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I ~ 1 

Mineral-water eqQiltbrta and control or. lltho1osr on 

concentration ot Utterent tone 111 grOW'ad water tn Delhl reg! on 

were explored tn thta work. 15 water auples from dltterent 

localt tiea r.ep..eeenttq at verse 11 tholoa:r a11d 4 wate!' auplea 

troa taauna river, pcmd and abaD4oned aine had been collectect 

3 tiaea t.n t977 naaeq tn Januar,., June and Septeabe!', approzt -

•t.el7 correapcmd.tJJB to peak ld.nter, auDel' and moaaoon aeaaora. 

ror 4etatle4 attul7 wtnter data chooaen because, ft.ratlJ' 

the7 give average quallt.r ot water and aeooadll' to reatrtct 

large expuatou,· ot wol'kmkeeptnc tn 91ew ecape ot x.Phtl. dtaaer

tatlon 8114 avatlabtli t;r of tlae. 

Control of 11 thology lt.aa been obaened. tor all tone 

except tor phoapba te, ltld. ted control waa obaened ln case of·, . 

chloride, potaaalu and caleta. !heae tons are fow:t4. aad.n111. 

tn aan4 4uraee bUt in allurtua and quarttd. te tltea concentration 

ta not appeared to be gcwerned b7 11 tbOlOCJ"• Bx:cellent cODtrol 

ot 11 th.olog was seen in case ot bicarbonate, euJ.pbate, ailtca 

sodium and •agneatu•· 

Phase dlagraae etudy baaed on water ch8111et17 indtcated 

that dolomite or aragonite and hunttte are lt.kel7 to be prect -

pt tatect dependiq upon the vpea f4 cal'boDate aineral aaeeolagea 

ohooeen tor theoretical t.nterpretattoa • 

• 
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tn the stallar aanner dtttereat stlteate e7atem 

htate4 atbbet te, kaoltnt. te ead 1-t•ldapal' are :u.tcel7 to •• 
t~i 

preetpt tatecl ••• x-etlt cate .,., .. cout4encl, ill ca••'•• 

2 

etltcate SJ'&teta mtmtaort.llODt te, kaollnl te aDd quarts oct whea 

aagneetua s.retn eOAaidere4· cblo11. to an likely to be preciPi

tated ta the state ot eaturaUOJJ.. 

PS.Mll7, tht· presence ot taoU.ntte ani qua~ts te 

collfil'aed tr~ weathered p~Oduct of a pepaU. te mtne near 

M&&\l4pur village b7 x-rq diffractograpb. 
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li!ROD1JC!UI 

It •u a.U bJ' •l>)ate Pit•• Whtat.- Pt. J&wa1sal"lal 

leha t:bat aa\1lre wJ. tea her ato17 f. a a.oo~~a ot ••••• e.at rOOka 

(ltbn; t97b ), 1bla atat•ent ot Jthn t• pwteotlv tae but 

recent .... _. .. haY• pft»Ye4 tMt •t•Jil ot aatan la aot oDJ.t 

ltlll tet to eton.a allt l"Oilta but aleo to watna. 'ftle rol• ot 

water U huaa ·aft.etre ta ""41••• to eapbaat•• Vater plata 

401d.JUtat role ln ilaDJ' aeoloctoal pi'OCeaaea aD4 thta role •• 

HOopt.Dt at.n• the birth of seolog. lbe •01• ta e.Sdeat troa 

••thellq of ncb, atu •• powertul tr...,o•ttDa ..UtUI ot 

ae4ta•t• dl lllnel'all&lt'll eolutt.ono. paet.Jltatton ot tdaeala 

11'011 watttr pa:,tt.eular17 .. apol'l tea etc. Ule aore late• .. ttDC 

Pl.l't t.a cteYe1opta aoh laMr putloul.arlr t.a t9~ knon aa 

atneal-watel" ..-olltl»l'lua atu-. ftt.a baaeh ta baad em ehblatl7 

ot ...... 

ta pacta• wo-., ld.aent-ater eq,utltbrtma •t'a.47 ntera 

to tile atu47 ot latenotloa betwea water AD1 boat roote. 

chaac•• brOQ&b.t lib Ottt b7 hoat rook• ta eeatcal eoapo81 uoa ot 

water and ttl'lllUF neot.Pltatl011 fll IDineala tn. the ••••· ta 

laat '' ,_.. • eo oa• Jmowleqe ot chftt.oal bellattcmr ot ata._ 

hla at orU•I'I t•perature ta cCIIltact With watel' ha• t.aonaM4 

t,....ll4•••' tbWtOqh eapert•ntal •• tbeonttcal b,Uoceeabeatatq. 

!he llln•..,.·•m •qut.ltbl'lua •tudl" ntutNI the Jaam•ace ot 

• 



polog • cheat atl'l' a4 pb,-etoe. Ia othe:r ,,_... l t t.a tateP-

4taotpll.taar, t.a batuh· BJ' tJMonUoal uaJ.pta t.t .a be pft

dloted nooeutGll.r 1ihteh at.aen.la ue ta ._lt1tl'tua atb •••• 

or ••• lt.lielf" tt toa tt •tuaUOD et atel' taltee place. the 

tbeoNUcal prectt•tt.,oJ'! tD aNt oaeu, baa ltee n.tpeW b7 aotual 

•*P•I'laeatal 01' ff. e14 tta4tqa. 

there ••• •aa•• ae,.cte ot c•och•atcal'tn•••tt.catt.on ot 

water tor eaaaple ohelllcal qu.all v •tuc17• to1lutt01i atttd.J', 4rlat ... 

t.ec. aptoultuftl 4lli4 ta4uut.al nter qualtt, atu47, •t•r-at.nenl 

equil11>Jilu atud.f etc. Watel"-af.nual equtlt,b.Sua ato,d.J' baa bee 

dona ta 'hJtou.t eYll'omaeat 11hel"e tt ta f0Ul4 ltka •rcaaal •••• 

apd.qa, ~·••• 1*••• •toan. .. &Ill OMW• s.-. •a attnpt t.a 

betuc •de., tn bltet • to tlluetnte the protlWtaot lda•eal-uter 

••U.l>aua atu4J. '.llt.e Yali.U. aapecte ot Jl74zopoohe.t etry •n 

eQlond b7 the to&lowt.ec WOI'kaa Olbba ( t96J) • Garnla ( 1965) • 

Ganoale ad Jllafteatd.e- ( 196'f}t, Balltla ( t966, fl'l. 12). lolaae ( 1968), 

HUI'l• &1)4 AA- ( t966), Jaota ( tff,.,b), .7q&IM8D ( 191T) t 

ltnae• ( t968), Enaaopt ( t967), Lt rtaptoa• ( t~b!) • Ra,.ahua)' 

( t910), $1bn..-aa (1974) • Subnaald.atl &ft4 4 • Aqle3aD ( 1916) aact

SabtualltaD eat Dala'ft ( tm). . . 
tha.i 

B&l'l'l• •114 A4aaa ( 1966) eucaeatectl nt..- aorptft its 

coaati tuata fl"Oil YUtou• aouroea lt.ke atao.pJleltc tall out •• 

4uet, •a1t paritelee froa ••• Yolouto cleblt•• reaott.on 4utDS 

• 
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sl"OWl<l ater naa•«• ail4 ataeral 4luo1uttoa an4 the relea• 

ot ao1u.\-e. 4v.llrag cbeatoal- wathel'liiC• theft are nrloaa taetOJ"a 

vhloh corea tu eoliCentratlon ot t.oaa Ul water lite puent rook• 

tJ-pe, olf.aate, top08ftJh7• aaa •es•'-••· laca ( t91J,b), Baftla 

allll Adaae ( 1966) aa4 BaM& ( t961) eucaeatect tole ot parent root· 

tne vou14 be tapOn.U•• ad beat4ea abwe •att on.a to1101d.DC 

faotea are altlo lattortant tl&tGre of ••1• .S.o..o or«Ut•• 

peraeabtll t7 aDl tftafllllsat.btlt t7 ot roon td.dDC of two or aore 

aqdtezoe ot role. of - ta ahuatna tbe paid water nsl•• 

Weathed!J8 t.a tlle ajor aca"• ot f.Ot&a ta cr•ll4 water, 

thauch Phot.»ttaW atel' coatataa a011e toaa br tatel'aoUon nth 

tbe auoapberto sa•• (Btmler, 1911 • laaoa, t966). ·Oat tit pb,-eteal, 

oheld.oal aa4 orclllit.o natbei'J.DC Pl"OOeaee•• Clbeld.oal weatbeft.DC t.a 

ot panaout t.aponeno•• t t ta aleo taltDB place tn ••1'7 &ft4 

oltaatee ( thOftlbut• t954). Cllelltoal ••th•IIDB ot taaeoue l'oeU 

have ••• tn•eaW.pte4 bJ' vartou.e authoraa CQ'Hla (19,5), 

col4tch ( 19J8, la ftoralnli'J., tt5:lf-), Bam•• a1,1d A«aae ( t966), 

Jacka ( t91,,a) u4 Knael' ( t961) a aa tS'Ileoa.e roou ooatda larp 

IJDIIb• ot priaalf ld.Mftl.a ot dtffenat coapofd. ts.oa._ Go14tohfe 

( 19:J8) oonclualcm •• oonttnec! b7 tbete nthon that aecpteaoe t4 

Uatatecntton 1101114 be p1&8f.oelaee - t:koute - K-fel4apar .au 

qual'ta aeaae plqtoalaH wcm14 clletatepate at tuter ate ia 

oo.pazotaoa to btotl h; l•te14.,u u4 quarta, beat.4e tid a eequenoe 

ot weathertac, theae l•••ttcaton alao ae•etope4 the eoaoept ot 

• 
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wate....-..taeral reaottoa aDl e••• til-a roottq to tht.e. Kraad' 

( t966) coa .. to ooaoJ.uld.oa troa atua, ot aftlll ••• ltaeatone 

ad _,.tbotUrtll tea D:t Ghert tenain that Jraoltrd. te wtU be the 

ff.rat toraect ataeh.l all4 the toraattoa flit ltaolt.llf. te wt.U bt 

ellhaace4 b7 rt .. fit t .. teratve. pJ"eann .aact •ore a4ftaoe4 

wa~efiae• Be el.eo reportecl etable at.nel'al ·•••ea'blas•• ot 

th••• "*•· J:raitdtopt ( t967) b7 ••P•rt.etal ata«r appon.t 

that tint tol'Md ld.at;ral wt.ll be Jr.a.oltld.te. Ganela ( t965) baa 

aPH\'llat'd aa etln .. q11ece of veatberiq pro4uot t.a t.peoaa 

rooka. b• haa .._... coaolueloa tf sco; ooaa.atraUoa t.a abat 

~~ ppa sto2 , ca+t and p1J Cll be hip baaad on ttelct Uti ezpen. ... 

•ental """a'tf.ODt ta the above at.tuat.toa at.altaaeotus pneipt

tattoa ot aoataoft.1101d. te aD4 lraoUD.l te will take plaoe. ta aeat 

atep dllca oUMatatation cteollld.DC u 1 t' ie ooaeu•d br ••••· 

at.aerala aact. pa aaC1 aco; · conceatl'&tton atari tnoraaatq aa4 at 

200 PPII aco; oalcd.te Wlll preciPitate 1t nacttoa proeee4a 

tortber the 4l.ao1•~ co2 VS.ll be cona-.4 up -.1 Vo.ll4 ton aoato 

••t.ol'illOid.te •' abatttuti.on btt8lu 'we++ t• Al++ aa bF 

lno••alDC 'th•l• COiltot Gt 1+ t lat. WC++ &M JS• C&++ aa4 Sl02 

conoeatntton vou14 Udld.ell elt&htlTt ••Ute etSht ttesla io tOftl. 

uv kaoltDt te 1rCJ014 tn4 to cU.•appHI' aD4 tf,ftal aaaftblac• w01t14 

plua ... u te &Ill ·aontaol'f.lloat. te. .Be tf.aa11J 4rawa ooaelu.t oe 

that olay ta taaotton ot 4esn• ot -•mas aa4 'aa watttertrte 

• 
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pnoe.aa atltoa eta:rted ooatna oat aore and aon out ot 

Uttannt ld.aeale. ll'abkopt ( t967) expeotfl4 beata .. a'bcwa 

atnenla ohlol'l te. ctPPal te an4 ellt. te. Gtbba ( 1961) conolu4a4 

the. t paroeatase d ataarala ta aectt.aeata Uke alea, •111 te • -

tual'ta, plQst 0!14aM· vtll be eonboUa4 'bF nltat ana Ph7fll cal 

••••rt.c proo.aea atia preaeaoe fit aoataon.1iut.te will be 

ccmtn11e4 bJ OAlet.c NOka ad a ooabtDaUoa ot 1ov n1tet aacl 

oh..S.oal veatherlltl• 

ae l'eleatd.q tou to aoluttoa ta alao tfl'l'eattaatect 

tb.orOQChJ.r, both -.1• aa4 ataor tou. ta oua ot ,8f.lf.oa, toaa 

azoe l"eleaaect troa. alkali toa lllaenla lf.ke Plelloelaae (Canale, 

t965J Banta ( 1946) aa4 Bamaa A Adau ( t966) • lapel'lactal 
' 

ta•••ttcatt.ou oa dlf.oa lone waa 4oa bJ' J:raukopt ( 1967). Be 

tO\Uld tbat aolubt.litJ or atllca vartea wltb tta at.ttannt tua. 

at zoooa t .. per&tul'e quarts ta soluble upto t3 ppa &1M! tol'lllate 

weal&: atlt.cto aot4 (B.4sto4). ta ,oaae of aaoJiPbaa atUoa or at.ltoa 

cal eolubtllQ' oan co u.pto tao ppa. Be aleo t•••ttaat.ct the role 

ot ,;& , the aolubtlt t,- c6 IIlli oa f. a conate.Dt 'below tG fit 9 at 

ol'diDal7 tnperatare an4 l t laona••• npl41J abOY• 9 p8 t.a 

coUo14a1 ton. lil orataa17 arGWld •t•r t. t .f.a toaaa betwa 

to-60 ppa. the conclutd.oa le 4raa that alUoa le •tate ot la

•q,utltbl"tua •t.the~t etltoa t.e aupplt.ecl :l.a l••• quaattv or lt t.a 

uaaa up 'b7 orsaftl•• 

• 
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Ia ou• of caJ.Olte tatereattas obaenatt Olla nre •4• 

b7 lrauakopt ( t961) u4 Jaota ( 19'1J,a). Kraaatopt p01ate4 •t 

tbat oa1ct te ta •oh aoluble tn ool4 water .a l'elaaalna aol'a 

ca++ toaa. Be tia4a oat that aolubt.ltty ot oalolte ctepflut• em 

the aturatloa of water wt.th o~oza clloztde, the co2 te aore 

eolubla ta oo14 wat. heaoe aore oarbord.o aot4 wtll ro.ra. ftla 

oal'bODt.o aot4 llll1 4taaol't'e aore o&lot te alld toaa oalct tlbt. - -

oanoaate. JUlc$ ( t97,,a) obaerYe4 that oalot.ua oonoetnttOD 

.taoN&eea vtth ..Uiltt7 ot the vater aci oalotte wtll pnotpttate 
.. . ~ . 

ta q\d. te ultne wate.r but ta caee ot aea ater taatHd ot cal ct. t. 

aragord. u t.e pl'eel»l t&te4 (PetUJabn,\9S7). Ban4a ( t91') eaenea 

that pB 1 tndtoat• tree co2 gaa px.e•t Ua the water, he attft• 

bute4 thla to ~PI4 ct.roulatt.cm ot ater wlth l'eault that taautn.

oteat Uae ot contact between rooke an4 atar or abaeaoe ot 

caleta ataerala 1.0 the rooks. 

Regai'Uq tbe other tone, Xftllaopt ( 1967) -.eete4 tho 

••n•• ot c•. Ba+ ant IC++ t.ou ta ater are tel4epal', aoa, 

aaphtb,la, ppoaae ot ssaeaue rOOks ADd •ut•a acht.ata act 

snetuea ot aetaaol'l)hio rooks aa4 aounea ot ohlol'l4e ana sulphate 

ta el thel' contuillat10ft of nlpbate water and otller tratera Of' 417 

fall Ollt p&l'tf.Ottla1'17 ta coaatal reaton. 

Water••lneral equtltbrtua atuq t.a zt•er •ter •• ctne b7 

•azot·aa workers. »ala'fi ( t9?8) • Qane.la aft4 Raeteasta ( 1961) • 

Gt.bba ( 196'7), Rollaaa ( 1968), Japl"allD ( tm), Ltvtaptone ( 196'), 
\ 

• 
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Jl&JUh••r ( 1910), Sabnautaa alld »alan ( tm). Koat ot 

their work nlatecl to coutmctiOil of l'h••• dtaeraaa ot 4ttt•nnt 

coapoaet, expertua11al ••nttoatt Olle ad theoattca1 ft"'fllrac• 

a64 erOid.oul atuc\f ot oatohaeat area. 

subraae.nta ad a• J.acl~aa ( 1916) froa the atue ot 

st. Lawnac.• ••tul7 pnUoted that lraoU.Jd. ••• Jlfc-ehlol'lte u4 

atonoltu cao · tte eap.cte4 to be present ta the aea.an t. !tler 

haYe ooattraeel the theonUoal ftndtac bJ' &•l'&r atae1"&108loal atud7 

ot ... ,.elect ...... ,. 

B&ll4a ( 197.2) actuallr obaei'W'e4 the pt'eauoe ot taoltDf. te 

..a Jt-at.ca ta na,..Secl aatter ot GaDS& l'lY·ttr, thla o'baei'Yatloa 

•aa ful'thel' acmttftecl bJ' J'$J'&N- ( t97?) ta hta ••oretloal atuq 

ot ld.neral-water ...-ubrt.ua tn Ciaqa l'l••~" band. oa ohntcal c1ata 

d••• bJ' Bu.aa. Balm ( 1918) both theorettca11J' all4 espel'laentallr 

repOJ'ted preeeaoe ot lraolt.Dt te ta taauna 1'1Yer ater. atlaruaatu 

( t914• on hle ·-- ot st. Lawrence rt••• precl1oted the preaaace 

of kaoltlli te llttt he 4i4 aot collftra hta obeOft'ati ou b7 eQetan

tal atud.J". Gtbbe 0 t961) • anael' ( t966) &ft4 SUbraaaDia ( t914) 

4ba concluat.OD that 4atua• badll charactera are U.kelr to 

l'etleot ta rt••r ater cb..t•b7· !bf.e tnNt ot ••«r ••• b ... a aa 

eolul»le 4f.uol•·•4 1-0ila aDd ••Ptta4ecl •atten. 

h,..ah&..,. ( t9TO) repprua. n•4 oa ol4 gorenaent 4ata 

the pn4oelaaace of aectwt.tcal weathertac ••• cb..S.cal nathefl.q 

t.n Gaca rt\'er baetn. ht J'apnaan ( tm) -oontra4tcte4 thla ana 
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oa the buta of oar'boaate equtltbJ'la atuar euaceate4 cheldoal 

weathel'iac 11111 dOIIl•t• •• .. ohantoal .. atbel'lrtc• 

Ganele a4 Maokeaste ( t96?) ooaolucld rroa the etu4F ot 

Clbeatoal ooapoattloa ot apr&l)8a aa4 lakea or v .s.A. that eoapo-

111. ttoaa.6/ .,. eonaletaat w1 th a aoctel •toh the Pl'1•l7 root 

.fol'lll88 alUcate• ue altvect 111 a oloae4 apt• to a aoll ataeftl 
ftL . 

plua aoluUoa ta a attf:q atate •qutllbrt.u uth their ldurala. 

Jatal""-af.aera1 --lt.1)1'J.UII atuciJ' 1D Oa .. ot CZ'OO.I'Ul water 

te aleo clone 'b7 Caft'ele ( 1965), Bantaa aa4 .tctaaa ( 1966) • .raob 
' 

( 19?J) eto. Barrt• all4 Adaaa practtcte4 the pra .. aoe ot JcaoliDi te 

aa« aontaod.llOfti ta Ia the •tl ot craat tto #Ooka aftll th87 alao 

uae4 tbe atabllt.tJ' Uacraaa ae a ae&DIS ot ftll41DS out utui'J.t, 
' ·. 

tDilaa ot aoll. laota ( t91') ta eaae of a SOilth tndtaa dlatl'lot 

pJie4tote4 kaoltld.te would 1te aat.nl7 present s.- water. Banda ( 19'?) 

aa4e tile ataUattoal aeochellloal crau.a ntu ot atu47 of C\lcl4alore 

4tatrtot an4 drawn ccaolusioa that ppa. coaceatratton dl aco; 

tncreaaea vl th t,ftf.'I'•• ta aaltld. v • Sn aaother atua, ot I eat 

Beapl.. BaDda (t966) 4aa conoluatOD that tt .,. not ... aa\lal that 

total 4laao1Ye4 aal ta aDC1 aoluble oatl ou ••14 &lft7a tac~eaae 

wt th taozrea.. in their conclaotl •lt7. 

Dle srOWle!J. wter t.a ·.Delhi Nil OD ta Wd'eratq acroae 
. . . ~~ 

warlou.a 11 tholoat.oel toraattoaa ot Yal7ill8 ace &1l4 't'Al'J1ft&' olt•te 

(Chapter II). O.C.D4 water of thl~ area ... tnY .. Ugatect b7 

Yaztoua WOI'kera fl'Oa titfezoent pof.rd Of 'tf.n. fta taportaat 1rorkera 

• 
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._.. Bt•••• Jaa a4 Vel'lla ( 1964), Pallnl !1•.11• ( t916) • 

ao7 ( 1969) • sett ( t964a,b) aa4 sett 6 lh&DDa ( 1969) • the 'I'&IIUI'la 

rt.Ye.r aroaua Delbl -.. tueettcated b7 Dala'f't,. ( 1918) • 

ao7 ( 1969) ta bta atudJ' ot Bol'tla tadia brtet17 aaortbed 

the anel'al arODD4 RWI' eon4ttt01l or thla nat•• Bte1f&ll .U• a!• 

( 1964) haYe ta••ettgate4 thta uea froa cpaalt b" ~tine ot well• 

tol' lntcattoa purpoaoa aA4 tlaey haYe ... ,.rect the wa.te ... table, 

tluotuattona s.a watezo-tQle U4 pnaeate4 lal'lre aumbel' ot partial 

cheatoal aa.alPle ot vat.ra tl'Oil ctt.ttenat hdoa. sett ( t964a,b) 

ancl Sett attd lhMaa•a won t.a.oludecl water-table atu4J', •t.r

losctrc prol>lea .ot !iorthern a4 Weaten :Delhi aa4' p&Htal aal.J'ala 

pt dlttennt plaoee. Sett ( 1964,b) aade o•p~eheutn atu4t ot 

htsh17 alt.u wam fit l'anukhuapr an4 Sllltaapur uea and 

repone& 4 ooaplete anal7••· Btawaa baa obaene4 l'lae ta wter 

table troa • t to .15 aeter tu tid. a regloa &ll4 alao d.la011aaecl 

aeaacmal fluotoatt.ona ta water table. Paliwal aa4 laclaY ( 1916) 

ute eaoluat•• atudy or groull4 water tr• -sl'f.cultural potat of 

new aacl dlaouaa.a the aolulttlt t7 ot ater aa4 a-eporte4 larp BUaber 

·of partial ohealcal ualJ'e••· 

tt Ia clew tna the u•• re'Ylew ot Delhi rqtoa ttaat 

prevtoua wort ocmatata ot water table tluotuatton, parttal oheatcal 

all&l7aea ate are ·ta tun. ·Interpreted ta teftta ot qualt tJ" troa 

4oaeatto aJJd acztoaltural potnt ot ttew <J.ne general all4 nature ot 
' . 

•tel' table •. 

• • 
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§oope ot p:reept !!ft 

'l'he pnaeDt work con•teta ot etae:ral-ater equtltl»l'lu• 

atutl' ta Delhi ad put ot l&l'J'&U state grCil'll4 waters. Ia orcter 

to produce a geneftlt&ed ptotun fl the reglon water -plea 

•ere colleotu f&"Oa au tbe rock t.fpea tn rough proporuon ot 

tb.etr ael'lal dt•trtbuttoa ana e01ae •ter -plea are aleo collect,a 

fi'Oa ezpoaect water bocttea like rt:ver, poad. all4 abaadoaet atne. 
· . Sell\ dfne ,_' 

· . seaacmal -pltq d water t:roa the .-•' wu a110 to etaq the 

aeaacm&l Yal'latton ot ater .. · 4ua1t t.r eat tte tapaot oa ldaU'al

nter equtlt1u'la. But thte work te conttned to onJ.T WI.JSter aaaplee 

beoauae avence aater qualtt7 1• ••at.lable tn thta aeaaoa and 

eoope or a.Phll• cllaaertation a1ld avaslabt.Uvot tue -~ other 

taoton. tt la beltevect, wtnter aaaplu ai•• aYerase q\laltty ot 

water beoauH ther• la no exceaat•• eYaporation of water aa t.t 

happeae ta .... r wbleh oaueea hf.shel' ooaoathtf.OD of tone ta water 

aD4 ta raf.DI' NUOD then te aucli Ulut1011 ot toaa take place because otl 
peroolatloa ot n.tace. •••·. !he quaats. taU•• 4etemaatt.oa of pB, 

ooaduottYtt,, total 4t•ao1Yed nlta aDd -.1or tone .. _.. doae la 

the l&bora to17 • 

The poaat.ble eou.rcee ot eulphate, pboapbate l!dld cblortcte 

toaa ha•• ala~ bee explored ta tbta work becauae thea• lema are 

U8U&l1J' aot pns*llt tra ataerala. 

• 
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!be area lM1u4e4 t.n, this trork ta11a ltebeea 280 t5• 

to 28045' latl. tude u4 ?~45' to n•so· lor.act -·· .......... . 

than 3800 aq. lal. eh01fll Ill PiC• t (sett, 1964) ~ ltle bpol'taat 

ei ttee aaa t:oWJ18 ot thla al'n ue Delht ... lt4a1uul, Curcaora. 

1&.1 at CUb • PUI'dbe.DaBal' .a Bactarpur ot Vat. oa tent to17 ot 

Delhi a4 p&l't ot lu.raaa State. 

Cll•te 

&coordtfll to Sett ( t964) the aoet jart of the area coaea 

ulld.er. H1d art.4 tn• ot ollaattA flll4 part ot area pe.rttcularl7 

•••t•a ••on ta haYI.as utct t~pe ot oltaate. tbe teapen.tua-e 
I 

val'f.ea between 6.50C to 47.<»-C while ae&D teapeJtatur.e ia 24.stC 

the lo•eat t•peratve t e fouad. ta the aonth ot Deoeaber all4 

lanual7 and htcheat ta the aoath of I&J' u4 tlune. 

the ntDfall tn thte recton ta erratS.o aa4 ueraae te 

abwt 55 eu per ,-ear. the ~or part ot 1be rata tall takes 
~e.t:\,SOh 

place tn the acmeocm ucl While a ..-11 part ta Deo.-er an4 

Jarme:q. soeetlmee floocttnc aleo oooal' t.n thle nctcm ta •oaeoon 

aeaaoD. 

fhe aaouat ot ntDfall all4 Yutattoa 111 t•peft.ture both 

4ally aa4 anmJal are llkel7 to haYe •bataattal etteet oa the 

quallt7 ar crouna water. 
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Topo,ra.Jb7 ta also oae ot the important aeolostcal 

faotol'e wbtoh pl_qa a.jol' I'Ole ta the rachaz-ce ot gi'OWI.d. water. 

file gr011Dd water recharge ta ••re tt area ta plata ad 1 t ta 

leaa it arn haa hlch dope proYtclect other taotora reatn the 

aaae lite root i;Jpe, tnoturee, .t~Oiate, fl.••¥••· •es•tattOJl, . . 
amount ot ratata11 ad uount ot ••a.porauoa. 

The ••t pal't ot the area ta plate ta aature oaapoaect of 

alluYf.u anct part ot area ts oo•poaecl ot lltlla and aaact clunea. 

llllla al'e proatuat teaturea ot quart&t te (S.tt, 1964). hlht 

R!clge ts touaa ta quarttll.te terrata, entere t~o• I1IV cttreoucm, 

ta aoat taportant feature ot the -.a aD4 ta· alao aottnc aa . 

water ahe4. 

t'be TaaM. te the oJUr peraual l'tYel' traver•• ta the 

IB put ot the aft& e4 h t.aot eattre area ta part ot tauaa 

Dr&iitale baatn. 

Geoloal' ot the .area 

'lbta arn I.e coapoee4 of cttftereat llthologtoal fortJattoas 

Of heterogeaeoua oharaoter ancl ot qut te dittennt aa•• !ben are 

' lsportant seo1o8loal toraattoua aet tD the area 'ria •• .Delhi 

Quartsite, Older .anct touapr AlluYi• ad Sancl ctunea. 'ftle geolotrl' 

an4 4tatJlbutt• ot these toraattae are uoa ta Pig. t. ae 
important aeoloateal. oharactwa are ooadeaae4 t.n fable t • 

• • 
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!ABLB h OBOLCOf OP DElat IIGIOJI (SVIUf.&ltSID PROJI snr, t964) 

s.ao. ••• or tbe tonatf.Oilll 

t. Boleaa Santa 

2. Hewer Allunua 

,. Older AlluYlua 

•••• Delhi Quartdte 

• 

Receat DeYelopett.· Sa naten part. It SUd 4unea 
ta all aorte4 fUze to •Uua 

Boloceu 

S~"at•• oout.ate ot quarts, 
re......-daa aunla u4 --
flakes. 

Fouad t,n. eaatem part, tonecl 
1>7 auua lat4 aaa4, atlt aD4 
tlap CftJ' ta oolwr. 

Poae4 t.r eroatoa aa4 atr ... 
tnaepol't of be4 rook 4ebJ'l.a 
ad ta pan tnat tu weathel'lftB 
ot bid rock Mtel"ial. Btto
alYe clletahUCIIh POOI'lJ' 
aorte4 akl'tal. 

cwen 2,_ ot the ana; ooa
paot, thf. OklJ' be4dtt4, ver, 
h.ar4 ua bluish 8hJ' to pUe 
8N7 to oolODr. Qaarta erata 
llaa rttreoae luatre aDCl 
b.naka wttb subchoas4rot4al 
traetun •. 

sand ta aedta to 
cou• al'dnect. 

Chanotel'lsed bJ' . 
Kaura, ealctua ca r• 
boaa t. aoaul. .. · ate ll 
are fOWICl at the deptll 
ot 2.4 to ' raeten. 
:POl'l!lecl. tD the BOH of 
aotl water, 

BtlblJ" jotnte4. LGCall7 
tnbwte4 .,,. the pepa
tf. te vetu partt.C111arl7 
11.1 Maau4tmr ana aa4 
vozt:able .taoltld. te 4epo
at t ta aaother cbaraot
ertatto ot· ,...aU te • 



Occurrence of GrOODA Water 

Ground •ater occurs la all the toftlattou found 111 the 

area. In allun• u4 saacl d.UJt.ea the p0Uia4 water ocCQ.ra ta the 

tnterl!tlcea or pore apacea ot the oonett. tueat grat.n8 lpq •lth 

in the "aone ot aaturats.on. Qua'l"tsl te S.a Yef!J' coapact rook 

hence eource or gr01lD4 water s.n quartld. te ta ~Oint alld trao~re 

plalna which lie w.t.thtn the cone ot aat:uratt~. The ground water 
1-10 ' 

oceura tn water table condition aeau tllere t-'tapentoua aqUifer 

which e0t1ld create uttataa oondf. tt.ona on the eurtace. Tb.e slow 
' 

recllarce 1rate tn sand dunes avtdeat t~c. patohea ot water loggtq 

euggeata looaU.aecl pootet ot croua4 water. l'hta obaerratt on t a 

aot oonts.raect (sett. 1964). 

Depth aad Slope at Vater Table 

The prtnGtpla aouroe ot recb.arce tn the area te ratn tall 

aacl to a011e extent part17' dowaV&l"d a net lat•ral parco1atton ot 

the tanu ~tar. Recharge ot sroatll4 Rter te controlled b7 

Yai'i oua taotora ae dtaouaeed tn Chapter I • lite aaotmt ot preot -

pt.tatton. aatura ot toposrapbJ'• nature ot aou. coYer. rock t7P•• 

cul tiYatecl area, aaOt:&nt ot pnaal')' and aecoD4&17 poraat"' like 

tnotu.na end. jolDte in the roc!'• The aatn aouroee ot clischal'ge 

ot groua.4 •'•r an aug-vell, tube-wll, eYapOI'&tlcm, ·apl'f,aga aad 

lateral acweaent ot water to deepel' depth • 

• 
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The depth to •ter table Yal'lee troa .11 to ''.51 

aeten below lad. avtace in winter aft4 1.49 to 32.57 aetera 

in the auaaer (s•tt, 1964). tt iraclioatea •••onal. fluctuation 

te veq nall. The pro'babl• seaaoa tor tbta ta water clS.aohU'Ie 

te uall 'beoauae •ater tuall t1' in aoat part ia untt t tor doaeattc 

purpoeea uct water requtreaeat ot the ott7 te aet 'b7 taauaa. !he 

water table ta llh&llow t.a the aaad duaea aa4 allu•t• ·ana cl"P 

ta quuot&t. tea. sett ad Xhaua ( 1969) obaert'ecl that uar17 84~ 

ot the well are baYing the •ter table 1f1 tJt.ta depth ot 5 aetera 

trom the aurtaoe ad a .. rll' 4P •ella are la the 2 aetera. the 

water table aractt.ent t.a alee Yartable troa place to place, 1 t t.a 

.• 75 m/'ta at ru!UJdaaaasar wllile .19 a/a tc the north ••ten 

part. 

ta localt ts.ee, *•" water table t.a ••117 ehallow, th• 

oaptll•17 tliDCe l.atercepta e1 thea- laad auzotaoe or approaches ••r, 
aear to 1 t. tn aJ.cb oaaea tn ell')" aeaeoa salta an broqht liP on 

the aurtace bJ capt.llal7 action which toraa aa laperaeable lqer 

~ nrtace or ~uat below the avtace which ultiaatel7 reaul.tiDC 

tato water logstDS• \fhea water eYaporatea a aal t la7er fort~• on 

tlle aurtaoe, wbich is at. t• gleaateDiDC S.a a&\ul'e• la loeallJ' 

Jmowa aa • ieh •. Water lOB« eel patchea are extnalYelJ' cleYelopecl 

bet ... a farmkhaaagar. Bul taatNr and ac13 otatq ar•• Ill the •• 

looaltttea 'lleh' J.qer ia aleo obae"e4 ta patchea. 'ftle wat•r 

. logstDC i • alao oe.uaed 'by ltukar becle ot carbonate ot ltae allcl 

• • 



MPeata, beoaua•J:aakara are relaU'f'elJ' i•P•I'lleable 

(Btawaa, t965t sett ud lhaaa, 1969). 
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I USODOLOGt 

Proper eaaple- oolleottOD ta the u.tll ttaae ot ·all7 

eolentttto work a.d tta tapol'tanoe ta neodl«uaa to be atat•4• 

!ben "" 4 iapoi't&Dt panaetera for eaatle oollectt on had been 

taken tato coaidd_..UOD, ••17• ttae ot eawple collectt.OD., 

rook trpea, dletaaca betnen two aaaple apote and aaurce ot 

Pluotuattoa ta water qualt V ave a peJ'lo4 ot J'e&l> ou 

be obaei'Yed bJ only oolleettac the eeaaonal eaaplea. t4eall7 ta 

one .rear ' tta.. eaapliDS ehodd be done at the Ume ot peak 

aeaaOD, •••~• 111.nter, euuer 11114 acmaoon. !heae aaapl• dll 

repreaet the tapaet ot oliaate on qualt. tr tJJl water •. seasonal 

-Plliaa ot ae1eote4 &I'• ta alao neeeaaa17 beoauee it ta tactq 
"'t 

enreaa t7pe ot cliate trn cbtl17 cold to aoa"tcld.ac hot, 

ta behten a.onaoOil aoaetf.aea realt into wtcteapreact flood, there

tore, eamplea •H collected ta.Jamaai'J', June aa4 Sept•ber. 

Ae atat.._ I.e Chaptel' It that there are 3 tmport&Dt 

fOl"aattona preset and thq have unequal aeographtc .dtetlibutton. 

It 111 roughly calGlla'ted aore than.,. area ta coren4 by alluYS.ua, 

abCilt 2,C uea ta ocwere4 b7 quartd tea arad nat b7 eancl 4uaea 

and there te necltstb le oocunnoea ot pegea tt t• pa tohee • be•t4ea 

the• rook tJ'peeh tunuaa 1a the penant.al rtYer 1'lowtaa aoroaa 
' 



19 

like poncta aad water tilled aban4onecl Ill••· !he 4e•aaa f4 

thf.a obaenatt.on ta ihat eaaple ahau14 be oolleoM4 fi'Oil each 

rook t,vpe aD4 water btctt.ea. 4 fatr ntmtMntatt.on •• st.Yen to 

thta o'baervatt.olh saplea wre aleo oolleotecl troa fl"aal8-Ta11Uila 

area (aah4ra ant KoUa YS.ll.Ace) becau• thta area ta fol'llect 

b7 newer a11u.aua, aM there la poald.blll ty ot m 1 , 7 lateral 

pel'oolaUoa or aor•et fit tall\iaa •ter t.n thta ana becauae 

water table le ve'q ah&Uow in the region. 

SUplee wn oolleote4 t..O. d.t.ttereat tTpea of aa.u•oea 

llke tube-well, baact-pgapa, due-vella, taau r:t.Yer, pcm4 ant 

ta all, 19 aaaplea wre ooUecte4 trOll the eattre areac 

4 f'roa quart&ttea, J trows ean4 cluua, 8 frCIIl allu'fiuaa an« 4 fr011 

espoaed water boatea. the at tea· ot tbe cllftennt aaaple .apota 

haYe been abowa to ftC• t aloas wlth other 4etotla. 'lite loo&ll tJ' 

ot the saaplea, rook t7P•• ot the aaaplt~tg at. te, eource of aaple 

aD4 approxtaate 4epth ot water table are auaaartae4 tn fable 2. 

~plea wen co11eotect troa p~4etel'!rllne4 localt tJ" til one 

11 tn polythene bottles. Plrat ot all, clean bottle• nre ••he4 

twtoe wtth aaaplea ater u4 thea tt vaa cll'lea aad the tnilh 

.. ple water waa cptck17 tl11e4 to the bottle Ull the aath. 

Care vu aleo bet~~g taken to ••• that ao at.r b&'bblea reaatn taet4e 

the bottle• an4 at•r r•ovt•c all air bubble• tt waa qulokl.J' eealed 

Ill th• tl•l4 Uaq. 11&11e ot the localt Q-. rock t7pe ant aoo.l"Ce 

• 



fABLB 2t SAJIPJ.I Sots. DBPIB OP VATD t'JIY, . BOCK fTPB 
AID LOC.A.Lltr OF SAIPLS SPHS 

s.so.l aodc tJv•t•••• ot the ••»1• ap0t nQtb .or sou.ne 
water table 
t.a appi'Ox.atft 

"'t· ... ~-( 

'· Delhi Quartd •• Jawaharlal 1-eJlft t2 Tube-well 
Vat.Yeret.tt 

2. Ba4arpar ,_, Due-well 

,. lasd.pur '' -cto-

•• Wehraull 18 -cto-

,. .UluYlua Shall4e.n · ( f· taalaaa) 2.5 Rua4-paap 

'· Kotla Vll188e(-4o-) 2 ··-do-

1· . !1 1ak lf&Sar 2-' -do-

e. 0Ul"S&OD tO »ug~w.11 

9· La-1 pe. t lqe.r 4 ·lucl•P*IIP 

10. ia,Safeam ' -d.o-

tt. Pal't4aba4 · 14 tube-•11 

12. Delhi cantt. ' Du«•ftll 

.,. SU4 Dane hft'UJdlaaapl' 1.8 Du.g-nll 

••• hl'ftldlaaagar '·' laml-pump 

,,. Sol t&DP\11' '·' »us--11 
• 

16~ kpoae4 ater Okhla r ... aa atYer Sa.:rtaoe ot 
boat ea. ..... bo4t••· 

17. Vaatnba4 -4o- -4o-

18. &ll'-.1 Dua4 POII4 -do-

tt. P..-ts te Ktne Aluuadon.a -do-
Rtne 
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were alae aota4 4own. Depth to water table •• aot aeaaDred. 

ta tba tlalct, it waa takea ,,.._ the wort ot Sett ( 1964&), eo 

collaotad lazoca D.Ub•l' ot •••Plea troa the enUre area uct a lao 

.. anl'.t the actual depth to water tabla. Vinal eattaatlcm 

•• 4ona la caaa or dua-•eU.. rt le 4eldro4 that eertata 

obaa"atlcma abc14 be eaie oa aaaplirag apot i teelt like pit anti 

alkallftl V• however, laeoauae ot lack ot faoU.l t7 l t oOU:ld not be 

clone in the tte14 btlt •• eoon •• eamplaa were brought tnto labo

ntoq, the cteatnd obaa"atlon •• aa4e lned.t.atal7• 

. 
laboato17, pB, coll4\JCtlYlt7 aD4 alkaUnt t7 wn .aeaauncl. pll 

vaa maaaure4 bT Pbtllpa portable pi meter, cODducttrit,. aa ••nrecl· 

'bJ SJ'•trOiltea ooanctt.YS v aet••· Conctuctl'fl t,. wae aea•.-ect in 

fd.oroahoa/oa2• At the eame tlae cnduotttt v ot etanclai"Ct aoluttoa 

ta whtoll tnon aa<autt ot soluble •• cllaaolv.a waa aeaaure4 to~ 

·ttravlq calf.brathoa Cftli"t'a at roo. t•penture aa4 preaaul'fh Vr011 

the help of tld.e Clbart aaont ot total 4tuo1•ett ealt w.a calculat.a. 

llc&rbO.D&te alkaU.ftl tl' waa 4•t"eralaa4 b7 tltn.Uoll procedure 4aa• 

ert.bed ta aezt paratfafh. 

- ~ ... .... •• labo:ratoq bf atan4al'4 aetbo4a, the lema are Reo,, Cl • so4 • 

- + + ·++ ++ . P04 . t K t Ba t Qi. t 118 and st.o2• 
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J t)'pee ot anal7tloal teahDiquea wen uae4 for quantt.

tattve a.aalyeta aamel7 UtraUoa techDtque tor &co;. Cl-• Ca++ 

aD4 Wg++. tlaat ph.ot011eter techlllq,ue tor aa• all4 c• aa4 apectro

photoaeter techlllquo tor reat of tone. the bd.et 4eac1'lpttort 

ot .US.pte4 aethota te ae tollo••• 

Por tl'louboute tone. a kaoa quantltJ ot a&ltplea •• 

tS.tnteci aaaf.aat ~·1 tmUl ualas aeth71 OI"UC• ae' tatU.catar (Rarua. 

· 1968). Chlol'ide wu 4et••tne4 by tt tratlng the mown aa•at ot 

ee11ple. aaalaat .221 ACJIO' aad potaaatu• ohro.ate le uae4 aa t.adt

catore (warttn~ t968). ta ·~·· ot calctu 8114 ucaeat.ua ataactaf'd 

IHA techld.que ae uae4. A fl/50 BDT.l. aolution waa pnpa .. e4 alODS 

with two butter •oluttone ot 12 and 10.2 pJI. nret oalctua was 

eattaatet Wl th J co buffer aolutlon ot pi ot 12 b7 uatft8 •red. de 

lttdicatCIII".• Af'tel' d01Dg thte freah aaaple ft8 OBOe 8#GJ1 titrated 

for oalctua aa4 macDeai.Uil uatllg el'loolu",oaa blue tndtoator im4 few 

4rope ot butte'l' ot pB ot t0.2 (Aaei"J.oan Public Health Aeaoctattoa). . . . 

So4lua uut potaaalu wae 4eteratna4 b7 foahl'd.al flue photoaeter. 

Betol"e actual auple procea••• ta flue photoaeter, first eaU

bratlOJl c:nu.ove waa 4na br tald.ng ihe readtar ot ataatarct 8Uple• 

rangt.q between t to 10 PPII of aodt.ua aa4 potaald.ua ooacatnttn 

nparatel7. !he rea4t.nga ot actual eaaplea are obtained after 

l'equf.n4 4t.lutton br 4oabl• 4:lettlled ater. 



SUlphate etUea and pho.phate aeu\lftllllent •• etoile b.r 

lOti a,.otl"opbotOIIet.r b7 li8lftB atadal't aetko4 4eacl"lh4 ta 

Qolteraaa ( 19,;). P·or all 1beH aaal.ra111 ttrat ataadaM call -

braU.cm eune weft 4raa b7 uatec aaaplaa of tmnn concentration. 

!b~a aotaal eaaplea wefe raa OD the apeotrophotoaeter with eatas 

4tttennt n•ele_. et ltcht 420 .•.tt. tor sulphate. 5JO aJ.L tor 

phosphate ana sao • A{ for alltcate. 

fnataet or 4ata 

AU tile a1lallttca1 reaulta were coa.-•rted tato ppa. !ha 

ooncentrat:t oa fit •ach t 011 wu recaloulattt4 ta tena or aolal.t. ty 

,,. v.atq the t-.la 

aolall t, (1d) • PI* x 10 .. , · 
gna aolewlar wetaht 

ta nen .,., tate etl'eJIIth ot the eample ••• calculatet bt foftftlla 

4eaertbe4 b7 Ga&"rele and Chrtat ( 1965). 

:toate atl'elaath (t) • Y2 
D 

1~~:~1 

mt· • aol&U. ty ot l till yt4ual 1011.8 

zt z. oharp fit lml.lfl.clual lOAth. 

Actlvt t7 eoefttcteat cu be caloulate4 by two aethoda one te 

»-'•.r-Buckel equatl~ and aaother ts 11teaa Salt ·Jifatbod. In cue of 

told.c a-.easth leee than 0. t ae ta grCNn4 water. f&-eeh water; rt:rer 

vater Deber-Haokel. equaU Gil t.e uee4: t.t t t t.e more tbaa 0.1 ae an 



s.so. 

1. 

2· 

'· 
4· 

'· 
'· .,. 
a. 

9· 
to. 
u. 
12. ,,. 
14. 

''· 16. 

1?. 
te. 
19. 

Table ttta Aaal7at• or DeW Qr~Wld tfat•r (Wtate) 

Dat• of -pllqa 28 - '' laDUM'I' t9?7 

lleok tn- pi Ceadu-• a co, so .... ot t•• .,., Ct1Ylt7 Dl Sl02 4 

taauaa W&tel' at OJchla - ,.,, 580 530 85 244 48 

taatla Water at - '·' 540 481 102.5 2f9 56 
wast•pul' 

~khun4 Poad - 8.2 860 .,,, 62 " 291 

A'baa4oae4 lfla• Deal" - 9.2 2,5 t8t u.; tO 45 
Raauclpar 

Sllabtlara Allu'flaa ., ·' 2700 1807 108 66 430 

Jtotla Vlllac• -4o- 8.2 t0 50 946 75 46 ,,2 

ftlat la&U -a .. s.a 1515 1305 83 fR ,,, 
Delht Cantt. -do- ., . ., 800 100 t18 54 278 

1fa.1afcam -do- '·' ''50 Ut8 58 .,, 416 

x..Jpat ...... -40. ?.25 1400 1148 94 61 290 
av.raaoa ...... 8.2 t120 958 11, 59 206 
• 
Partdakcl -do- 8.1 1000 858 94 ,., ,,, 
Parnkhaaacar ·saa4 Daae ., .• , 12000 1942 - 32 25'' -
SUltaapar -do- .,., 1:5000 8505 10 '' 2,,, 
Pai'I'Uhaaacar -to- .,., 1820 4615 59 39 66, 

J'awaharlal lfehn UatY. Quutat t.a.o 810 S14 lt2t 48 200 

.JJaaudpo.l" -do- s.t 940 668 no '56 ?5 
Ba4&rpol' -do- 6.85 1030 912 ,,2.5 44 3'75 
RehrauU -to- '7·45 2810 2318 111 ., 1'50 

tteortductSYl t7 Sa ld.oro Slle-./ea2 • AllP other data ue ia ppa eaoept pB. 

P04 - ••• x• c ++ ++ Cl • ... , 

12 47 75 28 26 " ,., 
'1 48 28 56 16 

., 119 191 , 
" 19 

4 ,, ,. 25 tS ., 
9 ,, '750 54 2S1 145 

11 59 211 tOO 92 ~ 

8 281 250 94 96 144 

., ,, t46 96 :52 41 

9 t72 225 125 '' ~ 

" ,., • ., 261 167 14 90 
16 81 190 56 96 49 
15 62 ,,, 8' 55 20 

tO 1015 900 138 664 514 

t2 2561 1620 247·5 718 278 
15 2562 80S 175 244 tOO , 62 83 42 tO) '' ,, t56 ,,, 125 ..,., 

'' . 
5 125 125 125 58 " 5 266 4t2 ,.,, 

"' tOS 



esuple eea fttel> whose lcmto •treagtb. ta 0.1 or super eaturat•4· 

bl"J.ae Mean Salt Jletb.S ta u .. d (ciarrela aDil Cbrtat, 1965). !be 

tome atnqtb ot allal7eed. aemplea nre leu than o. t beace DebeF

Buokel ttqQ&Uon na uae4 11btch le aa tollo• (Carrels aDl Chrt.at, 

1965): 

lben r1 • acttn.v coefttctent 

At a•a 
zt 

t 

• oonataat 

• cthaqe at tault9ldual 101'111 

• · tonto etreqtl:h 

'lhe value fit At a•, B are the fuactt.OD ot t•perature. for dilute 

aoluttona the abOY'e equation ·aodtttee to 

At 25oc aa4 t at.oaphertc p.-eenre the value· ot .t t• o.soas 
(stu a.4 warcoa. 1910). 

tn nezt atep actt't'l t7 of each ton vaa caloulat.S b7 aultf.• 

plJlag act1't'l tT coetttcteat d4 aole.ll t7 ot ln4f:rt4ual tona 

a,_ • actt.vt t7 ot f. oaa. 

!be acU Yt t1 value al'e coDYertecl tnto logal'l thato value tor 

plotttac the data tato atabt.ll tt dlacraa. All the valuea are ahow 



TABLI tVa .CALQVLAfBD VAJ.UIS OJ l~p!Oz• lCW ~' log •:: • 
l'8·•Y2pWa++ aact pB•Y2pCa ++. - . 

s.1o. Looatt.OB ,sto2J ~•t~+ ·1--r2pMc•• JR-Ya,ca++ 

1. tawna ( Otm1a) 4eJ010 ,.1 
··~ 

5.92 J 6.25 

2. raauna (Yaat~)J.OOOO •••• ..60 '·'' ;.a, 

'· suraj Xhuad 4·1182 ;.to 6.06 '·'' 6.55 

•• Aban4one4 Jllne 4·0'192 ,_,, 1.85 ?.3() ., .,9 
;. Sllahci&N '·0792 4.to ;.so , .. ,, '·'' 6. lotla Village •. ,o,, ;.gg 6.()9 6.64 6.12 

1. ' Mehravlt ,.,.,, .. ,, •• 60 6.07 6.21 

a. ftlak •Japl' ..,,., !;.50 6.10 6.10 6.91 
~ 

9· Delhi ·caatt. '·"" •• so .. .,, ;.48 ,.,2 

10. I&Jatcub ··1182 .. ,, '·'' ;.·u 6.0; 

u. L&Jpat lapr 4•9412 !hOO , .. , 6.0'1 ,.,, 
12. CUrgae 3·0792 5·24 6.0, '·'' 6.10 

.,,. Pal'lclaba4 4·9912 ,_,, 
'·" 6.42 6.59 

14· ranoldluacazo 0 4.62 ;.68 6.04 ;.ge 
(Ba1ld·pu•p} 

''· SU1 tallPUI" .a.oooo ;.2; '·' 6.18 6.0'1 

''· Paft'GJdUUlae&l' 
(Duc•well) 

4eT782 ;.t; 6.1 6.2, ,.,2 

,.,. Jawah&l'lal lebru 3•11, 9 ;.g; ;.; 6.32 6.60 
Uld.Yeratv 

18. W&t114PQI' ,.4140 '·'' 
,_.,, 6.62 6.;; 

' 

''· Ba4&l"PQI" ,.,.,, 4.26 4.49 ;.z; ;.25 

6 
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Por oanoaate .,.,., it le neoeeaar,- to have the value 
p . . . 

ot 'I r,co2 ot eaoh aaaple• It •• oa101late4 br the help ot the 

follovtng equatton.a 

120 + C02 

At equtllbrtu 

, or 

X: la the equt.ltb11.ua oonatant. It• value t.a calculated tbeweu-
+ . . . . ~ oally; B f. a the 18 fit ntor aaaple and aco, le the alkalt.ld. tJ' ot 

water -ple aea~~~Jred. f.a the laboratOI"J'• '!be •alue of ~co2 S.e 

ehown S.n !able 5· 

ror eoaetftoUoa ot etabtlt t7 dlqftll l'equt.nct tree •••~"87 ~ 

Yalue ot each t.ou alld. td.nel'ala are taken troa Qurele aad Chrtet 

(t965).-



fABLE,, CALClJLATBD tALlJBS OP Ccoa·~·++,~++ aD4 
&1080&~++. . 

s.wo Location ~co2 ++ ltf1l ++ I •• , •• ~Ca • alOSCa . alfc/ 
t> 

I . 

t. tan• ( Okhla) ·2·48 .00049 .ott .044 

2. tuuaa( Vald.nba4) 4.48 .00092 .0004 '·'''' 
'· •l'aJ lhUD4 _,., .eoest .... , .045' 

'· AbaD4oae4 ldlle 
-~- ~2~ -3 -~4-b~ ..... ?,.·"!i g '7lfi ()• \903 

s. ...... -2.,2 .0021 .002 1.0212 

6. Kotla Vtllac• -2.54 .oott .00076 .t645 

1· fl!ehnull -2.8' .oo, ·0017 .2878 

a. ·ftlak sac .. -2.9, .oot .0026 2.5?98 

9· Delllt eaatt. -2~25 .0004, .ooot2 -1.6628 

to. la3atcada -2.38 .oo, .00084 .6665 

tt. L~pt lacar -2.1 .00064 . .00t4 -1.6628 

12. GUI'fJ&Oil •3e4t .0012 .oot t.OT92 ,,. Fa11.4a'bact _,.51 
·; 

.00076 . ·0004' t ·'' . , .. Panakhaaapl' -2.86 
(Baa4-PUP) 

• 002' .oo, . ·8842 

''· &lltaapu -2.81. .002' e00t4 .2t48 

t6. rarl"Utb-rl' ...,.o .0021 .0018 ·'''' (Dua-••11 
1?. J avallarlol llehru .,.27 .OOt6 .00044 ·4848· 

'0 Di Yel'al t7 

18. Ma•4pur .,.,. .oott .000,4 .t46t 

19. Ba4arpu -2.2, .00062 .00062 1.0 
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ANALYSIS AID IBTDPU'lATIOff 

B7drogeocheat atr.v lraa 11&117 tteld. ot taveetlsatln. 

Ita vartoua aapeota are total 4t•olve4 aalta (tDS), total 

auapnded aatenal ttSJII), poeaible reaction betvMil srouacl water 

ancl hoat rooka, Mineralog.r ot 8Uapeade4 •atortal, quilt t7 ot 

crouD4 water tor clttferent ptlrpoaea •. The Delh~ srea.nd water la 

lacld.q tn auapencled aaterta1. 'l'heretore t t waa aot t.avaattsatecl. 

!. otal DtaaolYad Salta ( !DS). . - - . -· . . 

fhe h7droseoolle1datq ot TDS waa ezaatne4 b7 Yal'toua 

autbora both ta oaaa ot srGUncl water and r:lYer water. !he tmptr

tant workera are Garrela and Jraokenllle ( 1967), Glbba ( t970), 

Grewe ( 19"12), Baacla ( 1967), Jacka ( 197'), J'apraaaa ( 1977), ltouer 

( 1967) and SUbraaaDtaa ( 1916). 'l'betr coabtnu obaer'l'atloaa SUfJgeat 

that theZ'e are Yarioua taotara which control the u.lti•ate ooapoat

tton ot graulld water or river water like natal'e ot rook type, 

oltaate, prooesa ot weathel1.zac, un.dersround. mO'teoM et crwad 

water, pB ot water ant water-a:lneral eqUll:lbrtum. Grovee ( 1972) 

oomea to the conoluat. on •at huld.d tropical •atllertna ot bailie 

rook rte14a a large amount ot dteeolYed load, 10ltle ltramer ( 1967) 

baa draa ooaoluetcm that pB, allioa and. partial pressure ot carbon 

41oztd.e ta water are 1•Portant taotOJ"a in. the toroaatt.oa otcila7 

ainerala. S.e oODclual oa waa dram b7 Garrels ( 1967). tnt tial 

pB ot water would be 5 wnert f. t tnter• into eoll acme becauee co2 



contat of aOJ.le ot tpeaaa rooks ta 10-100 ttmea aore than 

ataoeperto conteat. In advance etace ot reactlona .. oertata 

aew ataerala like kaolf.Dl te, aoatmol'tllcmt te and calot ti toie 

alOJlC wtth 1110reaae tn Pll ot water. 

Jacka ( 197'} tn a at:liilal" etu47 41"an. conolueton ta caae 

ot around ._ter at tpeOile rocka that coapoattton at aotl ataoaphere 

ant rate ot f.aftltrattoa detel"ld.u the tilt ttal aot41 t.1 of the •ter 

aad. ulttaatel7 ftA&l COilfOaits.OJa dxaut and he a4e qUalltitattve 

eat1aat10D of l'eleaae ot 'blcal')onate lOBI "1'0· 4iftal'eat l!ld.nerala 

aea react With watera of df.ttea-ent pB. S\lbramantan J!l .t1 ( 1976) 

ooae to the cODClaatoa t)lat correlation can be expected fl"oa vatel' 

coapoattiOD ot a rtver with toot t,rpea of water lbed area. 

!'DS ia ceaerallt coatl'S.butecl by aa.Jor t ona toun4 tn 

water (Baada, 1912). . ++++ + + The ~or tone areCa , Me , lfa , E., 

100; , Cl•, so; , S102 • Be 4etera1aattoa ot !DS thrngh O<lftductt

'fi t.r i • not accurate beoau.ae uncharged 1 oaa like Sl o2 and .uacharge4 

orcam.c • teriale found tn water do not help ta eatt.mattoa ot 

ooncluctt: .. it7, 'the propert7 ot ooactv.ottvtty of water ta confined 

to charaed tone onlJ. fDS ta taveettcated area vartea tra. t80 ppm 

to 8505 ppa. !DS ia Yer7 high ta aand 4unee, 8505 - 46t5 ppa. 

CoaparattYe17 ln allu'f'iua, fDS ie euo!l. leaa, 1807 - 100 ppa, and. 

troa alluYlua to qual'td te, 23t8 - 114 ppa, 1 t ia ettll leaa. 

fhe !DS tn ezpoaed water 'bocltee i.e alao vartable fl'oa 16) ppa S.a 
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SUr&3 Jthuad,u 530 ppa ta taauaa at Okhla, 485 PPII at 1faatraba4 

aacl 181 ppa tn laau4pur abandoned atae water. The Y&rlattoa ot 

TDS ta dtttereat rooketyptt ta clue to challfJe ta oltmate from 

art d. to tnt cal, clltterent eolu'btli ty of alnerale, 4tttereat 

poroattt and. permeabtlt v of tbe rooke, clttterent dlq mtnerala, 

which are found tn the water banns oapaot.tJ to abaOl'b the tone 

troa vater an4 role ot estenal taotore like appUcatton ot 

fertiliser ln acrtcultural flelcl, recbarce ot atqaant polluted 

water etc. 

Abancloaed atne. ater 11 •hovtas ••r7 aaall !DS. It ta . 

pr0ba'bl7 kaolUd. te ta abaol"'btq ton• troe water trhtle at Suraj Gbund 

water ta atag.DaDt aacl peaa,. OlaJ' mtnerala are not pla)1.ng uy 

t•portant role. Ill the 'fU!U.Il& rtver, TDSrt.a tncreaae4 troa upatreaa 

to donatnam. tt ta because ot a44t. tt.on ot ta4uetria1 ad. ct t1 · · 

attluenta a44e4 into t t. 

Alkaline water te clolllnattns tn the area. Out ot 19 pll 

anal7al1, two belODC to act.4to pB, reat water te alkaliae (Table ttl). 

'!he Yamuna water wbea enten t.ato ot t7 at V&d.rabad ebow:t.ng pB 6.9 

while at the ead of ct tr at othla 1 t eb.ova PI 1 .55• !lle change ta 

pB cao be attltbuted to act4t tloa of large aaouat of ctt)r all4 

lnduatr.tal atflueata eat •tntenee photoal'fttbe.ta caa 1ea4 to alkaline 

Ct>nJ.1tioh in a stream due to l"ftOVal ot canon dlod.cte ta aunlt.«bt b7 ,reen 

plants• (Xletn, 1917, t83pp) • thta quotation ta also applicable 

to Yamuna • t t has oa both atd.ea and on dYer beet h•a'V7 p).antattoa. 
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!he Ba4arpul' grounct water ta aleo ahowlng aot~to ohancter 

w1 th pB 6e5 the probable eQl&DatiOD tor 1 t te_ rata water COD.taln 

b.tS)l aa<Rlnt ot so; 1 ona ae thel'a&l power ~-·· i. at tuated. ben 

aa4 percolation ot tt through terttltaer applte4 ttelct; The 

4ieeolutt.on ot tertt.lt zer ooul4 be oauae ot alishtl7 aotctic 

water. 

the rest aaaplee haYe ehoa pll ,tr• 7.05 to 8.2. The pB 

ot t!Ut graullcl water ta aweraecl b7 equtlibrtua aptea operating 

in water. 1'here are two u~or •J•teaa - oarbOGate aDI 8$.ltoate 

BJateaa - ueually operate in water. ~e pB, 11b.etber aotclto or 

allcaltu, t.a ctetend.necl b7 the tact which a)'atem ta 4oatu.tlD& wer .. 
vhtch. Since moat ot the eaaplea are ahowtag alkaline pD. tt 

aeu.a, etlioate a7atee is clOJd.Dattq over carbonate e.yat••· 

High alkaline pB 9·2 ia shoe 1>7 fi!raeuctpur aballdoaecl atne-

water aa4 atae ae4illent aulJ'et• hae revealed pl"eeence of kaoltldte, 

it te poaaible here tllat kaoltld. te might haYe trappect some oatlono 

like aco; , s94 , Po;--• ci etc. (Grta, 1947). 

~he quantity ot otltca ia fatrl7 high tn water. t t •adea 

trora 58 - 13' ppa,ezoepttona haYe beaD found at &J.ltaapur 10 ppa, 

J'arnkhanacu no a1Uca u4 l'aaudpur abanclone4 alae 11.5 ppa;. 

The htch amount ot etltca lndt.catea water la eaturated with respect 

to both quarts and aaorphoue at.ltca (Krat.lak:opt, 1961) • 

• 



rn quartld. tee, at.U.ca 'tal't.ea from 100 - 1,2.5 PI*· 

!t vaa ezpeote4 because Delbl quartslte at aaQJ plaoea haa 
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been thtoklt weathered aloq ~o.t.ata aD4 be441ag planee. tater

oalatt.oaa ot argellaceoua beda have also beea aote4 (Palt.nl 

.!1 !!• 1976). !he hlch aaCGat of at.l1ca ta allunu• llaJ' I.e due 

to a1ztq ot quarttd. te aDd. alluYtua ater aDd breakd.own ot feldapar 

ot the alluYlum. At the contact ot allunu• aad quart.s. te, htsh 

at.Uca content is Doted at Delhi Oaatt ( t t8 p,.) tD4toat1Dg 

poaatb111 tv ot atztnc of quutdte and allunum ater. 

ta aaad cluea etlt ca t.a low because 1 t I. a c•poaed ot loose 

aand.a 81l4 41aaoluttoa or at.ltca ta eztrael7 alow prooeea, therefore, 

aancl cluaea do not oontata large lliDOWlt of etl1ca. 'fbe absence of 

etltoa at Fari"Ukhanagar tnUoat• poaatb111 t7 ot recent recharge of 

a~ouad water. Therefore DO 4taeolutt.oa ot atltca le poaatble. At 

waaudpur abaactonea uae fd.ltoa ta probabl¥ oODBuaect ta the toraatton 

of kaoltnt te found ta Uie mt.ne aedtmeat. 

Btcarboute (sco,> 

Vanoua poastble aooroea of btoarbOJlate 1 one have been 

tavaattaate4 b7 41fterent authors. 

Ataoaphertc co2 reacts wtth water aDCl fora weak carboato 

&ct4, thla oarboato aotd em. cltatatqratton pro4ucea hyclro,ea aa4 

bicarbonate toaa acoordtD« to the reaction 

a2o( 1) + co2(a) 

a2co, :::::: 

• 

(1) 

(2) 
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' vheD oanODlo act4 attacks Uaeatoae 1 t tone on h7drolreta 

'btcar'boute tons 

caco3 + s2c o3 ( •) . ( 1) 

CaUCO:J 2. 

= ca(aco
3
)

2 . (e). 

= Ca+++ 2 BOO

' 

(3) 

(4). 

The carboDtc aotd a lao breaks down certain ld.nerala like albt te 

aD4 releaeea val'ioue protucte ln soluttoa (oarrele,. t96S)t 

2NaA1 st,o8 + 2 a2co
3 

+ 9 a2o ,. Al2st2o5ou + 4 a4ss.o4 + 21a•+ uco; (5) 
(ICaol) · 

AllOther reaction ln atoll aODtllol'llloDi te haa been fol'lle4 alOill 

wt th 'bt oarbou. te vae tnveet1sate4 'b7 Peth (quoted tn V@depoh1,1970) 

6(Ba,ca) Alst.208+6c02+t&l2o = 3Ra.66A12 •66 st3!3,o10(C11) 2 
(moat.) 

+2Ca ++ +21a + +6B
4
sto

4
+6BCO; ( 6). 

Bener ( 1971) has ezpertmentall7 claonetrate4 the proctuctton of 

btoar'boote tone trn partial or coaplete dec0111poattl0Jt. of oraaDS.o ... ,. 
c6u12o6 + 6o2 6Co2 + 612o (?) 

C02 +B20 _ I+HC0
3 

(8). 

SUbraaaatu ( 1976) &leo explored poaat'bllt t7 fr011 nat• of petro

chemical tnduetr7 and coal lllduatr7 uDder anaerobic oOD4ltiona 

2ca2o +so~

of 
-

(9) 

2CB20 + so;- · = a2c:o, + BS + C02 + 1 20 ( 10) 
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!he high btcubonate concentrattoa waa recorded ta the Yamuna 

water 244 ppm at Wadraba4 eel 219 ppa at Okhla while 111 grou.ad 

water 1 t le lese thaa 90 PPII• Ulree root uat ta show cllattnot 

character, low 'btcarboaate ('2•39 ppa) us aucl 4uaea, medtua con

oentntton {44-56 ppa) 111 q,ual'tst. te aD! ( 31-81 ppa) ln alluvtu•• 

The btcarbOAate oonceatnttcm sa· Ya•una ta nch htghel' 

t)laa world's average t1.Yer water S.tctl le 58.4 ppa. (Ltviqatone, 
. . 

/.196'). !be probable reaeoaa tor these are ttntlJ' t·a 1 ta upper 

reacJlea, t t ta flOwiDB ••• the tcrol llaeatGDe terrata (Wantekam, t9?8). 

Seoonclly large aacnmt ot ott¥ and tnduatnal att'lueata aclcled tnto 
ti, al 

it 4ui'lll8 ita oourae aa area ie htahlr popu.late4. Olald.ya"lt't976) 

haa npol'ted tn oaae ot Chambal l'lver at Iota by ad.ditton of 

attlueate ot aa tnduetr7 bicarbOr.late conoentratton rtae eharpl7 

t:rom 122 PP* to 540 ppa. 

Hlp bl carbOAate ln alluvtua can be acoauat~d b7 the tact 

that it contatna teldapar, Oalolta aD4 01&7 lllinarala whtcb Jielcl 

bicarbonate oa weatharlng accorti»s to reacttona ' - 6 ad it ta 

alao possible that trapped orcato •tel'lal •l' alao pva bicarbonate 

accordtag to 'reactiona 7 and e. Ule bicarbonate 't.ona mq alao tOl'll 

troa waathert.nc ot Kaakare 1ihich ta aztenat vel.7 touacl t:n alluvtua. 

tn quartette aDd aaacl dunes whioh are apparently 4o aot contain 

&D7 calcere•• mtnel'ale ln larce quanti tr. set thetr l»toarbonate 

b7 peroolaU OD ot water or 011 weathertnc ·of teldapar ozo calcereou.a 
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rdaeral reaction nuaber 5 • 6 8114 alao mt.xtng ot allu'9'lua water 

wl th thel r around water •. :w 

Ohlortdel c.1) 

ftle Delhi ground water la uapleaeant ln taste tn aallJ 

areaa.a..zta lble te d.ue to hip aaouat ot ohlortd.e tona pJ:"eaent 

ill 1 t. Chlortcle ta· found htshnt ill aaad duaea lllere l t raegea 

· troa 1015 to 2562 ppa ln allu•tua 31-282 ppa ard 6t-t56 PP111 in 

, (!Uartr4 te. ·On the 'baata ot thia, l t can be eatd. that chlollde 

content ta tar hif!her in sand. 4unea thaa quartst te or a11uYiu•s. 

Aa carbonate the chloride content ot tawna river ta 1111ch 

higher thaa world &Yar&,e dYer ater 7 .a ppa (Lt;f'lnsatoae, 1963). 

\ 

While in Yu:una l t 111 47 ana 31 ppa at Wald.rabacl and Othla reapeottva 7• 

Stellar data were obtained t~ Guca I"!Yer also at Varanaet b7 

AC&rval .t! !l { 19'76). Ita -..ported aYerqe c011tent ta ,,.2 .;t "' ppa. 

The blah cCIIloentratton ou be explained b7 the tact eYel74&7 larp 

aaount ot ct t7 and tnctuatrlal atfluente are added 1ato the rtver 

which auat be oauelng tbta. · \be waate ot paper, ohemtcal, textile 

and soap tnduatrtea are taportant. 

Sanda of eaact 4unea region 1a ulttaatel7 del'lved froa lann of 

l:atoh. In 41'7 montba vlnd blown a&r.ut.a c011e troa there Yf.a RaJaethan 

to aaryaaa. tt la CO'IIlpoaed ot quarts, felclapar 1 honblollde, ~aua, 
ar..tJ.-

oalct tel salt particles ( waua, 1978) • Dle chlort4e aalt particle a 



of aan4 on tateraots.on vt.th rata ater 41aeol't'e t.ae4f.Jtel7, 

therefore, chloride l~na t.a aalld. due la much higher. 
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The hlah val'lats.on• 3t•282 ppa, ta aUu't'lua probab17 

acooute4 'bJ' the tact releasing ot pore watera froa allu'fS,n, 

ld.dll8 or tamuaa water. tnt11tl'&tlon ot water frca acrt.nltural 

field eea chlorine la ueed ae t.naeottotcle and peettotcte aa well 

aa aaall aa011nt or chlorine ta aeaoct.ate4 vt th phosphatic ferti

liser. Puherao ( 1926) (in Wedepohl, 1970) fwa4 htgh ohloricte 

in sroun4 water ot aartoult\Jl"al ftelcl abd uDtloata.taatecl water tr011 

non-acrt.cultural area •• h&Yt~te .1 to 1.1 PPII• ruherao ( 1926) 

6Jl Wttiepabl, 1910) obaerYaticm auppona high ohlol'lde content ot 

· rural area water. 

The ohlortde tons mtsht aleo be derived trOll leaching ahale, 

all11vt.ua which contain 234.7 PPII ohlortcle (ta W•deP~• 1970). 

Quartd te contains 3t.3 ppm chlo"-4e (WadepGhl, 1970). Itch 

chloride concentration at Malllctpu.r 156 ppa, ladarpu.r t25 PPII aa4 

llfebrault 266 ppa oaa be ezplat.aect by the facta 'tbat these looall

tlee an surrounded •1 th •aat a«rt..oul tural tteld and lal'ae a•wnt 

ot fertilizer ect tnaeotlat4e all4 paettcide are apJilet e't'e'r7 7ear 

to th... 'J.'heretore, beoauae of pel'colatton or water fi'Ot!l these 

fields might be Carrnng Cbloft.de iODB fi'OII ferttli HI' and. Otbel' 

chemicals. 
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Salphate 

SUlphate tODa have val"toue ••rcee.b:lra SU.lphur 1e 

fOW!cl til auaber of Prilll&l'7 ad.ael'ale like P7ri te, taPSUIIIt galell&, 

ohaleop,.rite, apbelente, uhJcll"lte, banle aad utt•e •lphur. 

tt te beltevect, sulphate ta water ortgtaatecl fr• sulphtde ot 

f:be rocll:a ( Da.Yia aact De Vet at, 1966). fhe ohtet a0t1rce ot 

eulpha te ta aecU.aentaq rocks are 11Peua, allhfdn te ea4 p.J11. te. 

The 'breakclon ot theae alnenla nel4 aulphate lone 

:res2 + 211a0 + 'o2 
-::: 28 so + , ••• 

2 4 ( tt) 

Caso4 + H20 .:: Ca~ +H2so4 
( 12) 

a2so
4 = + --2!1 + so. (.1,). 

the weak aulphuno actd toraed tna ~· aboft reacttoa aleo neld 

nlphate vhe it attaclta block ahalea whtch coatatn PJ'ri te am! 

aucaat te (Mason, 1966). 1.he eulphul'lc act4 tn ataoaphere S.a dertved 

troa duet particle of aulfhur, ondatton ot •o2 u.cl a2s caa, burUac 

ot coal aa4 ot 1. 

Coal contat.na.5 to Sf. sulphur (Pranel •• 1960) t.a the tol'll 

ot P7rf. te and maroaet te. tt wtll gtve on 'bUl"Dlns so2 wldch later 

oa convert into a2so4 acoontnc to reaction 

2so2 + o2 2so, + 2120 212so4 (14). 

the coal aah cODtatlls upto 20,C P11'1 te whtch on clteaolutton ct••• 
sulphate tn water (rraacte, 1960). · Beaketh ( 19'14) hae reported, ua-
pollute4 · 

Lftaoephel'e coatatu .001 to .01 so2 aD4 pollute4 .02 -2 ppa. 



'lhla so2 ot the ataoepbere coavert tato u2so4 accol"4tDS to 

reaction nuaber 14. SeiDfeld ( 1915) au.rceeted that s2s gaa 

fonecl b7 deca7 tl oraan.lo aatter, whl.ch react Vlth ataoephertc. 

oaone st.••• so2 and water ·81'14 11ltilllltel7 eulp)Nrtc act.d. 

a s + o· -= 
2 ' 

( 15). 

fte Z"lver nter aD4 nln water eontain an average 11 .2 aract 2 ppa 

of eu.lphate (Wadepohl, '"0). 
SUlphate concentratton tl'l CJ'CIW14 watel' ta eztreaelJ" vartable 

tn q11artstte 75 - 750 ppa alluvtua 200 - 8't ppm all4 .ean4 donee 

665 • 25,1 PPII• 
average 

fAeLaulphate ton ot world riYer water ta tt .2 ppm while tn 

tuRuaa• it ta 56 ppm at laat:rabat and 48 ppa at Okhla tndtcattng 

dtacharce ot tllduatl'lal waste into r.I.Yer. It could be also because 

ot antaal Gad. 11&11 •••••· Sulphurte aCid is also uee4 tn large 

quantity b7 almost all chemical 'baaed tnduatrt.ea and thetr eol14 

anct llquld vaate contain lal'"ge a1110W1t of aolu'ble eulphate ( stftha 

.a! !.l• 1918). Olald.•a .U..I!. ( 1976) haYe aeatnlZ"e4 sulphate tons 

ot Chambal l'tYer before t t entera tnto Kota. te b.&Ylq 11.0 ppa aa4 

when tt leaYea Eota around t•s ppm. 

fte other lov values ot sulphate are found at Maauctpur 

75 ppa onlf• The probable reason tor thia ar• ta totally barrea 

trOll acl'f.cultural alld 1a«uotrtal pOinte of ytew. 
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Ia aancl dunea at Pai'I'Ukhanagar and SUltanpur, aulpbate 

contents are 2531 and 23t' ppm reapectlftly. Here lt can 'be 

expected that UP•• aa4 ailhydl'l te ot eanda are r eleanns the 

sulphate t.o1Ut tato water oa veathel'lllf:J• tn other •••••• vanatton 

ranee• troa 200.750 ppa la aU l'oek types. It caa be explataecl 'by 

the tact that alluYlum Ml' contain ••e sulphate atael'ala, which 

on breakd.oD nleaae sulphate ton in vater, the area la hl8hl7 

lnd.uetl'l.al and lnteaat.Ve llOde1'11 agriculture ta 'belq 4oae here 80 

their waste when leached by wrtace •ter and on ,.rcolatton 

aurtace water carrtecl sulphate lOlls clonwarcl. Alluvtua alao 

contata &Oile o:rsanto aatel'lal 11hloh ora deoq Jlelda eulphate ton 

in water. worecwer, ln 1hla area thel'e are two coal baaed thermal 

power houae at tb.drapraatha al14 Badarpur. 'ltletr gaeeoae nate 

'bound to contain so2 and aah conta1ae PJrl te which aocordlac to 

r•cttoa 11 vtll 11•14 aulphurio act.d. However, ther, ta etroDI 

poaatbS.ll v ot atxS.ng of ground ater trOll 4S.tfe'"-at rock t.Jpe partt_ 

cularly tn quartette beoaua• the'" water ta deep ta co•partaou to 

water level touad tn allu'Ylo ae around water aOYea t.roa higher 

water level to lover level area. 

Jhoaphate (ro;·-) 

The contrtbutto• ot phosphate ta ground. water are phoisphattc 

ld.aerale ot rocke, eeclimeatar, phosphate bed.s, c:leoa7 ot organic 

aaterial like coal,. petroleue, plants, bcmea, tertt.Uaera aat waate . 
watere (Darta & De Weist. t96J, Wedapohl, 1970). 



.001 - • 1 ppa phoaphoroua t.e reporte4 from coal (hancta, 

1960). 

Phosphate te atnor oouU tuent of aroud ater but in 
I 

Delhi croun4 water 1 ta oonceatratton te ••r7 htgh. tt ra111•• 

troa •-17 PPII• the probable reaaGD· tor htch 4etecUon ot phoaphate 

ta et.ltca t.ntertena tn phosphate ualyata (Golteraaa, 1971), and 

at.Uca waa not reaOYecl troe· ftter before. aul,.ete ot phoaphate. 

·It la eX,ecte4 · phosphate ataht ha'Ye COlle from terti.lt.Bir or 

percolation ot tnduetl"lal waete ater aact decay ot plant anct &Dimal ... , .. 
Sodiua an4 Potaaat.ua 

Theae two iODB dlOV e1Jillar chemt.cal properties. The 

pd.•U7 aouroes ot eocliua til water are veatheruag ot plaatoclaae, 

pJ'rozeae, hora.bloacle, ••aport te alnerala. Rain •ter contaiu 

2 ppa Ja, tncluatrtal ancl clomeettc clt.aoharge are other l$POrtant 

eourcea. VOJDOA •ouroee ot :potaaetum are product t~ea b7 weather-

f.Dg or orthoolaae, mtcrooUne, bt.ott te, leuct te ad otb.er potaast.u 

bearing atnerala all4 rooks like gram. te, •7•1'11 te, arkoae, mica 

acht.at etc. Beaclea theee potaeh fel"ti.lt.ser ls anothel" source or 

potaaetua. Rain watel" oon.tatns .t ppa potaeeiue.(navte a De Wetet, 

1966). 

Fcumter ('\l\7~) t.oveettgated the tollowtq reactt.one at 

h18bel" teapel"ature. 

3/2 a::-te14 + a• • Y2 1-111ca + ~· - 3 quartz. ( 16) 

3 Albite+ 2R++ x• • K-mtca + 3Ba + 6 Qual"tz.(1~. 



Reaottona 5 alld 6 are altlo n1eaa1a, aauua in water. 

In aucl duea hi«blat aaount ot aoclt.ua hae been ftOte4. 

The two euplea ot •arnkbuaa&r ~tel4 the Yalue 805 aacl 900 ppm 

aile at SUltupur t620 PPII aodi~ f.Oila. !hte._4ltterenoe •7 . 
be ezplatne4 b7 the taot hllnkhazsaear f. a a realdeattal area trait 

there contlauoue dteoharge or water tor clttterent purpoaee have 
• --I',._,_.., 

been obael"Yad thila SUlt&DP\11' te MZTeD area ti'Oa 1fhere DO ater 

tiaobarp i.e obeenecl tor an7 purpoae, therefore. t:.-.·· ~ theN ta 

oal~ intake ot tone ta water while at Parrukhallapr becauae ot 

diacharce concentraUoa ot aodlua ta aot poeatble. the aource for 

Ia tone hare ••••• holt te gratna ot aaacla and veathei'Saa at 

plaaioclaee to at•or ezteat. 

The tuuu. river at Waatraba4 allCl Oldlla ehowtng 48 ucl 
/J,AJ1 

15 PPa aodtu thia ie R&la htsher/ world • a average riYal' water 

tiaaue Which ia 6., PPa• !be poaatble reaeoae are additional 

inctu.atrtal all4 doaeetto attluenta or veathertag ot rlYer bed. 

!he r&D«• ot aocliua ill 4t.tteftllt rock tn• Yartea betweD 11' -

412 PI*• It ia hiaher ill alluvtua aacl lower ta quartdte. JU.cher 

value ill alluYlu• ta appal'&Jlt from tte tact 1 t cofttdft.e cla7 aad 

telclapar etch on weatilert.q rteld eodtua toaa. Orle eatremely 

high Yalue of 80IS.Uil te f0\Hl4 1D Sbahclar&• 11here 1 t le 750 ppa. 

It u7 be poaaible here that trapped pore water ld.aht oontl'lbuttnc 

to bi«h Yalue ot eodtum. becauae t t ta aade up touaser Alluv:l.u· 

'lb.tch la Dot 7et tull7 compacted ad tb.:La area :La not tull7 4evel.,_d 

eo large acale percolation ot ao .. attc AD4 local nete fa .also 

poeetble. 
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Oae low Yalue ot 83 ppa •• recordect ta oaae fit Javahar

lal Behn Uatveratt.r quaf't&lte. '-.bta area t• ettuatecl at hf.per 

eleYatlea ee ld.ztas at other srauad water ta aet poall'ble ua . . 

eecondl.J 1 t te tree fr• ta4uetztal and agrtcultural aottvt ty. 

Blah aaeuat ot potaeetua te recorcled :l.a sana dunes 

betweea 158 - 247 ppa atle 1nterae41ate ta quartld. te t25 - 315 ppa 

ezoept 42 ,,. at 110 aDd. 54 • 167 ppa la alluvtua. 

'ftle blah aaCR~at of potaeatua ta e&lld 4uaea aDd quartstte 

vhea they do aot ceatata any petaaetua ldaerala. M.J be because 

the:r are laold.ag clay auaerale tdllch are touct· ta sene ot eaturatt.on. 

ClaJ' aturala reacttll' capture aatcm troa water ancl ataoe 110 olq ta 

toand ta the tberetere, potuetua content ta bowact to be htaber 1D 

thea, hoveYer, re•erae ta the oaae ot alluVS.ua f. t la ctoa1aentl7 

aade up ot cla.r etch can eaatly abaorb potaaatua toae ot ater 

bence red.uctDC potaaatua content ot water (Grta, 1941). '!'he other 

reaaon ta appltcaUon ~ potauto terttltaer tD. agricultural field 

tdlf.Ch Will lleld large BWitber of potaaatua tone to Water Oil leachlJlB• 

Calotua &lid eapeatum, like aodtua and potaastua, abow 

atatlar cheld.oal propertiea. 'l'heJ are touact ta quite abundance, 

s.t"nC cao u4 , • .,. lllcO liJ' wt. touea tn the eartta onat.(JtaeOD, 1916). 

t'ben are Y&l"loue ld.aerala ot tbaee tone ltke calct te, aagneat te, 

4oloat te, allh74rt te, gypeua, feldspar, Pl'roaea .. , aaphtbolee etc. 



Calot.ua t a aa eaeenttal eoaatl tuet of bonae ( Wactepohl, 1970, 

Davia aDd De Wetet, 1910). 

Bquatf.on nuabera 4t '• 12 aa.ct 15 are reapOiietble tor 

calat.ua tone tn water. Calctua ta also auppUect b7 ffiZ'ttltnra, 

1 t te used tor reaOYal ot alkaltat t• ot eotl. ta rata water con~<u·"'~ 

calcf.ua met •caeldua .1 to 10 and • t or more ~pa respectively 

wcctepobl, 19'70) • 

the taauaa water te again llh~DC htgb. aaouat of calcium 

at Waat rabad 56 and at OJdlla 26 ppm when compared V1 th world • a 

averace ttaure 15. t ppaa. . It ta because ta t te upper z-•chee t t 

tloa oyer lteeatcme aD4 weathertng ot rtver bed ln. a11uY1ua area 

lllisht be &lao adcttuc calotu tons in tanna rt't'er wter. 

It ta higher tn sand tluaes, but there te alao considerable 

Yartatton troa 244 aD.d. 664.at Parrukhauaar and ?18 ppa at &lltan

pur. The hl«h aaou.nt of calctua te dertve4 tr011 wathertDB ot 

s.n••• feldspar aDil aDht41'1 te atnerala. The 'f'artattOil ta two 

aaaplea of Parrukhaeacar te probabl7 beoauae of application ot 

calctua tn asncul tural fte14 where t t llleht have gone 4own alozag 

wt th percolated a tar ct le other ••PllDC spot te at tua te4 in 

rest de ttal ana ot vtllas•• 

!he two other high values ot oalciua have o•e froa .Wehrault 

''0 PPII tn qual"tld. te alld 25? ppa at Shahdara ·in AlluYium. At 

Mehrauli it a&7 be because ot application ot calctua ill agrtoultural 

flelcl and at Sb.ahdara a&7 be due to breakdown of te14apal' or 
• 
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calcereoma .tnerals or nearbr ab7 undetected somrce .. tch te 

gb1.nc high content to eurtace water which ta tnedtately parco-

lattac 4onwarcl. 

!he reet Y&lue ot oalot.ua ta rangtng f'l'OID 55 - 103 PPII -. 
'both in quart at te aacl allu•tua. AlluYiua ta cb&raotert.aed bt 

calcereouo nodules which are cl011tnentl7 aact• up ot calcereome aatter. 

The ao4ulee are torae4 'by captllar,y water tuat 'beneath the avtaoe. 

ta quartst.te calciua t.ona appear to haYe oo• rroa allu't'tua. 

JtapeaS.ua ahowa clear tread wtth respect to rook Vl"t• 

It Yartea troa tOO - 514 ppm ta aaDcl dune, 20- 145 ppa tn alluvtua 

aaa 16 - 'S ppm tn quart at. te. 

the htgh concentration ot •cneaua tn aaa4 4une prolaab17 

te owtnc to 4laaolutton ot aalta ot ll&peatua which at&ht h&Ye coae 

aloq wtth aacl aa4 •all quutt tJ' ot hornblcmcle aa7 gtye aaaaeet.u 

added vtth htsh evaporation rate eo oonoetraUcm 0t aacneatum 

aut011Attoal1J' tDOreaaea. 

llahlr saline water ot r~aaacar aDd SUltaapur areas 

!he weatern part cl ihe area te charactertae4 l>J' aua1tr01aa 

patches ot •n4 dwaee ot 'small Mcht and aan4J' flat area. sana 

appeara to haYe come troa Rajaathaa (Sett, 1964). In nn4 dune area 

water te hlghl7 ealtne, at one tlme eYea ealt tn.ctustry wae tloul'lahlDa 

here. the reaaoaa tor higlllJ' ealln.e water are low rata tall, hlp 

t•perature, high eYaporats.on and ealt partt.ole tn sand wht.oh are 

reacill7 soluble .11hen COlle tn contact wt th water. 'J.'he aeocmdai'J' 

• 
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reuona are aprOldtc d.tatrtbutton of ••setatt~. htgh poraat t7 

ot aand ancl nealidble ctt.scbarse ot water. Sett ( 1964) apeculatecl 

water ot thta area ta as aalt7 aa sea water aDd he preentecl tour 

cheat cal &D&lyata of water fro• different localt ttea, tb.ep preaeDt 

ana17ate ta oontracttcUns with aaal7ate of Sett ( 1964). On 

tnqUf.I"J' tt waa found that highly ulf.ne water ta aYatlable onl7 

wha vella are 4ewatere4 at least ' or 4 ttcea atter 4otq this 

real aaltne water coaea tnto vella. It 1187 be because of hl&h rate 

ot evaporation lea4tD8 to prectpt.tatloa or ealta troe water thua 

recluctnc sallDi t7 ot ntel" ali4 miXlBC ot treeb rata water With veU 

vater aa ealtDt t7 ot ratn a.ter te extreaely low thua aallnt tt ot 

all watel" ta bound to rettuoa .. 

The aoll ot thta area ta aleo aaltne aa apparent troa wht te 

patohea aeen on the surface when temporar,r .ater 1osse4 area clrtea 

up 4ul"lnc 41'7 aonthe of the .rear. fheae wbl te patches ehlne d.UI"lDC 

cla7 tlae ihe.t.r thtokaeaa la Yaitable but alvap leaa 5 l!lllliaeter. 

Tilt• whl te subatanoe ts eolub1e tn water. !he e&Urd. t,y ot aotl ta 

also e'f'ident fi'C)a the tact oertatn crops caD~tot be gro1m ·here, like 

11heat, augarcane etc. 
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IIBIRAL-WA!BI EQOtLtBIIOI StaDt 

fhe ue ot phase 4la8ftll waa first done ta the atudy 

ot C17atalltr.attoa beha't'lCN.r ot aapa, later on pb.ase cUagran 

wue uaed. ta other braaChea ot geolou but tbei.r appltoattCD Ua 

byctrogeooheatat17 ta hardly two 4eca4ea old. The Yal'lou.a usH 

ot theae dlagraaa al'e ltate4 b7 dtfterent workers (Er&~~er, t967 

ard Jacka • 1913). !bet oaa be ueect tn rela ttq tile actual 

con4ttton to eqd1Ua1.ua •octel, aeoODcllf, lack ot flt ot equtll• 

bri.ue aod.el.predtottoa auneate further taweaUgatlOD8 of data. 

fh11"417• ol'caat~~&tton of aJl't• for generaltaattora u4 atapltft• 

catt on ot ftpel"toal water Ch81111at17 data (lraaer, 1967). Oa the 

applied. atcle theae dtagrama oaa be uaecl av.cceaetu117 tor pre4tcticm. 

ot whtoh clay lllineftl 1d.11 be toraect ta eztattnc oontitlon tbraagh 

root-vatu naottoD, th••• olay ld.aerala haYe tr•e4ou• laportanoe 

in atabtltv ot eagtaeert.IIB atzvcture like 4811, tuuel, htgbwq 

etc. beO&U;&e aouelq ataenle h&'t'e got propertJ of awelll»c whea 

theJ coae ta coa.taot 'lf1 th water and. thte property 't'al'lea aaoq , 

different tla7 ld.nerala (GI'lm, 1947, lacks, t9?,a) .• 

. I 

min.erl'.l1e ... ra aoat ot tile caeea theol'ettcal precliotf.on was auooeea-

full7 coattrae4 by X•rq Uffl'actocraph ot ••P•4ed a...U.a•at 

( subra•utaza. t!r16), but ta eoae caae expel'lsental ftll41DC• 4o not 

auppol't theorettoal pn4tettcm. tbte te attl'lbutect to the facta 
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that chnd.oal ttaetlca ia tpoH4 here (Bener, t9Tt). 

Bener Ci t• aa ezuple tbt\t ta aea • ter where oalct te 1 • 

tcwut to 'be tn aaturatl on while tl1eonttoa1 pndloUon f. a 

eucauttnc doloat w ••14 ton uen oanOid. te a:retea ta 

· OOD8$4erecl. 

fte carbonate aDd eUJ.oate qatea are two aa.jor .eJ:ateaa 

'becauee aoat etnerala tOIIHJ4 b7 reaoUOD between rook at'l4 watel' 

uncter noaal ooacltttcm 'belODC .to et ther ,ot theaa two taad.Uea, 

-rai'J. ou.a ph.aae 4tasrue haYe beeo conatraote4 br ualltl 41ttereilt 

par•etara. ta tbta won c att ... pt f. a ••• to --:-a\udl' the abOYe 

878tea &8 tlaia VOI'Jt W&e OODfi.Decl to iftYaatlC&tlOft of 11&301' 

tona olll:r• 

Cerboaate srat• (Cao-trso.c~1-a2o~ 
' -- . 

Thta •J•t• ta Netltoted to taponaat ataerala of oaloJ.o 

&114 aacae1111a ouboaate. left the phaae 'bCMilcl&17 'betwea cU.tfer•t 

ld.nerala are deft-rd. tr• th•l'ao4)'1lald.o proparttee ot the al•rale 

. OD. tb aaAilptlon tbat equt~tln'1taa te deYelopecl t.a tile csal'bonate 

d•rala whtoh are zoelatt4 Vlth thla .,..,,. are oalct te, tlol0111te,. 

b:raotta, •saeute, anaoatte, h)-ctroupeeite. the reaottOila 

betweea two atD.eral pha1ea expected at equtllbltu are ( Canela 

aid Cbl1.at, 1965) 4ol0Jil te &114 oalct te 

2 caco, + we•• ( 19) 



Calcite aa4 dola.tte 

2caco
3 

+ ~~a•• ~- cawa(co,>2 + c~++ (t8) 

Dol Old te u.a Mac-atte 

cawa(co,>2 + wa•• = 21100, + ~·++ (t9) 

11..-at~• aad Rpr-af!eet.te 

4JIJcOO; + 4B2o = ••1<co,>,<oa>2.~o+Co~ (20) 

·Calef. te ad Bmct te · 

caco, · + llC ++ + m2o _ . ·..ooB> 2 . + ca ++ + co2 ( 2t) 

. . . 

· Dolold. te all4 · BNCl te 

c&Mc( co,> 2 + •• ++ +a2o :;: 2Jia(oat2+2co2.ca•• · (22) 

Doloat te u4 BJdroaapeeite 

2caxc(co,>2+21a++,ca2o -· xa4(oo,>,COH)2.~2o 

+ ca++ + co2 (23) 

BJ'droaaaneaU:e and Bruel te 

41f8(co3)3{oa)2.312o • 4K8(0B)2 + 3C02 
(24) 

. . . . . ++ ++ 
It ta clear troa tM abOYe &-eacttona tbat Ca , "' · aid partial, 

preeaure ot co2 are plaJlq 40111naa t ~Us- ca"'1f.nc. out the 

reaotlGil, la tact tllen r-.ottor.ae are tuacts.oa ot a ca••/aff8++ 

aa4 ~lae>a.· ••• eqUlllbrt.u oonetut (JC) tor these rea.ottona can 

be calculated b7 uatng the pl'l.nclple 4eacrt.bect below. 

u. + bB • oc + an 
J: • (c)c ( »)4 

(.t)a ( B)'b 

• 

(25) 

(26) 
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where A u4 B are reactant alt4 C u4 D an produota toftl84 

bl' tbe reaott oa ot A 'o4 BJ ~· 'b • o aa4 4 an the aualtez-a ot 

aolecuiespartt.ctpate4 ta the reaottoa, E ta •lltbd.taa. 

sappoae thla pi'J.nctple ta applied tD caae of reaction auaher ( t#J 

between calot te aad 4o101Jt te 

[ ca wa ( co,>aJ @•1+ (27) 

(ca 'lco~j2 ;[!fer' · 

Jlattnc aaaUJtpttcm that tor Pllh eub•taaoe the acttYltr ta uDl tr• 

at their atandar4. atate (oaaorela aid Chrut, 1965), the 1 1 "4uoea 

to 

(28) 

ltere ~: 1 la tactepeadent ot PC02• Calot te aad. dolold. te are aaauiae4 

•• pzoe atneral apeClea. 

The euct Yalue ot x, ,la cal011latecl bJ' uaf.ng Glbb'a tree 

eaeru ot reacuoa u tollo"' 

.ror reactt oa ( t) 

• (-520.5) + (-t:52.t8) - 2(-269.78) + (-108.99) 

s 1 Yalue ta oaloulate4 by thft equattoa 

1\p: ~ ... • -att ln c 
oa atmpl1ttcatton 

• -t .364 log E. 
• 

(:SO) 
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- • !-;ti 

the 'Value at lOC kt COil .. OUt •to ·be for the a'bOYe r~&otton. 

-4· '' • -1.364 loa 11 
·. ++ 

or loa Ca • l t * :;.021 
"• ++ 

filii value ••Pr•ente the chellical 'bauada17 bet•• calot te antl 

dol oat te aad · ca be repzeae:nted aa a ltae parallel to 1co2 uta 

at a cU.ataaoe of 3.027 •. 

I:o ibta wa7 the Yalu• of equtlt'bl'lua .eonetant (12) ta cal

culated for reaction bet••• 4o101d.te ancl aaaneatte (reactt.Oa Bo.t9) 

which 18 alao a fuDoti.Oil 01 Ca++ ar.d JfC++ 

ca•• loc __ _ (,2) ., .. 
!be reaott.on between aacaeatte and h74roaagnealte aD4 h74roaacaeaite 

aD4 Bnct te are tunottoa of partial Pft8aun ot eo2 Oll17• file 

eqUS.Ubl'iu coaatat fOX' ~teaotloa 20 becomes 

[ara(co3)3(01)2 _ .3120] + [pco2J 

[118 co
3
J 4 

4·. [a2oJ 4 

- . 

(33) . 

AcatD aaaumptlon ta aa4e, ae pret1oua. aotl•t• ot pure eoltd aacl 

11qut4 ta utt7. The abOI'e equattoa reducea to 
e . 

x, • .. ;co2 (,4) 

The free anel'&7· ot aboYe :reaottoa ta oalculatecl aa. 

~ '~ • ·(-10~.3)+(-92.3t)-4(-246)+4(•S6.69) • tO. 16 KCal 

Aa ..[j Pr • -t .364 loc tt. 

• 
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The 'f'alue fit t, coaee to 

los ~c.o2 • 10g IC' • ·1·«· 

ftta Yalue ropnaent1 a bGUD.dai'J line between bJ'(lroaapeatte 

aDCl aapeat te at a dtataaoe 1 •44 parallel to Ca ++ I JlfC ++, 

ana. 

ror other naott oaa equtlibrtua OOilatanta (I) al'e ealou

lated ta the a'bcwe •uer aad valuea· are plottu acatnat the 

el tber f co2 OJ' ca ++ I . ...... au •· 

The aethocl ot caloulaUon ot partial preeaure ot oarboa 

dlodcle <f.co2) ta alrea4J' diacuaaed ill Chapter ·rtt. 

!he •alue ot \.} co2. lrOI •.<Ca ++. loa ~'-++ aDl lOS .\C& ++I afls ++ 

is siYen fable ur •. 

fh•• Yaluea ot .aott...Uea are plottect in the atanctarct 

dlacna. \tle ol'tgt.aal boaiMlaq ot carpenter's dl&BIUI (Garrels 

aid Chl'iat, 1965) ot oal'bOBate aptem waa aodltte4 by DalaYl ( 1918) 

•• Carpeater•a cU.asraa vaa baaed on wrong oaloulattoaa. ftta 

41asru ta ahoa ia ft«• .2. Proa uacraa fifo. 1, 1 t oan be pre-

diet~ that dol~te te tb-e only phaae to .be expeotect ta the atate 

or aaturatton, 1 t aeaaa when mtauala preotpt tatlon would start 

ta arauacl ater, the dolOJd.te VOillcl preOipl tate ao atneral tn oan 

ot oalot te all4 doloat te qatn ta oonatclere4. 

But it the a7etea aracont te AD4 hunti te ta oonatctencl, 
'f;'\1)~ \- ~\ '~ . 
•S •• tt' po:t.nta tall tn AI'OSOJ:d te reat on et.le the 6 aeal.7aea tall 

la hUti te J"e8iOJle ' OUt Of theae 6 an&lyaea., 4 belODC to allUYiUIB 
• 
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and 2 espoa.a •ter ~odlea lhtle all tuartst tea aaad. 4uua 

!'ht.e predt.ottO. can 'be'contt.rae4 tt sapea4e4 Mtter ia 

aYatlable ta sroua4 water 'b7 d.oiq x-ra.v aulJ'al•• tt can be 

found. wt vbtcb atneral f.e present tn auapsd.ed. matter. The . 
. 

bther coDf'tnatt.oa tor thla pncttottoa 1e that aotl t.a contalldDC 

oaloereOila noctulea DOD &8 'ltaDkariJ' • thta noclulea 08 be tONed. 

oal)" whea eaptllai'J' water ta ta a tate ot euper atuaU oa. 'ftle 

euct ataeralos, of Jtaakar t..a not tnveattgatecl hence t. t t.a ••r8 
4tftt•lt to aay that ltultar t.a aate up ot which atnenla. The 

.l-raJ aaalpta vaa also not carried Ollt be.oauee cr•a4 water -

laottq the auapnd.e4 aatter. 

'lbe oarb011ate ayatem waa inYeattgated b~ other wo:rkera 

alao (BerDer, t91h DalaYt., 19181 Japruu. tm). !be 4o10111 te 

preaeata 4tttt.oulty beoaue it ta not the Primarr mineral, tt ta 

fol'lled. b7 aubati tuttoD. Dalavt. ( 19'18) Sued on oarboaate aptn 

reported the preeeaee ot ctolOid. te ta the state at aaturatton t.a the 

tanna l't.ver. J'apraaan ( 1977) alao reported the P1"eaeft0e ot 

4oloatte t.a the Ganga :rlYer t.a the •tate ot eaturattoa therebJ he 

oonttneel the actual tta4t.ag Of Baacta ( 1972). 
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StLtC ATB St8ft11 

stlicate a7atea te explored ezterud.Yeq by 4t.tt•nat 

authora 'DalaYt ( 1978) • Qaft'ela and Chl'lat ( 1965) • Ranta azul 

Adaa (1966), Jacka (1913b), Jquaua (1917). su'raaaotan (1974), 

811braaaat.aa !l.ll. ( 1976,17) ,am Kl"aaler ( 1967). ftta e7at• 

.. braoea larse nuaber ot ldmtnla 'both Pl'i•l7 aDd aeocm.4ar,.. 

All rocke are clc.tu.ntlt aade up ot alaerale ot etltoate taat17 

except .lleeatoae. dol oat te atMl oal"bonatt tee. !hie •7•t• hu 

'been tnveattsatecl ta aU UYirOilJiezate Ute ocean, eetua17, delta, 

rt.Yer, crouzad water ud lakes. SUbr&~~&llian .!1 !! ( 1916) 1Utlas 

prtnct ple ot BelpaOil aad llaokeald.e ( 1970) plotted the data ot 

water cheld.at17 ot st. IAWJ'euce eatuai'J oa etlloate phase Uaar• 

auggeeted Jlg•Chlort te. aoll4 d eolutton ot 1111 te • aoatmortlloDl te, 

mtorocUne, quarts ud taoltnt te can be expected la the aeclbtent. 

ltraael' ( 1967) • Oa:rrele ( t967) • Oarrele and Chrtat ( 1965), Garrele 

aa4 Maokeaulle ( 1967) all4 wackeallle aacl Oarftle ( 1967) ba'f'e ueed. 

thea• d.i.agrua tor 41fte:rent enYlrooeate uetng 4ttterent paraaetere. 

In caae ot IDCU.a atabtll v diagrams had been ueecl b7 DalaYi 

( t978), Ja,arau ( 1917), Jacka ( t973b) azad Subraantan and DalaYl 
' 

( 1917). Dalavi ( t978) aJl4 J'.a,araaa ( 1917) uaed tbeee 4tqraae 

ill caae tallUna and Ganga l'f.'f'er atud¥ and th.,- pre4tctecl different 

ataerala an 1tkel7 to be pnaent S.n the aecltmeat. »ala'fl baa alao 
L 

done ezpal'lllental Yertttcatt on ot bt.a theoretlcal fincltnc while 
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la7araaaa supported the ao"*l tt.a4t.ns of laada ( 1912). 

Jacka ( 1913;b) pncltote4 the pnaenoe ot 4ltterent atftel'ala 

ta the grourad vater ot C011tbaton Dlatrtot of faatl la4u. thea 

he aa4e at\147 b7 dlYidlDB at.ltoate •1•tea into 4 a.b•a7at••· 

COD814ertag the large number ot ldnerale toua4 111 atltcatl 

eptem t t te t~ tapoaatble to repreaeat all the llf.neaoala 1't7 

• taking two par•etere. fheretore, thte a7etee •• 4l.S.4e4 tato 

3 8\lb;..aJat•a. 

t) 1:20 - At2o, - Sf.02 - 120 sretea 

2) la2o A12o3 810 - 820 .. -· - -2 

3) KgO - A12o3 ... Sto2 - 120 • 

t) K20 • A12o3 - Sl02 • 120 SJat .. 

The atftel-ala mtch are aald.nc thta •1•tn are tt•teldapar, 
' 

lC-Id.oa, sibbat te and kaoUnt te. The expected reacttOJa.a tn thta 

87&te are 

E-tel4apar • It-mica 

5KA1st
3
08+21++12Ba0 • K&l

3
st.

3
o

10
(0B)2+6B

4
St0

4
+&+ (,5) 

lt-llioa aa4 dbbatte 

2r.At3st3o10( OB)2.a• +tea2o -== ''12o, ,..2o.z+ +6&4stJo4 ( 36) 

K-:telclapar aacl kaolt.l\1 te 

21Alst 308+2R++9H20 • B4412st20
9
+2k++48

4
St0

4 
(37) 

ltaoltlllte aftd Ctbbatte 
\ ' a4.a.l2st20g+5B20 ::l A12o3.~20+2R4St04 ·• {38). 
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BzpeotlDI the eqUlllbl'lu between abo-.e aet ot reacttoa 

aDd water the equtlt.bl'twa ~onatant tor eacl\ reactton oaa be 

4eteratae4 aa 4oa• tn calboaate a1atea. Por ezaaple the eqat

ltbnua toaatant (1:) tor lt:...feldapar ud tt-ld.ca ( ~s- ) 

x4 • cx•J cB4stof1' 
[B~ 

(,9) 

fb.e cheatoal boundai';V tor thta reaction Will be prOY14e4 b;r the 

tollowllla equation 

1oc 1r:4 • 4·9 • log~ + ' log ca41l04J (40) 

for E•ld.Ca aD4 gibbet te (_3bJ 

. ' ICc • [&:~ [B4S1Gf . (41) 
" . + 

R 

(42) 

In the •••• aauel' ... ut.ltbrtue conatanta tol' other naott.OJUI 

are calculated. 'the aott.vl t7-aott.n t.r plot ot th:la s;vatea te 

the data troa '!able tti are plotted ta the 4tacra Bo. J. 

wt4e17 aoattere4 pot.nta attract atteatton taae4lately. 

ftl.,' are dtatrtbuted tn lt•fel4apar taolUd te and. gtbbal te. 'J.'hta 

tadtoatea x-te14apar kaoltftl te aDd. dbbet te Will preotpt tate ta 

a tate ot aupel' aatvatt. on. 

Oil the oloae acrt~ttta.r ot diagram, 1 t ta reYealed that all 

aawplea ot alluYtum tall in f.d,bbet te rqtoa except ot Shahdara and 

• 
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Delhi cutt. • vld.ch tall 111 kaolUd. te and telda;it uea. 

The analyete ot quartBi tea fall 111 JcaolUd. te ud lt-teld.apar 

rest on 1 t waa expected beoauae ctbbal te ta pure h,-droua allulllDlum 

Od.d.e ld.neral aDd C}U&Z"td te la lacktllg lD alutaa. fhe J'IIJ 

eaaple talla ta tt-teldapu soeate While otbera ta taollill te 

rea on. . In caee ot und aune one aaaple tall a tn kaoltlli te ot 

SUltanpur ad other tn cf.bbalte .region juat 11ear the boundary ot 

atbbat te aDd kaoUI'll te. Ble eaaples ot Yaauaa water talli1il 
< -

taoltnt te ttelcl. !hi a obsei'Yation ta 111 cor.atol'ld ty With Balan 

( t9'78) who haa alao etudled tamuaa water and reported JcaolUd. te 

both bt phaee dl&gl"ama and X•I"&J' aul7ala ot aapeaded llatter. 

lhla obaen-ation ta also matohiq vtth concluet·on ot Garrels aa4 

Mackenaie ( 1967) that l'tver water auple vtll tall ln kaolini-te 

regi_Oil. ta case ot Gusa dYer. J'ayaraaan ( 1977) haa also dl"an 

elmt 1ar oonoluat on. 

fhe repreeentatlYe •lnenla ot this &J'&tem are albt t•• 
montaortllord. te. k&oltrai te ana quart a. fhe reactton aong these 

lllnerala are ae tollova (Gurela and Chrtat. 1961). 

Albite aDd !ontaoft.Uoat te 

?lul st,o8+6R+ +201120 ~ 6lfa + +tou4st.o4+3Ba0~,,•12 •35a,.67o,0c OJJ)
2 

( 43) 

lloataortlloat te and kaollat. te 

6Ra0.,,~~~,,st,.67o10(os)2+23112o e. 

1 A12st.2o5( OB) 4+6!1+ +8B~sto4+&R'a + (44) 
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The other poeatblo reaction lD this caee ts between kaolinite 
rl iat;3"t'tlfYl 

am quarts. 'lbe equt.ltbrium/iiaed here ia' d.eYeloped by Jacka 

( 1973) baaed on the aboYe reactions (ng. 4). 'i'h~ aulyata ot 

JHc. 4 t.n4tcatee preae~t work falls 111 montmonUont te. 

lcaoltnt te and quarts region. 5 alluvium anal1aea fall tn quart a 

region. One each tn k&olUll te and montmorillollite. The aamplea 

of quartzt te tall tn montmortllont te anda kaoltlli te region 111'ltle 
tn 

the aa11plea ot eltpoae4 water bodies are ecatterectL.all the 3 

regtona. Jfo sample te ta1Ung tn albt te region. 

The main alnerale tftVolved tn this system are kaoltnt te 

and chlort te according to l"eactton 45 

2Kaolint te + 6 aagneatum · • Jtg .. Chlort te + 2 a,11um1ntum 

++ 2H4Al2st2o9 + 6 Mg • Ms6(0H)8st4o10+2Al+++ (45) 

( 1973b) 
tJ stng two parameters pH-Y2 'laRg and psto2 Jackelhaa draWil the 

phase diagram for •acneetue atltcate e7atem. Oft the eame repro

duced diagram (Ptg. 5) the different values ot above parameters 

(tAle Ill} haYe been plotted • It is f ou.nd that all points are 

concentrating in Mg-Chlorite region. 'ftle observation tn4tcatea 

Mg-chlort te is likely to form in the a tate ot aatuzoatton. The 

Ba4arpur amlyaia ts only falling on the line of kaoltnl te and 

Jlfg-chlort te. 
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/" 
· x-ray atuq ot sample 

As mcttoaecl, ground. water ta tree tr• suspended 

utter. So x•rar analyaia of the aaaplea ·could not be done but 

in case at Maaudpur abandoaecl mine, large amount ot 11111e sedi

ment as weatb.erlag product vaa available ud 1 t wae aasuaed that 

entire product has co~e from pegmatl te. Tbla vaa ot clay particle 

stee. !hie mine aecliment en x-ra1 analysts confll'lled the presence 

ot kaoltnt te aa predicted by tile slltcate phase d.la,.raa. two 

peaka were ob tatned at 3• ''o A awul 7 .1ao A tthl ch are 1 n4i ca t:t.ng 

presence ot pure kaoltnt te and eatall amoul'lt or quarts ta sediment. 

The z-rq dlftractograph pattern is shown in Ftg. 6. !he presence 

ot quarts was predicted br aOd.tum silicate sptem • 

Dalavt ( 1978) bas alao done x-ra7 stud7 ot tasaa sediment 

am he tound 1111 te along wl th kaolllli te aJ14 quarts. 

Soil llf.neralogy has been determined by vartoua authors b7 

x-ra7. Ra7 Chaudhu~, t952 (in Paliwal .!1.!1• 1976) tnveattgatecl 

ftret aotl ld.lleralogy of this region. Be towsd chlol'lte, 1111 te 

and ka.olint. te, later on Daa, 1958 (in Paliwal, t978) reported kaoltni te 

and lllt te. Dha.r ( 1968) (in Pall wal !! .!!• 1976) tndtcated tile 

possibtlit.J of aontmorilloDtte, tlltte and kaolinite aDd htgb oar

bonate content tn sotl. 

These aot.l llllneralogy data are exa.otl7 ma.tchtiJtf with theore

tical prediction ot author ot kaollnt te, chlorite $l'1d k-tel4spar. 

!beret ore, there is good -acreement tn the theoretical rtndtng and 
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ezpertaeatal ara&l7ate ot eotl ataeralocl'• tdne .. cttaeat all4 

taana water. 

Stnoe tlll te was aot the coaponent ot phaae 4tacraa, 

therefore, 1 t •• not predicted. 'lbe carboaate apta does 

not JOequlre &aJ Yel'ittc&UOD because presence ot cd'bonate 

ld.nerala te ahowa 'b7 •xaakae• found in the allunum. Mtaeralocr 

~ Kankara ts ao tar not U.l•••ttcate4. Therefore, t t oannot be 

aatc1 ooncluatYel7 that ltanlcars are aacte up ot dolomite, ••co-
ld. te or huatt te or not• 
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CONCLtJstOlf 

!he preaeat work aaft'lecl aut on Delhi gi'OU!l4 water has 

lb.on aoatradittt.on ln reported Yalue ot chemical aaal)'ete gt.Yea 

b7 4t.fterent workers ( Sett. t964a,b; Blane .!! .!!~· 1969). 'l'be 

analJUcal;cletel'll!lnecl data have abon leas caa.centratt.on ot tone 

tn acm.aoon aaaple and htf!l1 concentration tn 111111mer. Silica ta 

ala7a found to be aaturatacl ta 8l'CIIln4 watel' bath ta quartz a.ad 

amorphoaa alltca. this etltca baa beea releaae4 fro. &eld.cal 

and physical veathel'l.q ot area. Ph;ratcal veathertq ta more 

atsat.ftcaat ta SU.ltaal"lr,. ,al'ftldlanasar area• while ohel'llical ta 

nat ot the areas. 

'lhe water qualt ty te tou.nd to be bichlJ' Yartable troa 

rock to reck act eYea in the ••• rooks fr011 one place to another 

place. tb.la tad loa tea large eoale lliztaa of srOUDd water of two 

aoqutte. the htsheat l&ltrd.t)o ta shown b7 SUltaDpur-farmkhaaapr 

aaeplea but coape.raUYel, leaa by alluvtua alld quartstte. Conal -

4erable tapaot on sroun4 ater qualt t¥ ta u.4e bJ fertlli&era, · 

tlldUitl'lal aacl ct•eattc waate. 

Very coOd control at ll t!loloc7 vaa observed tn the case ct 

tollovt.ng tone& elltca (Mzlmu.a ta quartsf. te and ldrd.•u• tn aaacl 

4~ee), btaarboaatee (autmua ta alluvtua aDCl atrd.mua tn euct clUDee). 

Hen 1 t te ezpeoted larae scale tranater of bt.oarbcmate tone troa 

alluvtua to quart&l te. sulphate te aaztaua ln ean4 4unee and 
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aS. Dina ill quart&1 te. Salle ta obaened ill oaae ot Chloride. 

!he hieher concentration ot particular t OD 111 a partloular root

tJpe is due to the tact that rook vaa rtoh ill 1hat ton and 

llinlaua cOl'lceatratlon Ua particular rock-t7pe tndl.cateo tmpcwel'lah

. ment of that alnenl 'Iiilich releuea that ton ua the rook • 
..,.,;.,- -

A .looae control of lt tholocy waa obaerYe4 ta, case of 

potaeeiua, chlol'tde all4 ealciua between alluvtue and ·quartette. 

!heir. conoentn.tton :I.e eucb. that no detf.nt te coDeluaion au be 

dram &bOilt their relat1011Sbtp 1d.th the rock-tne. 

P!Aoaphate b.aa aot ahown any control beoauae 1 t ia not 

prt.aar1 conatt tuent ot an7 rook met ta the ana. JroreOYer, in 

phosphate anal)'eia ali ca taterterence i a aleo euapeate4. tta 

preeeDce f.n sroua4 water ean be attl'lbuted to percolation ot aurtace 

water tr011 ears.cul tural ttel4 when phosphate te uae4 aa ferttlt ur. 

earboaate srstem has ahon preeaoe or doloaf. te tn the 

atate ot eaturati on when calet te-4oload te a7atem te oonet4ere4 alld 

aracout te 8Jld huntt te • when ai'Agolll te-hun tt te ayetem ta conatdered. 
lld.nerala 

i'he presence ot cuboaatebe evident froa wtdeeprea<l dtatrt.button 

ot ua•zala Kankar tn allurtwn ( Sett, 1964) which waa toraect in 

· the atate of aaturau. on bJ' oapt.lla17 action ~ water. 

tile pncU.otf.OIUt rJt different etltcate phase 4tacra• have 

b .. a euoceaatull,- correlated with z-rar analyala ot alDe-eedtaent, 

\tapa secU.aent (DalaYt., t97·8) and aotl mtneraloQ (Palf.wal .U .!1•1976)·, 



59 

Phaee dt.aanaa haYe eho1m preaenoe of taolUd. te, quarta, . 

81'bbel te, ••taol'f.llcmi. te uct ohlon te. Pall al ( t976) hae 

reported that kaoliat te, quarts, tllf. te and ohlort. te. Since 

1111 te phase waa not o:aet4•re4 ta phaee cttaal'ams. therefore, 

f. t 11 1et to be Yel"ifted b7 theonttcal atu4J. ''ht til the Uaht 

of o:ther pre41ctlcma tt·oe be apeculate!l that it wcna14 also be 

preaea. t ta the pbaae 4lagJ1&1Da. 

taauna riYer has ahoa url:ed departure frora world·• a 

&Yerage data of Lt'llnc•toae (Wa4epobl, 1910). It can be aa8UI'•d 

here that a1ace 1 t ta paselDS thrauah rea4t17 soluble rocl:a 

ltmeetone and alluYtua bet ore 1 t entera tn to Delhi, theret~e, t t 

contain htsll dlaaolYed load aftd the the entire area ta highly 

populated. Whtoh· te proctuo&ms htsh doaestf.o and tnduatrtal att.luente 

duped tato ate1" 11bt.oh is another aaj or tactOI' tor htsh dtaaolved 

load. In tact load oarrtetl by tn4tan rlYers are tmoh lltgher thaa 

the other riYel'a of the worl4 (sabr&~~aDtrm.!! Al· • 1917). 
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