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STUDIES ON IODATION OF SALT IN PRAE

Romsai Suwanik, M.D.

(Department of Radiology)*

Uthai Bisolyabutra, B. Sc. in Pharm.
 (Ministry of Health)

Somborn Noi-snga

~ (Depertment of Radiology)

In 1963 the Ministry of Health and
the Government of Thailand decided
to control goitre in Prae, where the
incidence was found to be 84.4 per

cent in an endemic vil]age.(l) Through

the assistance of WHO, FAO and
UNICEF a pilot plant for salt iodation
has been established at Den Chai with
yearly output of 1,500 tons.
taken for this pilot project because
extensive studies of goitre and iodine
metabolism have been done with results

(2a, 2b)

Prae was

well established.

Potassium iodate is the compound
of choice because of its relatively low

(3-5)

toxicity and stability. Our purpose

Abstract Suwanik. Romsai, Uthai Bisolya-

butra, Somborn Noi-snga: Studies on
Iodation of Salt in Prae. Siviraj Hosp.
Gaz. 1965, 17 :67-75.

In a pilot project for the control- of
goitre in the endemic area of Prae studies
weve made on the availability of iodate-
iodine, with positive result, and on compa-
rative effectiveness of drvy-mixing and
spray-mixing in the process of iodation. |
It appears that, under local conditions,
spray-mixing would give a more thovough
mixture than dry-mixing.

in. the present study is twofold, viz.:
(1) To find out whether the iodine of

KIO3 is available to the thyroid gland;
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if so, whether the magnitude is at an
acceptable level, and whether this
iodine follows the usual pattern of
intrathyroidal metabolism; (2) To study

the process of mixing KIO_ with the

3
crude salt which will be most useful
in the hot and humid climate.

MATERIALS AND METHODS
Study of

lodine  Metabolism with

Labelled Potassium lodate

The Radioisotope Unit and lodine
Laboratory, Department of Radiology,
Faculty of Medicine and Siriraj Hospi-
tal, has been serving routinely all
clinical departments in the study of

thyroid function with the use of tracer

I-131. This substance (as KIO?))’ 50

microcuries in amount (from Radio-
chemical Centre, Amersham, England),
was given per oral to each subject;
. 24-hour thyroid uptake of 1-131 was
measured as percentage of administered
dose at 35 centimetres with a'scintilla-
tion counter (Nuclear Chicago DS-5)
after the external neck measurement
had been compared with that of stan-
dard in the same geometry in a phan-
tom which had a correction factor from

6

©) The
subject was then given triiodothyronine
(3 X 20 microgram-tablets of Tertroxin,
Glaxo, for 5 consecutive days) for
‘thyroid suppression test. He was
considered euthyroid when there was
a difference greater than 20 per cent
of uptake after repeating another neck

(7)

measurement.

autopsy experiments of 0.98].

Blood was collected,

plasma separated and measured after

passing through a column of ion—

exchange resin (Amberlite IRA-400,
chloride form) for PBI-131 concentration
expressed as percentage of administered
dose per litre of plasma at 24 hours.

Serum PBI-127 was determined by

8
Zak’s method modified by AstWood.( )

Determinations of thyroid clearance
rate according to Murray and Pochin,(9)
Fraser’'s T index according to Bur-

(10) and TSH test
1)

done in some selected subjects.

rell and Fraser,

according to Jefferies et al. were

After the standard functional stu-
dies, intrathyroidal iodine transfer was
studied in thyroid tissue obtained from
surgical specimens 48 hours after the
patient had received 100 microcuries
of I-13] as iodide and as iodate. The
tissue was digested and then chromato-
graphed to separate individual iodocom-
pounds, i.e., the two thyroid hormone
precursors, mono and di—iodotyrosines,
and the fully formed thyroid hormones,

the iodothyronines, thyroxine and triio-
dothyronine. The distribution of I-131
measured

in these compounds was .

according to methods described else-

(12)

where.

Experiments on lodating Salt, in Prae

One ton of salt was stir-

red up with 414 grams of K103 and

Dry-mixing:

3312 grams of CaCO3 for an hour in

Five
were collected from different parts of
sacks. The

analyzed by
13,14
(13.1 )They

the dry mixing unit. samples
each of three selected

fifteen samples .were

macro and micro—methods.
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were supposed to have iodate in the
concentration of 1:20,000. The con-
tainers were of three different types:
jute sacks, plastic bags, and corruga-
ted paper boxes.

Spray—mixing: On a laboratory scale,

20 kilograms of salt were sprayed with

KlO3 solution from a spray bottle,

calculated to give 1:20,000 concentration.

Ten days later, various specimens of
different grain sizes were subjected to

analysis.

RESULTS AND DISCUSSION

As seen in Table | tracer studies
with K10 ;!

nation of thyroid function as [-131. From

showed similar discrimi-

22 euthyroids, 6 hyperthyroids and

Table 1: Results of tracer Kl()3 [—131 studies of thyroid function.

b | aam | e | Pe'Z
No. Cases uptake post T3 per 1. gamma Note
% % % *
A. Euthyroide<
1. Miss P.N. 47.8 - 0.3 5.3
2. Miss K.T. 26.8 - 033 | 4.4
3. Mrs. C.N. 56.9 22.2 _ _
4. Mrs. S.C. 45.4 24.8 _ 5.6
5. Miss O.P. 38.2 — 0.34 4.4
6. Mrs. P.S. 42.1 25.2 0.31 5.8
7. Miss K.M. 34.2 14.0 0.61 - BMR + 10
8. Miss S.W. 19.2 - 0.46 4.6
9. Miss S.P. 25.0 - — 3.6
10. Mrs. K.A. 27.0 - — 4.9
1. Mrs. L.W. 37.3 6.3 — 50 |BMR + 12.8
12. Miss P.T. 78.3 51.3 - 41 |BMR + 215
13. Mrs. S.C. 37.7 13.9 _ 5.8
14. Mrs. K.S. 28.6 1.7 - 4.0
15. Mrs. P.S. 226 - - 6.5 BMR + 15.4
16. Mrs. Y.Y. 16.1 - 0.42 4.6
17. Mr. V.S. 17.7 - - 56
18. Miss P.N. 36.3 18.1 - 4.8
19. Miss U.K. 22.0 - - 3.0
20. M.L. N.T. 13.6 - - - BMR + 10.0
21. Mrs. M.N. 14.5 - 0.1 - 3.08
22. Mrs. S.S. 22.4 - 0.4 3.6
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B. Hyperthyroids

I. Mrs. B.L. 74.1 — 8.2

2. Miss N.T. 28.6 20.4 1.3 5.0

3. Mr. P.R. 58.6 41.7 0.7 8.5

4. Miss A.R. 54.9 38.2 — 8.9

5. Mrs. L.D. 50.4 41.3 - 9.4 BMR + 55.4
6. Mrs. P.W. 54.1 52.1 — 1.1 BMR + 20.1

C. Hypothyroid
1. Mrs. N.N. 0.47 - 3.4 TSH test done

I hypothyroid, the observations are:
(1) Most of the euthyroids gave rela-
tively low normal uptake or had
tendency towards the low side; 8 cases
showed uptake below 25 per cent with
normal thyroid suppression and serum
PBI levels. Probably the iodate has to
be converted to iodide before being
trapped by the thyroid gland, but the
anionic antithyroid effect might be ruled
out from the very minute amount of

KIO3 used in these studies. (2) While

the serum PBl was high and the suppres-
sion test was abnormal. the hyperthy-
roids did not show very high uptake
values; one case showed value above
70 per cent and another below 50 per
cent. (3) A hypothyroid who developed.
the condition secondarily to Sheehan’s
syndrome showed some response to
exogenous [SH stimulation (Table 2).

Details of tracer studies with K103 l"'l:‘”:

1. Hyperthyroid, — Mrs. K.G.:

24—hour thyroid uptake 20.4 per cent
24—hour uptake post T3 20.0 per cent

48 —hour uptake

16.7 per cent

24—hour PBI_131 conversion ratio 53.0 per cent
72—hour concentration of PBI—-13]1 0.16 per cent of administered dose

per litre of plasma

Serum PBI—127 4.4 gamma per cent

Thyroid clearance rate

2. Euthyroid, - Miss S.C.:

24—hour thyroid uptake
48—_hour uptake

138.0 ml per minute
Fraser's T index 35.5

25.0 per cent
32.6 per cent

24—hour PBI—131 concentration 0.1 per cent of dose per litre plasma
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Serum PBI-127
Thyroid clearance rate

Fraser's T index
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3.67 gamma per cent
53.1 ml per minute

2.4

3. Hypothyroid (secondary from Sheehan’s syndrome) — Mrs. N.N.

Good response to TSH stimulation. (See Table 2)

Table 2. Results of TSH test, - Mrs. N.N.

24—h. thyroid
uptake (per ceat)

Serum PBI-127

(microgram per cent)

Before TSH #
After TSH

wo
(SN

3.36
4.07

# Primothyrone (Schering, Germany) 500 guinea pig—units, intramuscularly.

The results of our experiments

confirm those of Murray and Pochin(B)
who gave 25 microcuries of labelled

KlO3 to six euthyroids and found that

the thyroid uptake was on the average
10 per cent lower than the usual values.

Activaty

80

[
60 F
a0 |

20

P Thyroxine \\
_ -7 Truodothyronine N _

Therefore K_IO3 probably gives iodine

available to the thyroid gland in a
similar way to KI; the difference is
only quantitative.

We know of no experiment to prove

that iodine from K[O3. like XI, once in

’
\

;-
’/M,cfnmodotvros ﬂ\e

Figure | Showing percentage activity of 1odinated amino acid components of thyroid
tissue radiochromatography after labelled Kl and KIOj3
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actually be
into

the thyroid gland will
transformed by hormonogenesis

shown in Fig. |. Percentagewise, there is

no difference between KIO3 and KI in

precursors and thyronines. Qur radio- yielding iodine for the formation of
chromatographic analysis of thyroid iodocompounds within the thyroid
tissue after giving labelled KIO, is
3 gland.
NN
— coarse X X X X X
— medium x X X X X
SACK A. | — fine x x x x
— micro— X X X X X
— macro — X x X X X
x XX X X
X X x
SACK B X X X X
X X x X X
X X X X x
x x x x
x X X x
SACK C. X X X X
X x x
X X X X X
! ! L I

1:10,000 20,000 30,000 40,000 50,000 60,000 = below—>

&Acceptable level>

— far too low
S

Fig‘. 2. Showing concentration of KIO3 in 75 specimens of dry—mixed salt.
27 per cent of the samples are acceptable (20 out of 75 samples, and 8 out of 30

mixed samples).

Salt lodation Experiments in Prae:

The method

inconsistent concentrations of jodate in

dry—mixing gave

the salt. There was a tendency to be on

the low side, i.e., below 1:20,000. The

fow " concentrations ranged down to 1:9 of -

the expected level. Out of 45 specimens,

Il were within the accepted range and
10 were within 1:2 or 2x of the level
while the remaining 24 were far too low.
Out of 30 samples determined by both
macro and micro—methods, 8 were at
the accepted level, 4 in 100 per cent
range and the remaining 18 were too low

(Fig. 2).
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The smaller grains of the salt and
those in the bottom parts of the sacks
had definitely high iodate concentra-
Gravitation and moisture with
storage probably play an

tions.
prolonged
important part.

From the results of this experiment,
we believe that (1) iodation should
not be carried out in the rainy season,

- THE LOW SIDE will

and (2) a higher level of iodation is
desirable for the area of Prae, where
goitre is hyperendemic; TO ERR ON
the
iodation of the benefit expected of it.
The dry—mixing method is therefore
not recommended for Prae.

The storage effect will be studied
later:

deprive

X — by macro—method
others — by micro—method
XO 0 T Opening of sack"
Large |
grain O [
| Bottom
X T Opening »
. Y
medium Y
Y
X Bottom
X T Opening
small + * '
+ Bottom
1 1 | i
1:5,000 10,000 15,000 20,000 25,000 30,000
< Accepted level—>
Fig. 3. Showing concentration of KlO3 in 15 specimens of spray—mixed
salt. All samples showed uniform concentrations in acceptable range, irrespec-

tive of the grain size.

Spray — mixing method. Before

mixing, determination of iodine. content
by macro—~ and micro—methods revealed
average concentrations of 395 and 380
ug/100 g. respectively, or approximately
20 ug per 5.5 g. of salt. Input of this
level of iodine is not adequate to meet
the daily requirement of a
person and definitely deficient for a
After mixing, all specimens

normal

goitrous.
gave iodate concentrations well within

‘

the acceptable range (Fig. 3). Irrespec—
tive of the grain size, the salt mixed
by spraying gave
concentrations

to 1:26,000.
The spray — mixing method there-

relatively uniform

from 1:13.000

ranging

fore appears to be more satisfactory
than the dry—mixing; but it should be
emphasized that in the former we. are

dealing with small quantities of salt
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and with manual handling, as in our

experiment the spray _—mixing was
done by hand and on a small scale.

We expect that an even better result

would be obtained ‘with a mechanised
equipment suitable for larger produc-
tion, which has

UNICEF for use in further studies.

been donated by

There is no salt monopoly in Thailand, although the Dept. of Cooperatives
can exercise some control in certain provinces on the Gulf of Siam. Sea salt,
obtained by solar evaporation, is usually consumed in the crude form, which has
about 10 per cent moisture content, 86 to 93 per cent NaCl and, when fresh,
390 ug. per cent of iodine. The latter decreases on storage to around 245 ug. per
cent within less than 3 years, and to 128 ug. per cent after 3 years. Earth salt, as
collected in Nan province, has about 100 ug. per cent of iodine. In the humidity
as ‘prevalent in Prae even salt with 99 per cent NaCl will become hygroscopic.
Salt consumption estimated from deliveries and household surveys in Prae is
about 5.5 gm. per head per day (Uthai and Stott).
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