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ABSTRACT

Common salt is nothing but sodium chloride and its quality is determined by the sodium and chloride ions present.
Besides human requirement of good quality salt, high purity salt is necessary for all kinds of heavy chemical
industries which use salt as the basic material. The present study focuses on the chemical parameters of brine at
various stages of different salt-pans of Kanyakumari district. The parameters included are percentage of chloride,
sulphate, calcium, magnesium, sodium and potassium. The study revealed that the values of these parameters
showed a marked variation in the different stages of the various salt-pans. The percentage of chloride, sulphate,
magnesium and potassium were found to increase gradually from source to bittern stage but calcium and sodium
showed a different trend. Calcium was found to increase from source to reservoir and then gradually gets
decreased. Sodium gradually increased in the initial stages and in the final stage gets decreased.
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INTRODUCTION

India is one of the important salt producing coiastrof the world. Salt is manufactured from seaewasubsoil
brine, lake water etc. As the composition of brirsgies, the composition of bittern also varies aondthe by-
products obtained from all the three sources amesdat different from each other. The brine frorffedént
sources has different mineral concentrations [btéary to the belief of the salt manufacturerd, which is unfit
for human consumption is equally unsuitable for modustrial uses. There are several instancesenbeemical
manufacturers are incurring high cost in the pcaifion of the salt used by them to make it suitdbletheir
manufacturing process. The presence of salts likgnmsium chloride, calcium sulphate, sodium suéplaad
sodium carbonate is considered undesirable and thetes are at best treated as unavoidable ingairit
Magnesium chloride and sulphate being hygroscopcl@ked upon as particularly undesirable impesitiThe
presence of salts like magnesium chloride, calcsutphate, sodium sulphate and sodium carbonatenisidered
undesirable and their traces are at best treateshasmidable impurities. Magnesium chloride ancgbkate being
hygroscopic are looked upon as particularly unaédérimpurities. The left - out mother liquor afthe separation
of salt called bittern, contains most of the diged|elements at a more concentrated level. Thierbiis used for
the manufacture of epsom and magnesium carbonadthahe predominantly magnesium compounds [2] eBitt
contains mainly magnesium chloride which is a raaterial for the manufacture of magnesium metal.sT buines
are considered to be a handful source of variowwmaals. The present study elaborates the peranidg
chemical parameters in the brine of various stafiedifferent salt-pans.

EXPERIMENTAL SECTION
Samples of brine were collected from differert-pans namely Swamithoppu where backwater brénasid,

Puthalam where subsoil brine is used and Kovaldrmrevsea brine is utilized for salt productibhe samples
were collected from the five different stages afious salt-pans viz. source, reservoir, condemsgstallizer and
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bittern. The percentage of chloride, sulphate,igalc and magnesium in the samples at various stafi¢he
different salt-pans were determined by standardqmores [3]. Sodium and potassium in mg/L weremedtd
flame photometrically and is presented in percemtag

RESULTSAND DISCUSSION

In Kanyakumari District, salt is manufactured bg golar evaporation of various brines viz. backewaubsoil and
sea brines. Maximum salinity was observed in s@gelwhen compared to back water and subsoil brienthly

samples were collected for a period of one yeanfuarious stages of the different salt-pans and amatyzed for
chloride, sulphate, calcium, magnesium, sodiummotdssium

(i) Chloride (%)

In the present investigation, chloride ion showesteady increase in concentration from source itterb stage.
Though the crystallizer discharged chloride as wwodchloride, the concentration continued to iaseein the
subsequent bittern stage. Earlier reports haveirooed this observation, which was due to factoke lthe
incomplete crystallization of sodium chloride iretbrystallizer stage (76%) and also the presentegbfy soluble
potassium chloride and magnesium chloride in thtedoi [4]. Moreover, the volume reduction from 9% the
crystallizer to 3% in the bittern stage contrésitmuch to the above observation.

Fig. 1. Monthly variation of chloride (%) in the sampling stations during the study period 2011
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The percentage of chloride at various stages ofhaellsalt-pans was maximum from January to May aed
between the monsoon periods. When the northeastanarbecame active, the values went on decredsjng], in
November and December.

The source at Kovalam had more chloride thansthece of the other pans because sea brine isfoseelt-
making in Kovalam. The maximum average value atdfawm was 3.18 + 0.29% and a minimum average vdlue o
2.27 £ 0.18% was observed at Swamithoppu. The geeralue at reservoir of all the salt-pans rangsaiben 5.23
+0.47% and 6.52 + 0.55% of which Kovalam had maximvalue and Swamithoppu had minimum value.

The condenser of all the salt-pans had the Vadiereen 10.56 £ 0.66% and 13.23 * 0.64%, in whielximum
value was observed at Kovalam and minimum value olaserved at Swamithoppu. The average value at
crystallizer of all the salt-pans ranged betweedd6& 0.76% and 19.09 + 0.50% in which maximurugavas at
Kovalam and minimum value was at Swamithoppu.

The average value at bittern stage of all the malis ranged between 28.37 + 0.19% to 29.73 + 0.81%e
maximum value was recorded in Puthalam and miningalme was observed at Kovalam as more sodiumidilor
got separated before the bittern level ( Fig td.a.e).

(ii) Sulphate (%)

Apart from chloride, brine contains sulphate as mha&or anion. In the present investigation, theplsate ion
concentration of the brines increased from the@tw the bittern stage which is in accordance edtlier works

[6]. According to the phase chemistry of solar satiduction, sulphate gets eliminated as gypsun$Gz2H,0 in

the condenser stage. The continuing increase phatd is due to the remaining gypsum and saltsslitghates of
magnesium and potassium which get separatedaftdy 30Be. The pH was found to decrease from reservoir to
bittern and simultaneously the percentage of stéphareases. This was in accordance with the vaten of
earlier works [7].

The values were found to be maximum from Januaiay and also between monsoon periods. But ahewst
monsoon became active, the values went on decgeasiNovember and December which was in accordaviite
the earlier works [8].

The average value at the source of all salt-pangech between 0.27 + 0.05% and 0.31 + 0.04%, whenealdm

had maximum value and minimum value was observ&hiamithoppu and Puthalam. The reservoir stagéd tfea

salt-pans had an average ranging from 0.86 + 0.23%15 + 0.34% where Kovalam had maximum and Pamha
had minimum value.

At the condenser stage, the average value randedme 1.42 + 0.32% and 1.97 + 0.46%, of which tlaimum
value was observed at Kovalam and minimum valueakagrved at Puthalam. The crystallizer stageldhalsalt-
pans had an average ranging between 2.32 + 0.28%2.86 + 0.34%, where again Kovalam had the maximum
value and Swamithoppu had minimum value. The abksldittern sample of all the salt-pans had an ayer
ranging from 2.51 = 0.25% to 3.48 * 0.48%. The maxn value was observed at Kovalam and minimum value
was observed at Swamithoppu and Puthalam (Figp2ae).
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Fig.2 Monthly variation of sulphate (%) in the sampling stations during the study period 2011
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(i) Calcium (%)

During the process of solar salt manufacture, igaicfollowed a unique pathway. In the present stuihe
concentration of calcium in the source samples gaaparatively lower than the other ions. The petamm of
calcium increased from source to reservoir and asimum calcium sulphate got separated before thelemser
stage, the values went on decreasing from resetwdiittern through condenser and crystallizer alshe calcium
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sulphate cannot be collected and in due cours$ernits a distinct crust on the bottom of the saltggavhich makes
the surface very hard [9].Trace amount of calciunthie crystallizer and bittern stages may be aiteith to the
excessive organic matters complexed with calciumigim saline concentrating ponds that lead to digéipa of this

mineral.

The values were maximum from January to May and lbétween monsoons. But due to active northeassowom
the values went on decreasing in November and Digeewhich was in accordance with earlier works [10]

The average value at the source of various sak-panged from 0.04 + 0.01% to 0.05 + 0.01%, ofclvhihaximum
value was at Swamithoppu and Puthalam and minimalmevwas at Kovalam. The minimum value at Kovalam
indicated that sea brine had lesser proportioratium.

The average value at reservoir ranged from 0.1104% to 0.14 + 0.03%, in which maximum value was at

Swamithoppu and minimum value was at Kovalam. Tdredenser stage of all the pans had an averagentafigin
0.07 £ 0.02% to 0.11 £ 0.01%, where maximum valas at Swamithoppu and minimum value was at Kovalam.

Fig. 3. Monthly variation of calcium (%) in the sampling stations during the study period 2011
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The crystallizer had an average value of 0.0702% in all the salt-pans. The bittern stage hadwamrage ranging
from 0.058 + 0.01% to 0.06 + 0.01%. The maximumueailvas at Swamithoopu and minimum value was at
Puthalam and Kovalam. Sea brine had lower cond@ntraf calcium initially than subsoil brine, buhce calcium
sulphate got separated, the average value of calsias almost similar for the remaining stages @agto 3.e).

(iv) Magnesium (%)

In the present study, the magnesium ion conceotratias found to increase gradually from sourceittern. No
magnesium salt gets eliminated during the procésolar evaporation. Instead magnesium salts lilkgmasium
chloride, magnesium sulphate etc. remain in theitswl on account of their greater solubility andncae
crystallized only after 3Be[11].

The values were found to be maximum from Januaiyiag. But when the northeast monsoon became actiee,
values went on decreasing in November and Decerfibéy.was in accordance with the earlier works] [12

The average value of magnesium at source in als#tiepans ranged from 0.21 + 0.02% to 0.27 + 0.0%%e
maximum value was observed at Puthalam and minivaloe was at Kovalam. The reservoir stage of aldalt-
pans had an average ranging between 0.48 + 0.09P®0.&d + 0.19% of which the maximum value was at
Puthalam and minimum value was at Kovalam. The epnsér had an average ranging from 0.95 + 0.33%rtb 4
0.22%, in which maximum was at Puthalam and minines at Kovalam.

The average value of magnesium in all the salt-parmsystallizer ranged from 1.67 = 0.25% to 2.50.26%, the
maximum at Puthalam and minimum at Kovalam. The&bitsample of all the salt-pans had an averaggingn
from 2.62 + 0.29% to 3.53 = 0.24%, where maximunsved Puthalam and minimum was at Kovalam. The
minimum values of magnesium at Kovalam indicateat 8ea brine had lower amount of magnesium chldhde
subsoil brine and back water. (Fig. 4.a to 4.e).

(v) Sodium (%)

The concentration of sodium ion increased from @®up crystallizer through reservoir and conden€mce
maximum sodium chloride gets separated before’B8,3he value was found to be minimum at bitteagst The
presence of sodium at bittern stage indicates twitall sodium gets separated as sodium chlofide.percentage
of sodium was found to be maximum from January tyyMnd also between monsoons. During monsoon pgriod
the values were minimum due to the dilution ahérby rain.

The average value of sodium at the source of varsali-pans had an average ranging from 0.73 #01070.91 +
0.03%. The maximum value was at Kovalam and mininvafne was at Swamithoppu. It was clear that sesebr
had more sodium as expected than other brinesreggrvoir, the average ranged from 0.9 = 0.09%.02 +
0.07%, of which the maximum was at Kovalam and mumn was at Puthalam.

435



S. Betsy Bai and C. Vaithyanathan J. Chem. Pharm. Res., 2015, 7(7):430-439

Fig.4 Monthly variation of magnesium (%) in the sampling stations during the study period 2011
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At condenser, the average ranged from 1.02 + 0.66%.25 + 0.13%, where maximum was at Kovalam and
minimum was at Swamithoppu. The average valueyetaltizer ranged between 1.21 + 0.06% and 1.3411%.
The maximum value was at Kovalam and minimum ate8wamithoppu.
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Fig.5 Monthly variation of sodium (%) in the sampling stations during the study period 2011
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From the available samples of bittern, the averaggcentage of sodium in all the salt-pans rangenh f0.74 +

0.05% to 0.81 * 0.06%. Since maximum sodium cheonehs separated before reachingBz) the value was
minimum at bittern stage. It was observed thafreentage of sodium was maximum in Kovalam whenpaoed

to other pans because sea brine has more amosodioim as sodium chloride.( Fig. 5.a to 5.e).
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(vi) Potassium (%)

Potassium ion is generally found to be minimum lathee stages of salt production because potassalts are
highly soluble and also no potassium salt is fotmmte crystallized before the bittern stage whi&imiaccordance
with earlier findings [13]. The concentration aftpassium was found to increase from the sourcétterio through
the reservoir, condenser and crystallizer, thobghincrease was not significant.

The percentage of potassium was found to be maxifnum January to May and in between monsoons, wiva$
in agreement with earlier works [14]. As northeastnsoon became active, the values went on decte#sin
November and December due to heavy rainfall.

The average value of potassium at the source abusrsalt-pans had a similar value of 0.033 + %04 he

average value at reservoir was also found to bestlsimilar i.e., 0.043 £ 0.0035%.The average \saluere found
to be almost similar at the condenser, crystalliazed bittern. From the above values, it was diear despite the
brine used for salt making differed, the avergg#assium present at various stages of the diffes@ipans were
found to be almost similar (Fig. 6.a to 6.e).

Fig.6. Monthly variation of potassium (%) in the sampling stations during the study period 2011
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CONCLUSION

The present study on the variation of chemical petars suggest that the percentage of chlorickeased from
source to bittern stage and was maximum in Kovalaati-pan which uses sea brine for salt pradoctThe
percentage of sulphate was also found to incrgesually from source to bittern stage. Theas & continuous
increase in sulphate content due to the presemgalte like magnesium and potassium sulphatestendhaximum
value was observed in Kovalam. Regarding thegrgage of calcium, the value increased freource to
reservoir and then decreased till bittern stage this was due to the separation of calcium &suca sulphate
before the condenser stage. The percentage ofasiagnm increased gradually from source to bitteagestas the
salts of magnesium remain in solution due to higllkslity and crystallize only after reaching leith stage. The
percentage of magnesium was found to be maximuRuthalam which uses subsoil brine for salt préidacThe
percentage of sodium gradually increased fromcsoto crystallizer and was minimum in bittern doeeparation
of sodium chloride. The percentage of sodium waaximum in Kovalam as it uses sea brine for saltdpction.
Regarding the percentage of potassium, it inet&®m source to bittern but the increase wasant significant.
The average values of potassium was found to bestlsimilar for all the three pans.
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