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INTRODUCTION ]




INTRODUCTION

Water is cahsidered.polluted.when it is altered in
composition or condition, directly or indirectly, as a result
of the éctivities of man, so that it becomes unavailable or
less suitable for any or allrof the functions or purposes for

which it would more be Suitable in its natural state.

In the de\releped countries even though waste dis=-
charges are high most of the population is supplied with
piped water treated and disinfected so.as'tc be safe for the
- ¢common man. iIn developing countries the vast majority of
'the population have t0 use sources that are quite unprotected
from pollution. In many countries water<borne diseases |
are still endemic end the prevailing insanitery conditions
often result in epidemic outbreaks{

Down and Stocks (1977) have defined mining as the
removal éf minerals from the earth's crust for use in the
service of man, These mining activities effect some changes
in the natural environment. Due to mining activities, water,
sediments and soil,and thus,the human civilization is being
affected. This Qork_is concerned with the impact of
phosphorité mine on water quality; hence the impact of
mining on water is described below in great detail.



Certain types of mining release toxic substances
like metal ions and chemical reagents, which pollute |
sources of wate:z  | | |

Water is utilised in many stages of mining and
mineral processing., These watergpblluteé the receiviné
water in various ways., Down and Stocks (1977) have,.
classified the eﬁvifonmeﬁtal'impact'of'mining‘ They have
described that the use of water in the mining;pollutes the

ground or sufface water 1n the following wayss=

(1) The discarded water after collecting the
valueble minerals;

(il) process water used for beneficiation;
(1i11) water used to cool down pumps, compressors etc.;

(iv) water used to control the dust, vehicle washing,
drilling fluids etcs

(v) polluted water stored in mine dumps; |

may contaminate the ground or surface water. Apartvfrcm it
rain'fall erodes different pollutents from the mining area
and pollute the ﬁater.' In many urbanized regions and in
areas where there has been considerable disruption of
natural materials through excavations, sirip mining and road
building, fhe exposed and_ioase material undoubtedly weathers
at an accelerated rate, which acceleratgs the ﬁabilizatian of

trace metals into aquatic systems (Rubin, 1974). Fallout of



geriael pollutants is likely to affect surface waters.
According to ﬁubm'(lg’?m airborne particulates and
gaseous species can be significant sources of trace
elements for natural waters whet} depogited as fallout or

rainout.

Individual Pollutants:
According to Down and Stocks (1977) there ere
following individual pollutants which pollute the watert=

(1) Organic poliutantst mainly comprise the proteins,
fats, cerbohydrates ete. in sewage from mines.
Céal,_ 0il and certain organic reagents used in
mineral procéésing also pollute the water.
Detergents from vehicle svashing etCo, may contammate
the water. A major source of lead cbntamination
of soil from atmospheric pollution islundoubtedly the
exhausts of motor vehicles using ;pétrol to which
tetra~-ethyl lead has been added, Purves (1977) .l

(i1) Cynides: This is common in gold mill waste and
its concentration affect the aquatie- animals.
Krenkel (197%) describes that combination of CNT
vith H' forms deadly HCN,



(11i)

(iv)

(v)

Acidity and alkalinity: Some of the aquatic animals
can survive if the pH is between 4-9, Acid water is
common in the mine ‘which can change the pH of water
and thus can contaminate the water, 1f the aéidity.

is very high, corrosion can teke place. Forstner

~ and Wittmann (1979) describe that exposure of

sulfide minerals to atmospheric oxygen and moisture
results in most acidic weathering reaeﬁionss Oxidation
of sulfide components in pyrite gives sulphate

whereby acidity H") is generated and Fe'? fons are

. released,

Base metals: High concentration of base metals
conteminate the water. There is possibility that
water sources nearby the base metal mines is having

higher concentration of base ‘metals.

Fluorides: Fluoride pollution is mainly found in
the vaste waters from fluorspar mining, According
to Purves (1977) due to disposel of fluorine damage

%0 plants occurs and there is a hazard to man and

farmstock. Gaseous fluorides are readily adsorbed

by leaves which bring metabolic changes in the plants.
Fluorosis in farm aniuialé resulting from high intakes
of fluoride is characterized by dental snd skeletal
defects, |



(vs) Dissolved Solids: Generally mine effluents haye
| high concentrgtions of dissolved solids. Bicarbonates,
sulphates‘ahd chlorides of calcium and magnesium
cause herdness of water. Soluble salts of fron and
aluminium can react in bicarbonate alkaline conditions
to give‘precipitates of insoluble hydroxides. Krenkel
(1974) has found evidences which indicate that water

hardness may be a factor in heart desease.

(vii) Colour: Colour can bé both unsightly and damaging, |
the reddish»depcsits 0£ prec1pitated ferric hydroxide
in some mine streems is an example. . If dexoygenation
of such wéter-accura. black ferrous sukghide ney be

formed .

(viii) Suspended Solids: Suspended solids interfere with
o selfnpurifiéaticn of water by diminishing light
penetration and hence-photosyntheticvactivity. and.
damege fisheries by silting over of food organisms.
If the solids are at all abrasiye'damage toc fish,
plants and pumps, etc., can be caused while silting
may cause flomﬁing or interference with navigation,.
Suspended'soliﬁs~increases the turbidity which affects
 the life of the équatie animals., |



(ix)

Radioactivityé If the,minéwater is carrying
radioactive elements it can affect the aquatic
life 2s well as the human being, Pillai (1978) |
describes deleterious effects to both somatic and

genetic in organisms due to radiation., He describes

' that radioactive contemination of the environment cen

cause both internal and external irradiation, while

chemical pollution is mostly an internal hazard.

Down and Stocks (1977) have described four major

problems which cauae pollution of waﬁ:ez"-» "

(1)

" Acid mine éramage (#MD) & AMD problems develop if

sulphide minerals are present (especially pyrite)

or, if the mineral does not contain sufficient

_carbonate or other alkali to neutralise the acid,

AMD is produced when a sulphide reacts with air

and water and forms sulphuric acid. Sulphuric

acid forms in three different wayss

(a) In the dry condition following reactiors teke
place =

(Ferrous - (Ferrous
Sulphide) - . Sulphate)



-In the presence of the 50, and Oxygen ferric
sulphate forms which is soluble in water =
b FeSO, + 2 HyS0, + 0y = 2 Fel(S0,)5 + 2 HO

| (Ferric
Sulphate)

In the presence of water sul‘phuri.c acid is formed -
Fe5(30,)5 + 6HP = 2 Fe(OH); + 3 H,80, -

{(v) In the presence of water following reactions

take place =

2FeSy ¢+ 2HO0 + 70, = 2FeS0, + 2H,30,
(Ferrous ' (Ferrous
Sulphide) Sulphate)
(¢) Ferric iron directly reacts with ferrous
sulphide to produce H,30, -

Fey(80,)5 + FeS, = 3 FeSO, o+ 2 s°
(Ferric (Ferrous (Ferrous
Sulphate) Sulphide) Sulphate)

AMD causes low pH, which restricts most organisms
in the water, high total acidity and sulphate levels,
high iron, high total solids but low suspended solids.



High ferrous iron aecveasea the oxygen content
because it is being utilised to form ferric iron.
The acidic water dissolve heavy metals and makes
the water toxic. | |

(ii) Heavy metals pollution: The sources of heavy metals
vary, but are largely restricted to discharges and
drainage from coal and metal mines, Heavy metals |

 are lethal if c_cncentraudn is high for aquatic
animals as well as "v'for the humen beings. Luckey (1975)
agrees that at lower doses or in trace quantities
some minerals are essential to life and others are

_used with no hint of toxicity exihibited. But
_Gréct and ﬁiiersmaﬁ(lg'i'ﬁ?) describes that the heavy.
'métals cen oceur in relatively high concentrations
and influence the fluvial ecogystenm and, after their
tmnsport to the sea, also influence the food chains
in the marine environment. The hamml erfects are
linked to the accumulatian in biological systems.

even in their lowest forme of development.

(111) Deoxygenations Aquatic organigms and plants can
survive in the aerobic conditions. Certain mining
activities causes deoxygenation which is dangerous

for aguatic life,



(iv) Eutrophication: Eutrdphicatmn is the chief problem
o leads by the concentration of phesphm:‘us in the water,
there is a tremendous growth of the aquatic plant;

and the result is. algal bloom. The algae needs
oxygen for its growth. It takes dissolved oxygen,
‘which ceuse deoxigenation. Deoxigenation kills
aquatic animals and the lakes become unsuitable for
the aquatic life, | |

Large algal bloom m&:reaées the decay of the algal
plant with the seme speed. This produces noxious
decay products which aggravate ‘the pollution. |
Phogphorus concentration that 1imit the growth of
aigae vary considerably from one alga to another.

A general vé.luve / fozé the concentration of phosphorus
likely to limit the growth rate of natural algal .
populations is approximately 10)ug1“1 although for
significant growth rate considerably more than this
concentration is ‘required. Algae common to eutrophic
waters are ‘repartedly grovith limited at phosphate
concentrations in excess of 10 e 11 (Jenkins and

Ives, 1973).

The mining of phcsphate' and i&s gpplication in
agriculture, industry and - household ha*:ege increased nearly

exponential}.y over the last few decades. The deily per capita



excretion of P is 1.5 g. (Stwom, 1973). Fertilizers and the
resulting food by products account for the largest single
source of maneinduced phosphorus in the environment. Of the
total phosphorus mined in the U.S. for dc_imestie use a
minimum of 12% finds its way into the aquatic environment

via ferti lizers (Stumm, 1973).

Thus mining of phosphorites and its use as fe.rtilizer
is having its implications on the environment, The study of
water and sediment quality in the streem near phosphorite
mme, Mussoorie, is an attempt to find out the impact of

' .phosphorite miné on the nearby stream. Due to minmg of
phosphgrite both at' Durmala end Maldeota, it ig expected
that the concentration of phosphate in 'the' nearby Bandal
river, in which mme water joinsg, should be higher. U.nder-»
ground water 3lso may get -hig‘her concentration éfphoﬁp‘hata.
Underground water is being used for the drinking purposes
in the nearby villages. The same water is being supplied

- £o Dehradun for domestic pu.rposes. Bandel river joins
Song river, which ‘ﬁ_‘nally joins the Ganges in Haridwar.
This water is being used for irrigation purposes. Under
these circumstances it is worthwhile to study the environmental

© impact of phosphorite mine, Mussoorie.
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- Review of the Literaturg

By mining, man restores incipiently marine phosphorus
m increasing quantities to the lénd. Because i:he rate of‘
'mining exceeds the rate of transport tc the sea, ecological
unbalance results causing pranounéed pollution in inland and
coastal waters. Eatrophibatibn is the result of phosphorite
mining. Garrels et al (1975) have described the global
_ cyélé Vofn phosphor’u_s in a simpliiﬁ\ied way and have shown that
in the_lbalance vstate 20 million metric tonnes of phosphoms
per year is being transfered to the ‘se.i‘l out of & % 10° million
metric tonnes in the ’sediments. 18.3 million metric tonnes
of the phosphorus fmm_ the soil again comes back to the
sediments.. Only 1.7 million metric tonnes of the phosphorus
from the »soii is being carried to the ocean by the streams.
There is 10 thousand miliion metric tonnes of mincable
phosphorus. The mining of phosphorus further adds 12 million
metric tonres of phosphorus in the soil. Rate of mining
exceeds the rate of transport of ‘phosphorus to the soil and

finally to the ocean, and thus, ecological unbalance results.

- Numerous literatures are available on the distribution
of phosphorus in the fresh and merine watérs. Talling and
Talling (1965) have shown relative high total phosphate
concentration in African lakes. They; have 6bserved that the
river Rhine carries approximately 300 mg m™> of PO, ~P and sbout

an equal amount of particulate P._' Now a days, when water from
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surrounding peat areas come into such a leke, it may add
considerable smounts of phasphate to the lake water. During
autumn, the incoming peat rich water centaining 1 mgt -1 of
P is mixed with the lake water. Due to the high rates of
water renewed a large part of this phosphate is watered
‘out leaving in the lagke a value%’of about 2 _gﬂ"z, of PO, -P.

i

-“:Vérderin (_196‘?) and Stumm and Morgan (1970) have L
reported for USA and Europe fespectively that the phosphorus
concentration generally exceeds 200 mg1 -1 i.n the river waters.
Stumm and Morgan (1970) have reported average 20 mg P1 -1
concentration of phosphate phosphorus by weathering. He
hes reported equai amount of phosphorus to be présen‘t in ,
the form of orgemic phospherué. Stumm (1973) has reported
that at present there is no problem due to phosphorus in

the aquous environment in the U.K,

Phosgphorus is one bf the major nut:iénxs. Golterman
V(IQBO} has tried to give the mathematical models to establish
the relation between nufrient input and nutrient concentration
and the relation between nutrient concentration and algal
growth. He concludes that in entrophic situastions recycling
of nutrients from the algae may become relatively much more
important. Sedimentation lead to keep concentration low
during the period of 1ncreasing'loading of the lake. He has'
suggested that phosphate removal is‘the-on&y cure for the
devastating effects of leke algal blooms, |
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Literature éurvéjr indicates that in India only few |
work ‘has been done on 'P! in the fresh water systems.
‘Literatures on the distribution and mineralisation of
phosp‘horus in the marine enviromment are availeble, Most of
tﬁe literatures deal about the gedlogy, origin snd petrology
of the phosphorite rocks. Patwerdhsn snd Ahluwalia (1967,
73s 74), Raha (1570), Banerjee end Naraian (1976) have "
reported about the geology, ofigin, mineralogy and‘petrolc:gy
of phosphorite rocks. If‘:‘is not relevant to discuss it here
‘about geology and origin since the_y are covered in the
geology section. However, a brief description of the
distribution of phospharés in the marine water, mineralogy

" and chemical analysis of phosphorite can be reviewed.

}“Rao ‘and Rao (1968) have reported about the dige
tribution of phosph@rus in the Bay of Bengal and have
found seasonal variatiom Surface average values of total
phosphorus exhibit a seasonal variation from high values
of 3.4 pg. at/l (July, 1961) and 3.02 ug at/1 (July, 1962)
2o low values.cf 0.99 pg at 1 (April, 1961) snd 1,66 }jg*
at/l (April, 1962). From October to D‘ecem_ber also they have
found low values of phosphorus. They have observed increase

of phosphorus with depth u'pt;: 500 meters.

Viswanathen and Ganguly (1968) have observed in the

North Indian ocean that between 100 meters and 500 meters
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below ses surface phosphate-phosphorus increase with ‘degth'o |
The average value of 'ﬁhesphate-pharphorus varies between |
0.2 to 3.3& P& at/1 with the depth upto 500 meters, they
have reported that mixing and upwelling of deep water control

’ the.ccncentraticn of nutrient in the sea,

Readdy end Sankarananyanan (1968) have repor-téd thet
in the "%‘estem North Indian Ocean the nutrients indicates _'
low concentration at the surface layer upto 50 or 75 e
‘tlﬁey .héve observed different .éoncentmtiona of phosphate
in different latitude and longitude. Generally upto 75
me'ters‘ the phogphate conéentx‘aticm va.ries from C.2 to
0.6 »e at/l. Between 75 toc 200 meters it varies from 0.5
i:o 245 Mg at/l. The meridionsl and zonal variations are
~ due to variable _intensiti’és of the current veloclties and

consequent vertical movements of waters,

Subramanian (1980) about the mineralisation of |
phogphate minerals in the marine environment has reported
that the celcite and apaiite precipitates with the increase
cf pH, F‘or. the precipitation of apati‘t:e he has reported |
the pH range of 7 t¢ 7.6. The enrichment.. ¢f individual
minerals take place within a narrow pH. range.

Extensive studies have been done about the mineralogy

and chemical compogition of phesphorite deposits in Ra:)asthan.
Mussoorie, Himachal Pradesh, Andhra Pradesh etc. by various
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woikers; Choudhuri and Banerji (1976) descmbe the geology,

- origin, mineralogy and chemical composition of Kasipatnam |
apatite deposits (Andhra Pradesh). They £ind a ‘complex
mineralogy with zonal assemblages, which is not relevan‘t

to mention it here. Among the phosphate m.inera_ls fluor=
‘apatite dominates, thgugh'chemi_cal analysis reveals appreciable
amount of -efxlorine (O;l&%). I‘kn the chemical analysis of
spatite 42.52 of P,0g, 52.60% of C20 hds been reported.

5i0, and 'A1203 is not pres’en’t in the apatite rocks.

Pareek (1978) have reported the geology. petrography
and origin of phosphorite in the Himalaya of Himachal Pradesh,
By the X-ray analysis of phosphorite he has found apatite
and _quartz as the major constituents, while dolomite ig in
trace amouht. He has discussed about the chemical analysis
done by Katiyar and Singh and has reported that P2 5 varies
from 4 to 394, The fluoride content varies from 1 to 4%
and the CO, content varies from 0.3 to 33.4%.

Baﬁer;jee (1971) _haé des’e_r‘ibe:d:».the geology petrography,
chemical composition and efigin of Precambrian stromatolitic
phosphorites of Udaipur (VRajasth‘an})k. He has reﬁorted that
collophane, quartz dolomite, ca'lcite‘, do‘lerhiérite and
clays are the principal mineral constitﬁents. The most
important phosphate mineral is carbonate fluorapatite.

Calcite and dolomite constitute the chief gangue in -the
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 stromatolitic phosphorites. Secondary limonite and limonitized
pyrite occur sparadicaliy. Among the heavy minerals tourmaline,
zircon and garnet are present. The qhemical aﬁalysis' done in
the differsnt laboratories by dif-ferent workers, sﬁws low
F:ons ratio. It yaries from 0.04 fo 0.19%, Chlorine content
is insignificant. Carbonate and oxides of maganese oceur
sporadically in brecciated limonitized quartzite, phyllite

and phosphorite, | S

Banerjee et al (1980) have also reported about the
petrology, mlneralogy. geochemistry and origin of Udaipur
and Jhabua phosphorité. They have observed similarity in
mineral composition of J hebua and Jhamarkotra but the
carbonate substitution is more in Jhabua. They have given
the same mineralogical composition, giﬁen by Banerjee (1971).
The chemical composition given by them is also similar to the
value given by Banerjee (1971). They have compared the
chemical composition of Jhabua and Jhamarkotra and have
found higher Pzés t F ratio in Jhabna p‘hosp'horite (Cel3 =~
0.14%) in comparision to Jhemarkotra phosphorite (0,05 =
0;09%). Cao and P205 values aré quite high. Ced varies
from 39 to 57% whereas, PZOS varies, from 18 to 37 in both
the regions. 8510, and Mgl values are low. 8102 varies from
2 to 22%, whereas Mg0 varies from 0.1% to 16%. Generally,
sodium is absent in Jhamarkotra. ' Sulphate content is.
negligibie. Partial substitution for PO, to CO; is more
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distinguished in Jhebua phosphorites than Jhamarkotra
phosphorites. . | '

Saraswat et al {1970) after the chemical analysis
of phogphorite rocks of Mussoorie have r_epartad high contents
of Mo, Ni & B-a in these rocks, which confirm the environment
of depesits, shallow to deep marine céndi’cian.- They have
observed higher uranj'.uni' content m Musséox‘ie phosphorite

in comparision to other phosphorite deposits.

Rao and 'Rao (71971) after thé petrograg'zhic analysis
of Maldeota and Mussoorie have found tﬁat both are similar
in their mineralogicai _compositioxi,' but the calcite content
is higher iniMaldeota. The surface sample of phosphorite
shows higher collaphaﬁe content while in the underground
sample calcite predominates. Pyrite is present uptd 10%.
Carbonaceous matter is found to occur frequently as fine
inclusion in collophane. Secondary veins of calcite and
quartz passes through most of the compact rock samples, while
a fibrom mineral, probebly wavellite, extensively replaces

part of the phosphorite.

| Dubey and Parthasarthy (1975) after the observation
of mineralogical compésition of Durmala have reported
collqphane; calcite, quartz, pyrite, felépar and clayey matter
as essential constituents. The phésphate mir;erals identified
by X-rays are carbonate apatité and carbonate subsiituted |

variety of gpatite-francolite,
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Ravi Shanker (1976) has reported about the chemical
composition of Maldeota phosphorite that the P 5"content |
-of the phosphate zone Vvaries between 17% to 2%, averagingw
19,2%. The corresponding grade in the surface trenches, -
belng;richer due to leaching out of carbonate, varies
between 2% to 30% P 5. depending on the extent of ‘weather-
ing. Average silica content is 7. Fluorine content ranges
from 0.18% to 0¢2267 and the chlorine from 0.18% to 0.22%. By
the spectrochemical analysis of phosphorite rocks he has
found 1000 ppm Ba and 300 to 800 ppm Sr. Vandaium concentration
generally ranges between 100 to 300 ppm. The selenium _coritent |
in the same zone varies from i? to 35 ppm. Phosphorife rock
is found to be mildly radioactive.

Mehrotra et al (1981} have observed petrography,
chémistry and mineralogy of Mussoorie phosphorites. The
minerélogica‘l studies reveal hydroxyl-fluroapatite i.e.
francolite as the ma‘in phosphate mineral, but some dahllite,
brus‘hife and uraninite ar.e also present. Pyrite is generally
assoclated with phosphates and sometimes replaces.it. The
phosphate have detrital particles of quartz, dolomite, chert,
clayey matrix and iron minerals within themn. ‘Thé chief
carbonate impurity in phésphorites is dolomite and nolcalcite.-

However, literature about the impact of phosphorite
mining on the water is rare. Shukla (198l1) has made an
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attempt to ’obse"rvev the environmental impéct of phosgphorite
mining (Mussoorie), which has not been publisghed so fer.

The sfudy of 'water and-sediméntquality in the stream near
phosphorite mine._ﬁ Mussoorie, is a,si:ep furthér %o fin;i ‘out the

impact of.phospﬁorite mine on the nearby stream.
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GEQLOCY

. ‘The geological studies of Mussoorie has.béen do‘n'e»;_
in great details by 'Ravi Shanker (1971,1975) ‘Sent (1979)
“has’ described the geology of the Indian platforms & its ‘
'occurences (phosphate). : Tha phosphorite deposit of
.Dehradun-tilussaorie area has been found associated with
Lower Tal Fomatien. The ‘deposition took place in the
shallow water reducing environment. - According to Ravi
,Shanker (1971) the Tal Fermation is. falded in a. doubly
-plunging synclinal structure° which is. knovm as the ‘
‘Mussoorie syncline. Fig 2:1 shows. the geological map .

The generalised geological ‘Ssuccession of the
Dehradun-Mussoorie area based cn ‘G.5.1. & PPCL, 1981

is as follows: ’

. ,,upf enﬂasien ......... . hge . - -
“Alluviwm Recent :
Dun Gravel/Old Terraces Pliestocene to sub-recent
R Siwalic Group o Middle Miocene to
ﬂ' {3 S ‘Early Pliesto.cene
5 & Subathu Group - .. Upper Palgeocene to
sol - | - Upper Eocene
A4 Tal Formation S Jurassic to Creataceous
ggﬁ Krol Formation . .= Permian to Jurassic®
Al InfraKrol~ = - - Permian o
) Blaini Formation Permo-Carboni ferous
E é’gﬁ Nagthat Formation =~ Devonian-Silurian*
S Chandpur Formation Devonian-Silurian®*
"g% Simla Formation - Early Palseozoic to Precambrian*
ar | . ( * = tentative age )
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Statigrapbically it has been divided by wen
marked break indicated by "Blaini Boulder Bed" into ’cwo
- (GSI & PPCL, 1981)«

(1)  Pre-Blaini F;)rmatiens - which includes:

(1).. Simla Formation;

(11) Chandpur E‘ormation: and

(144) Nagthat Fomation,

(2) Post-Blaini Formations = which includest
(1) Blaini Formation; |
(ﬂ) Infra-Krol Formationg
(4141) Krol Formation;
.(4v) Tal Formationj
(v) Subathu Gi’oups and
(vi) Siwalik Group,

- Out of all these formations only Chert Member of
Lower Tal Formation is important, because it consists of
valuable phosphorite deposits; end hence only Chert
Member of Lower Tal Formation has been described in detail:

Zal formetion:

Recently after Medlicott (1864), Middleniss (1887)&
Auden (1934-35) the Tal Formation of the Mussoorie Syncline,
in Dehradun and Tehri Districts, was re-mapped snd re-
classified by Ravi Shanker (1967) as followss




Clder

banded siltstone/subgrawackes

(11) Ag?.naceaus member
Silty shale and sﬂtstone.

{v) Calcareoua splintery
banded shales, buff
-coloured on weathering

(c) Black micaceous shale,
with pyrite, often
carbonaceous.

Garhwal Schistose phyllites ,
Thrust Limestone and quartzite Palaeozoic
Unit Voicanic tuff - :
Garhwal Thrust ««-- ———— -
Sabathu . Olive shale, Shell marl and Limestone Lover to
Formation | ¥ - Middle Eccene
————— - Unconformity , e e et
Upper Tal '(ii) Limestone member .~ 15¢20 m. Lower and/or
Formation {(Shelly Calcareous) Grits | |
(i) Quartzite member(sequence Middle Cretaceous
- 'of quartzite are-koses grits o
to pebbly guartzite and thin
grey, to green shales, red
silt-stones often mud cracked)
- . Di.seenfem:.ty . -
Lower Tal -(iv) Calcareous member-Ferruginous, 5 m.
Formation Siliceous or sandy umestane

{111) Arenaceous mem‘ber massive and 300-‘500 M.

150 m Fi:lddla Jurassic

Lower Cret-aeeﬁzg

cantdn see
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(1)

Transition Zone .

- {developed
. locally

. Disconformity (?)/sum@rine

Chert member
{b) Phosphate Unit
Phosphate rock with thi.n

intercalations of shales =~~~

and chert

(@) Chert Unit

Bedded black with

subordinate layers of .

black shale and thin
. streaks of phosphate .
rocik, e

150m

diasten/Transitional lacally

Argillaceous limestone
(often phosphatised)
interlayered with thin '
streaks of phosphate rocks
(alsc brecciated at places) -

and chert.

‘Upper.Kroil
- Formation

(14)

(1)

i-isht grey, argill.aceoua

limestone and purple grey

Bha}.eo
Grey to bluish gres .

"dolomitic limestone and |
dclamite.

£
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_ The Tal Formation has been divided into two
formationg by Ravi Shanker (1971-75) viz.,
(2) Lower Tal Formation; end

(b) Upper Tal Formation.

‘Ravi Shanker has found a sharp change in the mﬂronment»’_f.

of deposition from essentially marine in Lower Tal to
sub-a‘que‘ous or .sub-aérial (non-marine) , in Upper 'l'al

- Formation, Hovever, Patwardhan & Ahluvalia (1973) did
not founé unconformable contact ‘between the rocks grouped
as Lower & vpper ‘.I'al series or between the underlying

Krol sediments and the base of the Lower Tal sgeries.

Ravi Shanker (1974,75) has divided Lower Tal
Fomaticm mto four numbers viz.,

(1) chert;
(ii) argillaceous;
(iii)arenaceocus; and |
~ (iv) calcareous,
depending upon the dominance of chert, shale, sand/silt
or carbonate in the sediments. The Upper Tal Formation
is sube~divided 1nto a lower quartzite member and upper

limestone member.

24
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The Krol-Tal contact and Chert Member of Lower
Tal Formation bears pateﬂtial deposits of rock phosphate
and it extends upto 120 Kms. |

Lower Tal Formation

Chert member . |

The mineralisation of rock phosphate is lecalised
to chert me‘mber. Based on distinct lithology Ravi Shanker |
has classified ‘the chert member into (a) chert unit; and
(v) phosphate unit,

(2) Chert units
According to Ravi Shanker (1971) the chert unit
consist of a sequence of bedd.ed chert. chert-shale
‘altemations and phosphate rock with thin alter=~
nations of black shale. It overlies the argillaceous
limestone or dolomitic limestone of the Krol Formation.
The black chert is often thickly bedded and is
generally noduler towarde. its upper portion but belcw
the main phogphatic zone. Theue nodules are usually
highly phosphatic whereas the cherty matrix in which
they are ‘embedded is generally ‘non-phoaphatic or
»only mildly so. Tiny phdsphatic nodules also oceur
“in the shaly intercalations, Thin bends of black :

cerboneceous algal limestone are also sometimes found
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in the chert member. - Pyrite is occasionally

_ associated in the rocks of the chert member,

Phosphate unit: ‘
According to Ravi Shanker (1971) it consists of .
phosphate rock with or without chert and/or shéle
intercalétion. - Phosphate roc‘k in thifs area is
generally dull grey to brownish black in colour,

o nﬂdular,* granular to massive aphénitic in tex.tuz"-e_.,

occasionaily bedded, brittle and friable. Pareek
(1978) has reported a number of varieties of
_pﬁasphate rocks. Ravi Shanker (1§‘7’§) hés'classj.fied
it ast . |

'(i,') Friable platy and laminated;

(1i) . Grenular;'

(114) Variegated ienticular and pelletal variety; and

(iv) Nodular variety.:

According tc Ravi Shanker (1971) isotropic collophane
( carbonate hydroxyl fluorapatite), with some fibrous
an~-isotropic francolite and dahllite is the major
mineral constituént. Phosphate unit varies in

thickness f'rom’ str'eacka to a’éout 18 metersz
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Upper Tal Form gtiogr
Ravi Shanker (1971,75) has divided it into -

€)! Lower quartzitic member;l and

(2)  Upper limestone member..

It is dominantly a2 quartzitic seguence ‘wit‘h a thin
calcareous capping and therefore, has been divided into a
lower quart‘zitic member and an upper? limestone member
(Revi::Shanker, 1971). “

Cenesis |
Origin end environmental condition of deposition
of chert and phosphrite :I.s very controvertial. Some
congider the chert to be consolidated. or: indurated
siliceous bioliths, some consider it to 'gbe of metasomatic
vorigin by replacement of host limestone !lwhereas others
reject p'oth the biochemical end the metasomatic origins
for these deposits and regard them es prj_imary precipitates
of silica gel (Pettijohn, 1957). Sea wa:ter is suppésed to
be the source of silica. Some consider I’_some local sources as
volcanic ash to be the reason for enriched silica (Gosh,1968);
whereas others (Térr and Twenhofel, 1932) s believe the
silica to be derived from chemical weathéring of constituents.
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|

1

| | About phosphorite presence of‘more particles of
definite skeletal and faecal origin support the biochemical
origin (Patwerdhan end Ahluvalia, 1973; 1974; 1975).
According to them association of carb:onacews and orgenic
matter with the pellétal as well as t%xe laminated variety
of these phosphorites support biogeniér oi'igin. But they
agree that iﬁorganié inﬂﬁx of phospherus to the sea water,
volcenic emenations or terrestrial reworking of an older. |

S . i
phosphatic rock cannot be ruled out, "=.

Ravi Shanker (1971,75) has described the i‘:aode‘ of
formation of Mussoorie phosphorite in shallow water reducing
environment, Saraswat et al (1970) af‘éer observing the
presence of high contents of Mo; Ni & ﬁa in these rocks
‘confirm the deposit under shallgw water marine copdition.
According to Banerjee & Narain (1976) assotiation of
oncolites and stromatolitic structure in the related
sediments gives the evidence in favour éf shallow water
marine condition of phospharite deposits. The phosphate

rock is formed by the biochemical pfoces’s:. the soluble
| phosphate in the mud, derived partly fro]gn the decay of
phytoplanktons and algae, and pertly from the river and .sea
water, reacts with the precipitating caelcium carbonate giving
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: ‘ r
rise to the insolube calcium phosphate, which after
concentration during diagenesis consolidates bs beds
of phosphate rock Ravi Shanker. (19‘75). - He Mther

_ &escribes ‘that phosphate concentration increases by the
removal of »non-phosphatic materizl by waves. :. Replacement _

does not take place in the eonce_x’itrafion of phosphours.

It is directly precipitated from the watere

GENERAL_DESCRIPTION OF THE
Location
| ~ Location and brief description of Durmala end
Maldeota area and the phbsphaﬁtes given by r'i)ubey and
Parthasarathy (1975) and Ravi Shanker (1976)_" respectively

are summurised below:

At Durmala (#8° 10' 10''~ 30° 26' 12'') (Mussoorie)
the phosphorite b’earmg horizons are situated on the
northern limbs of Mussoorie. synform beWeén the village
Durmala (78° 10' 10'* - 30° 26' 12'') and ﬁuarwara (78° o 31"«
30° 26' 18''). They are about 10 kms. S 76“-.5} of Mussoorie
at the contact of Krol and Tal Formations :asgdciated with
black shaile and cherts and are having an aé:proxtmate
thickness of five met-eﬁs. |
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Maldeota:

‘Maldeota phosphorite prospect is situated about
‘20 kms, frcm Dehradun and extends betweex}x the villages .
Tamotwala (30° 21' 301 - 78° ©8' 30'*) and Timli (30"
22! 30"- - 78‘ 08' 5") in Dehradun disl‘crict.U.P.

Sample 1ocations for Maldeota = Durmala has been .
_ given in figure - 2.1 to 2. 3. Physiegrajphy, vegetation and
climate for Mussaor‘:‘le --vﬂehradun givén by Atkinson (1_973)

has been described Eel@wg

Ehysiography

" The yhcsphate deposit of Maldeota-Durmala 1is in
the mountainous area of the lesser Himalaya, It rises
abruptly and without any intermediate ﬁnd’ulating s).ope
from the apparently level surface of the flat country
below to height Var?yiﬁg from a few hutj;di-ed to three or
four thousand feet. They are composed of sandstones and
conglomerates, and thé -di‘p of the’stréta- is usually towards
the general mass of the mountains at a low angle. The foi'm
of disturbance of the strata is very ;regular, producing.
broad normal antis.-é‘l.;mate flexures,. f:he axis-plane sloping
towafds the momtaing,ﬁ Towards the i)lains tfhe slope has
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been Qeathered out, so tﬁat plaﬁ.nward:a the Siwaliks )
exhibit a steep face from which rise the M@est summits of
the range, while a long gentle dulivity slopes inwards and
forms a longitudinal shallow valley known as Dun by meeting
the foot of the next line of hills. The iatter, run on

a line parallel to" the Siwalika. bu‘t at a distence of ﬂve <o
ten miles from- thm. e | %

The bottm ef Dun vaney is by! no means cantmuous. :
In sonme places it is cut through by t'lxe passage of the
streams that drain the interior of the mountains; in
others. it is quite ebuterated by thfa near appreach te
each other of the two ranges that ﬂank it, .and which
usually form ds.atmct lines,

This is moreover, a structural feature and mot due
sinply to defnudatioﬁ.' In the c’c‘imtry' between the Sutle)
and the Kali, these vauys« gre cal.l.ed Duns. The jower
part of the Duns generally appeat's to be cavered with a
deposit of boulders and gravel that slope somewhat steeply
from the Himalaya tewards the Si.waliks. 50 that the whole
bottom of the valley is considerably raised above the level
of the plain,



32

- In consequence of this elevatioxg, the outer hills
when viewed from the interior of the valley, as from |
| nussoorie. present a very msigxit‘icant outlina,. ’I‘he
drainage of these valley usually collecta along theix‘ |
longitudinal axis and either fells 1n'ca some of the larger
streams that cross thenm, or less frequ’ently xinds an
independent exist for ;itsel.f Anto ‘the |plains by a sudden
bend ﬁe the south iiarough a break in the outer range, Owing
to the considerable elevation of the %un above the plains
down to the level of which the drajnage finds its way in a
very short distance, the uncmselidaﬁed strate that form
the floor of these iraneys are cansta{ntly cut t‘hreugh to
a great depth by water couraes. COnsequently. the surface,
thcugh often presentﬁ.ng an apparent flat for several miles
together, is frequently broken up mgo steps which on the
whole, are tolerably level, but at ai.tferent hights, the
one above the others, This phenomen?:n is not uncoemmon,
and is constantly observed along rivje’rs that are ex‘odiﬁg'
their banks. To the same causes alsia are to be attributed
the practical impossibility of proet?rmg water by means of
wells in the Duns, a difficulty whi¢h mainly aerises from
the thorough dessication of the gra%relly soil by the deep
drainage.
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Cosstation /

'. In Maldeota=-Durmala there are weli!-grevm
_sbecimens of Himalayan conffers, deodars, spruce,
'éypre.sag pine, ﬂi',- yew, and juniper, beémes house=
chestnut, poplar, oasks, box, birch, and maple. There are
European fruitrees, apples, peers, plums, ﬁeaehea. quinces,
- and edible chestnuts.. _

The climate and ‘heaith aspects of Mussoorie are,
as a whole, very favourable, The average rainfell, give

| an ennual everage of 92,08 inches,

The reins begin 'al-most_ inveriably about the middle
of June_, preceded by a new showers and continue until
near the end of September. This 1is f;ne mwost unpleasant
and least invigorating peﬂod of the_; year, From the end
of March unt:i.i_ the beginning of the rf'rains., the cl.hnéte is
‘dels.ghtful. though the sun's rays afre oppresswe for a few
hours of the niddle of the day, thq mornings end evenings
are always cool. The period qt thé year from which the
greatest benefit to health is ders.ji*ed is from the cessation
of the rains until the end of December.
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The temperature varies considefrably with devation
and aspect the thermometer seldom rec;ords abmte 70°C
whilst as low as 10°C is oecasionau} registered during

the wlntero

Maldeotas o

 In Maldeota phosphorite 1is d?.stributed in both the
eastern and westerxi _regicm;.‘ Generqlly pho‘sphor‘:‘{te 15 ,
associated with chert but s'ox‘netimesj" it directly cwex"nés‘ ,
Krol limestone and dolomite.

~ The infamaticns collected from PPCL, Dehradun
(1983) reveal that average thiclmess of the phosphate unit
-in outcrop varies from 0.45 m to ’{.8 m. end the grade
varies from 19 to 4Ok P;éOé, The;total reserves is
10,64 million tonmnes out of w‘hichf' probable reserves is
hxga million tonnes and possible reserves is 5,66 million

tonnes. i

The tonnage of ph_asphorit; from Maldet;ta mine is
45300 tonnes out of which 20000 tonnes is from open cast
mineg The quality of undergrourid mind is 17-18% P205*.'
Quality of open cast mine is 2@6 .Pa°5=-'- :



Table 2.1 Table showing thickness, reserve,
production and grade in Maldeota-
Durmala reglon

;

~Maldeota ' ; - Durmala -
‘ (Thlckband) (Thlnband)

- - - - — -— - Ed - —-— - — — — — - — — - —— - - - - - - - - - - - - e -

Strike length of I 1300 1520 550
hosphate band - f : coo

meter)
Thickness of the = 0.45-7.8 ) /3-9 o 0.6-1.5"
hosphate unit ' o . ' s

meter) ~ . ) |

Reserves‘(Millian

| tonnes) L o |
(a) Probable ‘ 4,98 o 3.69
(b) Possible 5.66 | 5.45
(¢c) Total  1o.64 9,14
Tonnage | o , !
(a) Underground'mine 25300 - 7100
(b) Open cast mine - 20000 . 15600
(c) Total | 45300 22700
Grade P o5 (%) B 12-27
(a) Underground mine 17-18 ' 19-20
(b) Open cast mine 20 - 25=30

Source: PPCL, Dehradun (March, 1983)



in Maldeota there are two wd;ergm;md«miﬁé' andit. 1
"and 2 where phosphorites are being mmed.g Apert from
u_ridex:ground mines phosphorites -are deing 'E'mi-ned. _'ﬁ‘zom :

quarry.

F‘ér mdergrdnnd:minmg -'glifferent drills are being
made at difi’erént’ ‘levels ond finally it z[ls being b},asﬁed,
The phosphorites are v'fransported to Harrawala, which 1_fs
about 10-15 kms. from Dehradun, . Phogphor&te_s are grinded
and p,écked into the bag to sell it in the market. The |
details a;bau,t\,the: pf@diactmn, reserves etec. have been.
given in Teble~ 2,%. -~ = ;

!
|
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.Nearby the mine Bandal river nég}ns;. genarauy. nort&;

to south. Though with the uée, of baum?ars protection has
been made soO fmat dumped phosphorite s!:;xfould not go- to the
Bandal river, drizling water from mine ," goes to the river
end thus adding phosphate to the water, Apert from that
people use phogphate fertilizers i_'or héalthy crops., This

also goes to the river when the showerf falls,.

Bandal river is not always ful,l-'l of water. Only during

the rainy season the whole course of éiver is full of water.

Bande) river finally joing Song river, which goes to the
. .f
Ganges in Haridwer. Water from Bandel and Song rivers is

being used for drinking as well as irx}slgation purposés. Thus

1t is interesting to study the quality of waters
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Durmalas
In Durmala two phosphorite bands have been found .

‘associated with chert unit, One of the two bands extend
u?to a distance of 1 5 kms. The thiokness varies frcm 3 t@
9 m} and Pzes content varies from 214 to 3. The phosphorite
occur in bedded snd nlﬂ&y forms. 'l‘he other band extends upto
550 m. The thickness is 0.6 ‘to 1.5‘ m and P0g content o
veries fram 12 ¢o 27%. The phosphorite occurs in gmnular

vt‘omz. B

The PPCL Dehmﬁtm {1983) reports that total -
reserves in Dumala block is De 1l m‘.luon tonnes whe.reas
probable reserves is’ 3.69 million tonnes and posaible
reserves is 5.45 million tonnes. The tonnage 111 Bumala .i.s
22700 tcnnes, out of it open cast 13 ‘having tonnage of (
15600 tonnes. Quality of the underground mining is 19-2@6
PZOE. ' Qualtty of open cast mine is 5-3@6 P 05.

in Dunnala only two mines are mperational. audite1
and audit-3. A new mine audit-2 B 1q under construction.
Rest of the mines audit-1 A, auit-2 and 2 & ere closed.

Apart from underground mine there is an open cast mine..

The Bandal river in Durmala flows NE to SW. The
dumped phosphorite goes to the river Qhe‘n re.in falls and
carries with it the dumped material. Mine water also goes
to the river and disturbs the normal chemica) composition of
the fresh water. | |



METHODOLOGY

S o O
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Sampling of wétexf and sediments was done from
Durmela (Mussoorie District) via, Maldeota (Dehradun
District) to Doiwela (Dehradun District) near Rishikesh
(35 kms.) along the Bandal River, one of the tributory .
of Song River, which '($oﬁng River) finally goes to Ganga

River near Haridwar. ‘The sampling waes ﬂone'in June, 1982

. end again it was done in March, 1983' to complete the vest
of the course of Song River where it aoiné the Ganges

River in Haridwaix-. Water samples were kept in Plastic =
bottles and sediments were kept in polythene bag end were
sent to the Laborétory for enalysis, where it was kept in
the cold room (Temgérature 3% ) in order to avoid orgenic
decay. ‘Durmg sml@jng sediments care wag taken so that
finer part of the 'sediments should be preserved, pH of the

water éamples were measured by pH paper on the spot.

Also, samples were taken from ingside the phosphorite
mines located in Durmala and Haldeota and from the sludge
at different locations till it joins the main Bendal River
running along the mining complex. During sampling care
was teken so that it should represent total input of phosphate

10 the nearby stream ond the environmental ‘Mpaet can be known,
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Few samples of underground water were taken to
know the input of phosphate content in the underground
water and hence to know the total environmental impact
of phosphrite mines, Sample location for Maldeota-Durmala
has beeix given in Fige 2.1 to 2.3,

The pH, conductivity and alkalinity of the wafer
samples were ‘measu:.'ed immediately after the samples were
brought to the laboratory.- Wéter wag filtered to énalyse
the various constituents i.e. silicate, sulphate, phosphate,

" chloride etc. and verious elements,
- The methods adopted to enalyse different constituents
of water are as follows =

pH

Elico pH meter model LI-10T; was set fof standard
pH«7 buffer at temperature 23°C then the pH of each water

sample was measured. Cross checking was done for verification,

Conductivitys

Specific conductivity was measured in nMHO/cm using
systronic direct reading conductivity me\ier*BOB.- The
instrument was calibrated and get for 0.1 KCl. standard.

The measurement was made at 23°C.



Alkalinity:
The alkalinity was measured in the laboratory
just after the samples were brought there. It (alkalinity)

wes measured in terms of bicerbonate.

The bicm'banate‘ waé detar';ni;ied ‘in the laboratory
by potentiometric titration method. Here no indicator
-was used. On the otherhand the pﬁ' of ,samples as well as
that of stendard solutions were meintained at 4.5 to
signify the end point, by adding HC1l (0.1 N). Standard
solution between 5 to 250 ppm was used. The standerd
graph was _platte’gi and ‘the alkglinity contént was measured,

Chloride:
Chloride was estimated by titrating standard

chloride solution of various concentrétiona (6.25 to

.. 250 ppm) against silver nitrate (Ag@@s) solution (0,01 N).

The samples were titrated with the seme concentration of
AghO4. Patassibm chromate (Kaczoz,) was used to indicate
the end point. Stangiard graph was plotted against the
eoncéntration of AgNOz. From the gi'apn concentration

of chloride in the samples were determined.

~ Fluorides |
For the estimation of fluoride, corning pH/I-on

meter-135 was useds The instrument was calibrated for |
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the st-aiu‘iard fluoride. 5 ce.c. Sample was taken end
45 c.co TISAB (Sodium chloride-, Acetic acid - 0.25 M,
- Sodium acetate«C,75 M, sodium citrate « 0.001 M) was

added to dilute the samples 10 times and mixed throughly

to suppress the interference of the other iona, Direct
reading was taken to know the fluoride content in ppm.

Silica:
The silica content was determined by the Molybdo=
silicate Method, | |
Standerd solutions were prepared by dissolving
N as5iFe by diiutiﬁg the aamples in various proportion.
25 c.cs of standard sclution and swume amount of water
samples were taken out. In each samﬁle 10 C.Co ammonium
molybdate solution (the solution was prepared by |
dissolving 2 gm. of ammonium molybdate in 10 c;c. of
DDV and adding 6 c.c. of conc, HCl and the total voiume
was made 100 CeCe by further diluting it with DDW) and
15 c.ce of reducing reageni: (pr_epared by mixing 100 C.Ce
of metal sulphite solution, 60 c.c. of 10% oxalic acid
and 120 c.c. of 25 azsoh and making the total volume
300 cece by adding distilled water) was ad&ed. Metal
sulphite solution was prepaered by dissolving 5 gms. of
metal in 210 c.c., of DDW, Again 3 gms. of sodium sulphite
was added end dissolved and DDW was added to moke the |

?Olme 250 CeCs
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The samples were stirred properly and kept for
3 hours to let the reaction complete. The optical
density was measured for standard end water semples at
812 nm using Beckmai; model 34 gpectrophotometer. A
 standard graph was plotted for standard silice concen-v .
trations versus opti.cal density (absorption). The B
' silica in the vater samples were estimated by comparing
their cnptical density Values with the standard graph.

P

Sulphate was determined by direct titration w:l.th
barium perchlorate in 806 ethenol with thorin as the o
 indicator. The semples were prepared by passing thrnugh

an Dowex catim exchange resin to remove interferi.ng |

‘cations.

Reagents:

- Anzla R abséiute ethenbl.

= Thorin solution, 0.2 w/v.
0.2 gm. of thorin (disodium salt) was dissolved
in deionised water and the volume was made
100 cece

- Hydrachlérie acid, 106 v/v.

-~ Sulphuric aeid, 0.005 M,

- Perchlori.c a&id Anala R perchlcric ac;l.d
(ac‘leh. SeGe 10 66). -

- = Cation exchange resin.

- Dowex 50 w = X 820 - 50 mesh resin.
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2,0 gm. of barium perchlorate Ba(C10,),.3,0
was dissolved in 200 cic. of deionised water in a litre
voluretric flask and 800 c.c. of ethenol was added. The
pH was adjusted to 3.5 byﬂaddiﬁjg perchloric acid dropwise.
10 ¢sce Of 0,005 M HZSOQ was taken in a conicsl flask and
40 c.¢c. Of ethenol and 4 drops’ -of: thorin solution were
added. In a burette 25 coce of barium pérehloeatel
solution was takéii;. The initial burette reading was
m{:eé. do{nﬁ' end barium perchloreste with constant swirling
was added till the solution ;ms'i: turned from yellow to
pink. The final ‘reading was recorded. This gtep was
repeated 3-5 times. Then by the following formula the

- molarity of barium perchlorate was calculated,

Molarity of

10 x molarity of H_SO,
Ba(C10,), —— -

1.,4787 gn. of sodium sulphate was dissolved 420

in deionised water and was diluted to 1 litre. From this,

by pmper dilution, standard solutions of various concentrations
(6425 to 1000 ppm) were made.
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An air-free ionQexchanga column was prepared. In
order te' actﬁ’rate the resin, 30 C.Cs OFf 1@5 HC‘I vas passed
through the colunn. After that, it was rinsed with 100 c.c.
DDW, Approximately 70 c.c. of unacidified standard and
semple was passed th}'oagh the column., The first 40 c.cC. A
of sample and standard was discarded and then rest were
collected for the analysis. 10 c.c. 0Of treated samples
vere taken into a cénlcald f-la{a.sk» and 40 c.¢c. of ethenol snd
4 drops of i‘- thorin were added. In the burrette O, 005 M
bariun pe_rchlarate solution wés taken. The initial
burréttg reading was noted and ‘then berium perchlorete was
added to the sample with constent swirling of the flask
until the solutiané chengedcolour from yellow to pink.

The b\_zrette reading was recgrded when the firét permanent
¢olour change occured.

" The column was regenerated after every three or
four samples by passing 10% HCl and rinsed thoroughly.
A graph _fo_r étandara sulphate solutiém was prepared, and

from that the sulphate concentration of semples were inferred.

Ebogphate:

The phosphate was aetgrﬁaine& by the Agcorbic acid
method. Phosphate standard solution of different con-
centration rén_ging' from 0.0625 ppm to 6.2 ppm were prepared



froﬁ potassium dihydrogen phosphate (KHZ‘POA). l&G‘c.e‘. :
of semples and standard solution were pipetted out into

a 100 cece volunetric flask end 5 ¢sc. of Molybdate
solution, 2 c.c. of ascorbic "aci_d solution, 3 ce.ce of
DOYW was addeé. and ﬁii:;ed v;e;l; After addinbg reageni:s
st_amples were kept for 3 hours and extinction was measured

at 582 nm by »Beéinnan model 34 épectraphotemeter. .

. Molybdate solution ;was prepar_ed by dissolving
4,8 gus, of emmonium molybdate (NH,)6MO,0,,. 41,0 and 0.1 gn.
of sedium enti-monytertarate (NaSbOCuH,0g) in 400 c.c.
of UNH S0, and making the total volmne-_ug-to 500 CeCe
with the seme H,80,s Ascorbic acid (about 0.1 M) wae
prepared by dissolving 2 gms. of ascorbic acid‘in 100 cocCe
DD¥. This solution ‘could be used only for one week when

it was kept in the refregerators

Major elements sodium, potassium were enalyged
in emission mode and calcium, magnesium were analysed in
ebsorption mode by Carl Zeiss Ms-I spectrophotometer.,
The values of the samples were compared with standard
graph to get the concentration of these elements.
Stendard solutions between 5 to 100 ppm for Ca, Mg & Na
‘and 0.5 to 5 ppm for K were uééd;

%4
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Mineralogys

The X-ray slides were prepered from the bed
sediments by "drop on slide" technique (Ggi.\j:bs. 1967)
after removing the orgsnic contents. The X-ray diffracto=
graphs were teken by Pml‘is.ps X-pray diffractometer using
Cuk £ radiét-ien and Ni fﬁ.lterg The chart drive was |
1 cm,/ma.n», and inte’ns.ttyk = amoz TC = 2, The minerals
identification and their abundances ‘were done by following
the methods of Biscaye (1965) and Carrol (1970).

Trace elmenta Cu. Cr, Ni and Ag. were paxtially
analysed in absorption mode by Perkin Elmer double beam
AAS in Delhi University. ’rhe values af the semples were
compared with standard graph to get the concentration of

trace elements.

For the trace elements analysis sediment samples
were treated with 3202 to r@nove the organic contem:. |
Again the crganic cuntent removed sediment were digested
by bombs., For the bombd digestion 1 gm. fme grai.ned sample
was taken in the bcmb. 2.5 CeCo. of perch&@ric a@ié. and
7.5 cocs Of HNO5 were added and kept it in the oven at f
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400°C for onev hour. The bombs were kept out and were
'coeied down at room temperature. Now half of the

crusible was filled up with DDW and bombs ware kept in

‘the oven for another half an hour. Bombs were cooled

down and diluted the sample to 100 c.c. by adding DDW.

Bomb digested samples were filtered with the help of
;lfiltered paper and the filtered samples were kept ior ASS,

- 'Total ‘analysis by XRF for major & trace elements were |
done for three samples 1n.Belgium by Dr. V.Subramanien,

One gr’ém -Qf-}f_me graihed.- organic matter removed
semple, was tzken in.a ¥effon crucible end 2}..‘55'0.c¢ of
. perchloric acid and ‘7.5 Cecs Of HNOB; was added and kept
the bemb in the open for one hour at 100°C. DDW was added
to the crucible after the bomb gets cooled a'nd was kept
again in the oven for one hour and then cooled and diluted
to 100 c.c. |

. To measure the fluoride content in the sediments
bomb digested samplés were teken and corning pH/Ion Meter-l35
was used. The instrument Qas calibrated for the standard
fluoride. 5 c.c. Sample was taken and 45 c.c. TISAB
(Sodium Chloride<IM, Acetic .adid - Q. 25 M, Sodium Acetate ~
0.75 M, Sodium citrate = 0.001 M) was added to dilute the
samplés-" 10 times and mixed tharoughly to suppress the |
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interference of the other ions. Direct reading was taken

to know the fluoride content.

- The phosphate content of the bomb digested samples
were done by the ascorbic acid method. The bomb digested
samples were diluted with DDW to 100 to 1000 times because
the colour developed wes so strong that it was out of
~ range for spectraphbtomefer 40 c.cs Of diluted éamples and
standard solutions (0.125 to 10 ppm) were pipetted out into
8 100 c.c. volumetic flask and 50 cecs Of DDW was added and
mixed well. After adding reagents, samples wére kept for
3 hours end extinction was measured at 882 nm by Beckman
model 34 spectrophotometer. The details about the preparation
of molybde® solution and ascorbic acid have already been
discussed in detail in the methodology section for the
analysis éfidissolved phosphates.
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The chemical enviromment in fresh water is being
controlled by the major dissolved ions of Ca*z. Mg' 2',
Na®, K*, HCOZ , 5072 and C17 with the pH but other
elements may further define the enviromment. The
chemicél compesitiaﬁ of Bandal river (Tab_lé— ‘h.ﬂ) is
describéd belowt- o o
- | |

pH generelly varies from 8 to 8,3. This shows
that water is slightly alkaune, which 4s the character-j- |
- istic features of most of the Indian rivers. Fig. 4.2(a)
shows the variation of pH with dissolved phosphate. |
Handa (1972) ’ Subramanian and Dalavi (1978) have
" reported alkaline water for the Ganges end the Ganges
and Yemuna respectively. In Maldeota~Durmala region all
the samples show slightly alkaline nature except ones
Bandal river is having pHe7, This lower pH may be because
'phosphoric acid coming out from the phosphorite mine may
decréaee the pﬂ of river water, One more reason may be
association of pyrite with phosphate minerals. Pyrite
easily changes by oxidation to en iron sulphate or to the
hydrated oxide, 111§om§»te. with sulphuric __acm' -:seé free.

The release of sulﬁaﬁuf&.c acidé may decrease tf?ié ™ of watér,i;p”



Table 4.1 Chemical compbsitian of water
' concentration in (ppm)

‘Sample locations

arranged in the -Conduct- - - o | T st e &
order of down pH ivity €1 F . _H_CCB‘ SOLF POL} 8102 Ca Mg~ Na K TDS
stream flow of miHC /em | L , : - .

-the river "

Adt-1 (Durmala) 8,1  0.75 4 1.3 173 . 265  0.48 2.0 21.5 29.0 22.0 4.9 523
(200 m) | , LR oo e o v S
Adt-2 (Durmala) 8.0 . 1.50 6" 1.0 145 795 0.06 1.5 127.0 78.0 51.C 5.2 1210
(500 m) | T A A
Junction mine 8,1 1,30 5 2.1 145 1020  0.07 1.0 15C.0 68.0 45.5 4.8 1441
water (Durmala) ' : o o , ‘s g . 3 C
(1600 m) . _ ;
100 meter below 8.1  1.10 L 1,1 173 754 . 0.06 1.4 28.5 L5.5 29.5 2.9 1040
Jjunction mine r s : e T . . TR ) . T oo p
water (Durmalz) '

(1700 m) _ . .

200 meter below 8.1 1.10 4 1.37°145 577" 0,36 1.7 150.0 62.0 34.0 4.0 979
Junction mine ' ' . B s o - o g @

water (Durmala)
(1800 m) - AR
I “Contd, e .



Sample locations : ,

arranged in the Conduct- o o e 4w - +

order of down- pH ivity Cl F HCO3 .80, Pob S5i0,. Ca ~ Mg Na K TDS -
stream flow of mMHO /cm - ‘ T o : o _ :
the river '

Junction Bandal 8.2 O.b4 4L- 1.3 155 73 0.24° 1.5 56.0 18,0 15.0 3.4 353
River+Mine water : : : ‘ o '
(Durmala){(2000m)

100 meter below 8.2 - 0.4 | 4 1.0 219 j'hO. 0.06 1.5 10.5 19.0 l7.0v1.6_ 314
Bandal River : . . S o - ' S
(Durmala)(2100m)

'Bandal River 7.0 0.5 6 1.4 191 40  0.15 1.7 7.0 17.0 9.0 2.4 276
(Maldeota) . _ L o o : v
(15000 m) -

Adt-2 inside . 8.2 0.4 4 1.3 164 48 0.3 1.3 7.0 19.0 7.0 2.0 254
" mine (Maldeota) i R o
(15000 m)

Outside Adt-2 = 81 0.7 5 1.3 109 125  0.06 -L.4 18.0 31.0 - 16.0 3.5 310
(Maldeota) ' o - ~ - . ST
(15000 m)

Junction Adt-2 8,2 0.4 . 5 1,6 .15 40 @ 0.06 1.7 10.5 13.0 14.0 2.7 24k
+Bandal River L , E S ! o BRI
{Maldeota)

(15200 m)

~ Contde.. .



Sample locations
~arranged in the
order of down
stream flow of

the river

- Conduct-

ivity
mMHO /cm

TDS

£ T P - s e em am em mm ems  wm em e em  we
W — = ome as S e mm wm me  em e e e em  mm  ew s e em e -~ - am - 1

Adt-1 inside
mine (Maldeota)

(15800 .m)

Outside Adt-1
(Maldeota)

(15800 m)

-Tube-well water 8.3
(Maldeota)

(15800 m)

8.0

‘Quarry (Maldeota)B 0

(15900 m)

Jurctlon Bandal 8.2

River+Adt-1+
Adt-2+Quarry
(Maldeota)

(16000 m)

1.0

0.k

1.2

1.4

1.3

1:6 -

1.3

155

109

155

159

118

65
- 8oh

40

0,12
O. 06

132

0,06

2.0 127.0
1.7 23.5

1.4 118.0

1.8 18.5

50.0 15.0 4.0 598

58.0 39.0 4.0 509

15.0 14.0 3.0 237
78.0 66.0 8.8 1272

19.0 18.0 3.0 265

Contd...



Sample locations. i _
- arranged in the Conduct- o =l — T '

order of down - - pH ivity Cl F ”HCOs SOy, '_POA» - Si0 Mg o

stream flow of ' mMHO /cm ' o A

the river ; o ;

K TDS

Junction Bandal 8.2 O.4 - 4 1.3 155 48 = 0.42 1.0 14.5 14,0 15.0 2.% = 256
" River + Mashan 8 : ' . . ‘ . , :
Nala (Maldeota) - 4l ' ’

(16800 m) : : \

Junction Bandal 8.2 O.4 4 - 1l.,4 164 57 0.12. - 1,6 13.95 15.0 - 25.5 3.5 284
River+Jagdish L v, .

Mool (Maldeota)

(17000 m)

100 m. below
- Jagdish Mool
(Maldeota)
(17100 m) R

‘Bandal River 82 0.5 5 1.3 173 116  0.06 1.6 = 8.0 14,0 18.0 2.7 340

r

Bandal Canal ‘8.1 - 0.4 5 1.4 145 34 0.06 1.5 15.0 15.0 6.0 2.8 230
(Maldeotag - . S ' : - . . .
(19000 m) - - o T e T .

. Contd...



Sample locations

arranged in the .€onduct- - - - e —— _ o + o+

order of down pH -+ ivity Cl F ,H003 .SOb POL+ 8102 Ca Mg Na K TDS
stream flow of mMHO /em ' _ '

the river -

Song Canal -~ 8.0 1.0 4 1.4 119 438 0.06 2.1 110.0 30.0 56.0 4,0 765
(Maldeota) : ‘ : o : _ ) ‘

(19000 m) A _

Jurction Bandal 8.0 1.0 . 4 1.3 122 335 0.06:, 2.0 © 31,0 31.0 43.0 2.5 572 '
Canal + Song : o A .
\Canal(Maldeota)

(19100 m) : | |
Tap water 8.0 0.6 5 1.3 155 125  0.06 1.4 28.5 15.0 14,0 3.0 348
(Dehradun) v ' . _ o

- (35000 m)




Table 4.2 Comparision of chemical composition
of Maldeota-Durmala water with the
World average {all values in ppm)

Chemical ’ o Maldeota - World

composition : Durmala - Average
c1 b5 7.8
2 1.4 : -
HCO3 o300 58k
sop” | . 274.0 . 11.2 ;
PO; ™ 02 .
sio, 2.0 131
catt - - 48.0 i "  ~ 15.0
ug™ o C4a
Na* - . 250 o
o .' 5.5 2.3

TDS ' 547.0 120.0

Source: Livingstone, 1963) (adapted from Krauskopf, 1967).
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Subremenian (1979) has observed in the Indian
rs.irers that pH buffering mechanism of carbonate
equilibria controls the pH. In the Bandal river alsc the
P buffering mechenism of carbonate equilibrium is the -

49

controlling faégorr of pH in- the aquoﬁs syatem, due to the

narrow renge of pH.

i

Conductivity: | ‘

‘ ‘rh'e _speciﬁq écnductivity varieé from O.4 sﬁ'@‘l o5
', MO/cm. It shows Viﬁcreaae of conductivity with the
increase of TDS, Abbas (1982) and Jha (1983) have
" reported down stream increase of 'co.nduetivity in Ganga -

river water and Hooghly estuary respectively. In vthe'

Bandal river down stream increase of conductivity has not

been observed. The irratic behaviour of conductivity may
be due to irretic behaviour of dissolved major elements,
because, the conductivif:y of any water depends upon

dissolved mejor elements. Golterman end Kouwe (1980). have

also reported thet the conductivity of any water is roughly

‘proportional to the concentration of its dissolved major
elements, Fig. 4.1 shows the variation of conductivity
with phosphate,
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lkaling | |
| ~ The alkalinity was measured as bicarbonate. The
avérage bicarbonate aoncen‘tration”in the Bandal river

is 153 ppm, which is higher in camparision to the world
average (58.6 ppm) HCOB concentration in the river water.
The, higher concentration is because the river flows
through »the terrain rich in 11mestohe. Thte‘-' weathering

of the_se’ carbonates releéses: Hcog in watera_'/ Garrels and
Mackenzie (1971) have reported alkeline water for
chemically active rivers. Subramanian (1979) has also
reported the same for Indian rivers,. He haa reported
average of 90.77 ppm HCO3 in the Indien rivers. Subramanian
(1979) after the observations of the composition’of world
average river water given by Livingstone (1963) and '
average composition of Indian rivers reports v.‘f.'hat HCOE

end Ca*? contents differ significantly for the two average
waters,. suggesting that chehicel weathering is intense in
the Indien subconti.nent.

Abbas (1982) end Jha (1983) have repcrted mcrease
of HCOB with the down stream for the Ganges riyefr and
Hooghly estuary respectively. In the Bandsl river aco;‘
does not show stifeamline variation. Varxat;on or,‘_acog
with phosphate has been given in Fig. 4.2(%).
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felling & Talling (1965) have observed that with
the increase of conductivity HCOg increases. Ixi Bandal
river conductivity and bicarbonate show irratic change.
The irratic changes may be due to unequal variations
of different ions in the aguous system. ‘
Chlerides

The C1~ ¢oncentration does not show much |
variation. ' The average c1t concentration is !0.5 ppiie a
The C1~ concentration of average river water is 7.8 ppm. ”
| The low concentraticn in the fresh water is because the
€1” in rivers are‘ derg.ved from the sea spra‘__y end recycledvf
through the atmosphere. Hence river water near to the
sea will be having higher concentration of C1°, A ‘graph
{BLgs L43,b) was ple‘hted to see the relationship between
€1” & Pog>,

/ Golterman and Kouwe {1980) have observed that Cl™
increases with increasing conductivity. In Bandal river
this relationship was not found. The C1”~ concentration
is almost constant. Golterman and Kouwe (1980) ha;re
.derived relationship between different cations and anions
in the fresh water. They observed that C1™ exceeds the
other anions in a way paranel to that in which Na' ’
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dominates the cations. In Bandel river this rélati.ona_hip o
was not found. It may be due to unsystematic distrimtimff
pattern of different iong in the Bandal river,

Sulphate: |

The concentration of SOazvaries from 315 ppm in

| Bandal Canal (Maldeota) to 1020 ppm. in the Junction af

| mine water Dumala. | The average concentration in the |
'Bandal river is 27& ppr. Cenerally, it has been naticed |
that thé SOA Zcontent in the water coming out from the = ‘v
mine is very nigh (118 to 1020 ppm) On the other hand
‘as soon as the mine water ;joins Bandal river, the soaa
concentration decreases ‘drastically. It clearly showa_ ' |
that higher concentration of 302;2 in the Bandél_. river is
due to high 80;;2 cond_ezitrétion of water coming out from _
" the phosphorite mines. In the mineralogical composition
pyrite has been found associated with phosphorite.

. Pyrite readily chenges by oxidation to an iron sulphate

or to the hydrated oxide, limonite, with sulphux'ie ecid

. set free, thus 80“ in the water increases.

Most of the dissolved silica is deri.ved by weathering.
/ Dissalved silica in the Bamial river is very lcw. The

ax{erage 8102 concentrat&gn is 2 ppm, which is muc_h lower
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~ in comparision to the average 8102 concentration in the
world river water (13.1 ppm). Table- 4,2 gives the

average _compoéiti.an‘ of world rivers.

~ Siever (1971) has reported for tﬁe water having

pH < 9 that the d&ssolved 'silicé iz pi'asent as silicic
acid (a,‘sm,‘) Bandal river is having pH between 8.0 to.
8.3, which indicates that in Bandal river water alse ,
dissolved silica is present as silicic acid. Maeda (1952), '.
“Makimoto et al (1955) have found lineer ralationship "
between aissolved snica and chlorinity. - It is not
~ observed in Bandal river, The linear relationship between

* snica and chlorite is the characteristic feature of marine

& estuarme envirenment. Bandal river represents fresh

watexf envimnment.' :

The phcsphéte concentration Ain the most part of

" Bandal river is constant. It gives the'phosphate concen-
tration of 0,06 ppm. The variation of PO;> between 0.06
to 0.48 ppm is because dissolved PO;> from the mine is
caming to the river. Basically POE 13 not highly |
soluble in water. Thet is the reason for very less

=3

concentratidh of 904 in the outcoming mine water. Inside
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the river where the. phosphate concentration :Ls of the |
order of 0.12 to 0.48 ppm. water outside the mine contains
0.06 - 0.07 ppm of phosphate. This concentration of Pols3
is being maintained in the entire cguree”og I‘-iver,'

The analysis of canal water also shows 0.06 ppm

ccncentr.ation,of'Pof’ -« Sampling for underground water

was done. It also shows the same concentration of P-GZ} o
The water from canal goes to Dehradun where it is being
used fer drinking. purposes‘ Analysis of Dehradun tap
water shows some concentration of POAB. Sometimes slightly

higher concentration of PO 1;3

upto 0.38 ppm has been
observed in the Bandal river. It may be due to addition
of 902;3 frem the nearby field. The phosphorite feftilizer
is being used in the field, when the rain falls the

dissolved 1"05‘3 goes to the river with the rain water.

| On the other hand quarry shows very high concentration
of PO =3 ; the phosphate concentration is 1.32 ppm. ‘The
reason may be that the rock types in the quarry are not’ ;
hemogeneous on fhe' other hand water is moving. Water
passing through phosphorite weathers phosphate and PO ll»3

concentration increases. '



~ Calcium has e great influence on the phosphate
cahcentratian, espécially‘athigh pH values and suggests |
tl;at hyéfoxylapatite ce«f)recipitatian is mvolved (Vinei'. _
1975). 1f£ calcium carbonate is precipitatlng, ‘phosphate
may be alisorbed as well, causing thus a further, reduction
of the phosphate concentration (Golterman, 1973).

Effect of pH ori phosphorus removal was s‘tudied by
Narkj.s & Meiri (1981) and it was found that acidic |
alumina showed a 'bette‘r removal _capacity than the basic
slumina, At pH 9 Ca'’ and Mg*f ions present in
effluents are responsible for the“px;ecipitation of calcium.
nydroxylapatite end formation of phosphate salts and
complexes of Ca' and Mg'* dvercoming the differences
emong the various types of alumina, o |

Subremanien (1976) .reported that in the hydrosphere
the fresh water contains only 0.02 ppm P and the sea water
- 0,062 ppm P, the weathering of prs.ma_r?y phosphatic minerals,
‘the transport of phosphorous in the eguatic environment
and the precipitation and removal of P from thB water are
important rather than the dissolved ionic form of P, He
further states that 1nc»rease' of pH causes pre,cipitétien of
both calcite and apatite, ‘when both are copracipitated, the

L1 T 3

calcite/apatite ratio will be higher, since Ca't, PO,



and co;" all have single valance states, changes in Eh
cannot produce separation into carbonate rich end
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ﬁhomhate rich layer; hence the individual environment __ -

will have to teke place within a narrow pH renge. - The |
solubility product of apatite is 1.3 x 16'30. Hence in
the pH range 7-7.6, apatite precipitates.

In Bandal river F~ content varies from 1.0 to

2.1 ppm. surface ‘watér- usué}'.ly contain 0.1 ppm or less

. of néturally occuring fluoride, and occurs from 0.7 to
1.4 ppn.  The veriation of F” with PO> has been plotted
in Fig. = 4.3(a). Jha and Jha {1982) have reported that
in India higher values, upto 12 ppin have been _obsewed m
surface water and 20 ppm in well water, 'this‘ is equal to
the concentrations in the US rivers and extuaries near

individual pollution source.

The natural fluoride content of water in different

areas varies according to the source of water, geology,
the emount of rainfall and the quality of water lost by
evaporation. The higher concentration of fluoride content
may be due to phosphorite mine. Fluoride is the common
constituents of fluorapatite. | Fluorapatite is widely
distributed in Maldeota-Durmala region. It will give
fluoride ion after dissolution, o
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For dfrmmg water fluoride content is safe
maximum upto 0,5 Pmn: (WHG), In Maldeota m the tube well
water it has Seen found 1.3 ppme IXn Dehradun tap water
alse fluoride ccﬁcentration has been found 1.3 ppm.
Near the junction mine water Durmala, concentration of
F is 2.1 pom. This"mgﬁer concentration may be becatﬁg o
ssme of the audit in Dumala, which is not functional, B
‘shows higher ccneentration of fluoride in the sediments.
Water coming from thoge mines will bring higher eoncantration
of fl.uoir-ide, This highe'r coricentration of F~ may incgfe_agie,, ,_
the concentration of fluoride at the junction where r

different mine water cone -togethar',;

| ‘The ‘variétion of ccﬁcentration of different major
elements is interestiﬂg. In both Durmale mines and "t‘he |
junction of mine water,. all the four' major elements shcyu
ccmparatively higher concentration. 100 meter below the
,;}unction of mine wa‘tez' the cancentration decreases but |
all of a sudden at 200 meter below the :junction mine water
the concentration increase, The reason may de :that some
other water sources ¢om'i.,né out from different mines with

higher concentration of these ions join thiz mine water.



As soon as the Bandal river joins the mine water the
concentration deﬁ:‘ease‘sc In the Bandal river this low
concentraticn is being maintained throughout, |

" In the quarry again comparatively higher concent- '_
fation of all the four major elements is being found. One
interesting thing is noticed iz Maldeota mines that m L

comparision to water 1na.tde the mine is having less
| concentration of all the four major elements than water :
outside the mine. The reason may be that the rock tygea
are not homogeneous. On the other hand water is moving.
' The concentration of difi‘erent ions deipenci on rock types
threugh which the water passes. Fige~= lo.B(c). (d)'_;. | |
-Fig. - bb & lo.s( a) show the variation of Kg ’ Na*@, :
 ca™ & K respectively with POC3,

Na', K* |

Bandal river water shows higher Na' concentratién
to K*. It is common for all the water systems. The
reaeson given by Millot {(1970) for the water systems is
that Na' ion is more mobne vhen the weathering phenomena
takes place; due to wh.tch higher amount of Ne' 1s being
incorporated in the water, whereas, the K" ion ts being
atisorbed by the sediments, Millot (1970) has also repoi'ted
that less emount of K" is being incorporated in the water and
vi’ts volume is three times smaller then that of Na .
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The relationship between conductivity end Na' __
has been esteblished. In Bendal river gemerslly increase
of sodium with mereasmg conductivity is apperent, |
Talling end Talling (1965) have also observed a pronouneed
continuous increase of sodium with inareasing conductiv&ty‘

in many African waterss

; C *+2 and t@g”’z .througxout the Bandal river eéurse '

" shows higher concentration of Mg 2 to Ca'2, The nmelogj |
of the area shows wide distribution of phosphorite and |
1&ma‘st'one.‘ Yeathering of these ro_éka releases Ca*a ion.
High ameur;t of Ca"‘z is being d&s@haréeé into the water; _
But the result shows higher concentration of Mg 2 to C 2
The reason may be that Ca r2 5s bemg precipitated as € 3003

and thus Ca y2 ion is removed,

The Ca 2/ M ratio in gudit-2, Durmala and

junction mine water, Durmala is quite different. The Ce'2

ratio is very high in comparision to Mg”'z ratio. In Song

Canal, under-ground water Maldeota and tap water Dehradun

also the Ca' 2 concentration is higher in comparision to Mg ;2

concentration. Generally, the higher concentration of Ca t2
in the water may be due to weathering of gpatite and ¢alcite

mninerals,
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Inside the mine, Maldeota it shows lower conce‘ntrétibn
of Ca 2 and Mg 2 in comparision to outside the mine, In the
quarry concentration of both Ca 2 and Mg *2 4o again- high,
The higher concentration of Ca 2 and !'ig r2 outside the mine
may be because the semple was collected, where the ' '

p_hosphate is being dumpped,

" Talling snd ‘I‘axnng {1965) have observed in the
African waters that Ca ang 3-1(‘.‘03 ‘ concentrations are |
around 0.2 m mol N -3 a‘t the lower ccnductivity values and |
increase upto candq;:tivity values between 100—500 )uscm -1 ’
above which genera_uyvca" decreases and bicarbonate end | |
cat'b@‘nate; still increase. In the Bandal river genex?ény o
mcreasé of Ca" with 1ne‘reasing conductivity have bee'i.:‘
observed Hg"‘g

The reason is that conducti.vity of water is roughiﬁy

also increases with increasing eonductivi.ty.

proportioned to the dissolved major elements,

. The average TDS concentration in the Bandal river
is 547 ppm, which is higher then the world average (120 ppm).
Generally water coming out from the mine 4s having higher
TDS than the TID3 concentraﬁion in the Bendal river. The
higher value of TDS is due to higher concentration of so,“z. _,

+2

Ca 2, and Mg These three ions are having great
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 variations in different x'egions. As soon as the mine

water Joins Bandal x'iver the cencentration of these S.ona . |
' decrease due to dilution of water. Other ions like Na » K E
PO’ also get diluted but Ca'2 and Mg'? and s072

d;'astic changes

make a

~ Givbs (1967), Cerbonnel & Meyback (1975), Bmshamaiah
and Subremanian (41980), A‘bbas (?982), have reported
higher TDS dowm streams. This mlationship is not being
found in Bandal river. It may be due to the mining which
abmptly changes the chemical compoaition of river water.
Different audits sitn.ated at different altitude is &ischarging
differem ammmﬁ ef catiens ana aniens. higher concentration
of S07” , PO;™", ’and Ca'™ 1s due to the mine, It is also
_-discharging sulphuric and pkmspharie acid. Due to the
precipi*tatica and diasolution of different compounds the

water chemistry of river may varies.

Apér; from it the reason for irratic nature of the
composition of water may be because water is a moving body;
on the other hand 1ithology of the ai‘ea is not hbmogené-aias. :
Chémical composition of water depends on rock types thr-:ouéh
which the river pass'és.— Cafrbénnel and iﬂeybeck (1975) and
Bikshamaieh (1979) have also reported for Mekong end
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' Godavari river respectively that rock types control
the TDS. Subramanian and Dalavi (1978) have also |
observed for Ganges and the Yamuna rivers that TDS dependie‘

on the extent of chemical weathering and the rock types. “ {__,

‘ Gibbs (1967) has reported for Amazon rwer that

'its TDS is being centmueé by elevation. But it is not
common for all :*ivex‘s. In the Indian context it has been
observed in Yemuna river by sazbramanian and Dalavi (1978). :
The wat@r chemistry ef Bandal river is not being governed |
by the relief, human activiues predommates. Explcltation
" .of phosphate, limestone and its trmportation central the
water chemistry of Bandal river. &

RELATIONSHIP BETWEEN JAP & K = |
FOR DIFFERENT PHOSPHASLE™! ‘MINERALS

The fon activity product of a gi‘ven solution is
denoted by IAP & the state of saturatmn of a solution with
respect to a solid is déﬁ.ned ass

- IAP > K = Supersaturated
IAP= K =  Saturated
Iap £ K = Undersaturated

In the present study, um activity product (IAP)
and equilibrium constant (K) has been calculated assuming



Table - 4,3 Table showing'EAP & IAPﬂ< ratio for Avatite

Sample locations arranged in

the order of down stream _ I . IAP/I, where K for
flow ¢f the river : _ ' C ' ' - apatite=10" 20
N e v . ' . - _’(‘\ ) ' -8 . oo
Ldt-1 (Durmala) (200 m) 4,300 % 107 4,300 x 10
AR £ TY1 3o : ' ~ | -8 £9 ’ 22
Adt-2 (Durmala) (500 m) 1.629 x 107~ 1.629 x 10
s L . T - B , | 1 A22
Junction mine water 1.220 x 10 . 1,220 x 10
(Durrala) (1620 m) : : ' .
_ : . ' =8 - 22
100 meter below junction 3,655 x 10 , Z.,655 x  10°
mine water \Dulmal¢) (1700 m)
- v o
200 meter below juntion 1.190 x 1077 1.190 x 1027
- mine water (Durmala) (1800 m)
Junction Bandal River+iiine water 5.280 x 107° 5.380 x 1022
1(Durmela) (2000 m) - ' ' ~ :
100 meter below Bandal River 3.570 x 1070 3570 x  10%?

(Durmala) (210C m)

Contd...



Sample locations arranged in : ' o o
the order of down stream , _ IAP . IAP/K_
flow of the river : A : -

- ea e e e wm em am e wm e e we e e e we e em em me e e e e am cm am = ee o m mm em e e = e -

Bandzl River (Maldecta) . 5.080 x 1077 5.950.%x 102
(15000 m) -

. | o | . -8 _ . 22
%at—Z n) ide mine (Maldeota) . . 1,190 x 10 1,180 x 10

15‘3‘:.}‘,3 Y . T . ) . -
Outside 4dt-2 (Maldeota) o 6.130 x 1077 6.130 x 102
(150\“.m)

N 3 - L o . ’ o . _9 . 21
Junction Adt-2 + Bandal River . 3.570 x - 10 3.570 x 10
(faldeota) (152C0 m) ’ o :
43t-1 inside mine . 1.550 x 1070 © 1.550 x  10%2
(Maldeota) (15800 m) : - -

| -8 | 22
Outside Adt-1 (valﬁeota) o 6.095 x 10 4 £.095 x 107
(15870 m) | , ‘
Tube well water Uxaldeota) | . 8.000 x 1077 8.000 x - 10°1
(15800 m) , o : A
Quarry (Maldeota) (15900 m) . 6;51O x 1077 L 6.54©ﬁxf;1025

Contd...v .



Sample locations arranged in . _ :
the crder of down stream 5 Iap - IAP/K
flow of the river : : ' :

— wm e em b as s wm  mm em e mm es ee e e e am mm em  wm am e am em am  em e ws = ma e e = e -

Junction Bandal Riverv+ £.3720 x 10 o 6.3%00". x 1021
Adt-1 + Adt-2 + Guarry . .

(i"aldeota) (16000 m) | » .

Junction Bardsl River + ‘ 3,620 x 10—8 3.620 X 1022
Mashan Nala (Maldeota)( 16802 m) ]

Junction Bandal River + Jagdish 9.190 x 1072 ' 9.190 x 1027
ool (Faldeota) (17000 m) '
‘Bandal River 100 m below Jagdish  2.723 x 107° ° 2,723 x 10%?
Mool (iMaldeota) (17100 m) - . '

Bandal Canal (faldeota) 5.110 x 1077 5,110 x 10°7
(19000 m) - '

Song Canel (Maldeota)(12000 m) - 2.640 x 107° - 2,640 x 10°°
- Junction Bandal Canal + Song Canal 7;&20 X 1077 7;&20.'x 1021
(Maldeota) (19100 m) ~ o o : S |

-8 22

Tap water (Dehradun) (35000 m) 9.700 x 10° 9.700 x 10°




Table - kil Table ‘showing

IAP & IAP/K ratio for Carbonate apatite

Sample locations arranged in
the order of down stream
flow of the river

Adt-1 (Durmala) (200 m)
Adt-2 (Durmala) (500 m) "~

Junction mine water
(Durmala) (1600 m)

)

iOO meter below Eunction mine

water (Durmala) 1700 m)

200 meter below 1bnct10n mine
water (Durmala) (1800 my

Junction Bandal River+Mine water

"(Durmala) (2000 m)

100 meter below Bandal River.

(Durmala) (2100 m)

Bandal River (Neldeota)
(15000 m)

IAP

1.85

L. 50
8.65
3,42

1.37
1.70

_IAP/K, whele K for

Carbonate aptdtlte‘
i ~118.3

T e e e e em mm em em wm e wm em e em am o a ee mm e e m em we wm e e we e ee wm cam mm e ew e = em es

1.36  x

Contd....



Sample locations arranged in v , . S _
the order of down stream : ‘ IAP . ' IAP/K
flow of the river. . A : ‘

- e em em mm e e e m e am e e mm am ek e ws cm em mkh wm e e um e e mm em am e e um em em  em  mn v wm e wme ey m=m

Adt-2 ingide mine O ‘aldeota) 3.51- x 10720 3,51 x 10983
(15000 m) ' P

Outside Adt-2 (lialdeota) S 2,10 vx-rlO—ZO‘ 2.10 x 1098'3
(15000 m) : ‘
Junction Adt-2 + Bandal River o 1;93 X 10_20 1.93 x 1098'3_
(Maldeota) (15200 m) | | . ¢ SN
Adt-1 inside mine o L9 x 10720 419 x 10783
“(kialdeota) (15020 m) o '

Outside Adt- l(xaldeota) 112 ox 107 12 x 10993
(15800 m) . : _ :

Tube wfil water-@ialdeota) | 3.98 x ‘lO~2O .,3.98 x 1098'3
{15800 m) BN

Guarry (Maldeota) (15900 m) 1.37 x 1078 1.37 x 10100:3
Junction Bandel River 4 . 2.80 x 10720

2.80 x 10787
Adt-1 + Adt-2 + Guarry ' o :
(lialdeota) (16000 m) =

: Contd;..l



Sample locations arrdnged in ‘ - ; 3
the order of down stream IAP : IAP /K
flow of the river ' ' . : '

G e — e e am em wm wm e em e mm em e me e e e em  em  ms  we  wm  em s em  em  em  cw s e e e e — em e mm = -

Junction Bandal River + | 1.53 x ‘10_19 _,1.53 x 10793
Mashan-Nala (IMaldeota) (1680Q-m) , ;

Junction Bandal River + JaJLlch ‘ L.61 x 10_20 4,61 _i 1098'3
Mool (italdeotz) 17020 m) :
Bandal River 100 m below Jagdish il.Bh X 10720 1.34  x 10983
fiool (IMaldeota)(17100 m) - ‘

Bandal Canal (lialdeota) - o 1.43 X.'IO-ZO 1.43 x 1098+3
(19000 m) . Co : .

Song Canal (Meldeota) (15000 m) 3,72 x 10°%° 3,72 x 1099°7
Junctlon Banial Canal + Song Canal [ lbézo 10982

Ulalaeota) (19100 m)

<

Tap waterA(Dehradgn) (35000 m) : 1.70 x 10 1.7Q

!




Table - 4.5 Table show1nv IAP & IAP/K ratio for Fluorapatlte

Sample locations arranged in , _ o
the order of down stream - Iap - IAl“/K, where K for

flow of the river R T . : Fluorapatlte
Adt-1 (Durmala) (200 m) | i 6.62 x 107+ 6.62 x 10199
Adt-2 (Durmala) (500 m) . l.e3 x 107H 1.83 x 10199
‘Junction mine water : 2.74 x 10710 ' 2.74 x lOllQ
(Durmala) (1600 m) ‘ cl
100 meter below iunction mine 4,41 x 10712 L. x'10108
water (Durmala) (1709 m) .
200 meter below junction mine 1.70 x 10*10 "1.70 x 10110
water (Durmala) (1800 m) S
Junction Bandal River + liine 1,73 x 1077 : 1.73 x 10}11
Water (Durmala) (2000 m) . . : -
100 meter below Bandal Rlver 1.45 x lO_12 1.45 x 10108'
(—)Ul"umléﬂ (7100 m\ : ) : C _ o
Bandal River (Maldeota) 1,01 x 107 1.01 x 10%99

(15000 m) - | 1 et S
S Contde..o it




Sample locations arranged in a | _
tre order of down stream " IAPV - IAP/K
flow of the river - ' . : - ‘ TR -

o D e B TR D . ok e B e e Gy . e W e e

adeed iheide mine (Mdldestal 0 'lu8e x W 1.89 x 10
(15000 m) - :
Outside Adt-2 (Maldeota) . 9.70 x 1072 9.70 x 10108
(15“ 00 m) :
) S s et SO & S AR | ;-
Junctition Adt-2 + Bandal River 0.97 x.10 .97 x 10
(tigldeota) (15200 m
Adt-1 inside mine 2,56 x 101 2.56 x 101°9
(Maldecta) (15000 m) '
Outside Adt-1 (Maldeota) | 10710 10110
(15800 m) :
- i - .
Tube wa]l water (Maldeota) 1.27 = 10 Al L.27 % 10103
(15800 m)
e i TR, -9 | 111
Cuarry (lialdeota) (15900 m) 1,23-% 10 7 1«8 % 1D
Junction Bandal River + : le-ll 10109

Adt-1 + A(Jf 2 + Gunrry
1deota) (16"00 m)

(i =

Contd....



Sample locations arranged in. - 2 v
the order of down stream - : IAP , - IAP K
flow of the river S - ' T

2 et e em  em  em em  em  em amm em  wmm  mm @ mm e wm s em  ma s mm e oam e e e mm me mm e e . = e e e e e e e e e

Junction Bandal River + 5.73 x 1071 5.73 x 10109
Mashan Nala (Maldeota) (16800 m) , .
Junction Banﬁal River + I a1l p 100
Jagdish Mool (Maldeota)(17000 m) . 1.57 x 10 : 1.57 x 1077
Bandel River 100 m below Tesdish - L4k x 10728 Lokl x 10008
Mool (Maldeota) (17102 m) : ' ;

| | . |
Bandal Consl (Maldeota) " 8,70 x 10712 8.70 x 10'°8
(19000 m) : ‘ 4
Song Canal (Maldeota) (l?OOO m) L.37 x 1071 4,37 x 10109
Junction Bandal Ceanal + Song Caﬁal 1e1f % lO-ll 1ed2 X'10109
(Maldenta) (191C0 m) | ‘
Tap water (Dehradun) (35000 m) 5,22 x 1072 5.22 x 10108




Table - 4.6 Table showirg IAF & IAP/K ratio for Hydroxylapatite

Sample locations arranged in

the -order of down stream . - ‘1AP . IAP/K, where K for
flow of the river ' Hydroxylapatite
| | | - 10712
-1 10
Adt-1 {(Durmela) (200 m) 1.35 x 10 1 1.35 x 10 Oé
adt-z (Durmala) (500 m) bo7 x 107 4,07 x 10102
Junction mine water . 3.85 x 10_12 ’ 3.85 X lOlO3
(Durmala) (1600 m) . -
100 meter below junction mine 1.15 x 10719 ©1.15 x 10199 _
weter (Durmsla) (1700 m) S ' : :
200 meter below junction mine | 3.74 X_lO_12 : 3.74 x lO103
water (Durmale) (1800 m) . : ‘

: s L ' B =12 - .. A103 -
Junction’ Bandal River+line water 2.12 x 10 2.12 x 107
(Durmala)(2000 m) . - - : :

100 meter below Bandal River 1.4 x“lO—ll L 1.41 x 1010&
(Durmala) (2100 m) . B : -
Bandal Rlver Uxaldeota) E o 1,01 x 10-11 - 1.01 x lOth'

(15000 . m)

. ‘. C Ontd a's "0‘- . :



. Sample locations arranged in . -
the order of down stredm IAP JIAP /K
flow of the river - S

W e em  ee mmT am = am wmm wm  ww  ew wm wa e em am me mm e mwm am e mm . cm et e am e e e e em mm e e e e e e = e,

Adt-2 inside mine (Maldeota)  4.71 x 10722 45.71 x 10102
(15000 m) ' ' a ' o
Outside Adt-2 (Maldeota) 1,93 x 10780 1.93 x 10102
(15000 m) | - - |
Junction Adt-2 + Bandel River 1.41 x 10712 1.41 x 10102
(Maldeota) (15200 m) | » _
Adt-1 inside mine’ . 6,11 x 1077 6.11 x 10192
(Maldeota) (15000 m) : R : '
Outside Adt-1 (Maldeota) T 1.52 x 1072 . 1.52 x 10193
(15800 m) - L
Tube well water (Maldeota) - _ 3,63 x i0-13 - 3,63 x 10102
(15800 m) ' o - |
Quarry (Maldeota) (15900 m) =~ = 1.63 x 107 . 1.63 x 10104
. Junction Bandal River + - 2.50.x 10712 2.50 x 10103 .

-Adt-1 + Agt-2 + Quarry
(Maldeota) (16000 m)

Contd....



Sample locations arranged in - - ‘ : L
- the order of down stream TIAP . IAP/K
“flow of the river : , _

- m am em e em = am em wm am e mm wm ee me ms am  em em  me e aw em  ar we aw e e wm em e em s e e e em e e e em

Junction Bandal River + 1.43 x’lo_12 1.43 x 10103
Mashan Nala (Maldeota) (16800 .m) - | |
Junction Band:i River + 3.63 x 10-12 3.63 x 10_103
Jagdish lool (malanta) :
(1700” m)
Bandal River 100 m below | 1.08 x 1071 - 1.08 x 1010%
Jagdish Mool (Maldeota) S S .
(17100 m) . ‘ .
Bandal Canal (Maldeotz) 1.61 x 10752 < 1,61 x 10792
(19000 m) : : ,
Song Canai (Maldeota) (19000 m) | 6.60 x lO--ll ‘ 6.60 x lOlOA
Junction Bandal Canal + - 1.86 x 10711 ' - 1.86 x ,VILOlO[’L
Song Canal (Maldeota) (19100 m\ ' .

" Tap water (Dehradun) (55000 m) 2.4% x 107t 2.43 x lOth

~

I}
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constant temperature (T 25°C) and pressure (1 atm.)

: (Tablé - 4,3 to 4.6). The activity and the equiiibrium
constant are the functions of temperature pressure and
chemical composition. These factors govern the solubility,
prec‘ipitation and stability of various minerals in the

aquous environment.-

Kinetic cenditions also govem the aquatic system.
Garrels and Mackenzie (1967) shows that natural waters are
supersaturated with respect to quartz but due to kinetic
effects, the actual crystallization 6f qizartz from the
water is not .cbserv'ed. Thus, for understanding the actual
‘chemical reaction, | 'thé Kinetic apr}roach is éssential along
with the thermodynamic approach. However, the discussion
and application of Kinetics is beyond the scope of the .

pre sent work.

| There are fb‘ur types of phosphate minerals common
in the fresh water system apatite, fluorapatite, hydroxye
léﬁatite and carbonate apatite. Valyasko et al (1968) has
reported that all these four phosphate minerals are
supersaturated in the fresh water. 1In Bandal river also
phosphate minerals are found supersaturated, ‘It is evident
by’ its IAP/K ratio which is > 1. Fig.-&,6 to 4,9 shows
the variation of IAP /KA i'atzﬂ.o of different‘phc)sphates with

dist’aRCE._
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The solubility of ciii’ferent phosiphaﬁe mineralé |
varies in fresh water. The least soluble of apatite is
fluorapatite. The solubility of phosphate rock, in terms
- of kinetic and equnibmum dissolution, depends on the ’
carbonate substitution is epatite structure as reported |
by Chien and Black (1975, 1976). The solubility of
hydroxyl. fluorapatite increases from fluorapatite to
hydroxylapatite as réported by Mc Cann (1968) end Wier
et al (1972) ’ |

- Hydroxyl-fluorapatite is generally considered té be
solid solution of hyd‘roxylapatite and ,fluompati.ﬁe. Wier
et al {1972) showed that hyd‘mxylapatite wag trangsemed
'té les’s soluble fluorapatite after the former apatite had |
been ,eqni libriated with solid fluoride. On the other hand,
Mc Cann (1968) .reported‘ that for pure fluorapatite
'_ equilibriated with aquous solutions at pH 6.4 and abeire,.
the ion activity product (Ca'*) .(Po;’;"‘") (F7), exceeded
the solubility product constant determined ;’er fluorapatite
and the value increased as the pH mereased; Mc Cann's
findings indicate that hydroxyl ions may partially substitute
for fiuoride .'m fluorapatite to form a solid solution of
hydroxyl-fluorapatite. if the Asomti:o_n is relatiwiely alkaline.
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_lIt seems likely, therefore that hydroxyl substitution is ‘
also an important factor to be considered in order to o
understand the solubility behaviour of apaute mmeral

in certain ph@sphate rocks,

Hydroxyl—ﬂu@mpa;tite, being a compound of constant
| composition dissolves congruently in water. The activity
pmducté of apatites“deerease with increasing températui‘é. :
'I‘.e.’_,. apatite becomes more gtable as temperature rises.
Therefore, the eﬁéacity of the hydrothermal ’s@lutibns to. |
extract apetite.from the rocks and transport its c.amponent
increases with decreas.mg tanperature. The trans;mr'.t af
calcium and phosphorus in equivalent ameunt.by aguous
solutions becomes inore’ difficult at higher temperatures, and
hydrothernal epatite is more likely to form at elevated
tmpera‘tures by intereetion between phespherus beimg
solutions and calcium baarmg raeka.
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MINERALOGY

The X-ray analysis of Maldeota-Durmala samples
reveals {he presence of different phosphate minerals,
carbonate minerals. ¢clay minerals, quartz, felspar &

pyrite. Teble - 4310 shows the mineralogical composition
of Maldeota-ﬁumaia. Table - 9....11 ‘shows the percentage Qf |
different ms.nerals.v‘ The detail study of mineralogy has |

been described belows

Quartz is presént in all ihe gsamples. The
percentage of quartz veries from about 3 to 58%, The
variation of quartz with phosphate minerals has been shown
1nAFig - 4,18(a)s Gibbs (i967) répor'ted that quartz is
less ebundant in mountainous enviromment. In case of
samp;lés from Mussocrié. the quartz percentage is very high
(31%). The high percentage of quartz in this region may
be due to bresking down of quartz by some physical processes.
The less abundance of quartz observed by Gibbs may be because
the mountainous region in the Andes may not be having
abundance of quartz minerals in the host rocks. The percentage
of felspar is very small, It varies from 1.1 to 6.%%, The



Table 4.10° Minerzlogy of the bed sediments
' (in percentage)

—
B >“|"-’

Sample locations B h
arranged in the ' B ©
crder of down - ' . ‘ @ © o 2
stream flow of 3 o ‘. Te. & X he T o
the river 2 53 : En R o048 o 8 8n oA 3

o O () N EE o} — ot e el s g Lo

s 5 3 & 88 2 % 5B gr szr f

A o & = O H o OF I fn
\dt-14 (Durmala) x 4.3 6.3 2.7 - x X X x 4.9 X 24,3 - 57.6
(00 m) ~ | _ . :
\dt-1 (Durmalz) X x  x 235  x. X x x 14.8 X 28.4  33.3
200 m) | S . . | .
\dt-2B (Durmala)  x  x 2.2 5.4  x x x 51 x 10,1 47.4 29.8
300 m) - - - ‘ , | - o
\dt-2A (Durmalé) e x X 9.5  x.  x = x b x - 40.7 22.4 27;& :
400 m) : | - | ' -
\dt-2 (Durmala) x - x L/)9 21.2- x. x x  x x 9.7 234 40,9
500 m) S | e |

.5 Contd;;.'



Q
Sample locstions !
arranged in the _ ' - © o Y 3
order of down Q oA Q + + S+ -~
stream flow of 2 3 o 5s X q e © 23 .?z >
the river £ o o 3 B4 5 s gl 528 &
: —~l — — + jol o) S (@] — ~ oo O T 4]
- o © o h o~ < ® A & To A5 S &
| 8 o _ = _ES_ 5% _n & oF kIo o
Adt-3 (Durmala) pe 17.3 X 50.4 x x X x 324 X b'e b'e
(6oo m)
200 meter below x  17.6 5.3 36.5 x x  x° bt 3.5 27.5 3.5 x
Junction mine o = o : _ o ' : .
water (Durrr\ala)
(1800 m)
Adt-2 (Maldeota)  x 2.6 x 42.5  x x x.  x x 32,0 2.8 20.0
(15000 m) k » ' : ' ' . | ,.
Adt-1 (IXaldpota) X 11,6 X 38,9 x X b'e X ‘ 1.0 36.4 8.4 2.7
(15800 m) A | - : S A
- Quarry- (Maldeota) XX X-, 56.3 6_.'3_20.3‘ X 6.3 3.6 x x 7.2

(15900 m) '

Contdt L) Ol .
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L
Sample locations _ N :
arranged in the- 1 @ ) ;E’SS i
order of down ht v £ To o M To T2 4
stream flow of g +: ® 3 g-: : g g g c:J:.. O O
the river - ) o & R £¢ 0 s "o 2D By a
: — —_ — o £ 0 o A S L@ O © ©
o ® (3 T o~ © — > L& o —~ >0 &

_ _ a O e =~ O S — [e8 O ® fn X © Tz
Junction Bandal 1.7 13,9 'x 23.4 X X x x 14.9 X 29.8 16,2
River + Mashan - : _

Nala (Maldeota) -
(16800 m) ' . ‘
Dry Bandal River ox 4o.3 x  27.9° X X X 2.8 5.0 : X 7.0  17.0
(Maldeota) - o . | . |
(19000 m)
Soil nearby field  x x 3.3 55.8 ° - x- 1. ‘0.7 0.7 1.1 x 16.9 19.7
of Song Canal- : v L - — o
(lialdeota) {19000 m)
Song River Doiwala x 10,7 1.1- 39.3 X . x x 2.9 17,0 x 29.0  x

(35000 m) . B - S




Table h 11 Table showing Average (%) of dlfferont
' minerals in"Maldeota-Durmala region

Phosphéte minéralsv ' 'l--— )
‘Cuartz  a _ ,b S "4 S '.Bi'
_Carbonate}miherals' B o : ;b 15
Pyrite : »,; ~ R | 9 |
Clay ﬁinefals  " o ' - ; 8.

Felspar ‘ : . S b4




Qucrtz‘eFeidspar
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004 — i
Phosphate «carbonate ‘ N Clay

pyrite . o
' Triangular diagram showing ‘the composition of
the bed sediments. ' '

Fig.415.
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Fig. 418 showing the variation of Quartz & Feldspar

with phosphate minerals.
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variation of felgpar with phasphate minerals has been
shown in Fig - 4.18(b), Generally felspar is absent.

Jha (1983) has observed for Hooghly estuasry that
quartz decreases down stream, whereas felspar shows an
lincrease; This relationship was not found. It may be
because the relief is high. Quartz and Felspar ere the
product of mechenical ‘breakdown of igneous, metworphiﬁcv and
sedimentary rocks. Due to high velocity of river water alll
~ these minerals may be carried away and deposited where
ater bcdy is quiet.

onat;

Calcite is the chief carbonate minerels in both
the Durmala and Maldeota blocks. It varies from 3% to
Lo¥. Dolomite is very rare. According to Mehrotra et al
(1981) dolomite predominates in Durmala and calcite
predominates in Maldeota block. But the bed sediments .
along with Bandal river rarely contains dolomite, Both
in Durmala block as well as Maldeota block calcite pree
dominates, Galcite varies from M to 4O, Fig = h.,16 shows
the variation of carﬁonate winerals with the phosphaté

minersls,
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Jha (1983) reparts that both the calcite and
dolomite show the down stream decrease in their abundance.
In Bandal river also it shows the some trend.. The abnormal
increase of ealcite in the lower region of dry Bandal river \
(where calcite percentege is 4G%) may be because the
course of river is almost flat and the sediments are being
deposited; Again,the downwerd decrease of calcite is be&ng:
maintained because the ca):cite content in the Song River
near Doiwala (which is about 20 kms. from Maldeota) shows

decrease in calcite percentage.
r Mine H

Clay minerals varies from % to 4% throughout the
course of river. The region for low concentration of clay
minerals is that the relief is very high and therefore
most qf the finer part of the sediments is being carried
away. Clay minerals érg more abundant in low relief
environment then the high relief environment. Clay minerals

are the product of low relief chemical weathering.

The sediments from different audits generally show
absence of clay minerals. It is because inside the mine
or near the mine loose phosphowite materials dominate. The

high percentage of clay minerals and low percentage of
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phogphate minerals in the quarry (Maldeota) may be due
to sampling errer. Fig = 4,19 shows the variatiun of
clay mmerals with the phosphate minerals.

_Amang the ela}y‘ minerals illite is ms’é common.
Montmorillonite, chlorite and Kaolinite ere véry faﬁze;_
The freéhmter sedimenﬁs generally containg 1% to 206
illite, 4% to 64% Kaolinite, % to 3 chlorite. mgnf n
pex‘cenfagé of illite has been reported gn thé 'Cl}anges rivé‘r ,
by (Subramenien, 1980; Abbas, 1982), o

Pyrite:

- " ‘Pyrite is vefy widespread in its occurence heing
the ¢o&xmon7"sulphide', It occurg in focké of all eges and : |
typ-es, being mosi'c ’cemman in the metamorphie and sediméfxtary'
rocké.' 1t is genera‘ll? associated with phosgphate minerals,
In Maldeota—ﬁmala regiem, it varies from % to 326, ‘The _.
variation of pyrite with rhosphate has been shom in
Fig -'l't..j‘_l‘?.‘ Dubey and Parthasarathy (1975) after mineralo=
gical study of phosphorite in Durmala have 'r’eported pyrite
intimately associated with collophane forming frregular
alternate bands in some of the thin sections, |

These sulphides can be formed through the sction of
hydrogen sulphide, although the reducing action of
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carbonaceous materials may also at times be of importance.
The aésociati_cn of pyrite with phosphorite in Maldeoga- |
Durmala region is imﬁ:tortant in the sense, it may be one |
of the region for higher concentration of sulphate in

the mines&Bandal river water. it easily oxidiaes to an
1rcn sulphate or to hydrated oxide, limcnite, with sulphuric

acid set free,

| Amoﬁg the ‘pﬁbsphate memis frari@oli%e. carbbnate
apatite, fluor and hydroxyl-apatite dominate. Dubey and |
.Parthasarathy (1975), have also observed carbonate-apatite_
and carbonate substituted variety of apatite-francolite .
in Dumgxa region. Mehrotra et al. (1981) have reported :
nyds'réxyl fiubr-apaﬁﬁ.te i.e. francolite aé the main
phdaphate' mineral with minor amount of dah‘nite, ,brusbité

and uraninite in Mussoorie region,

- The overall phosphate contemt vary from B to 9
vhereas francolite varies from 4 to 586, fluor and
hydroxyl apétite varies ffom % to 4T ‘and carbonate apatite
varies from 10% to 36k, |

Subramanien (1980) has observed that apatite
precipitates in the pH range of 7 to 7.6. He further states

i
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that increase of p causes precipitation of both .
calcite and apatite, when both are ca-precipitated the
calcite/apatite ratio will be higher,

|  Various authers have studied the salubnity
- behaviour of apatite mineral in certain phosphate rocks, .
- Me Cenn (1968) _( adgpted from Chien, 1977), observed that
hydroxyl ions may partially substitute for fluoride in = .
_ﬂubréapatite to jfarim ‘a solid solution ef-hydmxyl-flﬂbr-,‘-
patife in the a@lka:lme solution. Wier et al. (1972) |
(adspted from Chien, 1977) have observed that by addition -
of fluoride to hydmxyl-apat&te it changes to fluar-apa‘ute.

A triangular diagram was platted to show the -;overall
mir‘xeralogicfal composition of Maldeota~Durmala sediments,
Fig - 4.15 shows the mineralogical ,cempesitionvof the ';area."
The figure inaicatee that except for some samples dominated
by quartz, rest of the samples are dominated by phosphate.
minerals., Clay minerals are not very significant in this

region,

To study the chemistry of the sediments two methods
were adopted (details are given in the methodology section)~



Table 4.7 Chemical composition of bed sediments
concentration in (ppm)

Samplé locations arranged in -

the order of down stream- P205 F Cu Ni Cr Ag
fiow of the river v

Adt-14 (Durmala) (00 m) 4300. . 1160}_ 6.1 . 16.8 3.3707 R
ﬁélé under Adt-1A 2300 217 _'u.é : _'12.2 . 40.0 1.2
(Durmala)((lCO m) : S S ,

1Aat-1 (Durmale)_(zoo m) 2375, "154 9;9 o | 27.2 ,62.6v 1.5 |
Adt-2B (Durmala) (300 m) 3725 - k53 T7.6 0 12.7 . 42,6 | 1.2
Adt-2A (Durméla> (405-mj R 3400 684 '_ _3.6; o 78.7 : 28;8_ | 0.9
TAdt-2 (Durmala)'(ij m) ' v1375 lQO | 7.7 ‘ . i2.7 x: S x
Adt-3 (Durmala) (600 m) 2425 | 265 5.2 ; 23,0 50.1 0.9
JunﬁtioniﬁineVWater | ) -’1325 1132.. : 753.% i‘f 16.6 . '14.é | 1;9

| (Durmala) (1600 m) .
|  Contds...



Sample locations arrénged in ' S - 7
the order -of down stream . PZOS F - LCu Ni - Cr ‘ Ag
flow of the river ' : } :

= e mm mm e e e am e e w8 s mm e eB e s mm emm  em e mm em e mm mm  ew  Sm am  em s o em em e e e = ma e e wm wmm e em - e wm e

lﬁu meter below Junctlon 295 L6 6.5 . oL, 2 3.6 0.8

mine water (Durmala) ' : o _

(1700 m)

200 meter below junction - 452 45 5.9 20,5 12.1 . 0.7

mine water (Durmala) S _ : 8 E : ' .
Bandal River. (Durmala) i 75 47 1.8 2.1 9.8 0.8

(2000 m) . : _ ' .

S0il Silla Village 150 10 - 2.9 5.4 9. 1.0

(Purmala) (2000 m)

100 meter below junction 7500 - 101 © 2.4 5.8 | 8.4 0.6
Bandal River + Mine water o
(Durmala) (2100 m)

Soil 100 meter below Silla - 132 50 3.1 .52  15.5 0.4
Village (Durmala) (2100 m) . T L T S '

Contdese



Sample locations arranged in | 5 \
the order of down stream ' P205 F Cu - - Ni Cr Ag
flow of the river » ' o : .

Bandal River (Maldeota) 62 .10 1.0 x . 42 - 0.2
{15000 m) : ' '
Adt-2 inside mine (Maldeota) 1200 156 20,4 . 16,1 . 22,99 2.1
Outside Adt-2 (Maldeota) | 1475 121 19.0 °  x . 52,0 " .0.5
(15000 m) - | | P | |
" Adt-1 inside mine 2500 . 1%0 . 7.5 12.1 70.1 1.0
(Maldeota) (15800 m) , o
Out51de Adt-1 (Maldeota) ‘ 3350 206 7.0 8.5 86.5 1.0
(15800 m) o C .
Quarry (Maldeota) 675 55 3.8 28.2 40,0 3.0
(15900m) , o - :
Junction Bandal River+ Le7 100 5.2 - .311.7 14.6 0.7

Adt-l + Adt-2 + Quarry
(Maldeota) (16000 m)

C Ontd- .



Sample locations arranged in ' : ) : : _
the order of down stream PZOS T Cu Ni Cr Ag
flow of the river ~ : : .

Junction Bandal River + 340 .60 4,1 5.9 16.3 0.6
Mashan Nala {(Malde:ta) ° : ; . ' _
(16800 m) .

Junction Bandal River + 170 75 1.8 2.5 8.8 1.1
Jagdish Mool (Maldeota) ' , -
(17000 m)

100 meter below junction 150 58 14,0 12.0 8.5 0.3

Bandal River + Jagdish Mool
(Maldeota) (17000 m) - '

Dry Bandzl River (Maldeota) 195 50 x - x L X x
(12000 m) | | s
'Soil nearby field Song Canal 35 19 2,3 1.2 6.0 0.3

 (Maldeota) (19000 m) | _
Song River Doiwala (35000 m) . 37 54 3.0 4,0 8.3 0.3




~ Table 4.8 XRF data for major and trace elements
: Ca through Ti in (%);rest in (ppm)

Sample locations
arranged in the

crder of down Ca K
strzam flow of

the river

Zn Pbv Sr Ba

T
D
=
3
-3
l—l
<
(@]
=
(@]
o}
=4
r-l
®]
o

- e e e s e e e e e m ae e e o e e e o e = em am e o m e e o e o e mm e e e o e e e e e o e = e

100 meter below 1.6 0.1 0.4 0.01 0.01 30.0 9.0 <L£2.0 15.0 6.0 19.0 5.0 14.0 69.0°
Junction Bandal ' _ ' : ' : v

River + lMine
water{Durmala)
(2100 m)

 Outside Audit-2 20.7 0.1 2.2 0.0%5 0.06 65.9 40.3 1.2 9.0 18.6 15.0 2.8  30.7 327.5
§Maldeota) : ' ' ’ . .
15000 m)

100 meter below 33.8 1.4 2.6 0.04 0.11 21.1 6.6 1.5 €.9 7.8 14,9 3,3 . 31,2 116.7
junction Bandal , : - : o :
River + Jagdish '

100l (Maldeota) : o ‘
(17100 m)- - - B




Table - b 9 Compaﬂlslon of avarage concentratlon of
elements in the Maldeota-Durmalza sediments
obtained by XRF with the world average
concentration in nhosphorlte and average
eoncentration in Mussoorie®phosphorites

S L (value in ppm)
L oA . 2 . 3 4
Element : XRF “value World ~ World™ Mussoorie= Fussoorie-
Maldeota~- average . average - Phosphorite Fhosohorite
Durmala ' sediments phosphorite ' '
P suy 1150 o x % X
F | 170 ’ X : . X . X - S ¢
Ca ~ 190000 . 21500 x ox 210
K 5000 - 20000 x - x. X
Fe 200n0 . ueooO . x x. x
Mn 300 1050 30 1%54 | x
CoTi 600 ~ . 5600 - . 00.04- - 1015 X
cu. 1 100 wo 33 T4,
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Element | REF valué - Qorld1 - World2 Mussoorie= | Muséoériéé
: Maldeota- average average Phosphorite | Phosphorite
Durmala sediments phosphorite - ’ '
Ni 11 90 100 1906 79
Cr / 19 100 1000 662 91
Ag X % X X X
v C s 10 300 .03 306
Co | 1.5 200 0 2 8o - «s
Zn 16 | 350 300 L3 | 100
N oo 150 20 Cess e
sr 25 | 150 1000 T | 700
Bs 171 60 100 a8 725

1 Adapted ‘rom Martin & Meybeck (1G78).
2 & 3 Adapted from Saraswat et al. (1970).
4 Adapted from PPCL (1981). - -
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(1)  For the enelysis of P, F, Cu, Cr, N4 and Ag

| perchlor.tc acid was’ used for partiasl digestion of
samples, which gives much lower valuw('l‘a'ble - 4,7)
Compared to the total elemental levels given by difterent
authors (Table - &.9).' The reason is that my enalysis
does not reflect the complete chemistry of the sediments,
The chemistry of an extract will depend on the nature of

extractant used. _,

(2) However fcr comparision purposes three: semples
were analysed to know the total concentration of Ca, K,
Fe, Mn, T4, V, Cr, Co, Ni, Cu, Zn, Pb, Sr and Ba using XRF .
(bulk énal-ysis) techniques (by my supervisor in Belgium)
(Table = 4,8),
Major Elements

Ehogphorugs

The phosphorous was enalysed in the laboratory as
orthophosphate and the value was converted into P205@ The
economic importance of phosphorite deposit is based on the
total P 205 content, On the basis of percentage of P205
in the whole rock Basu (1976) has classified the phosphorite
deposits as followss = |
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> - 3% PZOS - Very rich phosphate

28 = 3%% 9205 z = " Rich phosphate

18 - 286 P05 - Hediw phosphate

10 - -1@6 P205 | - Poor phoaphate'

5 - 1@6 P05 - = Very poor pﬁosphate |
<« 96P0; = Phosphate bearing rocks

The ?205 concentration in Maldecta@ﬁémala
regions shows very low concentration in comparision to a
the host rocks. There’ are no agreement among the
different authors on the ons content 1n Maldeata»ﬂurmala

region due to the t‘onwing reasons:-

(1)  Different authors have snalysed only a limited
nurber of samples from different regions. The concentration
oﬁ: P205~ is not homogeneous throughout. It varies from
region to region. Thus the values given by them do not
reflect the average Po0g com:entrats.on» in tkie phosphorite

rocks.

(2)  The differences may also be due to different’
analyticel techniqpes used by different authors. The
overall PZOS percentage in Maldeota=-Durmala r-egibn given
by PPCL is 19-20#. This is much higher in comparision to
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the average pércenf;age of .15’262)5 in the sedimenté analysed
by me (0.1%).. On the other hand much higher value is
enipeéted in the Maldeeténﬁumala sediments also. However,

| this aspect could not been confirmed since I was able to do
only partial analysfis of the sediments and also P could not
be done by XRF for the whole sediments due to technical

reasong. -

The average P205 concentration in the Maldeota-
Durmala sediments is 1460 ppm.. The concentration of P205
in the audit sediments is higher in comparision to the
river bed sediments,. The reason is that in the audits

phosphorite is being explored. The sediment collected
froin the audits generally represents the phosphate minerals,

Ravi Shanker (1'976)' has analysed the Maldeota |
phosphorite rocks. He hae} found average P205 e@ncéntration
19.2%. The corresponding grade in the surface d - ¢
vbeing ricker due to -1eaeh1ng out of carborate, varies |
between 20 to 304 13295, My analysis of the sediments shows
- average 0.19% Paos. I¢ shows that very little amount of
rhosphate is coming to the river bed sediments. 7The sample
from Bandal rivér (Maldeota), which is about 15000 m. away
from Durmala mine, shows only 0,006% P0ge



The sediment sample from junctidnf. of Bandal river
end Jagdish Mool, which is about 2000 m. from Maldeota
phosphorite mine, shows oniy 0-.925 of 92055 which 1s
much lower in comparision to the 9205 content in the
Maldeota rivers 0.15 to 0.344. | |

Reo and Rao (1971) and Mehrotra et al (1981) have
analysed the Mussoorie phosphorite. Both have reported
higher ?20-5 content in Mussoorie phosphorite (38-3%?.
and 21-3% respectively) in comparision to Maldeota
phosphorité‘(‘!?q%); Mehrotra et al have found highest
value of P05 in stromatolitic phosphorites, whereas the
lowest value is observed in fre%nental variety. But the
information collected from PPCL (1983) does not show much
variation af”P205 between M'aldeeta_;and Durmale region.
~ In Maldeota underground mine the P0g content is 17 to 169 ,
whereas the underground mine (Durmala) shows 19-20% Po0ge
The higher coneentration reported by them may be because
they have snalysed only few core semples. Again, PPCL
report shows higher concentration of P,0g (20 and
25-30% respectively) in Maldeota-Durmala open cest mine in
comparigion to the underground mines, My analysis of |
Maldeota quarry sediments shows lesser amount of 9205
(0.07%) in comperision to the mine semples (0.1 to O0.3%).
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The'reason may ‘T-oe'that this sample does nét repfeséﬂi;se .
phosphorite rock samples. The sample was taken fmm %
nearby the querry. This discripancy prevails when we

, compare PZQS content of insme the nine Maldeota and
outside the mine,l{ia'ldeota,_ The data. given in the ta‘ble
cleaéiy shéws that‘ -me~"-s"amp»les outside the river are |

- having higher P. 05 cencentrati.on.v This is expected

o because this sample was collected, wnere the phospharite

' '-are being dumped.. The inside sample shows lower |

concentration wmch may be becauaae the sample represents

’ _the associate rocks rmt the phesphorite rocks. |

. ) 2
b ;‘-‘ o
e

Ravi Shanker (1976) has established reeiprocal
,’";j’relationsmp between ‘geid ins@lubles and P2°5' The value
o for acid insolubles geﬂerally vary from 36 to 1@6 and

, "rarely upto 1% in the phesghate zoneg whereas the samples,
from overlying and underlying zones, give values rang.lng
‘between 306 to 796

LQEL@.Q“’.

| super phosphate production is one of the major
seurce of ﬂuoride. B‘mm Maldeota=Durmala region an average
¢ ef 170 ppm of fluoride has been analyzed. Generally the
. :i:lgoride cqncentratiorx;.is nigner in the mine éediments

e



 (Table 4.7),1n the river bed sediments it is quite lows

The reason is tﬁét’ ,fl‘t.iorme' is the essgntial‘ _cénstituent

" of fluor-apatite, which is dominating in the mine. The
eomentrati.@n of ph@spha’ce minerals will decrease gradually

away from the mine, thua F cementratian will decrease.

Rao and Rae (1‘}71) by the analysis of phosphorite :
rocks (Mussoor&e) have found 4§ of fluoride. Ravi s_hanker ’
(1976) has found 0,76 to 1,38% of fluoride content in the
¥aldeota phésphox*ﬁ.té x;acks.‘ The analysis of éedimenfe show
only O 026 of average fluoride cencentration. |

A graph (Fig &.1&) was plotted to study the relatﬂ.onship
 between fluoride and ?.205, It is well known that the

- F 3 P0g ratio is a significant chemical factors because the
components are the primary asseciates of carbonate~fluor-
apatite, It was observed that average ratio varies between
dﬁ.ffereﬁt‘ areas. It daeé_ not show any systaﬁauc pattem.
The reason for msyst:einatic pattém mey be because my
analysis does not reflect i:he enalysis of phosp’horité rocks,
of which F and 1’205 are the associate. On the other hend
weathering of rocks other then phosphorite may mterfere and
change the composition of the sediments.



The XRF data shows average 199000 ppn Ca in the f
sediment, which is higher to the Ca content. of world
average (21500 ppm). The higher .concentration of Ca
content in the seéimenf of Maldeota~Durmala region ai:afy be
because it is having different types of apatite and other -
Ca mi‘nerals; Weathering of these mineréls -‘release»ca ibn.
which can be abscrbed in the sediments.

Rao end Rao (1971) have analysed few phosphorite
rock samples of Mussoorie and have reported 9-104 of
calcm‘m,, The sediments semples are showing 19 celcium. -

- It clearly fmaiéatés: that apert from phosphorite rocks, -
there ,ére some cg_hef 'sources—. which enhance the calcium
_concentration in the sediments. The mineralogy of the
sediment j.ndicaté abundance of calcite and dolomite apart
from phosphateér minerals. Partial dissolution of calcite .
and dolomite will further add the Ca ién in the sediments.
It is interesting to note that (Table 4.8) indicates

higher value of calcium in the junction Bendibriver and
Jagdish Mool sample ( 33.8 ppm ) which is far off the minese -
in compariston to Audit-2 Maldeota Semple (20.7 ppm). Use
of super-phosphate as fertilizer in the neaerby field may

be one ofw the reasons for highér calcium concentration,
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- Potassiun concentration is lower to the averagé
compeéition of potassium in the world average sediments, *
The world average shows 20000 ppms of potassium whereas
in the Maldeota-Durmala region it is 5000 ppm. ZThe lower
aoncehtrat:lon of potassium i.n the sediments may be
because the lithology of the srea is dominated by chert,
shale and limest_ene‘,, | |

Rao and Rao (1971) have reported 0.03 to 0,0
of potassium in the Mussoorie phosphorite rocks, which is
lower in comparision to the potassium content in the
sediment samples {average 0.0%6). The lower value reparté;i
by Ra¢c is because he has analysed the phosphorite A’rocks.
which is carbonate-fluor-apatite, The higher concentration
of potassium in the sediments may be due to weathering of
potash  felspar from shale, in which potassium lons are -

removed and aﬂsetbed 4in clay minerals,

iren:

| In the Maldeota-Durmala region concentration of

iron in the sediment is 20,000 ppm, whereas the world
average is higher (48000 ppm) to 1t, The reason for lower

concentration of iron is tha_t the value does not reflect



‘the average iron content in the sediments. Due to the.
limited analytical facilit:‘les bnly three samples were
analysed. - On the other hend higher value is expected
becéusa. pyrite is awsociated with phosphorite,

_ Iren can exist in sediments in clay minerals, Ln
other detrital silicates, in hydrous oxides end in |
complexes with organic metter, Leland and Shukla (1973)
adapted from Singer, 1973) after the mineralo_gical stu_dies_
of Lakej"’"Superior reported that ibéductian. upward migration
and reprecipitation é’c the water interface of previous’ly' |
sédimen‘ied iron may be important for the concentration of
iron, Changes in iﬁhse clay minerals or in the other detﬁiilihl

silicates do not lead to the higher concentration of irom.

The concentration of mangenese in the average
sediments of the world is higher (1050 ppm) to the
concentration of menganese is the sediments of Maldeota=~
Durmala region (300 ppm). Saraswat et al (1970) have
observed higher value (1354 ppm) of Mn in the phosphorite

rocks, Mussoorie.

Titanium concentration (600 ppm) shows lower
concentration in comparision to the world everage (5600 ?FB) .
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Saraswat et al (1970) have noticed 1015 ppm of T4 in

the Mussoorie phosphori.te rocks.

For Manganese and Ti.tani\m higher value is expected.
The given value does not reﬂect the actual average |

concentration of manganese and t.ttanium.
_lhzmzaﬁasﬂ@;£§=
Variatiens of different elements depend upon the ;

vtypes of weathering and the balance between weathez‘lng R
rate and river transport (Martin and Meybeck, 19‘78). _ Heavy
metals are generaily carried by clay minerals. A generansed
-sequenee of the capacity of solids to sorb heavy metals
was found as fellows (Guy and Chakrabarti, 1975) - ‘."“” |

manganese axi.des > mmi.c substances >

hydrous Fe cxides > | clay minerals.
. There are dﬁ.fferent mechanisms of metal accumulation.
Gibbs (1973)(adapted from Forstner, 1982) has described

five major mechanims of metal eccumulation in the sediments

(1) edsorptive bonding on fine gx'ained substanc:ess
(é) precipitation of descrete metal 'compound_s; .
(3) Co-precipitation of metals by hydrous Fe and

Mn oxides and by carbonatess |
(&) association with organic neolecule; and
(5) incorporation in crystalline mﬁneraleg_.v |
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Saraswat et al (1970) have analysed the trace
elements in Mussoorie phosphorite rocks ahd they have
~compared it with the world average composition of trace
‘é;a.’ements in the phosphorite rocks (Table 4,9). They have
observed greétér smounts of Ba, Co, Cu, Ni énd Vv, lesser
emount of Cr and comparable emount of Sr. They have
alse analysed concentratibn of trace elements in the
shale and limestone and found that V end Ni increase
progr‘eséively from nmestbne. through z#hosphorite to black
. shale, whereas Cu decreases in the seme direction. Sr.‘ Cr,
Pb are highest in the phosphorite and are lower in amount
in the bleck shale and limestone,

‘Ravi Shenker (1976) has also analysed few phosphorite
cére samples of Maldeota and has reported lower coﬁcentration
of Ba { > 1000 ppm), Sr. ( 300800 ppn), V (100-300 ppm)
in comparision to the average concentration reported by
Saraswat et al 2868 ppm, 1136 .ppm and 1090 ppm respectively.
This d.t'scripancy méy be because Ravi Shenker has analysed
only few ssmples. The concentration of trece elements may
vary from place to place. It may also vary éue to different
analytical tephniques used, |

Generally the result obtained by Saraswat shows

higher concentration of trace elements in the Muassoorie
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phosphorite rocks in comparision to the world average
concentration of trace elements ‘in the phosphorite

rocks, and the warld average concemtration 1n the sediments.

To study the distribution of trace elanents in
the sediments of Maldeeta and Durmala total anaXysis by
XRF end partial analysis of extract was done, In R
comparisien to the Mussoorie phospharite the concentration
of trace elements in the sediments is very lcw. The XRF
data (Table 4,8) and the data obtained from the analyais
of extract (table 14.7) are close to eaeh other. The XRF
data shews 1 ppm Cu, 11 ppm, Ni and 19 PPE Cr whi.ch is
very near to the average concentx‘ation of trace metals |
in the extracts 8.3 ppm, 12.4 ppm and 28 ppm respectively,
though higher value such as 19 ppm Cu, 40 ppm Cr have been
observed in the XRF analysis. XRF is the total analysis
of the se»diments. vhereas, the énalys;s of extract glives
the partiél analysis of the sediments; therefore, higher
value is expected in the XRF analysis, The lower value may
be because the data doesn't reflect the average concentration
of trace elements, Due to ‘ii,.mited analytical facilities |
only three samples were analysed, The lower value in the
extract is because it is the partial analysis of the |

Sample,
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In 'rab‘ie - 4,9 trace elements data obtainéd by ;
XRF has been compared with world average concentration
in the sediments, world average concentration in _
‘ phosphorite znd data given by Saraswat et al (1970) and
PPCL (1981). The data indicatea that variation of trace §
elemeﬁts is very wide. Different graphs to show the varia‘cian

of different trace elements with P,0y concentration were :
plotted. ‘The graphs do nét show any systematic patterno
Fig. &.10 to 413 shw the variation of different elements ,
with 9295. The vide variation of trace elements in the
phosphorite rocks is due to variaticn of geographical
distribution of different elements; The distribution of -
diffex‘ent elemen’cs is not homogencous. It varies from

place te place. The i.x'ratic nature of @'aph is because the
fate of heavy metals depend on different factors. In general
in the.aguatic syatems it depends en partitioning between
soluble and settleable solid phases and may be influenced

by various interactioh' which include coaguletion, adsorption,
precipitation, co-precipitation, complexion and biotic uptake
(Brﬁséell. 1974) (adapted from Young et al, 1982). The_se -
factors are known to be affected by environmental eanﬁitioné,
such ass pH, redox potential, metal. concentrations, ionic |
strength, bicaccumulation end type and concentration of
complexing ligand's (Heckie and James, 1974) (adapted from
Young et 21, 1982)., According to Young et al (1982) the



éforesaid phenomena is superimposed by kinétlc_.

factors which govern reaction rates.-part;eleg

andimentation smd hvdrodvnamics..
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CONCLUSION

| The basic idea cfv\doing this research was to study
the environmental impact of mining on water and sediments
of Maldeota-Durmala region. Higher quentity of phosphate
was exi)ected both in water and the sedimen’cs.; even though
its movement is restricted because of 1ta limited solubility
and it is retained by component of ‘Soil end Sediments. The

followihg obsérvatians were mades~

(1) Analysis of water samplé shows higher concentration
of PO,?; v 0,02 ppm (0.02 ppm phosphorus h;as' been ~
reported by Subramanian, 1980 in the fresh water.
of the hydrosphere), in _the river as well as in the
underground water:; The PO? concentr'ati'on in the
Bandal river is generally 0.06 ppm. The higher
concentration in the sample collected away from
the mine may be due to use of fertilizers in the

The ‘so;;z content of water is very high,comparatively
higher concentration of 3022 in the mine water than
Bandal river water clesrly indicates that SO;2 in
the water is being controlled by the mining. On
the other hahd 800; is being controlled by the

| weathering of limestone in the host rocks, because
Bandal river water shows higher concentration of

ﬁcog in comparision to the mine water.



(2)

(3)
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Fluoride is the common constituents of fluorapatite.
Fluorspatite is widely distributed in Maldeota-Durmala
region. The higher concentration of fluoride content

in the water may be 'due to phosphorite mine.

Average ce'? anda Mg"z is higher in the Maldeota~Durmela
region, Generally Mg*a is higher than ca' 2 though high

amount of Ca'?2 is being released by the weathering of
:"~'éarbénate minerals ‘and phosphaﬁe minerals. The
_reagon méy be that Ca"z is being precipitated as
| CeCOy and thus Ca' 2 ion is removed,

The X-ray anslysis of Maldeota-numiala sediments show
phosphate as the dominating minerals, followed by
guartz and carbonate mineragls. The lessor amount of

clay minerals is due to high rate of erosion.

The PZOS concentration in Maideotaanmala regions
show very low concentration in the sediments in
comparision to the host rocks. More high value is
expected, The partial analysis of the extracted
sediments gives lower concentration of the major and
trace elements. But it does not reflect the actual
concentration of different elements in the sediments

because it is not the total analysis of the sediments.
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The total analysis by XRF shows lower concentration
of different elements in the sedimenfs, it is becaﬁs;e.
it ciocgs net represent t‘he average compositién .of the
sediments; and three samples were analysed due to
analyticel ressons, Higher velue is expected both

for major and trace elements.

Impect of mwining on the water and sediment was
expectéd. Higher emount of phoéphatve and fluoride in the
’ﬁater and sediments and higher amount of sulp'l"xate in the
water is due to mining, But the irratic nature of the
result does not confirm the impact of hining on the water
and. sediments. On the other hand impact of transportation
6f phosphorite rocks. Use of fertilizers in the field,
exploitation of limestones in the nearby region, other human
activities are the important facters. |

The permissible amount of different ions in the
drinking water given by PHS (Public Health Service), US (1974)

is as followst~

c1 . - rd 2‘,50 Ppm
FT - 1,0 ppm
30,2 - £ 250 ppm
mg' 2 - 125 ppm

Na® & Kt - ' 'No standard exist.
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In the Bandal river concentration offluoride and ,
 sulphate exceeds the permissible limit (average l.4 pPm
| and 274 ppm respectively). The éonaentration o.t" these
ions are more high near the mine. It indicates thaft'
river water near the mine is of poor guality. But the
concentration of these ions in the und'erground vater .
and capalwatéx' is{ very close 1;6 the value given by PHS,
Hence it ig safe for domestic purposes. The Indian
Standard (IS 3025-1964) for tﬁe irrigation water, pH 5.5
to 9; conductivity at 25°C 3000 x 1070 MHO, 1DS (inorganic)
2100 Ppm, sﬁlphate 1000 ppm, c‘hioridg 600 ppm, is being
fulfiiled by the Bandal and Song Canal weter and are
safe for the irﬂgation purposes.

But the cdncentration of phosphate in the water
is high. The average cbncentratmn of phosphate in the
Bandal river water (0.2 ppm) is higher in comparision to
 the value given by Subramanian (1980) for the fresh water
(0.02 ppm). Ho&:ever. the data is not sufficient to cal=-
culate the input of phosphate in the Bandal river by the
mining. More investigations are required to calculate the
(1) rate of flow of waterj |
(11)‘ the amount of gsediments transpertéé;
(11i) uptske of phosphorus by the plants; and
(iv)  the seasonal variations of phosphate.
Total analysis of the sediments is 'essentia‘l to know the
inmpact of mining on the sediments.
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