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ABSTRACT

The present work attempts to study the hydrochemical
characteristics oi surface water and ground water from the
Upoper Hindon river pasin near ®aharanpur town, Uttar Pradesh
by principal component analysis and to compare the results with
those obtaineé py comventional methods. A DO-BOD Model for mul-
tiphased data in a selected stretch of Upper Hindon River pollu-
ted by »aper wastes has also been developed using a computer
programme (DOSAG-I) . The study has revealed contribution of
organic matter and toxic metals released with the effluents dis-
cnarged from the paper mill into the Hindon river system within
the study area. Though the dissolved constituents in the natur-
al wat=rs are within the allowable limits, the low D.O. levels
and high concentrations of cadmium and lead render the water
unfit for drinking or fish culture in some stretches of the riv-
er, especially during summer monthse

INTRODUCTION

The exvlosive population growth, develooment and industria-
lisation have contributed largely to increase in the demand of
the water. Ninety six percent of water pollution croblem in
India is due to indiscriminate discharge of municipal wastes
(Chaudhary, 138l1). These wastes being biodegradarvle oroduce a
series of directional but predictable changes in water bodiese.
Industrial erfluents are responsible for polluticn to a lesser
extent but the eifects producec Dby them may be more serious as
nature is unable to assimilate theme.

In order to maintain the desired water quality, the possib
le sources of its pollution are required to be identified and
oroper scientific methods for its apatement shoula pe asplied.
In order to minimise tne incoming wastes into the river systems
some realistic prograime for identification of pocllution source
ané minimizztion O tne sollution in the river system can De
put into .ractice oy conductine systs=matic studies.

The polluticn of natural wateIs may be definea as an un-
desirable change in physical, chemical, physiological or bio-
logical charact-ristics of natural waters directly or incirect
1y rclated with the activities of human belngs =ven by natural
forces, which makes the water hazardous or harmful for ikts
various uses, (Handa, 1983) .
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With a view to assess the quality of natur=al wavers of
Upper Hindon river basin, Saharanaur(Uttar Prareah), & stusy
was undertaken in which overall e=ffects of dis ezl ol wmajor
effluents into the drainage were assessed. In o “ition, the
impact.OfBPaper mill effluent on the river wan rs 235 alsgc

been studied.

PRESENT STUDY

The area under present study is located in the Indo-
gangetic plain apd lies in the upper Hindon oasinobounded bet—-
ween latitude 29752' and 3070* N and longitude 77 °32*' 20" and

¥77°37%15 E (Fig.l). The river stretch of interest is about
11 km. starting from the confluence of a drain carrying paper
mill waste to Hindon river near village Pairagpur to just
before the junction of Dhamola nalla with the Hindon river
near village Sadauli Hariyae.

The climate of the Hindon river basin in the area of int -
erest is of moderate to subtropical monsoon ty2e. Thus, the
hydrometeorologic .arameters like precipitation, temperature,
pressure, wind velocity, relative humidity show well marked
seasonal variations.

The Hindon river has four tributaries and sub tributaries
named Pandhoi Nalla, Dhamola Nalla, Nagdeo Nalla, and Padli -
Nalla (Fig. 1). The Hindon river is an ephemerzl river in its
upper portion and changes to a perennial stream near Behreki
village (Fig.l). The river finally meets Yamuna River System
near Okhla (Delhi).

In the vicinity of the town of Saharanour, a variety of
industries have come up such as those relating to pcaper, sugapr
food processing, dairy products, metal platin., lime andé brick
kilns, engineering and cottage industry products. In parti-
cular, the star paper mill and Indana Milk oroducts tactory
are significant industries in trie area (Fig.l)e.

Several underground¢ lined drains with uncertain origins
meet Dhamola Nalla at verious points. Verma and Mathur(1971)
have conducted studies on characteristics and sollutional
effect of paper mill wastes on tHindon river. A si nificant
amount of work has been on the studies of the pollution of
Hindon river in relation to tfishh and fisheries by Verma, Shukla
and Dalela (1980). They considered that quality wise the
water of Hindon river is not suitable for propagation of fish
culture and related aquatic life.

Goel (1983) has studied the pollutional effect of cadmium
on natural waters in some parts of Uttar Pradesii in which he
has reported a cadmium content of 1 microgram/litre in river
Yamuna around Saharanpur area. Anotherstudy on pollution of
natural wat=rs by industrial waste effluents in some _.arts clo _
se to Hindon river has been conducted by Handa (1983, 1980),

in which higher values of lithium, strontium, zinc, nitrates
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and cadmium nave been reported, in ilindon river waue rs, and
;roundwater of the area. Acarsh Kumar(l1983) has made an attem-
Pt to rstimate the pollutional etfect of lead in naotural water
in Uttar Pradesh. He nas reported a concentration ot 15 p om/
litre in Sahafampur arcae J

Patel(1985) has carriec out hydrocnemical stucies of
natural waters with ref:1ence to the waste effluents disnosal
in the uoper Hindon basin in the Sgharanpur areae A Lissolved
Oxy3:n sag model, using striceter and Phelps eguation, for a 6.5
km. stretc!y of the Hindon river starting from the confluence
point vetwecen a Daser efflusnt drain with Hiadoa river was
cev=1o xwd.

Studies rearcding the hnydroloaiical Aspects of waste
Disposal in U per ilindon wasin, U.+s. have been in rogress
since June, 1984 at Univercity of «oorxes, Roorkee and two
Jrogress revorts of the rescarch work thave been released. A
rescarch grou® in Nation;l Instit:..> of Hydrology, Roorkee
(1980) has attem.ted to analysis th2 water quality data given
by rPatel et al. (1985) for the moatn of April-May, 1985 using
DOSAG-T Programue.

PRINCIPAL COMPONENT ANALYSIS

Multivariate wmetheds zre extr=mely powerful zs iv allows
the investigator to manipulate more variaples then he cuan
assimilate himself. However, multi-variate methods are compl-
icated both in their theoretical structure and in their opera-
tional methodology.

The principal component analysis mainly consists of find-
ing the principal components which a.e the eigen vectors ol a
variance - covariance matrixe. Davis (1973) has described the
methods to determine the eigen vectors ana eigen values from a
small matrix of coordinates of points in space.

Physically, we can think of two points reoresented by a
2x2 matrix as lying on the boundary of an ellipse whose centre
is the origin of the coordinate system. The ellipse is in
effect an envelope which just encloses these two pointse. The
eigen values represent the length of the major and minor axis
of the ellipse. The slopes of tne major and minor
axes of the ellipse can be eguated to the eigen vectors.

In the present study,the principagl component analysis has
been carried out for the 13 month cnemical analysis data for the
ground an¢ surface watrr of the Uppoer Hindon Basin with an
objective to determine the dominant ions (variables) with their
respective contribution to the chemical gquality of water. The
computer program used is taken from Lavis (1973). Lhe
respective contribution of each of the variables to the chemi-
cal cnaracter of the water sample can be easily ascertained
from the results of above analysis.

DOSAG MODEL

In the present study attempt has also been wace T>

3 oSN wLe
parameters of the Streeter Phelps equation for a ./ oOori . t:e
upper Hindon basin. The Rarameters nave Leen com Ui 0, vsing
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a computer programme (DOSAG-I) develdped by Texas wWater Develo-
pment Beard (1970). The exJserimental and field data for the
season September/October, 1986 and January, 1987 of the study
area have been used for the computation of the parameters of the
Streeter Phelps egquatione. The river stretch considered for the
development of DO Sag Model is from sampling location SW2l near
village Santhagarh, just downstream of the confluence of paper
mill drain to the Hindon river upto sampling location SW1ll, just
upstream of the confluence of Dhamola Nalla with the Hindon
river (Fig.l).

Ccmputation of Parameters for Dissolved QOxygen SAG Model

The field data aguisition for develcoping the Dissolved
Oxygen Sag Model of a part of the Upper Hindon basin (from SwW9
to SWll, Figure 1 ) was planned considsring the reguirements
of model calibration. In the study, sedimentation in the river
was not considered and accordingly rate of 30D removal(Kp') ¥
was taken equivalent to deoxygenation coefficient(K!). Elaporate
water sampling and analysis for enabling calculationl of deoxyge-
nation coefficient (K, ') and reaeration coefficient(K,') carried
out for the three seaSons i.e. end of rainy season(Sejtember-
October, 86), winters (January, 1987) and suimers (July 8%). The
sumnariseddatas used in the computations are given in Table l.

It was observed that during July, the paper wmill effluents were
considerably reduced in guantity and no flows were
recocrded in some reaches of Hindon rive:r down-stream of the
confluence (SwW2l). “Yhis data could not be utilise=d in the
studies. The comuted ané ops=rved values of D.0. aoout the
river stretch are shown in the Figure 2 and 3. The D.0. values
comouted for the months i.e. October 1985,Januar , February,
1987 do not suow z2ny sag in the dissolved oxysen conczntratione.
But for the months of April, May,1987 a slight sac in the DO
value is noticeable. It is felt that no sag in DO cuwves is
obsaerved in winter months probably due to low tem_ erature and
increased post monsoon flows. However Lor summer months(april,
May 1987), the sag is reflected due to low flows anc¢ high
tempbergtures.

DISCUSSION QOF nik3ULIS:

The results of principal component analysis of ground

Waters incdicate that the major ions influencing %t: chenical
composition are alkalinity and ﬂ’nductivigy, c4 1d Phoscho-
rous (in January, 1255), Cl, Ccd,” and 2n = (in aAp>ril, 19856},
conductivity and 2zn (in June, 1985), conductivity, zin$3and
phosphorous (in September, 1985) and conductivity and Cr™> (in
dJovember, 198S).

+2 How$g@r, theia constituents with the exceptions of Cd+2,
Pb' ", Cr'" and Fe are within tolerable limits as suggaszted

by ICIR(1975) and 'HO(1971).

T.ue results of PCA of surface waters indicate that the
major ions influencing its cnemical composition zre as under;
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Month Deminant ions

fov., 1984 Alkalinity, D.O., No, Nitrcgen

Jan., 1985 "Conauctivity, D.O., 5admium

May, 1985 Zoncductivity, Cadmium, Phosphorous
Aug., 1985 Calcium, Iron, Chromium

Oct., 1985 alkalies, C0D, Phosphorous

Jane, 1986 Cornauctivity, pheospherous,Lzid

Mareh, 1934 Zinc, LeQ., Cadmium

Ma,, 1985 Conductivity, ammonical Mitrooen,D.0.

From the PCa, it was observed that D.0O. levels during
ceoler months seem to e having hijher influence while in the
warmer months like May, the 30D/COD value shows rise in the
concentration and the amount of EQO' has lesser influsnce. 1In
g:neral, the concentraticn of Cd" ¢ is found to be high in the
vicinity of location SwlO0.

Joshi(1987) reported study of Piper trilinear plots for
ground watwr that almost all ground water samples have alkaline
earths and strong acids as dominant ions. Accordingly, the
ground water has a chemical character with high non carbonate
hardness (or secondary salinity). This finding is partially
from results of PCA, as in Nov., 1984, and Auj., 1985. 1In other
corroborated periods, the overall dissolved salts/EC, nave domi-
nated the chemical character of the watzrs- However, the total
salinity of the natural waters is within the limits allowed for
drinkina purposes (WHO, 1971; ICMR, 1975). The trace elements
like Pb, Cd, Cr, Fe in the ground water are also higing relati-
vely high concentrations, esgecially+§n cagg of Qg (Joshi'3
1987) . The permissible limits of cd™“, cr™”, pp and Fe' "are
0.01, 0.05, 0.1 and 0.3 mg/l1 (ICmix, 1975)respectively.

AS compared to the BOD,COD values obs<=rved in the past
(Patel, 1985), the vzlues of BOD,COD are gerierally low<r i the
surtrace waters probably due to the fact that pretreatment of
effluents dischﬁrged from factories has started recently.
Presence of NH, , NO, , NO Nitrogen may indiczte that nitro-
gr-nedous BOD may be present”especially as_seen from the unstable
s,eciecs of Nitrogen, like Ril, "=N and RO, _-N.

Amongst non-conservative constituents, the five days 80D
values in surface watsr show considerable variation. The
tolerance limit of BOD 'in drinking waters is 2 mg/1 (C3PCWP,
1979-80) . It is seen that at most places BOD, values are higher
than this limit indicating presence of organic waste etfluents.
Similarly the low:r permissible limit of D.0. in drinking water
is 6 mg/l, whereas at many of the sampling locations (like
downstream of location SW9), the D.O.concentrations are lower
than this value indicating severe depletion in D.0O.levels of the
surface waterse. )

The D.0O.Sag models develoved for different periods for the |,
stretch downstream of location SW9 of Hindon river highlight the
effect of paper mill waste on the quality of surface water in
Hindon river. The D.0. Sag pattern obtained using DOSAG-I model
indicates that there is generally low oxygen level observed for
the warmer months. Thus, for these months(april-May, 1987),
computed D.0O. levels have noticeable Sags in the D.O. curves
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TABLE 1: CALCULATION OF Ké VALUES

Sampling Average Average Ké Dis Oy
Location depth Velocity (day-l) Obser- (day'l)
(m) (m°/sec) ved_l
mgl
(1) (2) (3) (4) (5) (6)

Oct,86
SW10 0,266 0,2125 17,012 6.0 =do=-
SW18 0.285 00,2833 17713 542 ~d 0=
SW31 0,175 0,3188 39,046 6.5 -d o~
SW1ll 0,208 0,3400 31,121 5e7 -d 0=
Jan,87
Sw21 0,272 0.2772 16,808 2«8 0.468
SW10 042135 00,2056 20.843 0.5 ~do=-
SW31 0.2566 0.2452 17 .243 0.7 -1 0=
SW1ll 0,. 2843 ] 'Y 6375 23 0856 L!- .0 -0 0=
Feb,87
Sw21 0.256 0,1465 13,365 Not available 0,471
SW10 0.199 0,1545 20,114 ~do=- -d o=
SwW18 0.229 03446 24,298 - emd Qe - 0=
SW31 0,239 0,3643 23432 ~d 0= -l O
SW1l “=jot available= 23,432 ~do- ~do-

(assumed ) '
Apr,87
Sw2l 0.16 0.4553 49,716 Not Available 0,509
SW10 0.097 0.2656 80,270 ~do- ~do-
5W18 i ol b 0,3696 28,358 -d o= -] G
SW31 0.218 0,2833 24,658 ~do=- - 0=
SW1l -=iot available- 24,658 ~do=- ~do=
May .87 (assumed )
swal 0,134  0,3643 62,102 ~do- 0.584
SW10 0.07 0,696 102,403 ~do=- ~do=
SW18 0.229 00,3188 26,084 -do- =d o=
SW31 Q.15 0.,3148 48,900 wd 0= -do-
SW1l 0 0195 0 03 188 33 ® 195 -do- -do~-

=St

NOTE: Field temperature is considered constant for all the
sampling loczstions down stream of the mixpoint and

that is fc

point,
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TABLE 23DETAILS O+ RELEVAND PARAMET.RS FOR

DOSAG mODEL
Parameters Oct, Jan, Feb, Apr., May e
86 87 87 87 87

(1) Discharge ms/sec.
SW9 O.4432 0,2869 0.2246 0.3344 0,2145
SWZO 0.2382 003297 002805 001275 0.1913
Swa2l 0.,6814 0,6785 0.,3004 0,6193 00,5528
SW21 (computed) 0.6814 0,6166 0,5051 0,4619 0.4058

(2) Temperature®c,
SW9 32 22 23 27 29
SwW20 29 30 29 31 33
Sw21 31 21 30 31 32
SW21 (Computed ) 33 26,3 26,3 28 31

(3) Doo'omgl -
SW9 5.0 5e3 = - -
SW20 o+ 0 = - -
SWZl 6.4 2.8 - - -
SW21 (Computed) 3.25 247 - - -

.(4) BOD ultimate

ng/1

SW9 12 17 . - - -
SW20 1257 175,14% - - -
SwW21 104117 - 57,11 - - -
SW21(Computed) 51,50 101,50 = - -

(5) D.0.Sgturated

. mg/1 (Cs)

Sw21 7.51 - 8.99 - -
SW21 (Computed ) 751 8,22 - - -

(6) DO Deficit
DO= Cs-c mg /1
Swa21l Tada 6.19 - - -
SW21 4.22 5075 - - -

* The discnarge, temperature data for the paper mill drain
not avallable are computed considering tne obse:ved
value for t.e mix point,

* The B.0.D, ultimate wyglues for paper mill drain gnd
mix point sre not available but BOD at 5 day is avai-
lable., Using tne K, calculated by Patel (1985) for
these location the BOD ultimate values are calculated
with available BOD 5 days values,
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arcunc the sampling points SW3l (Fig.2,3), but for other
month the amocunt of SAG .is negligible. " The value of com uted
D.0. ~ontinues to rise for some distance downstream ©f the
conf lusnce point (SW2l) indicating thereby the incomplete
mixin : conditions at this point.

The divernshnce 2+=twean tie L.C.
(Fiu.2,3)can be eszplained due Lo
demand, photosynthetic activity, !
extranolation in the BOD curves f£
sufficient calibration of the mode
K.' and BOD ultimatse valuss for who

4
river.

In some reachnes (around location 3Wl0) of Hindon river,
the obscrved D.0., valuss are veiy low (close to zero) and are
associated with the higher BOD values indicating septic condi-
tion in thess reacres wnich is also supported by the foul gases
(resembling H,3, CH4 etec.) and nuisance smells in these areas. .
Thesc facts a%together reflect the degradation of water quality
of the Hindon river due to mixing of industrial waste.

RECOMMENDAYIONS AND FURTHLR RESZARCH HIEDS

The D.0.Sag models should ve developed for the area con-
sidering the effects of photosynthesis, benthic sludge demand, and
should be calibrated with opssrved data. If necessary, the flow
augmentation and extent of required treatment may also pe
evaluated from the model.

The study re-arding the pollutant transport in the porous
nedia to determine the distribution coefficients and retardation
factors in the aguifer zones should also be carried out so that
the ground water »ollution may be ascertained.

studies have broucht out the chemical character
and ground water of the study arsa both with
conservative and non-conservative constituents.
te of water quality in the Hindon river especia-
t to mr~=nic pollution nas b=en highlighted.
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