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ABSTRACT

Generally, dissolved oxygen (DO) and biological oxygen demand (BOD) of
waste water sample are determined at a particular temperature by the well
known Winkler’s volumetric method. The DO of water can also be deter-
mined by membrane electrodes (Clarke method), polarographic, galvanic
type and luminescent optode methods; and each technique measurement
has its own limitations. In the present investigation, we have used new
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potentiometric technique to determine the DO and BOD of lakes, ponds,
riversand industrial waste waters. Thetechniqueissimple and inexpensive
and the results obtained are comparable to any other methods and are
highly reproducible; and is need of the day for environmental monitoring

of waters. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Winkler’s iodometric method™ hasundergonevari-
ousmodificationsfor DO analysisto €liminateor mini-
mizeeffectsof interferences; neverthel ess, themethod
dill isingpplicableto avariety of industrial and domes-
ticwastewaterg?. Moreover, theiodometric method is
not suited for field testing and cannot be adapted easily
for continuous monitoring or for DO determinationsin
gtu.

Polarographic methods us ng the dropping mercury
electrode or the rotating platinum el ectrode have not
beenreliablealwaysfor the DO analysisin domestic
andindustrid wastewatersbecauseimpuritiesinthetest
solution can cause e ectrode poisoning or other inter-
ferenced®4. With membrane covered electrode sys-
temsthese problemsare mini-mized, becausethe sens-

ing e ectrodeis protected by an oxygen-permesbleplas-
tic membranethat servesasadiffusion barrier against
impuritied®d. Understeady-state condi-tionsthe cur-
rent isdirectly proportiond to the DO concentration™.
Polargraphic®® aswell asthega vanic” typemem-
brane e ectrodesare being used for DO measurements
inlakesand reservoirg® for stream survey and con-
trol of industria effluents**3, for continuous monitor-
ingof DOin activated dudge units*® and for estuarine
and oceanographic studies?¥. Being compl etely sub-
mersible, membrane e ectrodesare suited for analysis
ingtu. Their portability and ease of operationand main-
tenance makethem particularly convenient for field gp-
plications. Inlaboratory investigations, mebrane el ec-
trodes have been used for continuous DO analysisin
bacteria cultures, includingthe BOD test” 1,
Membraneelectrodes provide agood method for
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DO andysisin polluted waters, highly colored waters,
and strong waste effluents. They arerecommended for
useespecidly under conditionsthat areunfavorablefor
useof theiodometric method, or when that test and its
modifications are subject to serious errors caused by
interferences.

Oxygen-sensitive membrane € ectrodes of the po-
larographi ™9 or gd vanic type™ are composed of two
solid metal electrodesin contact with supporting €l ec-
trolyte separated from the test solution by aselective
membrane. The bas c difference between thega vanic
and the polarographi c systemsisthat intheformer the
electrode reaction isspontaneous (similar tothatina
fud cdl), whileinthelatter an external source of ap-
plied voltageis needed to polarizetheindicator el ec-
trode. Polyethylene and fluorocarbon membranesare
used commonly because they are permeabl e to mo-
lecular oxygenand arerelatively rugged.Indl thesein-
strumentsthe““diffusion current” is linearly proportional
to the concentration of molecular oxygen. Thecurrent
can be converted easily to concentration units (e.g.,
milligramsper liter) by anumber of calibration proce-
dures.

Over theyearsanumber of methodsfor dissolved
oxygen determination have been developed. These
methods havebeenfoundtovary widdly intheir sensi-
tivity, susceptibility to € ectrode poisoning by the pres-
enceof undesirablecompounds, and, insomeingtances,
sengitivity to aslow flowing or static agueous media.
Somemethodsrequireavery clean sample, devoid of
extraneous chemical compounds, but only afew are
adaptableto continuous on-line measurement.

Compared to the photometric and amperometric
end point detection, littleattention hasbeen paidtothe
potentiometric detection for usein titration probably
becausethed ectrochemica equilibrium at theplatinum
indicator electrode is considered to be established
dowly anditisdifficult to detect iodineat |ow concen-
tration of 10° N. However, since potentiometry is
simple, convenient and generally precise, it seems
worthwhileexploiting potentidity of the potentiometric
andyss.

Inthe present paper, we areindicating that the ba-
sic principleof Winkler’s redox reactions can be suc-
cessfully considered for an eectro-chemica cell in po-
tentiometric analysisto determine DO and BOD of
water samples. The DO and BOD measurement through
the electrode potentialsand theWinkler’s volumetric
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titreva uesaredetermined inthistwo-in-onece | set up
which hasamagnetic bead stirrer provision for con-
tinuous mixing after the addition of titrant.

EXPERIMENTAL

Oneof themost useful titrationsinvolvingiodineis
that originaly devel oped by Winkler! to determinethe
amount of oxygen in samples of water. Thedissolved
oxygen content isnot only important withrespect tothe
speciesof aguatic lifewhich can survivein thewater,
but isalso ameasure of itsability to oxidise organic
impuritiesinthewater.

Basic principleof determination of DOinwater by
potentiometrictechnique:

Electrochemical set up

Inthepresent investigation of DO andysisof water
by potentiometrictechnique, an € ectro-chemicd cdll is
constructed with aredox potential indicator electrode,
asgiven
Hg/Hg,Cl,/KCl (Satd) // Redox analyte/Pt
(referenceelectrode)  (Indicator electrode)

Theemf of thecell, E , =[E, ,-E 4
=E . -0.2422.

Therefore E, ,=E_, +0.2422

Where, E , isasaturated calomel electrode of constant poten-

tial, 0.2422 Volts.

Inthe present potentiometric technique of investi-
gation, the redox chemistry of reactions of only two
stages of Winkler’s! method are given primeimpor-
tance to estimate the DO and BOD of water. The
Winkler! reactionsareasfollowssequentidly:

(1) Manganous sulfatereactswith the potassium hydrox-
ideat pH 12.0 to produce awhite flocculent pre-
cipitate of manganoushydroxide:

MnSO, +2KOH - Mn(OH), +K SO, )

(white)
(i) If thereisany DO in thewater, asecond reaction

cel

Figurel1: Anelectrochemical cell for DO measurement in
water bodies
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betweentheMn(OH), and DO occursimmediately
to form abrownish manganic oxide precipitate.

2Mn(OH),+0,— 2MnO(OH), )
(brown)

(iii) After the quantitative conversion of Mn?*toMn*
state, arequisiteamount of H,SO, (1:1sulphuric
acid) isadded at pH= 1.0 - 2.0 to dissolve com-
pletely the browni sh preci pitate with continuous
swirlingwiththehelp of magnetic stirrer. Manganic
sulphate,Mn(S0,),.isthe product of thisreaction.

2MnO(OH),+2H,S0, - 2Mn(SO,),+ 6H,0 @3)

From step (iii) of reaction, it can berealized that
Mn?* reactswith an equiva ent amount of dissolved oxy-
genand getsoxidized to Mn* statequantitatively. This
givesriseto asteady potentid at the platinumindicator
el ectrode which can berecorded usingadigital poten-
tiometer.

The standard oxidation potential of theindicator
electrode, Pt/ Mn*;Mn*, for IM MnSO, solutionis

Mn* > Mn* +2¢ E° [/  =-123V 4

Mn2+ ' Mnd+—

However, for particular Mn?*/Mn* concen-tration,

we havethe Nernst expression for reduction electrode
potentid (by Convention) a the Pt indicator electrodeas

Mn* +2e—>Mn*  E [ .
= +1.23 + 0591/2 log, [M n*] /[[M ] (5)
=E, (Volts)

After theaddition of requisite amount of K1 solu-
tion, the measured equilibrium reduction potentia (E,)
for overdl redox reaction (5) at theindicator e ectrode
can beexplained asfollows: Potassumiodidereduces
Mn*to Mn?" ionsand |- ions getsoxidized toiodine
and the number of molesof iodineliberated isexactly
equivaent to thenumber of molesof dissol ved oxygen
present inthewater sample.

Thereleaseof iodine(l,) impartsabrown colora-
tiontowater.

2Mn(SO,),+ 4K |- 2MnS0O,+2K SO+ 2, )

Theredox reaction (6) takes place spontane-ously
at the platinumindicator electrode of thecell and are-
sultant potential isdevel oped a theindicator e ectrode
for these competitive reactionsas mentioned below
(i)21">1,+2e;E° ,,=-0535V 7
(i)Mn*+2e—>Mn*; E°, [/, . =+123V

Thenet redox e ectrode reaction can bethusrep-
resented as

2Mn* +41"— 2Mn* + 2| )
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Where 21 isoxidized to |, and Mn** gets reduced to Mn* in
solution.

Theresultant potentia (E,) established a thePt lec-
trodeis

=[E, ../ E I=E

Eredox

Mnd+ | Mn2+ Resultant 9
=E, (valts) ©
where
£ _liog, 0591  [Mn®

redox = [L-&2+F > 0010 Mt
(10)
- 0.535+@Ioglo B
2 |_
0591 [Mn*][1]2
E =[1.23-0.535] - lo
redox =[ | 2 J10 [Mn2+][I2] (]J.)

=E2(volts)

Thequantitative conversion of Mn* to Mn?* issto-
ichiometrically equivaent totheamount of | liberated,
which isexactly equivalent to the number of molesof
dissolved oxygen present inthewater sample.

Therefore, based onthe above stoichiometricrela
tionship of reaction, onecan arriveat thefollowing quan-
titativereationship:
1moleof O,=2molesof |, =4molesof Na_S,0,
=[E,-E,] Volts

The present potentiometric techniqueof investiga:
tion of DO and BOD is based on this stochiometric
relationship.

Procedure

1. Preparation of standard MnSO, solutionfor DO
cdibrationplot:

Theoreticdly, itispossbleto cd culatethestoichio-
metricamount of MnSO, needed toreact withanequiva-
lent amount of dissolved oxygen(DO mg/L) from step
(ii) of winkler’s method; and accordingly, different stan-

TABLE 1: Weight of MnSO,* equivalent to DO in water

O,/mgL  Weight equivalent to DO: (mg/250ml) M nSO,
1 2.6410
5.2813
7.9313
10.5625
13.2033
15.8438
18.4850
21.1250
23.7656
10 26.4063

*M.W = 169.00

(12)

OCoOoO~NOUTAWN
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dard manganous sul phate sol utions are prepared for

caibrationDOplot asgivenin TABLE 1. 6.

(Note: al the solutions are to be prepared in water

samplecontaining DOto obtainalinear cdibration plot;

and areto be preserved in aclosed bottles at constant

temperature. 7.

2. A cdome referenceand anindicator Pt -dectrodes
areinsatedintoaclosed glasscontainer/cel. Ather- 8.
mometer isaso inserted to record thetemperature
of theDO water sample. A combined glasselec-
trode isinserted to control the desired p™ of the
solution. 25ml of the prepared stock solution 9.
(TABLE 1) carefully pipetted out into thecell con-
taining the e ectrodes set up.

3. Thedectrodesare connected toadigital potentio-
meter.

4. Magnetic stirrer isused to obtain homo- genous
mixing of reegents

5. 0.5ml of 4N NaOH isadded (p" = 12.0) and solu-

tioniskept for 10-15 minutes.

6.0ml of 1:1H,SO, isintroduced to the cell and
kept for 15-20 minuteswith continuousswirling of
solutionwith the help of magnetic tirrer.(Note: p
=1.0-2.0).

Theequilibrium potentid (E, mv) of theindicator
el ectrode recorded using apotentiometer.

Then, 4.0ml of 10% K1 solutionisadded into the
cell having the electrodes kept for another 10-15
minuteswith solution swirling and record the steedy
electrode potentia (E, mv) using potentiometer.
The difference between E, and E, isnoted and is
giveninTABLE 2for aparticular tandardMnSO,
solutionfromamong the prepared seriesof solutions.
It can be observed that stochiometry asgivenin
equation (11) holds good for the determination of
DO of water sample by potentiometric analysis
(TABLE?2).

10. Potentiometricanalysisdata

TABLE 2: Calibrationdatafor [E, -E,] mv and thedissolved oxygen

Weight of Emf (mv) Emf (mv) after Emf (mv) after theaddition Emf (mv) after the E.-E Dissolved
MnSO,/ MnSO, the addition of of 1:1H,S0, addition of K| (rlnv)z oxygen
250ml ‘g>  solution NaOH E; E, (DO) mg/L
0.0212 203 -80 890 260 710 8
0.0189 181 -68 889 261 690 7
0.0159 148 -20 892 240 670 6
0.0132 114 0 890 242 648 5
0.0106 128 -4 872 246 630 4
0.0079 - 1 865 241 610 3

TABLE 3: Potentiometric analysisdatafor dissolved oxygen (D O) at lab temperature

Indicator electrode potential Indicator electrode potential Emf equivalent to Dissolved

" n;/voil/ggf)r?jl - Mn2 — Mn*+2e 2MN*+ 4 >Mn2*+ 21, DO=E; - E; oxygen
g E; (Mv) Ex(mv) (mv) (DO)mg/L

0.0212 970 260 710 8
0.0189 951 261 690 7
0.0159 910 240 670 6
0.0132 892 242 650 5
0.0106 876 246 630 4
0.0079 851 241 610 3

Ei -E2 Versus Dissoived cxygen of water at lab 11. 1% day DO determination from graph :

tempertaure [E, - E] of Ist day water isnoted from theresults

&ao 1 72 .

= ___J_ L e asD, fromgraph (figure3).

i 12. 5" Day DO measurement

temparatune

200
b

-E2 afwaterat lab

E1

0 2 4 g ] 10
Dissolved cxygen of water at lab te mperature

Figure2: A calibration plot for DO measurement for BOD

25 ml of unknown DO sample+ add 0.0265g of
MnSO, H,O [Molecular Weight=169] + 0.5 ml of
NaOH- keep for 10-15 minutes+ Add 6.0 ml of
1:1H,S0, + dissolvethe precipitate - keep for 15
minutesand record itsE, value. Add 4.0 ml of K
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A Jndian W



ESAIJ, 3(3) December 2008

O.GPalanna and M.C.Thejaswini

and take E, valueafter10 minutes. Find the differ-
ence, [E, - E,] for thesample.
13. 5" day DO value of thewater sampleisobtained
fromthecalibration graph (figure 3).
El1 -El verzez dizzolved oaygen of water

HIC
DL

e

5

E1-E2 of water

L I |
C : B2 o1 1

Dizzoled anypen Em:‘ L)
Figure3: Aplot of DO (mg/L) vsE, E,(mv)for BOD

Winkler’sTitration

14. Theestimated DO and BOD of water samplesfrom
potentiometric analysisarefurther corroborated by
resultsof Winkler’s titration values obtained in the
sametwo-in-onecell for al the prepared MnSO,
solutions. All theMnSO, solutions(TABLE 1) are
thentitrated inthesamecell set upitsdlf asgiven:
25 ml of water containing DO is pipetted out into

thecell. The procedure as mentioned for potentiomet-
ricandydsisfollowed for Winkler’s titration in the cell,
too. A burettefilled with standard Na,S,0, solutionis
insertedintothecdl asshowninthefigure4. Theswirl-
ing sampleisthentitrated to apale, straw colour, After
recording E, (mv) value using apotentiometer, 1ml of
freshly prepared starch is added and titrated against
standard (0.005N) Na,S,0, solution.

Figure 4: An electrochemical set up for Winkler’s
iodometrictitration in thesamecell set up
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When blue colour of the solution of thecell disap-
pearswith addition of last drop of Na,S,0, solution, the
end point of thetitrationisrecorded asV ml.(TABLE4).

TABLE 4: Dissolved oxygen by Winkler’smethod

Weight of Vplume of DO of water
S.no MNSO thiosulphate samples
9 consumed,ml Mg/L
1 0.0212 4.6 7.68
2 0.0189 3.9 6.4
3 0.0159 3.7 6.0
4 0.0132 3.3 5.4
5 0.0106 21 34
6 0.0079 15 24

TABLE 5: BOD of Madivalalakewater by potentiometric
analysisat lab temperature

. Dissolved D's0lved
V,\\’Ae'ght O E1-E2mvEL-E2, oxygen ~ OY9eM BOD=
NSO/ st jay 5" day Frograph ' 'OM Di—DJP
250ml ‘g’ Y Y D 9 Eﬁ graphD,  mg/L
1Mg mg/L
0.0212 703 656 7.60 4.50 31.6

1moleof O,=2molesof |, =4molesof Na_S,0,
1mol of Na,S,0,=1/4" moleof O,=8gof O,
1ml of INNa,S,0,=8mgO0O, /L
‘V’ ml of 0.005N N328203=8 x V x0.0051IN
.. D.Oof water sample=
8 x Titre Vol x 0.005N x1000 22°C

25

Therefore.
1. D.O of water sample =

8xVol x 0.005N x1000 at 22°C
25

2.BOD of water sampleat lab temperature

(i) Determinethe DO of wastewater on Ist day(D,) at
lab(20° C) temperature
(i) Determinethe DO of the samewastewater onthe
5" day(D,) at 20°C
Volumeof dilution, P=25/250
=01

Therefore

BOD of water sample=D1-D2
P

TABLE 6: BOD of Madivalalakewater by Winkler’smethod at lab temperature

Volume of 0.0051IN  Volume of 0.0051N

BOD=

M nsvg?/gggﬂ s Thiosulphate Thiosulphate Dlss%ven(qj (/)I>_<ygen D|SStEI)verg c/)|>_<ygen D;- D,/P
9 consumed, ml. 1% day consumed, ml. 5" day 1My 2Mg mg/L
0.0212 19.2 11.3 7.68 4.52 31.6
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RESULTSAND DISCUSSION

The determination of dissolved oxygen (DO) and
Biologica oxygn demand (BOD of water /waste wa-
tersareaways confined to conventiond techniqueslike
Winkler’st¥ titrimetry, Oxygen membrane®, Ampero-
metric membrane®, polarographid>®, Gavanic cd 8
and luminescence optode methods. Theresultsof anay-
sisof thesetechniques havetheir own meritsand de-
merits. The present investigation highlightsanovel po-
tentiometri c technique successfully to determinethe DO
and BOD; and COD of waste water samplesfor the
firgtime.

Inthe present methodol ogy of determination of DO
and BOD of water samples,the stochiometry of
Winkler’si¥ reactions (5) and (7) aregiven primeim-
portance. Accordingly, stochiometric amounts of
MnSO, react with NaOH at alkalinecondition (p™>12)
to produceawhiteflocculent preci pitate of manganous
hydroxide (equation 1).

If thereisany DO inthewater, asecond reaction
between the Mn(OH), and equivaent amount of dis-
solved oxygen (D O) occurs spontaneously toforma
brownish manganic sul phate precipitate, Mn(SO,),,
(Equation 2).

Theweight of MnSO, to DO relationshipisgiven
in TABLE 1. In the present investi-gation, an exact
amount of MnSO, asgivenin TABLE lisdissolvedin
250ml of water and different such solutions are pre-
pared by taking different amounts of MnSO, for DO
calibration plot (figure 1). The equilibrium electrode
potentia values(mv) of theindicator electrode against
astandard calomed reference electrodearerecorded at
the beginning for MnSO, solutions, and aswell, after
the addition of requisiteamountsof NaOH, 1:1H,SO,,
Kl solutions asprecisdly asstated el sewhereinthe pro-
cedure.

Itisevident from equation (3) that Mn?* in solution
isquantitatively transformed to Mn* statein akaline
condition by reactingwith an equivaent amount of dis-
solved oxygen from water. The equilibrium potential
value(E,) of theindicator electrodeisrecorded, which
isdueto the presence of free quanitatively converted
Mn* ionsin solution after the addition of 1:1H,SO,
acid. The observed equlibrium potential (E,) value of
the solution is due to the presence of quantitatively
formed Mn?*ionsfrom Mn* state after theredox reac-
tionswith the addition of 10% K1 solution.
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Interestingly, Bharath N and Palanna O.G*® have
shown aquantitativere ationship (equation-11) between
thedifferenceof thesetwo potentia valueg E - E ] (mv)
isrelated to an equivaent amountsof dissol ved oxygen
(DO) present in water samplesfor solutions prepared
asgivenin TABLE 1. Thebe ow mentioned techniques
of anaysisjustifiesthereationship of equation-11.

(& potentiometrictechniqueof DO anadysisand
(b) Winkler’s titrimetric technique.

In the present work, we have adopted both these
techniques of DO anaysisusing the sametwo-in-one
cdl st up (figures 1 and 4). Experimentdly, theamount
of iodineliberated dueto redox reaction (8) istitrated
against standard Na,S,0, and the amount dissolved
oxygen (mg/L) iseva uated.

Curioudy enough, itisobservedin potentiometric
analysisthat the observed [E -E ] millivoltsof there-
dox reactions(4) and (8) arefound to be quantitatively
rel ated to theamount dissolved oxygen (mg/L) present
water at |aboratory temperature (TABLE 3).

A linear plotisobtained when [E, - E,] millivoltsof
redox reactions(5) and (9) plotted against DO mg/L at
|aboratory temperature(figure2). Thislinear plotisiden-
tified asthe calibration plot for DO determination. If
[E,- E]] millivoltsfor aunknown water ssmpleismea-
sured, itispossibleto report the DO of water at labo-
ratory temperature from the graph (figure 3). The po-
tentiometric technique of DO analysisof water deter-
mination isunique, which was adopted by Bharath N
and Palanna O.G to determine DO of water (commu-
nicated to Indian Patent 2007) for thefirst time; andis
also successfully adopted again for the determination
of DO and BOD of wastewater (Madival lake) sample
inthe present work. The dataobtained from potentio-
metric anayssisfurther corroborated by theinvestiga:
tion of the samplesof water by Winkler’s titrimetric
method (TABLE 4). A notabl e feature of the present
investigationisthat one can record s multaneoudy both
[E, millivolts] by apotentiometric techniqueand theend
point volume (ml) of Standard thiosul phateby winkler’s
titrimetry; whereintheliberatediodineistitrated against
standard sodium thiosul phate solution using starch as
anindicator.

The Dissolved oxygen (DO) obta ned by thesetech-
niques are comparabl e to any known techniques®® of
andysisandtheresultsarereproduciblewith great suc-
cess. Moreover, the present techniqueissmple, unique,
easy to handle and inexpensiveto determinethe DO
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and BOD of water samples.

Theseencouraging resultsof DO of water determi-
nation has prompted ustoinvestigatetheBOD of waste
water samples, too. Asdescribed inthe procedure, the
dissolved oxygen (D,) of wastewater sampleat [abo-
ratory temperature is evaluated on the same day (Ist
day) soon after the collection of sampleof water and
carefully introducedintoaclosed cell for DO dataina
set up asshowninfigure 3; and equilibrium potential
values E, and E, are recorded as usud for the waste
water sample. Thedifference[E -E,] millivoltsfor the
wastewater(Madivaalake) sampleisnoted. From graph
(figure 3), DO of waste water is noted for the corre-
spondingvaueof [E - E)] millivolts. Thisisreferred to
asD, (mg/L) of wastewater onthefirst day of investi-
gation. The samewaste water sampleisisolated and
kept in aclosed container at constant temperature ;
and DO of thiswastewater sampleissmilarly obtained
by noting [E, - E ] millivoltsonthe 5" day and recorded
asD,(mg/L) fromthefigure 3. The BOD of thewaste
water (madivaalake) sampleat thetemperatureisca-
culated thus:

25ml of wastewater (Madivala) sampleisdiluted
to 250 ml and 25 ml thiswaste water istaken for DO

and BOD measurementsof Madival |akewater.
Volumefraction,P=25 =0.1

250

(i). Draw alinehorizontaly for [E,- E)] mv onthe

DO calibration graph of water for thelst day and

notethe correspondingvaueof D..
(i). Drawalinehorizontalyfor [E - E,] mvontheDO

cdibration graph of water corresponding tothe5"

day and notethe correspondingvalueof D,
(ii). FindthedifferenceD, - D, fromgraph (figure 3)

TheBOD of wastewater (Madivalalake) iscacu-
lated thus
BOD,=D1-Dz
P
TheBOD of Madivaalakewater measured by po-

tentiometric analysisis31.6 mg/L (TABLED5) at the
|aboratory temperature. Sincethe above dectrochemi-
ca set up hastwo-in-oneprovision, BOD, of madivaa
lakewastewater isdso smultaneoudy obtained as 31.6
mg/L by Winkler’s titration method. The values of BOD,
obtained from thesetwo techniques of analysisarein
excellent agreement (TABLES 5 and 6) pointing out
that potentiometricandysisasavaidtechniquefor the
determination of BOD of any wastewater sample.
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