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Abstract

A titrimetric method for the determination of sulphate in water samples using lead nitrate titrant and
lead ion-selective electrode as end-point detector is described. A double junction reference electrode
containing salt bridge of 1 M sodium nitrate is used. The determination is carried out in 759 methanol
media. The range of the method is §to 500 ppm of sulphate, the end-point volumes being reprodu-

cible from £ 5 to -+ 1% and recoveries between 90-98% are obtained in river water, well water, and
mine water samples.
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L. Introduction

Sulphate ions are abundant in natural waters, the concentration varying from a f"ew
'o several thousand ppm. In water required for industrial purposes, concentration
o Sulphate is of importance mainly where evaporative processes introduce potential-
%aling problems. D:termination of sulphate is necessary for regulation of allowable
°°n08_ntrations in boiler water and in cooling towers as often sulphate is a constituent
of boiler deposits and heat exchanger scales. The sulphate concentration in potable

;a T supplies is also of interest because high amounts of sulphate impart 2 faintly
MeE taste to water and cause cathartic effects, especially in children.
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The methodst-% based on precipitation and complexometric titraﬁons ftrrgm |
determination have not gained importgnf:e because‘below concentrationg " "
problems arise due to solubility of precipitate and diffuse colour change of indm
1

at end-point. The turbidimetric method suffer from interferences ¢ye . Rty
suspended matter and also requires controlled particle size precipitation, Thug al?ll;[r :

a Jarge number of sulphatc determination methods‘have been reported, stij +

and accurate procedure 1S available to the analytical chemist. Using the metlfod

Ross and Frant!, we report a potentiometric method for sulphate delﬂmimum-ﬁ
U]

water samples.

2. Experimental

2.1. Instruments

An Orion-Model 94-82A, lead ion-selective electrode along with an Orion-Mode| 904
double junction reference electrode (containing 1 M sodium nitrate in its oyter chambe;
fitted on an Orion-Model 901 digital mV-meter was used as end-point detector

2.2. Reagents

All reagents were of analytical reagent grade including methanol which was ugdy
obtain 75% v/v, methanol-water mixed solvent system. A stock solution (01 M)
sulphate was prepared by dissolving 7-1020 gm cf anhydrous sodium sulpht
(previously dried for 2 hours at 100° C) in 500 ml of water. 33-12 gm of lead nitae
was dissolved in one litre of water to obtain 0-1 molar stock solution of titrant af
was stored in polyethylene bottle. 1 molar solution of ionic strength adjustor ws
prepared by dissolving 70 gm of NaClO, - H,O in 500 ml of water.

2.3. Ion-exchange columns

Zerolit 225 resin was used to prepare ion-exchange columns in acid and silver .ﬁnm
For acid form 100 gm of resin was treated with 500 ml of 2 M nitric acid, the o
stirred for 5 minutes, separated on a sintered glass funnel and washed untl
For silver form 100 gm of resin was first brought into acid form and was U
treated with 500 ml of 0'2 M silver nitrate, the mixture stirred for about 30 ot
separated on a sintered glass funnel and washed until free from Ag* 10DS.

3. Resaits and discussign

3.1. Titration media
ractiﬁl tﬂ

The moderate solubility of lead sulphate in aqueous media makes it 1mprav ofect

titrate water samples having low concentration of sulphate. Solvents of low & ol

;cinstant 5“_011 as 1, 4 dioxan or methanol can decrease the solubility of lead su]pnd’

be{t:hough dloxap can cause tliw greatest decrease, inconsistent results have beet treiz ¥
ause formation of peroxide due to its decomposition has adverse effeC
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orane Of ion-selective electrode. Hence, methanol has been used in the propesed
jiem

method.

| voluhe in the titration soluti -
m methano lon was found to be 50-75%

507 end-point breaks were found to be considerably smaller and above
blishment of equilibria was observed.

hecalse below

750, shuggish €542

32, Titrant

[ead nitrate was used as tiu:ant iq the prese_nt m.ethod as-lead perchloratet with
o ficient purity was 1ot readily available. While using 1, 4 dioxan as solvent serious
igterferences have been reported when oﬂnly tenfold excess of NO,~ is present over
' ¢0., but in the present case when SO, was titrated in the absence and presence of
| even 200-fold €XCESS of nitrate no difference wzs observed in the end-point of titration
| amve. Thus lead nitrate can be very safely used as titrant.

1.3, Effect of pH

In alkaline media lead may get precipitated as lead hydroxide and in acidic media
oH < 3-5) solubility of electrode membrane increases thereby decreasing the sharp-

ks of end-point. However, the titration curves were independent of pH in the
rage 3°5 to 5°3.

}4. Effect of cations

A kead electrode suffers interferences from Cu?+, Hg?+ and Ag+ these ions should be
tent from the samples. Fortunately, they are i trace concentrations in water. In
zdditiop to these ions, calcium in water was found to cause negative error in sulphate
:lkterm‘mation. The end-point appeared prematurely in presence of increasing amounris
“’fﬁlﬂl}lfl. However, it was observed that interference due to calcium can be sappressed
thf_iltlon of inert electrolyte, i.e., by increasing ionic strength. Although the
;m&l f;laﬂge at end-point was found to be smaller _in presence of ionic strength
Siud e;meaddmog of 0-05 M sodium perchlorate eliminated interference from 2
wiu \:zshOf calcfllm find 0-1 M sodium perchlorgte from a 20-fold €XCeSs of
i °h caleium is present at high conc ntration, CaSO; may precipitate on
iy methanol but as jonic strength adjustor increases solubility of calcium

be added before the addition of methanol. When expected

132, 1t should
il ¢ .. ) gl _ .
““%l;trauon is still grezter, it is advisable to pass the solution through cauon

mhfmgﬁ resi

5 Effect of anipns

A
.t S Such a5 o]

[t Preferent Ylll)dat? and lungstate which form less soluble precipitate !ivith lead
m*ﬁsligate the 1ally with the titrant, however, they are sa‘?ldom pres_ent _m wmcr
d oyt With lnﬂue{me of other common anions occurring in water, titrations werc
*Yuthetic samples. Fluoride and phosphate normally found in waters
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had no interference. Carbonate‘a_nd. bical:bon?,te jons could h?,ve inte
interference was removed by amdﬁynng titration solution. Nltrate ions ey,
200-fold excess of sulphate showed no interference, but chloride ions imerferedm
10-fold excess. In order to eliminate interference due to chloride gy iunu:h&
separation procedure’ was followed. Water sample (50 ml) containing aroyyg "E*
excess of chloride over sulphate was passed at a flow rate 35 ml/mip thl'ﬁugh:
columns fitted one above the other. The upper column contained ion{xchaﬂger i
silver form and lower column contained the aci_d form. Cations presep i “u
sample displaced silver ion from 1on exchanger in upper column precipitating it
chloride and making sample chloride free. The sample while passing throug g
lower column gets rid of excess silver ions. This procedure also destroyeq Catbogy
and bicarbonate ions because when the sample leaves sccond column, it gets aggy
to pH 3-5 + 0-5 which is well below the pH of carbonic acid (6-4). This procedn |
is suitable for a series of samples, but for occasional samples, an alternative proeg
was followed, in which 50 ml of sample was placed in a beaker, about 2 gm of pg
in silver form was added and the mixture was stirred for about 20 minutes. It s
then filtered through a sintered glass funnel and to the filtrate about 2 gm of resini
acid form was added. After stirring for another 20 minutes, 1t was again fitr
The filtrate was found free from chloride, carbonate and bicarbonate.

l'fered bt

Table 1

Recovery studies for sulphate determination in natural water samples by propss
method

_—————-_-'

Water Sample Sulphate Sulphate  Sulphate A
sample no. found, ppm added, ppm recovered, recovery
ppm pPpm

Well 1 26 10 34 94- 4
water 2 44 10 52 96" 4

3 85 10 9] 95-8

4 39 10 47 96°0

5 52 10 59 951
Mine 1 256 . 100 351 98°'6
water 2 313 100 403 97-5

3 186 100 273 98- 7

4 472 100 561 98:0

5 391 100 488 99-5
River ] 9 5 13 92'8
water 2 17 5 20 90-2

3 22 5 24 89-7

4 14 5 17 89-4

5 11 s s 931 ="
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3.6, Precision and accuracy

To check the preci?.ion. of the method, tests on synthetic samples were carried out
for sulphate determlnagons. The end-point volumes were found to be reproducible
0 + 1% at concentrations around 250 ppm. Precision was found to decrease at low
concentrations to + 2% around 50 ppm and approached + 57 arcund 10 ppm.

The accuracy of the method was testec} by titrating series of unspiked and spiked natural
water samples at different concentration levels and the results are summarised in
Table I Recoveries of 987, were obtained with samples containing more than

250 ppm sulphate, 957 with samples containing 50-100 ppm sulphate, and around
90%, with samples containing 10-25 ppm sulphate,
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