r6-030
ged 982 e '82 642 58 SB-Hdv
L ¥xs 862 £'82 99 193 (2| EE3 96-109Q
- 1-M e 8-M —Ay £-AN
L un 1 i —,L
\‘ m

Sp IPN LvR3dWIL

ON LT DHINANRYS

Jp IHNLvHIAGWNIL

1’82 =g EXer- 832 G LT 807 53 vB-A
9'e g iz ed ez 122 ee oY E=] ¥5-030
6z 283 o'82] 182 rag 97 | Ry §8-Ydv
98 18z 02 L92 a2 202 ) §6-100
G- g -0 A\ e-M 2- M [y
L 1 L el 1 1 _1 A A, [a]
S i s
3 3 i
=Y. 3 -6
=8 S - &l
2 3 =L
- 8¢
B = - L&
3 3 -ve
] =] - LE
- Ot
- &6
- o6

t6l:-




H3LWA GNAOHD NI NOISSINENVHL LHB(1% 40 NOILVIHVA F €9 "BId

"ON 311E€ BNITdiYe . "ON A LIS DHIdDYE

S oe ! 80 28 gER re-ANr ra 8 o8 €a za £6 | EER vB-ANr
7} 18 2 B e8 EZ3 ve-03Q 28 €8 o8 Lo} 88 |EER  re-03C
QL €8 e o8 a8 EZ Se-udv =1z re Qo8 08 LB |EEF §6-dHdv
f:] o] 18 eg BN ee-Lo0 og ae 3:] og B 98-10C
E<-M pa- i Pe-N 51— B L-AA PL-A HEFL ANtk EL— A4

A i i i L 1 ek L o — 1 1 H \m\ -I\ '] A 1 O

1 E} E F Ol

> : Z A - 0z

A

T e T TR T T

AEALRLR LR TR AR LAY

IARTTTTLTAEIANAT)

In

L LELELELSE LI P LTI EEA LTI E Ao,
IR

NOISEINSNYYL LHDIN % HOISSINSNYHL LHDIT %

'OH 3LUE DNITJNYE ON LI DRMNDMYE

o8 L8 88 b og e Q8 e 8 8. (g ve-A1nr
eg La €8 gLl vL | 2 g o8 8 (E3 re-03a
g e o8 ag o9 e 8 (315 B8 | 98-ddv
ra Lae Z8 ve aL 8] o8 Ti 08 | BNy 96-10C
El-m - AN DL~ WA B-M\ -1y oA M Fan' L-As
1 I 1 1 1 1 L 1 A 1 )

l
il T
7

NOISEINSNYHL 1HDIT % " NOISSINENYHL LHD!T %

th21-




HILVWW ANAOHO NI 8ai 40 NOLLVI

“ON 316 DN TdHYE

HYA * 99 'Did

"ON 31iE DHINdNYR

220 ivg Tvee T =3 re8-ANr
629 ece 809 aze 549 &=y re-03a
999 &v0 oeg 189 9.9 G Se-udv
oLe 209 oo o9 o5y 9e-100
Z-M 2-A ERN z-M -
3 'l 'l Il 'l 'l i L 1 - 1 o
"+ oo
"I ooz
- ooe
L gov
- 00
- ooe
- 002
- ooa
L 008
- 0001
udd e
TGN AL BNIIdNeE
Bl 058 204 809 L5Y e0 B2 ve-Anr
950 vED ase ove oar zi8 r68-03a
820 zeo 869 ng vEv zZeo SB-ddv
zes 109 oag 189 =lvi] zeg 6-120
- - - 8-M AN £~
e 1 | L 1 1 1

wdd Sal

=86 8% [=1:2) 2Le Z¥e 80| =3 re-AN01
129 8ig 1809 685 oge 960| BNy t&-03C
9 kL] 160 05¢ 198 see| Eg Se-ddv
289 oee ore L9 +E8 =g 96-100
L-M L- M BL-M L= M 1A L- A
L A L — 1 1 4 o
= -, ¥ o
= 7 y = S E - Q0%
2 INE I - 00z
2 1RE RE - oov
. Zg Z RE - COS
o115 12 e TR E NE - 009
£ = n\u” N als )i
- coe
oos
oooL

wdd 'eJL

wdd el
ON JIIE DNINIVE
) 202 2959 e zar vee| Bz ve-Linr
2zo oEQ veQ 8.9 ot g re-03a
869 €19 =32 2rs BLy cB-tidv
809 vsg c02 188 aBe gB- 106
oA -AN 7-A E-M Ean L=
N = u._ i _L i -0
Z {E Z |- 00 L
Z £ Z - ooz
Z E = - 008
ZR Z3 - CD¥
Z) E L 0OG
W BB IR R Wels Vi
- 008
L 008
- OOOL

63—




378VL HIALWA ANNOYHD 40 NOILIVIHVA : 29 D4

oM BAG ONNdNYE
L2~ M

R

L=

19

Lt

ey
i
HE
P
[

£

0oL
-~

w

i

-k

23

D LT —
3

=

:

5

=

2 ST Y-
=

£

1

£

¥

- 4
ol
-9

wmpern e e PP

-8
<
k!

Sh-M

W ‘fjeae| punoab

MO16q) I78vL 53 v 10

-

CON 8118 ONIdNre
Bl-m

PlL-m

N @« 0 D ~ T O

-

$6-100E=) 96-udVEER v6-03AE23 +6-AINT [T

TON LIS DNIMNYG

Ol=m

,
;
£
un
£
F
>
) 2
3
H
ks
5
A
2
b2
&
:
£
£
[ 4
&
£

G-

)
3

B A e L R P AR 232393

o
-

- 1L
- Ol
el
=1
- L
-9
9

l'»

a2

o~

W *(1848] PUNCIB MmOIGa) TT1BVL Y IvM
Y

LLLLU LR

w '(jeAQ

‘OM 11T ON

| puncuB moieq) 318VL HI LW

dMve
E-an

o

M

l"m LLTTUE TG T

i o
Hl cortiyreisrhe

A A el SR

Jo

W (1943 PUN0IB M019GQ) JTE VL YT LYW

R[]

—:64:—~



H3lwaA ANNOHD NI OQ d4O0 NOILLYIHYA * 8'9 "Dld

OM ALIE GNITdMYE “ON 3118 BNIdHYE
a'e v'e 99 9L Lat* r'e L' L4 8 L4 i v8-A0N0
el e ZL L'e 8so £9 ' e 8'e 8L rSO M v6-03Q
L8 8E'9 as'a 1 3e Vo aLe 9 B% O =logg 8’9 e SO-Hdv
o' ere sa'e BLL VL 35S e Loy =3 L B 98-100
£ Zo—AY L Z-A D2-A Pi-m pL-M Lt - M) [3L-AN Bi-AN Adit HEFL
' 1 L T A P ' 1 L ) 4 vl i i O
Kl
k2
“fe
_ _ _ - . ABEHBE - L &
_ - N - - o N - L g
- - - L o
‘‘‘‘‘ . - »
S g -]
:dmegliN - SUUVRFUOE | - NN J - sl SR - Ll e
[ - et P ATRNRERE | - SRR — L o1

wdd MOA] NIDAXO dIATOSSK wda :Og) NIDAXO AAAICESIA
ON ALIE BNITdNYE B ‘OK SLE BNIdINYE
'L 86 LS L8 FAF 3 re-AINC %= S'e 88 374 L LS
TL La Se AN 2 el tv8-03a0 Td o2 5% ag BL L
i'Q P2 O ap 9 5 LR e EE 96-ddv oL | BBy L gL rO'o) [rAe
LrAF 85 B [ ] cv e e o) al'L = 96-100 L8| [rS 4 BE L [=ige L e =g 98-100
oL - A L1 — AN DL 6-M =3 PRI Leadiy! 19 -AN - -/ [Z-my L [b-an
' 1 1 1 1 -1 1 1 I L o . 1 i " wl A 1 1 1 I i o]
A 4+ L
.4..1 z T I z
bE e
- - . . - ....T ‘ = -2 . o = .‘-.. - ‘
. . .. - “Fs -~ - . - 9
- . - g -] - - - .. .| e
.~ - - .....l n ] - - . - lh
.- . .- - “La - P - -4 B3-- - - -
e S . SR L& g A AN . - e =gl Ls
SV - oL - - e Lol
[ P b e srim e - - e e
wdd ((0Q) NIOAXO JIATDESIQ wdd {GQ) NIDAXD QAAIEEIQ




7.0 CONCLUSIONS

Water p;:)llution in ‘surface water bodies unlike groundrwater is visible and
hence the rea;:tion of 'the‘public and policy .makers is‘ins_tant_ aﬁd vociferous.
Once the ‘grqund water is polluted it gets lost aimost for few decades, if not for
ever. Then,_cn;ratiﬂte an&_ pollution control measures as w‘ell as ménitoring of
ground water pollution is nluch more difficult than that of surface water.

Physical tests do not directly indicate the safety o:f.a water supply sys-
tem. Howevér, they do give an indication of it's_llacceptability. In the present
report, the results of th‘e analysis of physical parameters in ground water sam-
ples from the selected open wells of Greater Guwahati have ‘been presented. The
main use of these wells is for domestic pﬁrposes. Therefore, suitability of water
for'drinlging purpose has be-en tested with reference to available standards on
the basis of physical parameters. There is not much variation in the quality of
water in pre—monsopn and post-monsoon seasons.

Various physical constituents present in the water samples like pH, total
dissolvéd solids, temperature, ORP, conductivity, % light transmission etc. wére
tested at sites as ‘Iarell as in the water gquality laboratory. Further, .temporal
variation of ground watef quality at these 23 specified locatipﬁ§ were glso marked
and analysed.

On the basis of the present work, following points emerged indicating
broadly the physical aspects of ground water quality: . |
1. .The lowering of electrical cc;‘mductivity in the 'p_os_t’—morisoon season, in
general, reflects. the dilution of jons in ground water _b‘ecauée éondu;tivity is a
characteristics which_"'i's mainly associated with the dissolved material and solute
concentration present in the water.‘ ) ‘

2. "ORP : Thc_a ORP data showed it_s higher values in pre4monSoon season of
1994 while lower values during winters. But in 1995 most of the sites showing

reverse, phenomena i.e. ORP is lower in summer and higher in winter, Low values
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indicated the presence of slightly higher' amount of organic matter.

3. Temperature : Due to high water tible in whole Guwahati region the tem-
perature of-ground water is unﬁer direct influence of the air temperature. The
" average water temperature is more than 20 °C.

4, % Light Transmission ; In general light transmission is more than 69%. This

-

indicates the medium turbidity in the water samples.
5. TDS : TDS is much more than the acceptable limit and this indicates the
water should be used after prober treatment. This is because of dissolved iron

and shallow water table problem in whole city.

6. Water table : Overall ground water table range is sho.wing tilat the all
Guwahati is low laying area and this is the main cause of water logging problem.
7. DO : In general DO value found lower in pre monsoon and higher in post
monsoon season.

DO value is below the permissible .level at Durgeswari and Noonmati in the
mcnth of December 94 and April 95 respectively.
8. The average electrical conductivity values in the groundi water were slight-
ly higher then the limit fof satisfactory éualit-y of irrigation water (i.e. above 750
p-mhos/cm, USDA, 1954) during all sampling periods. Fu.rther TDS were also
within 800 ppm, the limit for best quality of irrigation water (Jermar, 1987).
Therefore the ground water under present study is good for irrigation purpose

under suitable sub-soil drainage condition.

7.1 Scope for Further Studies

Most of the physical parameters were determined at site by portable testing’
kits. To find out the significance level of pollution in any site it is necessary to
find out chemical parameters also but these can not be found at site. Determina-
tion of chemical parameters needs systematic laboratory test in a fulfledgé water
quality laboratbry. The effect of change of chemical parameters reflect the physi-
cal properties also., It is possible' to find out the proper co-relationships between .

physical & chemical parameters upto some extent. We can apprise the people in
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the vicinity the danger level of water pollution on the basis of physical testing
also. In extension of the work and to draw vital conclusions on the water quality
problems on the areas the other tests like chemical, Isotopes, Radiological, Bacte-

riclogical are also to be done as long term studies.
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APPENDIX - 1

SAMPLE PRESERVATION METHODS FOR SPECIFIC PARAMETERS IN WATER QUALITY SAMPLES

4°C

Parameter " Preservative B Maximum Holding
| :Peﬁod‘
Acidity-Alkalinity Refrigei"a_,tion at 4°C 24 hours
Biochemical oxygen demand Refﬁgeréﬁoh at 4°C 6 hours
Chemical oxygen demand 2 mL HpS504 per liter 7 days
Chleride None reguired 7 days.
Color 4°C 24 hours
Cyanide NaOH to pH 10 : 24 hours
Dissolved-oxygen holding Determine on site ! ‘No
Fluoride None required - 7 days
Hardness None required “37 days -
Metals, total 5 mL HNOj per liter - 6 months
Metals, dissolved Filtrate: 3 mi 1:1 HNO4 per lit. 6 months -
Nitfogen, ammonia 0.8 mL H,SO,per liter - 4°C 7 days -
Nitrogen, Kjeldaht 0.8 mL H,S04 per liter -4°C Unstable
Nitrogen, nitrate-nitrate 0.8 mL H,50, per liter ~4°C 7 days
0il and grease 2 mL H,504 per liter - 4°C -24 hours .
Organic carbon 2 mL H,504 per liter (pH2) 7 days
pH helding Determine on site No
Phenolics 1.0g CuSO, per L+H3PO, to 24 hours
pH 4.0-4°C |
Orthophosphorus 40 mg HgCly per liter-4°C 7 days
Total phosphorus 2 mL H,S0,4 per liter 7 days.
Solids . 4°C 7 days
Specific conductance 4°C "7 days
Sulfate 4°C ] 7 days
sulfide 2 mL _Zn acetate per liter 7 days .,
~ Threshold odor 4°C 24 hours
Turbidity None available 7 days
"Total coliform 4°C 6 hours -
Fecal coliform 6 hours:
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APPENDIX - II

FIELD RECORD SHEET TQ KEEP WATER QUALITY RELATED INFORMATION

STUDY NAME :

SAMPLING STTE :

NAP'S REFERENCE 0. ¢ DATE :

WELL KNOWN NEARBY LOCATION :

PLACE :
DISTRICT :
STARE :
ELEVATEON :

SEASON / MOKTH :
SAMPLING SOURCES :

(ldl,mer,hke,tube W_

rain,efflvent, beal,spring etc. WI‘
PUBLIC USE DNFORMATION ;

bottle capacity
1000 ul

SANPLING REOZ}RD
depthidgll  bottle mo. preserned by/mot purpose

500 nl

20 ol

B

Xl

rinking, washing, agricoltoral efc.]
fuxnoummﬁ ENVIR

CHMENT ;
like industral activties, public iferfercite dic

SOURCE OF POLLUTION :

il observed any}
'rIELB TESTING RB(I}RD

APPEARARCE

(.AH TESTING RECORD (date ) - INSTRUMENT USED
tme from . to

COLOUR

ODOUR

WATER LEVEL,

{B6L); m

i

{'dl

M
ORP; w¥

D0; ppm

mpholm

T05; ppm

%%(J'IBT TRANSMISS ION

TURBIDITY

SALINTYY; ppt

LAB SAMPLE WO

COLLECTED BY

DATE OF RECEIPT AT NERC ¥Q LA

‘SOIL SUREACE AND SUBSURFACE INFORMATION ([P ANY) ;
LOCAL GEOLOGICAL INFORMATION (IF ANY) :

© RENARES IF ANY ;
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PLATE - III : SAMPLING & FIELD TESTING AT DURGESWARI SITE
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