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Development of a Field Test Kit for lodine in lodated Salt (I-Kit)
Pintip Ruenwongsa and Bhinyo Panijpan
Department of Biochemistry, Faculty of Science, Mahidol University,

Rama 6 Road, Bangkok 10400 Tel 2455195, Fax 2480375

Abstract

lodine deficiency disorders (IDD) is still a significant health problem in Thailand,
manifested most severely as mental deficiency. It affects Thai population in all regions of
the Kingdom, especially, in the risk or endemic areas of the North and Northeast :
countrywide an estimated 15 million are at risk. The most serious problem in our view is
the life-long cretinism afflicting children exposed to low iodine diets only for a short period
in their infancy. Globally an estimated 5.7 million iodine-related cretins have been
reported in addition to 26 million people with brain damage and a prevalence of 12
percent world population with goitre. Most countries in Asia, Eastern Mediterranean, Latin

America and Africa have high prevalence of IDD cases.

The natural root cause of IDD is the inadequate consumption of iodine present in
the relatively expensive or locally inaccessible seafood ; contrary to general belief, marine
salt and rock salt both contain equally inadequate concentration (at 2 to 5 ppm) of iodine
for normal health. A sustained effort has been made by the Ministry of Public Health in
rectifying the problem by legislating, in 1994, the supplementation of low-cost consumable
salt with a minimum of 30 ppm iodate and encouraging salt producers to consistently
make such salt. However, a high percentage of salt sampled in the household and salt
factories throughout Thailand showed by titration that iodine levels that deviate markedly
from those recommended and thus partially proionging the iodine problem. Thus, there
was a need for a rapid and accurate determination of iodine in iodized salts. However,

the kit avaliable during that time did not give results that were quantitative enough to meet

this need.

The Ministry of Public Health therefore needs an iodine test kit that is sensitive,
rapid and easy to use by salt manufacturers and local people in the affected areas to
assure that the iodized salt contains approximately 30-50 ppm iodine. Our research and
developmeﬁt efforts at first concentrated on developing 2 types of iodine test kit, i.e

single-bottled kit and paper kit. The single-bottled kit contained all ingredients necessary
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for the test of iodate in one bottle and gave blue color upon addition of a few drops of the
solution onto the solid salt containing iodate. In the use of paper kit, paper strips coated
with all necessary reagents were dipped in the tested salt solution. The blue color
developed in both cases were converted to the amount of iodine by comparison to the
standard color chart. The sensitivity of detection of both methods was in the range of
0-100 ppm iodine. However, preliminary results from field study and questionaires
indicated that users preferred to use the single-bottled kit rather than paper kit. Thus we
focused on further development of the single-bottled kit, and have achieved a rapid,

convenient and accurate detection of iodate in iodized sait.

Our single-bottled |-Kit has provided a means for a rapid and simple semi-
quantitative monitoring of salt samples. With this kit, quality assurance of salt batches
can be performed by the health workers and factory operators, and corrective actions on
non-standard commericial salt samples can be taken by both almost instantly. Extensive
field works have been performed by supplying a large number of |-Kits to more than 100
salt factories and MOPH health centers in about 20 provinces in risk areas in North,
Northeast and the Central and Western regions. Factory operators and health officers
have been instructed personally by us and/or trained health officers and by using our
video-tapes on how to use the |-Kit. Our I|-Kit proves to be superior to the other most
internationally utilized single-bottled kit, which is incapable of giving semi-guantitative
estimates of iodate in salt samples. The colors developed in this imported kit do not
match those given on the color chart. Besides their intensity is not proportional to the
iodate content and can even be misleading because the color fades disproportionately at
time more than 15 min. Our reagent can generate colors that match those on the color
chart and the color does not fade until the tested spots are totally dry about 1/2 - 1 hr
after the reagents is dropped on the salt sample. Our reagent can also keep longer
under wider weather condition(s) without undue amounts of toxic fungal growth inhibitors

added as in other kits. Thus far returned questionnaires on its usage and field follow-ups

by us have been very encouraging.

HRH Princess Mahachakri Sirindhorn has graciously distributed our test kits to the
Thai Border Partol Poilice all over the Kingdom for the purpose of iodine monitoring with
the help of the Royal Thai Army Medical Corp. A non-governmental organization in
Cambodia has asked for and been provided the I-Kit for the purposes stated above.
Some Laotian health officers have been given this kit. A big lot order by the MOPH is

being considered.
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A Thailand patent for the I-Kit is now pending. An Australian patent is being
sought. If and when the I-Kit successfully emerges from pending, a large scale
production in collaboration with the Thai Government Pharmaceutical Organization will be
considered. Continual improvements are part and parcel of this endeavour. Last but not

teast, the basic research data leading to the kit's development will be published in an

international journal.
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Development of a Field Test-Kit for lodate in lodized Salt (I-Kit)
Pintip Ruenwongsa and Bhinyo Panijpan
Department of Biochemistry, Faculty of Science, Mahidol University,

Rama 6 Road, Bangkok 10400 Tel 2455195, Fax 2480375

Executive Summary

1. Distribution of iodine-supplemented salt is one of the most effective measures
against iodine deficiency syndroms (IDD) : an estimated 15 million Thai people are in the

IDD risk areas.

2. A recent survey shows a high percentage of salt sampled in several regions
having iodine levels that deviate markedly from those recommended by MOPH and the
iodine problem is prolonged as a result. Therefore there is a need for a test kit that

offers rapid and semi-quantitative estimate of iodine in salt samples.

3. The commonly used kits are still imported from India (MBI-Kit). The guality of
this kit is not as stated by its manufacturer and cannot be used to evaluate whether salt

samples are upto standards or not.

4. This research and development work has innovated a single-bottled working
reagent composed of starch, iocdide, acid and catalyst. Starch obtained locally was
modified before use. Optimal conditions and ratios of chemical components produce a
superior reagent that makes possible a semi-quantitative estimation of iodine content in

salt samples.

5. Our research and development efforts at first focused on developing 3 types of
iodine test kit, i.e., single-bottled kit, titer-plate kit and paper kit. The single-bottled
kit’s solution contained all ingredients necessary for the iodate test and gave blue color
upon addition of a few drops of it onto solid salt containing iodate. For the titer-plate kit,
about 1 mi of working solution was used to dissolve and develop color with measured
amounts of solid salt in the wells of the plate. in the paper kit, the paper strip coated
with all essential chemicals was dipped into the test salt solution and the blue color
appeared on the paper. [n aill cases the blue color developed was converted into the
amount of iodine by comparison to the standard color chart, with the sensitivity of

detection of 0-100 ppm iodine.
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6. Preliminary results from field study and returned questionnaires indicated that
users prefer to use the single-bottled kit rather than the paper kit and/or titer-plate kKit.
Thus, we concentrated on further development of a single-bottled kit and have achieved a

rapid, convenient and accurate detection of iodate in iodized salt.

7. This is the first single-bottled kit developed in Thailand. It can solve the
problems of unreliability of the commonly used kit in Thailand and elsewhere in terms of
quantitation of iodate. The newly developed kit can in fact determine iodate semi-
quantitatively from O-100 ppm iodine with high reliability ; most iodized salt sampled has
been found to contain iodate in this wider range instead of the recommended values of

30-50 ppm iodine.

8. An important aspect of the |-Kit reagent is color stability of the reaction
mixture. The blue color generated by the reagent is stable for at least one hour without
fading and thus offering more reliability in determination, especially, in dealing with a

large number of samples. The MBI-Kit reagent yields color that fades within 10-15 min.

9. The I-Kit has integrated various accessories to facilitate consistency of
detection, for example, a plastic plate capable of spreading salt slurry to the required size,
a spoon with appropriate dimensions to provide scooped salt just right for the amount of
reagent dispensed from the already pierced bottle opening. Therefore, the I-Kit can be

used instantly in all places without any extra facilities.

10. Owing to stability of our working reagent to air oxidation, it can thus be kept
in screw-capped bottle with ready-made opening capable of delivering consistently
identical liguid drops . the bottle does not have to be pin-pricked before use as in the
case of MBI-Kit. This means that our bottle’s uniform opening makes for easier use and

more uniform drop size resulting in higher consistency.

11. The standard color chart is made from real photographs with actual color and
grain (not from artificially produced color as in other kits). Thus, the amount of iodate

can be estimated more easily and reliably.

12. The |-Kit’s reagent in a packed bottle can be kept and used for at least 18
months under normal storage, handling and transport conditions. The other kit has to be
used within 6 months after opening. Our reagent can also keep longer under wide

weather condition(s) without undue amounts of toxic fungal growth inhibitors added.
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13. The precision of |-Kit in estimating iodine content was evaluated by
comparing with values obtained from titration and spectrophotometric methods. These
values fell within a rather narrow range with correlation coefficient of about 0.9, reflecting
the reliability of |-Kit.

t14. Comparision of |-Kit and MBI-Kit for their reliability and efficacy in estimating
iodine content in salt samples was done in our laboratory {see table on page xviii) in the
presence of personnel from MOPH, UNICEF (Thailand) and technical specialists from
ICCIDD. However, the color developed by the MBI-Kit did not match that given on the
color chart. Besides, their intensity was not proportional to the iodate content and could
even be misleading due to color fading disproportionately at time longer than 15 minutes.
As stated previously, our reagent could generate color and intensity that matched those on

the color chart and did not fade for at least 1 h.

15. Field studies of |-Kit were extensively performed in salt factories and MOPH
health centers in about 10 provinces in risk areas especially in the North and Northeast.
A large number of test kits was also given to several provincial health centers to be used
instead of MBI-Kit. In addition, the |-Kit has been put on exhibition several times and

filled questionnaires have been coliected.

16. Analysis of questionnaires on the I-Kit’s usage has yielded very encouraging
facts. More than 90% of users found that “reading and following the instructions” is very
easy and the test kit is suitable for use in all places. However, there are some problems
in estimating iodine content by the untrained and uninitiated, especially from 50-100
ppm. This problem lessens with experience and training. In addition, it is also
inconvenient for use with large-grained salt. This problem can be overcome by first

grinding salt grains, however.

17. The test kit has proved beneficial to salt manufacturers who find it difficult to
consistently produce the sait at the recommended concentration of icdate. With I-Kit,
quality assurance of salt batches can be performed by the factory operators and corrective
actions on non-standard salt samples can be taken instantly. The cost is about 0.4-0.5
baht per test or less than 100 baht/month for factory capable of producing 16-20 tons
iodized salt per month.



18. |-Kit is also beneficial to personnel of provincial health centers and health
volunteers in ascertaining whether iodized salt contains the recommended value of iodate

or not. This is important in the risk areas of iodine deficiency.

19. This kit has been endorsed by several divisions of MOPH and other agencies
especially for extensive field works. Improvements of the kit have been made according to
their suggestions. This I-Kit has great potential to help facilitate both Thai and
international public health communities fight against iodine deficiency disorders. It has
now been used in about 100 salt factories all over the country and in some health
centers in IDD risk areas. An NGO from Cambodia also use |-Kit in their project on

iodized salt.

20. A Thailand patent for the |-Kit is now pending. An Australian Patent is being
sought., When and if the |-Kit sucessufully emerges from pending, a large scale
production in collaboration with an appointed agency will be considered. Continual

improvements are part and parcel of this endeavour.
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Comparison between 1-Kit and MBI-Kit

Features of Kit

I-Kit

MBI-Kit

Components of Kit
@ working solution
@ accessories

@ standard color chart

Use of Kit
® method

®care needed in using kit

@ quantity of salt

@ guantity of working solution

®color after mixing salt with

working solution

Quality of Kit
@ determination of iodate in
salt

® stability of color

@ reliability in estimation of
iodate content

.quality assurance and
control of iodated sait
samples

®storage and transport
stability at ambient
temperature in Thailand

@ stability to storage and use
at other temperatures

®in a single bottle
®spoon and plastic plate
®made from real photographs

showing actual color and grain

®spot test

®need to follow instructions
closely

®- 0.1 g as fixed by spoon
provided

@ 3 drops, quantity fixed by
ready-made bottle opening

@®blue color as on standard

color chart’

@ semi-quantitative estimation
of iodate at 0-100 ppm
possible

®no change of color and

intensity for at least one hour

@®high reliability for 0-50 ppm
but lower reliability for 50-
100 ppm

®can be done with high

reliability and consistency

@stable for at least 18 months

after first usage

=l [«]
@stable at 0 -45 C

@®in a single bottle
@®none
®made from artificial standard

color

®spot test

®no need to follow instructions
closely

@®not fixed, 1-2 scoops from
any spoon

@ 1-2 drops, bottle opening
made by piercing before use

® purple color not corresponding
with colors on the chart given

(grey to blue)

® semi-quantitative estimation
of iodate content not generally
possible

@ color fading within 10 min,
especially in salt containing
high icdate

@ o reliability for the range
0-100 ppm

@®cannot be done

@6 months after opening the
bottle (but quality is not as
indicated as on first day after
opening)

@®not stable at very low
temperature
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1.1 AMZASPIRETS balanu

Jgwinssisisugunddydamiseslsavalve fa  niszmanslaladu
(iodine defeciency disorders) ﬂaf]cymi{t,ﬁm%umaumquﬁuﬁﬁauﬁu‘ws:mﬂ natIRe
lagassswuannlunanitawazniprsiueandeanieo wadmuludmdnnaladism
nziavraisluudnaiisugeiaban ulszmalnefivszans 15 Swanagluiuin
Aessaniszaanstelofulu 53 dmia (1) nnznisnalelediuazfiannisiivsingles
dwdulsaranaowan  asensenseseuRlaguiwsiziasinuanntwiedulalasiv
anadwaaslau thyroxine Tnnfgauinfissyinliielisoneld wafddgnitainis
paveewan  n1azpnedrsielafun 1 lWiinanin  hypothyroidism  Liiasanaaslaw
thyroxine $ilsliipone  Feazdenaidonnisadadiulanmisauasuazsnonie nziin
Unfifnlenndeeng dnlwivSouwezfisidynndesiuazias wazniswiuiiiulnzes
swnedr dlng  wenanfdnwazrevaswan fofioinisuavudefivinldinasviiming
A0 9 28959NTUAARY INNINTIEIUIRTY wazahUn valwanssanwlunisrinem
amay Mdullymiddy Ao dmdeinesywusuielelefuazdeneliiindnaisnnin
namaRa msnluassdonawimianasnme dasimezasuslunishaangein nisnd
sonafinAnUndnsuaiuia  nsvimiiiizasrondesanssnitdng  Slanagedie:
Julse cretinism w3afiFoninlsada Fesiadliungudan tamnsausznavandwls o
anaflugfiaUszanm wiadhn myxedema n3olunsdiniainisiuianiulsm cretinoids w30
aenilsms  Fadndiinmnaaunfimarilaiassninulalasninasalalefumilan
Wndfasndunenoonen  Jgninisseansieladiui  szdauainlinisimmwinig
wswgiauazdonnzastszinalaaransafamiluliiifiags msquaiweasuszains
daunitoligrdaludondn

Azgesntsmnatslelesn Hldiduignianzlulssinalnoumidudgwmiszau
Tan nanada annisdrsialu wa.esze (2) wuimalandmulunaveswan 600-
800 §1uAw fIwuNINAaUszINASU (300 d1uAK) BuwiAn (200 aTwAR) BHIND (60
auAR) Bln3nnle (40 dwAu) Ao 12% yasdszansnalaniinnspanaswen (3).114'
Jumit 28 Furwiuiwisnasfnanisdonie uas 5.7 awAniiaadygudon
56U cretin Uszinadminglwads  whiwesisiieuidnsuoon azﬁuam?‘muaz
anWInfidnsivaslsarnaislelafugonin gefnsawaelanszyiniuilaffdna
RavagwanteslszgInsuannItsosas 10 dadnluwdauninieaisisugs (4)



anrwnnzaanisiedtslalasululszinalnedssfinldandnstransananln
nguininiden  wazluurswvsifinnsasramidsanalelefuluilasizusznaulubioe
éatﬂunﬁiduﬁdaﬂnaﬂaaw:mmsw‘luﬁamﬁﬂ'ﬁmi waNANdiEsanInsI9NIe
hypothyroidism Tunisnusniinlsainnisinsesusas thyroxine Was thyroid stimulating
hormone lwidanainaeaziadinuiniin naslnguinis nsznswdisnsmgs lauszifin
o W.A.2531-2532 41w 90 1o mamtaivseains 7.7 dwawduasnaswen
1.3 d7%Aw 1J% cretinoids uas 4 LEWAWUW cretinism

MNTIBIIWNTITAI9I289NDILNTUINTG NTZNTAISI1SNGY 1% WA.2536 (5)
wunfidszaanslu 57 dminzasnniazasdssindinadulsernaslalosin  laewy
Fnaranaswanaisluindnioudulssonfined saeaz 9.8 duweniuna wuinlu
mAwnite (Vovue 17 Sindn) Smdanddninnevaewangs 3 dusuusnde uddesdan
(35.62%) 1w (24.01%) uwazamsind (20.32%) lwnArzTuwsanideania (19
Jmin)  wuindminelagsfidnsmeveswonaisdossr 2028 lunienan (13
JiniR)  wuidmiauaswienfidnsinevesweniadedasa: 11.8 uaznale (8
FniR)  wuldmiansziffesa: 14.5 usann1sdr9aiia WA.2537, W.A.2538,
W.A.2539 Laz W.A.2540 Tusrwindmiafimatwdn 75 dmia wuiidnsraneswe
namadltin 7.9 %, 546%, 4.29% Was 3.32% HINAIAU  ogralsnanx d1d159
andonlufssdunginu snsmoneenanluutoursszgendiiain  uemgiuddng
Aavaswangininsoear 20 lasanizluiuizasursdminlunirwiie

1.2 MsAANATIZASEIRES lalahu
mauflatlgniniszaaislalafusuleinauiiviainiy 30 udr  Teenng
NSENTNANTITUY Tosalasensiasalalaguluinfouazitaalduiuszainslunate
wniilneawizlwnanmiga  adrslsfan m‘smuau[sﬂ?nmms‘lafaﬁuﬁg%hi"[ﬁ’ualﬂ
siane 1w ewiaung  wiiesmesunaldnasieindawialolaen s
WA.2505-2511 usnasanniusnsimonagnanfiainin lu w.a.2625 vathmsns
n'ﬁﬁ’imﬁun'ﬁmuauﬁ’anéﬂﬁwvlﬁ'l’laiﬁiaLﬁaaLLa:'laJﬂaj'uﬁua ﬁ'umqm"\méwu{ﬁﬂﬁﬂaw
ﬁuﬁaaaﬂszmﬂiwaé’aﬁé’mnﬂamaawanqaaﬂaunizﬁaﬂaqﬁuﬁf
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qeidhAgiemaclan 1dw aeinsewislandoinlsamanislelofumduulovisfisrAglu
wlturgganwadiuminlunA2543  wazgigW  NE9IINSAIVANNTIZNTSEIAENS
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(W.A.2530-2539)  Tazandnsilsmueaislolafiuldimdalsiiusesaz 10 nelu
WA.2539  anunweasnisiiunismivaauazlesiulsaninaislalofiuwlulssing
Ins Ao laswnsoasdmsronssnenadslwindulszonfneianvlstosas 15.3,
12.2, 9.8 Iu W.A. 2534, 2535, 2536 ANAU (NALRAE 57 Jmin) Fauduly
manauy 7 waidalaluluaaunueosgiivon doriu Tunrswengnafiazudladgminas
wmanslalofulvlelsz@ndawedraniady  UszinalneSeldfinisvinuaunanss dunia
AduanasinBaenniinua1s 9 TiAsdosiuszauaniu Inedinsnouisy
nsenseaEnotsmgy WJuwnunane  uauildle “unwAruAsuazlosdulsasnans
lalafuuriednd” A UiWIUITHIN W.A.2538-2544  Fsuaniiusznausielasenis
dos 6 lasen1s He 2 Tu 6 Tasensid Ba TesenisdaaSanisuslnmndonaziasa
loladiu  uas Tﬁmmsﬁmmﬁ’aﬁi’mmnﬂﬁ:i’aLLa:mauqufsﬂﬁﬂmlaTaﬁu Aondsan
wauitansreneslulszinAlnoanandu 3.32% luw.r.2540 usriiudadioues
75 NIA Feonaaslaimzvipunnaswammanursdmialuntmmiasiians
REVBYWANEILAYW 10% B
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- & a4 v e o = o & a
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=] cﬂl Jd 1 =] =) W
lalaAuwluamisuazinge Wasa 9 Gfisteuainusznmaiwin  n1siasSulalafiuly
Uszmnsuslnalnomsaiulalang  azun Tunma xinjieng  Seleldlolasiu (Tugusas
Wuamdoalalown) dnluluiriuesasgauseniu WamnuSaulalafiulufiv #y dn
o & + | aad o o . X S o e
dnd uazAu uazliaguInISMIUISNANAT (cost-effective) aunIildlununau 9 fAislas
WisTuuRanIgausznw (10)
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Audimalalodiu (msjthu Jotls a.ums) Susanasaslaladiudinidnsindeiiuiugn
Tungann fe 6-16 i Foiwarfinluuiuwdidiiudanalalofuninilungunw 4
uaz 7.5 wih (11) annansdeulunytnmderiui leuasguiinisnanslalofug
Tdifimenaisioravagwan (goitrogen) Zelusisuszina Aa Usznaludize Tu Ae.
1991 fistwrwirgunnzasniseinaslalefuinisseinnmmaludindesiassin
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fiulouralwfinisudnndawasalolofiv (iodized salt) niainaowisis  Fefinalvuinlu
sriunyvunfidlgnirenaswan  ensznInaIsIsNgasIniaduasfnsBuninias
smsluszuzndsiiuidnensundnoandminalasfiniensensiemsisugudugli
lolaswilfiadaluzuraaluunsiBonlalawm  Inliinamariusosiilalodulaisni
30 dmludmdm aglsiamueinnisimazvmedlandadSnlalasiuainunasnig
AoamuinfilalafwuSmmiininfdmualiainnisdrsresesnsdlnmuinislunirmiie
w wr.2528 wuinfawaSulelawmniiudanas 12
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Loweuadisns  leanisias Aamsiansd wiouwndsalng gassdin lalwaana
Pfielunsiganiaidsiusspielalowmdndiudmiunoalwings  waswmurmm
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1.4 wndawdSulaladiu (lodized salt)

anslelodunfiogluindassanfeglusuindalalalas wazindafisindransng
Uszinmaglugunaslelolnd walalafufinsznsnsasisuguanlvudsldlunioiuag
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sulns  qassdin (15) TAuan1smnanfind 1aRefiugas Murray uay Pochin (16)
MUunsdsnlalamnaiansoldlelesuunnansosssmasnmniauiuliunadanlsla
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K uas Ko, Widlunnsdoimsnziansnesiu 2 /2 Aa monoiodotyrosyl uaz diiodotyrosyl
residues WazaDSINW triiodothyronine Was thyroxine HIwuINlaARANNULANATIAWIWATS
wnlalodiu  Taidrazanlelowmnnialalolad  anldlunniuneulunisdomrsizvissslam
rpRensHIasfaatAu  wanani  Sein1meansBuilaiuayuitrensesoudnu
aansaldlalafuanlslawmlafiileleles fa  lelowmaansoldidaannisarans
fusunidlalofuiludensusaoslammilalolans  Janrmarasilvuamieuiurodn
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lalofin uaswuims 2 fail sansavinldahoiuadiniu wasfusanaleloguluus
dadu (21) nsidamanstasdonaaieiudunslidnintunsiasalelaguliiau
wazdnd (asnisefigaussianla nsxfa) awnsellalowmldivinlelolas  dolels
nuiANeg IR G IassImgend  wazdwiulalowmiuanansaes 1l
nonagiuguindnsasuasidanuasluunaidon Boumadolalownmiuuansinessnagn
nidsfimnuegmannninluunmdsalalamndddiuegluussmainguneil

mstdluunaidoslalommdaisinluamisiniidaniss=S Wl 1981 fseem
1 madialluesdealalamnluunniaunszuunisiililasmdalnedsnsldgungs
goxn (UHT) sin virlwidAanisdesaarsnaslusfiuluuafiSonda casein wwsnelalawnm
o 5 Y ed o w oo o ° v a1 vad
wdnildeulzainviminfdeslusanlunsriminilafiaw (22)

1.5 38hmseilalaladuazlalawn

Wassnusunnaslaloduluamisuazsituasindariuiieogluguues lala
lod uaslolownn 38nsildinusaudivosenndelaloladuazlalowmdeiianiseng
i 33nsfilginlelalasuulafiddnuiduainnitlalownain  aradumezlusng
Uszinmindinnsldlusuraslaleladannnin 38nsiliiwmssiilelolafiuisudisnis
ﬁgiamﬂ‘i.ﬁ“m"%"aaﬁaﬂﬂqga Fanazldinlalelasladsnnudndufimiannsziu  ppm
(Rauslawuduain) uleBils spectrophotometer wuusssnman  deinlalalaaviaina
windugandt Aa Tusziu ppm (@IURADAIUEIN) WazdaHIEN1INN9 electrochemical 80
FIag

fetrazaanafiAnsIAzmait wu msirlelolaslunanuasdsa lne3d
inductively coupled plasma mass spectrometry (23) n153elalalasluszau pg/l Tusdn
'ﬁﬁu‘lﬁlﬁ’lﬂag energy dispersive X-ray fluorescence spectrometry (24) nnsnnlalalas
Tusediu 10°M TuinBa wy T30 LASHINUAAIRNG 7 BRLASaY gas chromatograph
(25) nswrlelalacluinga wa uazen lee38 stopped-flow (26, 27) uazinlalalng
Twiszurdoedes atomic absorption spectrometer (28)

uanniafisasldiptasfiofimusonann 3anisinselelalaafifiosnldiuann
DwiBnsmnesarnand  Jarndnsianadizasnsganfuiaeiiiniuniaanamasen
Rufn3enmiifuarsivitliAindsw  wiavinufnsenfvansindaguiminlfifinas
Usznaulnafidimnaduzasdonas Fomnliwasusiazidnsiuduagivadinuas
Ufn3eaRdly (29, 20) F8nsmariseenisidiawiziaies spectrophotometer Lite
Tanadngosdviniy lasiglaasnisilunimivinnleleladluamis uazen saame



Tundassalolalasiong  (31)  8n38wnisildnuanlussufiBnisnarounaeln
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wfinsvinironesssseulalammiunnats 1 fu wazliihoudasiulunism
Yinalalownlugiagrandaadslalowmifivianlelawmnsis 7 /i TeAnausin

g luNISNAEDUIINAT meantSD uRz coefficient of variation



3. Hani1sioy

3.1 @anzEng 9 AmsnzanierldlunsmasauuSananndslaloiy
INMINABIMIGATIIB TNz anTiaznUSaalelaism Iaefiarsnnatioa:
pasnanagaIniu  wuinmulsAA e TR a S Guiiaaduuaza sl f imas
an loun afeuazuSanuzauis nssinulaspnantizasutlslneddnisnieasu §un
13 USsauazrfiazasnsniild wazuSunmeaclalolad soaviousunaladennaslagis
luddisen dniudeldfinsisefonusumuazdndmiimanzasmaeiauussig y!

3.1.1 wliauazenuudugasudefily
et (=1 1 s (3’ (=]
lafinnsnaaasld wlentinae 7 sof Ao
n. uily lab grade l@WA potato starch (ﬁamnu%ﬁ’mﬁaﬂﬁ:mﬂ)
1. wlsmnnasnaianiluaindszinalne Toun wileinndy uwilsad wiledqalng
sl ur5e uazuiasudruznas

nan1Inaass devinlnesiiuilesnegiin RATMENEUES 7 80 Tazane” lunas
lalasnaadam anadadu 0.1 M ud1IRAIEANAULEIR 400 nm vinudleRldouldsass
ANNISEANEULAIR 400 nm 61 nvuiotwdeiiazanelunsaanlluubisentsis
lolodn Inawaswndslelawmnlwidulolafulaensvinugaseniulelalnsdidnsnly
wazlAlalofuiAnwinugasenduullolidinivuazina1nisaanduusozneiingui
ARIuf 700 nm wuiudsfiansnsaldls #a potato starch (annsngdssine) wiosin
81Usnde uazud el uely (anvszmalne)  lefsusznitdeandasanalu
Uszinalng uledudUznasasldlamniuiotudsondnios

o s F=e = LY TR | @ e ar
15 UUS H I UnS oA LT N BT AN sANgacut s Lasintsnaansldud oslw
AUznaslSunm 0.1-3%  lasviniazatelunsalalasAaasSn LWAINAEU  NIAITH

oo

assolunisazarelad Inesm oD # 400 nm waziparauainisnlunisvinufAsenTwE
Inein oD @ 700 nm  wasnRuulslilunsafigungiivioslwaardie 1 dw fa Ao
1 %% &9 6 Baw annisnaaasnuinullanaiiassofiuliglsuinadnios 6 Row
wlsfipaduduszning 0.5-2.0% alflaineg 9 fu Wesusutlofieradnings fa

o = w a X oW
29 lNaLﬂU\l'J%'\% " VELNAREADUIWUTII

3.1.2 wiinwazAudniuansa iy

TafnsnaaaaUdewuSumesensalalasnasdan seus 0.025 M, 0.05 M,
waz0.1 M faldluntsimdenudls 19 damsuldluntmeassuasneagsuninuainnsnlu
MstinUifsen wazaupmulpaiAuiung 6 Wew Agungfivas 9annsmaasamy
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f [YILY a d - o
AN HEWEEINS A LELRTARaSANAIS I IwNSIeSeNutly fa 0.05 M waz 0.025 M

o oo

FonnsdningarinezasnsaildlulfAsefinasavaziasninian

wanannsalalasmaadalafinimeandddnsszfinin 9 80 wuinsafiannsald
wlativanunsalalasraase fa nsawearasa Fslainisnmassldutlsninatinmig -
Ao Aud 05-20 mararslunsanaanedafiaainiugts 9 wasnessuAINN
assnlunsiudnsenliiuazarnuamuiuvag 6 1Hen Fewuifianupmuuas

-1~

AnuaRselwdlalusneluanieldnselolnsraasa

3.1.3 pH Nlflunsnnaas

Iaamsnaane pH Mwsnzandinsulfnsomasoulaladin Inedaaiuia oD
700 nm 7 pH 5ing 9 wusnUfnSendeziAnldfiszning pH 2-3  lunisldnsmlalag
ARasA nIa NaaWaawasa

3.1.4 uauaaﬁ"u‘s'aﬂﬁn%muazﬁqLulsﬁu 9

3.1.4.1 uaamnUinnlalalns

maamnﬂgnwﬂm"lafaLmﬂ%maam-ﬂa'[a"(.mﬁﬂuﬂ'smmwmm an §9finTnaaas
1alalolan ‘lu‘sﬂﬁaa ki (Wusadenlalaan) TudSanmsie 9 wotnusualalaiandi
A HIWES 9 B9 O B9 100 ppm (dawluauain) anusanalalolasfldnaus
140-560 M wuiUSaifiasidazsassinnii 280 pM Al

3.1.4.2 waonUssnulzifonaaalss

Lﬁmmn‘dﬁﬁ%mﬁaﬁ‘liwmﬁau“ﬁafammw‘lumﬁaﬁlvﬁaoﬁImﬁauﬂaaiiﬁ(Nac:l)
agl FeuSanuoravzlaiiviiiu Seldfinnsfnuwinanas Nacl ’Lumwmmuma 7 He AN
absorption fiele iwaldAnUfAselabwa 7 Nwwas siialaliUsnnm NaCl AuAnsafi
Sdurnluadlamaimasaon 910N15td NaCl 0-3.6 M 1w reaction mixture WUINAD
19 NaCl P adadudons 3 M auluifialwlduassesnisinlaletam

3.2 szauaansliasufiden

mnﬂaua‘l,un"ni'ma'l,ma 3.1 188 nsvinnrlEsausanamadlalamniianudadn
519 7 SouR 0-100 ppm  JU#l 1 udmefls spectrum 299 product AARanU RS Ale
Talalawevnainuidandn 0-100 ppm wuinluUfAsedis 0.1% uils 0.008 M Hel,
3 M NaCl uge 420 uM Kl wassInfaliflgungfivias (25°C) Duan 5 wid tevinld

o] spectrum ﬁ 400-800 nm
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wavelength (nm)

‘4 - y-1-1 1 -] :‘ =
UM 1 spectrum zavlffisenszninalelafunazuilen 10-100 ppm lalodin

d o ) :I. = ar [=3 1

\#831i1A7 OD 7 500 nm 600 n3a 700 nm ¥ plot NuYSawlalaianazlvins W
o o o a 9 o ' =
Mwdunsslndis 0-100 ppm lolafin Felugus 2 usmatawizA OD # 500 nm

1.5 7

£

£

751

E ]

<

2 1.0-

w0

w

W

(%)

c

o

2

o 054

w

n

©

0.0 o T v T T T 7 calculated
0 20 40 60 80 100 10DINE (ppm)
0 5.6 11.2 16.8 22.4 28.0 KIO,; (pM})

UR 2 Wunsanssgvdmiumivdinalaledu (lugusaslelaan) Tuinde

4N

viAsenseninslelefuuazuilefigungiveniuis 5 i uazinAIganauuay

1 500 nm
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A‘, L ey l:: oL v 1 1 as o
WANAINTH Tafinsnadaunazas HCl AANEHEuATe 7 6an193aUSn
(-3 1 d i ¥ P 1 1 L)
Talaemaana1a wudn HCl fANNLENEW 0.01, 0.005 was 0.003 M I¥naliuans19su
2aleidanly HCI iA ML ENTWREY 0.003 M

navnnanaaasinasliifininuinsemageulalawmniiuananniaulanan
aunsaldaasavlelamndanansualugusadlalofuldadowiuilusedutaani 3
pom earunsaiauSanlalafinifinnadndugeands 100 ppm  Feazmanzdnsuld
Tunisnasgauguaiwinfoaialalafduatsiasnaisuazinfanaulolofuusaz  batch
a1nlsennuialuATUSan e leladuumnsneiueons 0-100 ppm

3.3 mvinUSunalalaan (Tusd pem lalediu) luindauilaaluvasmana
Tofin1sdrsrausunulaladuluindouslnasie 9 afis luveosnain Lealdidw

NSRRI IWINGE 3.2 wuin

a - o = u'j' c!‘ [l 2 1 =3 =1 1 [=1
nnsastnanuslnaluanain mmzqLLaz"[.N"[m'i:qfa'nﬁ‘m"La'[amvo WUIH
Uswuleladu (Iuguzaslelowan) agsenine 0-114 ppm (44) Aa Auanslua1sief 1

A19197 1 anudniuzaslelaianiinalaainnismeaale 5 ngurende

naN* Smmsnagne | Ussnuaslalawanfinaleainnimaaes
(ppm lalafiu)

1 8 0.2, 0.2, 8.4, 11.3, 29.1, 49.1, 64.0, 68.4
2 7 0,0, 0.8, 32.6, 33.4, 41.1, 45.8
3 6 0.1, 0.2, 5.1, 48.8, 93.4, 114.5
4 9 0.1,0.2, 0.3, 0.8, 1.1, 1.1, 26.0, 45.3, 65.0
5 5 0.2,0.2, 0.2, 0.3, 0.5

*nguil 1 ndafianaainiy ndaasulalafiuid 50 ppm lolafin
ngudl 2 © inReRAnaainilun1udinguin “iodized salt” |
ngnft 3 indafiinaainit indaladulelosn wei Ll liszyuSanufitasa
nandt 4 ¢ indadilalaszyin @sunsalaiiaSulalosiv
ngufl 5 : indassTnman ladldiaduloladin

& YN
mnmsﬂmmmﬂ'gﬂimﬂu
H ar 1 (-} = o
naanszulInasNlalafin 3w 21 fae1y - wuindlaladiulfiv 30 ppm

WA 10 fnede wazdlalafwsinat 30 ppm 11 RI8E7Y
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- d‘ ) LY + = -l - - 1 1 r-3 o ]
wndefilaildszyinaianlelodn  dman 9 fetw - wuindleledunannit 30
ppm 2 A8y uazilaloAwiasnit 30 ppm 7 MIee9

- & | -
3.4 NARBUATIHININZHNBBITERUALIIB RN SRAINIYARIISHBY
v e d L5 d‘ d' -~ -
liuanismaaasnlaannnismadauaniizfimanzaniieslfanusialaloem

huindaiadalalofn uazainmismassurinlinaslfnsen uUszgnalslunimaaey
- el 1 crd
Yigemsedeunldlu 3 suuuu sussluiife

o -
4.1 yansavdaulalawmnuuuniaiinl (single—bottied kit) wuuldwsauuinds
lafinsnasesiniie msvanududagy (working solution) lmesfigisnnosied

o oo . d w & ) - ¥ o -t o
1l Asemndadiuiilamaaasudrinmainzansnaaniuegluniadeaiuiioszain
RONSLY

= d J‘ r- ) :‘ s 1 =
yansRdavtiaminfeInn  rldvenasunindensasnisnadeuinfilelaandv
a ) d o & a o -
TUanninsgw (30-50 ppm) vield  leegdnmfatwunwindafisuiuuoudnaigiu
oo d’ " = A ] 1 L -‘:‘ =)
Instazdwusanalalaianlsotioninn 9 dululuaningussaedissudngadiss
g w o d e a e
JUBuA A NABINISIBIN TINS5 1Tzl Sunug AR TreRauR dadaanBwide
o o - 7] da o & a ' - -
Aadgmsnlunasldlutdegin  (Hesandiinzuunndalimilowivuoudninsgiu
' = o | H &g a o 1 o o | o a o 1
uungas  Heudimheiiindaindaaiuiudiluaain  uazdundeinandnuiuning:
el é

NHABDTY - AIUaAIIUFUN 3)

qﬂmwaauuuummﬁmﬁnm:g"”:ﬁ’aﬁmmgumi{ﬂs:nauﬁm we1d M3y
nareuNUTITINiueglusInifinaosnen foudmiudmnfelauszina 0.3 niu uaz
wduwaradndgnagudmivldnaseu 35n1sldde Wdenwmnasywdninfsldun
utwnanadnudaSoneminen MdUamedounauliiiiu  awdfiatwdudlolodulae
UszanmueinnIstRBuNUURRENIASFIW (Fonamilugudl 4)

'lé'ﬁn'l'nhqam's'maaumﬂﬂﬁammmﬂaumﬁaéw 7 Twissmaiauaznaaosly
lwnrREw [aun1s3InieAUNIENINAIGITUED



ﬂ_ 10 :"3 S0 7% L) oy
& -
3 YT vite (5 mims)
-
i
o i 23 S0 TS 1% e
(M pee

sun 3 Anladfisemasaulalowmnlasld kit 99nuSEn MBI Uszinaduwibe
Anliaseaniindsae drsainfunioudainasgiw daludinivesonm
wazaNEngacd llwlumnuinnnaslalown suuaasluwuoud

NIRT W

:‘ bl - = o .;t ek =
JUR 4 n. gANASBULUU single-bottled kit TNIW3SBNAUIENIE uazuouRH IR IW
L]
o . < d
(Dugafinaaadvii AN 1)
2. AReswianemingiasuwinBoriaigiuiialolawEm A uENTusE 1 7 M
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