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ABSTRACT

The conventional method (CM) uses 500 mg potassiumiodide (K1) per test
irrespective of theiodine content of salt (1 pg or 1000 pg). Detailed experi-
ments revealed that 3-5mg K1 per test was sufficient to estimate even 1000
pgiodine. Therefore, 5 mg KI per test was fixed for iodine estimation by the
profitable method (PM), which yielded accurate and reproducible results
for thetarget range of 0-1000 pg iodine. The minimum detectable iodine was
0.997+0.005 pg (mean + 2SD, 95% CI). The precision, sensitivity, reproduc-
ibility and performance of PM was excellent and agreed well with CM (R?2=
0.999). Extensive studies on PM with potassium iodate standard, iodated
salts produced by different methods and market iodated salts showed re-
sults on par with CM. Substantial reduction in the estimation cost could be
achieved because, 100 salt samplesaretested in PM from the quantity of Kl
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INTRODUCTION

Universd sdtiodization (USl) isthebest interven-
tionindiminatingiodinedeficiency disorders(IDD) in
apopul ation’®. Many countrieshave provided resources
for IDD diminationinther nationd financia budgets
and are progressing towardsthegoa of USI. Globaly,
75 per cent of househol ds have adequateiodinein salt.
East Asiaand the Pacific had the highest coverage, 87
per cent in 2011, and as aregion had nearly reached
the USI target of 90 per cent!2.

Sdtiodineismonitored by the conventiona method
(CM) inwhichsulphuricacid (H,SO,) liberatesiodine
from potassiumiodate (KIO,) insdlt; potassiumiodide
(K1) isadded to keep theiodinein dissolved state; Kl
formsKI, when combined with |, fiveiodine atoms

from five K1 molecul es are needed to solubilize one
iodine atom released from one KIO, moleculein salt;
unlikel,, I, ishighly watersoluble and consumed by
sodium thiosulphate (Na,S,0,) during titration®:
KIO,+H,S0,2» K, SO,+2H*+10;

KI+1,9KI,

K10,+3H,80,+5K1 23K _SO,+3H,0+3,

31, +6Na,S,0,” 6Nal+3Na,S,0,

For iodineestimationin the past, 50 g sdt dissolved
in250ml ditilled water wasmixedwith 1 ml 2N H,SO,
and 500 mg K149, Subsequently, 10 g salt dissolvedin
50 ml distilled water was mixed with 1ml 2N H_SO,
and 500 mg K11, Alas, 99% of K| waswasted in these
estimations TABLE 1. Therefore, 500 mg K1 per test
isnot judtified.

It has been reported that iodinein doublefortified
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salt isdetermined usinglessamount of K1, Our pre-
liminary studiesshowed that thismethod can beadopted
for iodated salt also. Therefore, detailed studieswere
carried out to find the quantity of K| actually required
for sdtiodineestimation. Theprecision, sensitivity, re-
producibility and performanceof the profitablemethod
(PM) werevalidated against CM. lodated salts pro-
duced by different methodsand iodated sdts purchased
from theloca market were aso tested for iodine by
PM.Reduction in the quantity of KI would reducethe
estimation cost.

TABLE 1: Potassumiodidewastageinsalt iodine estimation
withtime

Per estimation

Time Quantity Potassium iodide (mg)
* .
(Year) salt_lodine o ired Added Wasted
(9 ppm mg
Past 50 30 15 7.5 500 492.5
From1995 10 30 0.3 15 500 498.5
*Ref.4-6

EXPERIMENTAL

All reagentsused wereof anaytica gradeand dis-
tilled water (conductivity:39-40 mho) was used. For
iodine estimation by CM®, 10 giodated salt was dis-
solvedin46 ml distilled water or 1000 pg iodine from
potassumiodate (K10,) standard (1 mgiodine/ml) was
dissolvedin49ml ditilled water. Then1ml 2N H,SO,
and 5ml 10% K1 (500 mg K1) were added. The con-
tentswerekept inthedark for 10minutes and titrated
against 0.005M thiosulphate.

Inorder tofind therequired quantity of K1 that can
be used in PM,1000 pg iodine was tested against a
widerangeof Kl (1-500 mg) by replicate analyses(n=
6/K1 level). According to Kolthoff, iodine should be
liberated only when sufficient iodideispresentinthe
solutiontominimizethelossof iodineby volatilization®.
Therefore, KI was added first to 10 g iodated salt or
KIO, standard (1 mgiodine/ml) in PM beforeadding
distilled water (46 ml for sat or 49 ml for KIO,) and
2N H_SO,. The contentswerekept inthe dark for 10
minutes and titrated against 0.005M thiosul phate.

Quality control: In order to ensurethereliability of
theresults, quality control measureswerestrictly ad-
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heredtofor PM. Non-iodated salt was used asablank.
lodine content of aknown ‘Reference Salt’ was deter-
mined by multipleanalyses (n = 20). The 95% confi-
denceinterval (Cl) of meaniodinevaueswascalcu-
lated along with the control operating range (mean+
2SD) for preparing the quality control chartsand to
test thereproducibility of results.

The performance of PM was checked against CM
over awide range of iodine (0-1000 pg) from KIO,
standard (1 mgiodine/ml). Saltiodinevauesaregen-
eraly expressed as parts per million (ppm), whichis
nothing but microgramiodine per gram of sdt. There-
fore,10 g non-iodated salt was mixed withiodine (1-
1000 pg) from KIO, standard (1 mgiodine/ml) and the
results (ppm) were determined by PM. lodated salts
produced by spray mixing/dry mixing/submerson meth-
0ds® andiodated salts purchased from thelocal mar-
ket wereal sotested by PM for iodine.

Statistical anayss: Mean, standard deviation (SD),
coefficent of variation (CV) andregressonandysswere
done.

RESULTSAND DISCUSSION

Theresultsof iodine estimation were corrected for
ablank reading from non-iodated sdlt, which was zero.
Replicateanadysesof 1000 g iodine against KI showed
alinear response upto 3 mg K1 and then plateaued.
Theresultsreved ed that 3 mg K1 wassufficient to es-
timate 1000 pg iodine Figure 1. Any further addition of
Kl wasawasteful exercisebecausenoimprovementin
theresultswasobserved Figure 1. Therefore, 5mg Kl
per estimation wasfixed for iodineestimationin PM for
practical reasons.

The performance of PM checked against CM for
thetarget range of 0-1000 pg iodine TABLE 2. The
minimum detectableiodinewas0.997 + 0.005 pg (mean
+ 2SD, 95% CI). PM and CM corresponded very
well for iodineestimation.

Potassium iodate standard showed 1.005 +
0.008mg and 1.005+ 0.006mg iodine per ml (mean +
SD) for PM and CM respectively. The CV of PM was
not different fromCM at everyiodineleve (TAVLE 2).
The overall mean CV of PM and CM wasthe same
(1.37%). Thetwo methods agreed well at all levelsof
iodine (R?=0.999). Thus, iodineestimation of K10,
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Figurel: Potassumiodiderequirement for 1000 ng iodine
TABLE 2: lodineestimation of KIO, standard (1 mgiodine/

ml) for thetar get range of 0-1000pg iodine by the conven-
tional method (CM) and thepr ofitablemethod (PM)

e PM*
. Mean cv ladine S cv
iodine (ng) (%) (ng) (%)
0 0 o0 0 0 0
29.9 043 13 298 036 12
99.9 20 14 100 16 16
202 42 21 200 44 22
300 51 17 29 48 16
398 60 15 40 63 16
500 76 15 498 75 15
508 84 14 600 79 13
700 90 13 701 84 12
800 81 10 799 79 099
898 9 10 91 91 101
1000 95 095 1001 91 091

*mean of six estimations

standard showed that PM was asgood as CM.

Theresultsof K10, standard (1 mgioding/ml) plus
10 g non-iodated salt showed that the precision of PM
was excd lent and agreed well with that of CM for the
target range of 0-100 ppmiodineFigure 2. The perfor-
mance of PM wason par with CM.

Quality control exerciseon PM with ‘Reference
Salt’ revealed excellent reproducibility Figure 3. The
iodine (mean+ SD) was 33.1 £ 0.09 ppm and the CV
was0.27%. Thecontrol operating range(mean+2SD,
95% Cl) was 32.92-33.28 ppm iodine. These obser-

vationsarein agreement with othersfor thequality con-
trol of sdtiodineestimation”9. Theday-to-day results
of ‘Reference Salt” were well within the control operat-
ing rangethroughout the study period. Thus, effective
qudity control wasensured for thereliability of results.

lodine content of iodated salts produced by spray
mixing, dry mixing and submersion methods showed
no difference between CM and PM TABLE 3.

Theiodine values were >30 ppm and therefore,
well withintheregulatory stipulations®. Though dry
mixing and spray mixing methods showed 33 ppmio-
dine, it was 54 ppm for submersion method. Neverthe-
less, the agreement between PM and CM was excel -
lent (R?=0.999) irrespective of themethod of prepa-
ration (dry mixing/spray mixing/submersion) andthetype
of sdt (ordinary/refined) used.

lodated refined salt (n =10) andiodated ordinary
salt (n=10) were procured from thelocal market for
iodine estimation by PM and CM. Theresultsof repli-
cate analysesof market iodated salts showed no differ-
ence between PM and CM TABLE 4.

The production of iodated salt isincreasing day by
day. AsacaseanalysisinIndia, theannua production
of iodated salt increased from 5.37 million metricton
(MT)in2008-09t0 6.18 millionMT in2012-13 with
anaverageannud production of 5.958 millionMT dur-
ing this period™Y. In accordance with the sampling
norms, if 10 samplesper MT of iodated salt wereto be
tested, thenumber of estimationsfor 5.958 millionMT
in duplicateswould be 119.16 million (5.958 x 10° x
10 x 2). Kl required for 119.16 million estimations
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Figure3: Reproducibility of PM

TABLE 3: lodinecontent of iodated salts(prepar ed by differ-
ent methods) deter mined by the conventional method (CM)
and theprofitablemethod (PM)

lodated salt lodine (ppm)

lodated ordinary salt lodated refined salt

M ethod of preparation

CM* PM* CM* PM*
Spray mixing 342+12 342+1.1 311+05 31.1+04
Dry mixing 347+0.7 347+07 31.0+1.1 31.0+1.1
Submersion 545+2.1 545+2.0 544+20 544+20

*mean + SD, n = 6 salt/method

wouldbe59.58 M T (119.16 x 10° x 0.5g) for CM and

0.5958 MT (119.16 x 10° x 0.005¢g) for PM.The av-
erage annual expenditureon KI,@ $60 per kg,would
be $3.575 and $0.03575 millionfor CM and PM re-
spectively and morethan $17 millionwasted onKlin
CM would have been saved by PM TABLE 5. Such
savings are applicableto other countries also where
USlisinforce.

It isambiguousfrom theliterature that how 500 mg
Kl wasfixed per testin CM. Perhapsthe axiom that
excessKl isrequired to help solubilizetheliberated
iodinewasrespons blefor this. The present study con-
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TABLE 4: lodinecontent of market iodated saltsdeter mined
by theconventional method (CM) and the pr ofitablemethod
(PM)

lodated salt __odine(ppm)* jodated salt _!odine (ppm)*
(Refined) CM PM (Ordinary) CM PM

1 51.0+13 51.0+13 1 35.0+£09 351+09

2 505+1.5 505=+1.3 2 345+0.7 346=+0.8

3 495+13 49514 3 323+09 321+0.8

4 484+13 484+1.2 4 31.2+0.7 31.1+£0.8

5 483+1.4 483+1.3 5 30.1+0.8 30.0+£0.7

6 474+18 475+ 1.8 6 294+0.7 29.3+0.8

7 471+12 471+13 7 285+0.9 285+0.9

8 46.0+1.1 46.0+1.0 8 271+0.7 271+0.7

9 406+1.1 406+1.2 9 26.0+0.5 26.0+0.4

10 38.4+0.7 384+0.7 10 25.0+£0.6 25.0+0.5

*mean + SD, n = 6/salt/method

—=> Fyll Paper

firmed that 500 mg K| usageisexorbitant for saltio-
dineestimation and therefore, itisacolossal wasteto
continueto use 500 mg Kl pertest. Under the National
lodine Deficiency Disorders Control Programmein In-
dia, sat fortified with KIO,istherecommended strat-
egy, withthelevel of iodinefixed at not lessthan 30
ppm at production®, Henceiodated salt factoriesgen-
erdly use40 ppmiodineat thetimeof production. Thus,
10 giodated salt will have about 400 pg iodine, which
iswell bel ow the upper level (1000 ug) of PM. There-
fore, itisnot prudent to use 500 mg K1 to estimate 400
pgiodine.

Itisevident that one hundred salt samplescould be
tested by PM from the quantity of K1 used for onetest
inCM. Thisleadsto 100-fold reductionin the cost of
iodineestimation. Itisobviousthat iodineisaprecious

TABLES: Projected savingson potassumiodide (K1) duetotheprofitablemethod (PM) over theconventional method (CM) for

salt iodineestimation in India

Potassum iodide

lodated salt . . . )
Projected number of iodine - - Projectedsavings on
Year (mﬁ]ﬁfgﬂ“ﬁy Estimations (million)** UsedMT)  Price(million®) | quetoPM (million $)
CM PM CM PM

2008-09 5.37 107.4 53.7 0537 322 0.0322 3.187
2009-10 5.82 116.4 582 0582  3.49 0.0349 3.455
2010-11 6.22 124.4 622 0622 373 0.0373 3.693
2011-12 6.20 124.0 620 0620 3.72 0.0372 3.683
2012-13 6.18 123.6 61.8 0.618 371 0.0371 3.673
Total 29.79 595.8 2979 2979 17.87 0.1787 17.691

*Ref. 11; **10 samplesin duplicates per MT of iodated salt

commodity and widely imported to manufacture K1.
Asper theregulatory norms, iodated salt would be sub-
jected to scrutiny at production, wholesale, retail and
consumer levels. Thismay lead to testing of very large
number of sat samplesand therefore, PM ismore suit-
ablethan CM. It would be wiseto adopt PM for the
estimation of satiodine,
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