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Table 1 Determination data of iodine content in iodine standard
working solution
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Fig. 1  Calibration curves of (a) inorganic iodine, (b)
organic iodine and ( ¢)high concentrations of organic

iodine standards solutions
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Table 2 Analytical results of inorganic iodine contents in
eatable salt samples
g FoHLBLES 539 (mg/kg) RSD
[2]u]
AR 3R 7 T (%)
SO il Sk 19.87 19.99 20.23 | 20.03 0.92
iRk 21.41  21.20 21.22 | 21.28 0.77
R 19.87 20.06 20.07 | 20.00 0.56
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Table 3 Analytical results of organic iodine contents in eatable

salt and kelp samples
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TR 1.96 2.06 2.01 2.01 2.49
TR 2.4 x10° 2.9 x10® 3.4 x10*|2.9 x10° -
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Table 4 Standard results of inorganic iodine contents in eatable

salt samples
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salt samples
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TR 2.01 1.92 3.00 99.0

3.2 Jilkm®

N T R AS L E S5 R SR, AR S0 A
PR PR BRI AGE S FE TS HLBURE & o 4351
JA 10mL 0. 2mg/L JCHLBAR M, i 35 4 I %E
SRR UL, A5 =Rl R EhRE i AL A (] i AR A
97.1% ~101.0% . [F) 3, g1 5 M2 L5 R Al 0L, 75
PIAR B ERRE A A BIL LAY (B0 R AE 99. 0% ~
100.0% , RWIRJT A H1Z - 1 BEREF 57 5 e s Pl
SR P LS I T Ik AR

4 i

AT WL [ 26 Hs v 2B ik el i, B ol
1) Z — T HR%EH R T iR MR AN BT THERE )
22 5 [R]85 Y000 22 P A AL AR T 2R 7Ll K 44 30 i S 2
W IR FL A AR 1) B B 2R /N, TE TS YL R
o ASZE 5t e 1A R IR Tmg/kg, B+
RN LM RR R RBIY KT 0.99, etk R 4T
¥ it v JCAT LSRG BN 5 235 SR %) AR X B v Al 22 0
SNTF0.92% F12.49% , HWE 45 55 EFR 775
SEAN OCEE 1 I 235 R %) bE AT & 5 7 s s (=]
WKy 97. 1% ~ 101. 0% , A 5255 {1 B 6l 1)
7 — 11 AR DA 5 iy v A v, AR R, $ A
fAT B, AT TR A ™, O H R A PT & e R A
H x4 [ s BT8R &
AL S A

5 ZE K

[1] LiuJF,Wang C G,Tang X L,et al. Correlation analysis
of metabolic syndrome and its components with thyroid
nodules [ J ]. Targets and Therapy, 2019, 12.
1617 - 1623.

(2] EBA AUIA. 180 £ sk BT i 46 I 23 B By

LR = o A R [T ] R BR 2 46 R, 2019, 17
(1):295.
Wang X C,Tong L J. The measures to prevent and cure
iodine deficiency disease were discussed by analyzing the
quality of edible iodized salt [ J]. Chinese Medical
Guide ,2019,17(1) :295.

[3] Chailapakul O, Amatatongchai M, Wilairat P, et al. Flow
- injection determination of iodide ion in nuclear
emergency tablets, using boron — doped diamond thin film
electrode[ J . Talanta,2004 ,64(5) ;1253 —1258.

[4] Cauduroa V H, Morgana D, Barin J S, et al. Successive
digestions for pre — concentration and ultra — trace

determination of Br and I by plasma — based atomic

— 111 —



a0 Wk
http; // www. ykes. ac. cn

B

14 2020 4

(5]

(6]

(7]

(8]

(9]

[10]

(11]

(12]

[13]

[14]

spectrometry and ion chromatography[ J]. Microchemical
Journal ,2019,147 239 -244.

Kim S Y, Park J] M, Hwang J P. Analysis of iodine
content in salts and Korean sauces for low — iodine diet
education in Korean patients with thyroid cancer
preparing for radioiodine therapy[ J ]. Nuclear Medicine
and Molecular Imaging,2018,52(3) ;229 —233.

Xu L R,Zhu X F,Yu X Z,et al. Rapid and simultaneous
determination of the iodine value and saponification
number of edible oils by FTIR spectroscopy [ J]. Lipid
Science and Technology,2018,120(4) ;1 -20.

SR, BRI ST, W 2, S RO P
A, Z1 99254233, 2.

Jin Q H,Chen H W,Cao Y B, et al. Photometer of High
Sensitivity[ P]. Chinese Patent,ZL. 99254233.2.

Ajenesh C, Matakite M, Surendra P. Determination of
iodine content in Fijian foods using spectrophotometric
kinetic method [ J |. Microchemical Journal, 2019, 148 .
475 -479.
Tavassoli — Kafrani M H, Voort F R, Curtis J M. The use
of ATR - FTIR spectroscopy to measure changes in the
oxirane content and iodine value of vegetable oils during
epoxidation[ J ]. Lipid Science and Technology, 2017,
119(7) .1 -25.

Ryabukhinaa T S, Bazel Y R. Spectrophotometric
determination of the total iodine content in drinking and
mineral waters using the microextraction preconcentration
[J]. Journal of Water Chemistry and Technology,2018,
40(4) .228 -233.

T A EEIE il g st ] R, 2000
(1):29 -30.

Lian N. Volumetric determination of iodine in iodized salt
[J]. Qinghai Science and Technology,2000(1) :29 —30.

Lu J P, Tan F W, Tang Q, et al. Novel method for
indirect determination of iodine in marine products by
atomic fluorescence spectrometry[ J]. Chemical Research
in Chinese Universities,2013,29(1) :26 —29.

Cui W J,Hou H F, Chen J J, et al. The speciation
analysis of iodate and iodide in high salt brine by high
performance liquid chromatography and inductively
coupled plasma mass spectrometry [ J ]. Royal Society of
Chemistry,2019,34.1374 - 1379.

MRt R, 408, X ik , 5. HPLC — ICP - MS JE TR N
5 17 5 LRI SR 008 v A DX b, K i S R TS
SHRHELT]. &7, 2017,36(6) :614 - 623.

Chen J L, Yang H X, Liu W, et al. Study on the total

iodine and iodine speciation characteristics in Xilingol

League, Inner Mongolia and Tacheng, Xinjiang high

— 112 —

[15]

[16]

(17]

[18]

[19]

(20]

(21]

[22]

(23]

iodine area by high performance liquid chromatography —
inductively coupled plasma — mass spectrometry [ J ].
Rock and Mineral Analysis,2017,36(6) :614 —623.
Vance K A,Makhmudov A, Shakirova G, et al. Determin-
ation of iodine content in dairy products by inductively
spectrometry [ J ]. Atomic
Spectroscopy ,2018,39(3) :95 - 99.
/NI S TR, 2R A, A TR A R T A AR
e PR E KRBT ] A2 ST 2, 1998,
20(4) :242 -246.

Hou X L,Feng X Q,Li C S, et al. Study on iodine loss in

coupled plasma mass

biological sample digestion and ashing [ J ]. Jounal of
Nuclear and Radiochemistry,1998,20(4) ;242 —246.
Christine D, Sarah M, Olivier G. Determination of iodine
in polyamide by inductively — coupled plasma/mass
spectrometry[ J ]. Talanta,2018,189 ;568 —572.
Gorbunova M O, Baulina A A, Kulyaginova M S, et al.
Dynamic gas extraction of iodine in combination with a
silver triangular nanoplate — modified paper strip for
colorimetric determination of iodine and of iodine —
interacting compounds[ J ]. Microchimica Acta,2019,186
(3):2-9.

AU, X B, 2GR L. 3T KR 3 p R R
WA > B [T, &8I0, 2009,28 (4) 1337 - 341.
Li HW,Liu X D,Li B S. Separation and determination of
different iodine species in ground water and soil samples
[J]. Rock and Mineral Analysis,2009,28 (4).337 -
341.

RO ZL. B T e R R AR A A T A I £ 1
[J]. =FfLT,2018,45(6) ;49 - 50.

Li Y H. Application of ion selective electrode in chemical
analysis[ J]. Yunnan Chemical Industry,2008,45 (6) :
49 -50.

G, ke FE I 5 E e Y T 2 T R AR I T A
(V] 2= 549 1TH ,2019,36(8) :59 - 61.

Wang P, Zhang G L. Construction of dry ion selective
electrode containing electrolyte [ J ]. Chemistry &
Bioengineering ,2019,36(8) ;59 -61.

PR EE, ERRLL, XA, 5. oL IREFAIX X G2k
R IF TR P B2 4 — B2 B R A IR vh A B S R
AT, H5 K ,2018,37(3) :336 - 345.

Dai H Z,Wang D H,Liu L J,et al. Study on emerald —
level beryl from the Zhen’ an W - Be polymetallic
deposit in  Shaanxi Province by electron probe
microanalyzer and micro X — ray diffractometer| J ]. Rock
and Mineral Analysis,2018,37(3) ;336 —345.

LiJ X,Wang Y Y, Qian Y, et al. lodine in ground —

water of the North China Plain; Spatial patterns and



PEEEE S5 A Z - RS BT PRI R R S ity A JC A LI A A AL

$39 &

[24]

[25]

[26]

(27]

hydrogeochemical processes of enrichment[ J]. Journal of
Geochemical Exploration,2013,135:40 -53.

Small L J, Krumhansl J L, Rademacher D X, et al. Iodine
Detection in Ag - mordenite Based Sensors: Charge
Conduction Pathway Determinations [ M ]. Microporous
and Mesoporous Materials,2019.

de O. Costa G, Feiteira F N, de M. Schuenck H, et al.

lodine determination in table salts by digital images
analysis[ J]. Analytical Methods,2018,10:4463 —4470.

XUME A , K, 25 TR 1 S A B 0 S B U ik
WHFEL)]. P E SR ,2017,48(2) :31 =33,

Liu Y,Yang L M, Zhang L, et al. A new method for the
determination of iodine in algal salt[ J]. China Mine
Salt,2017,48(2) .31 - 33.

SRR gl s B E ()] ) AR AT, 2018,

45(13) :276.

Zhou X Y. Determination of iodine content in kelp[ J].

(28]

(29]

(30]

Guangdong Chemical Industry,2008,45(13) :276.

WA R Execl [R5 D REL: ] B 1 Ve s AR b 1
MLk [J]. [ PAAG 5 445 ,2002,12(2) 236 - 237.
Chen X. The standard curve of ion selective electrode
method is drawn by using the chart function of Execl
[J]. Chinese Journal of Health Laboratory Technology,
2002,12(2) :236 - 237.

Aydin I, Temel Z, Gunduz B, et al. Comparative deter-
mination of phosphorus fractions in coastal surface
sediment ( NE Mediterranean Sea) by ICP - OES and
UV/Vis spectrometry[ J]. Atomic Spectroscopy,2018,39
(5):193 -197.

R, S ANk, HARAE AR mISCR [T ]. KB 5
TREEAR,2011,11(4) 92 -93.

Song S C,Guo R X. A brief discussion on the standard
recovery rate of samples [ J].

Engineering Technology,2011,11(4) ;92 —93.

Water Sciences and

Rapid Determination of Inorganic and Organic Iodine in Edible Salt and

Kelp Samples by a Z — [ Iodine Probe

LI Pan —pan', CUI Wan —jing' , HOU Hong — fang' , ZHENG Jing —yu' , PAN Xiu — yun®
GUO Ya —fei'* |, DENG Tian - long'
(1. College of Chemical Engineering and Materials Science, Tianjin University of Science and Technology,
Tianjin 300457, China;

2. Eontop ( Yingcheng) Healthy Salt Production Co. , LTD, Wuhan 432400, China)

HIGHLIGHTS

(1) A new Z — 1l iodine probe was prepared by electroplating iodine — sensing material on metals.

(2) The Z — Il iodine probe can be used for determination of organic and inorganic iodine contents in edible salt

and kelp samples.

(3) Excessive iodine loss during digestion of organic iodine was avoided by microwave heating in a closed PTFE

digestion tank.
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ABSTRACT

BACKGROUND: At present, iodine content in edible salt and kelp products is mainly determined as the form of
total iodine content, but the speciation analysis of inorganic iodine and organic iodine mainly relies on the
hyphenated techniques of large — scale instruments.

OBJECTIVES: To establish the determination method of iodine content in edible salt and kelp as well as the
digestion method for the organic iodine in the closed PTFE bomb.

METHODS: Rapid determination of inorganic and organic iodine content in edible salt and kelp products by using
crystal membrane electrode technique with a solid — state and no internal reference liquid crystal film electrode
(Z - 1 iodine probe) developed by silver sulfide iodide method, combined with PTFE bomb microwave digestion
technique.

RESULTS:: Table salt contained 20mg/kg of inorganic iodine, and 2mg/kg of organic iodine. The concentration of
organic iodine was 2.9 x 10°mg/kg in kelp. The linear correlation of inorganic and organic iodine contents in the
range of 10 —100mg/kg was good. The standard — addition recoveries were 97.1% —101.0% , and the detection
limit was up to Img/kg. This method was applied to the determination of iodine content in actual edible salt and
kelp on the market, the relative standard deviation of inorganic and organic iodine in the samples was less than
0.92% and 4. 20% , respectively. The analytical results were in agreement with those of the national standard
method and ultraviolet spectrophotometry method, which indicated that the established method was reliable.
CONCLUSIONS; The analytical method has the advantages of low reagent consumption, low cost and convenient

operation, which can be used for the determination of inorganic and organic iodine contents.

KEY WORDS: probe; rapid determination; organic iodine; inorganic iodine; edible salt; kelp
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