Brief Report

Iodine Nutritional Status Among School Children in Selected
Areas of Howrah District in West Bengal, India

Summary
This article is a study on iodine nutritional status among 1627 school children aged 6–12 years, along
with biochemical analysis of iodine of 200 urine samples, 50 drinking water samples and 175 salt
samples carried out in certain randomly selected areas of the district Howrah in Gangetic West Bengal.
Results indicate that the entire region is clinically goitre endemic having goitre prevalence 38%;
however the median urinary iodine level was 25 mg/dl indicating no biochemical iodine deficiency,
70% salt samples had a recommended level of iodine and the region was found to be environmentally
iodine sufficient. Consumption of dietary goitrogen and hard drinking water may have the possible role
for the persistence of endemic goitre in the region.
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Introduction
Iodine is an important micronutrient required for
human nutrition. Iodine deficiency disorders (IDD)
are major public health problems all over the world
including India. The effects of IDD vary according
to the person’s status. The effects of IDD include
goitre, hypothyroidism and loss of energy and in
pregnant women, they cause miscarriages, stillbirths
and mentally retarded children. Among children,
some of the major effects are impaired mental and
physical development, mental retardation, physical
deformities and cretinism [1]. Overall, iodine deficiency affects the socio-economic development of
a community [2].
The northern part of the state of West Bengal is
hilly and located in the classical iodine-deficient
goitre-endemic belt in India [3], while its major
southern region is in the Gangetic basin where the
land is plain, fertile and thickly populated. In the
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post-salt iodization phase, endemic goitre has been
reported from many areas in India [4–8] including
West Bengal [9–12]. But systematic studies on the
iodine nutritional status of the population of the
Gangetic regions of Howrah district are not available
except our earlier preliminary work [10]. The present
study was therefore undertaken to evaluate the state
of iodine nutrition, distribution of iodine through
iodized salt, bioavailability of iodine and consumption pattern of goitrogenic foods that generally
interfere with iodine nutrition in randomly selected
certain areas of Howrah district in West Bengal.
Materials and Methods
Howrah is one of the most thickly populated districts
in Gangetic West Bengal. It has a population of
18 80 530 (2001 Census Report) living under
14 Community Development Blocks (CD Blocks) of
which five blocks attached to the river Ganga are
selected. Most of its population lives in completely
rural areas whereas some others live in industrial but
rural areas. People are engaged in either agricultural
activities or working in factories. Their diets are
mainly non-vegetarian and consist of cereals (rice),
pulses, fish and vegetables of Brassica family with
others.
To get the representative populations from
the studied regions, five areas were selected from five
CD Blocks by purposive sampling method [13]. From
each selected area, one school was randomly chosen
where the students (age group 6–12 years) of both
sexes (as recommended by WHO/UNICEF/ICCIDD)
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from each area. These water samples were preserved
in the screw-capped plastic bottles and brought to the
laboratory where it was kept at 4 C until analysis.
Iodine content of such water samples was measured
following the method of Karmarkar, et al. [16]. The
presence of calcium and magnesium salt/hardness
in drinking water samples was determined from the
collected samples following the EDTA titration
method [20]. To monitor the iodine content of salt
samples available in the area, 35 marked airtight
plastic containers were distributed [21] at random to
the students of the studied schools and they were
asked to carry samples of edible salt from their
households the next day. The salt samples were kept
at room temperature in the laboratory and iodine
content was measured within a week following the
iodometric titration method [22].
The study was conducted between September 2005
and August 2006.
Results and Discussion
Prevalence of endemic goitre in school children is the
most widely accepted marker to evaluate the severity
of IDD in the region. According to WHO/UNICEF/
ICCIDD [21] recommended criteria, a prevalence rate
of 5.0–19.9% is considered mild; 20.0–29.9% as
moderate and above 30% is considered as a severe
public health problem. The overall goitre prevalence
of 38% indicates that IDD is a severe public health
problem in the studied region (Table 1). A gradual
increase in goitre rate is found from the age of 6 years
till the age of 9 years, followed by a short decline (Fig. 1)
as observed by earlier workers [7, 10]. The reduced
goitre prevalence in the higher age was probably for
the compensatory adjustment of the thyroid gland.
Median urinary iodine (MUI) level indicates the
state of iodine nutrition of a study area when it is
based on at least 40 urine samples taken at random
[15]. A MUI concentration of 10 mg/dl and when not
more than 20% of the samples are below 5 mg/dl in an
area indicates no iodine deficiency [23]. The MUI
level in the studied region was 25 mg/dl. In analysed

TABLE 1
Goiter prevalence in different study areas of Howrah district
Sl No.

Study areas
(C. D blocks)

Total number of
children examined

Number of children with goiter
Grade 1

1
2
3
4
5

Panchla
Ulberia-I
Ulberia-II
Shyampur-I
Jagatballavpur

344
326
261
398
298

130
104
81
144
82

(37.8)
(31.9)
(31.0)
(36.2)
(27.5)

1627

541 (33.3)

Grade 2
24
18
14
10
12

(7.0)
(5.5)
(5.4)
(2.5)
(4.0)

78 (4.8)

Severity as public
health problem

Total (1 þ 2)
154
122
95
154
94

(44.8)
(37.4)
(36.4)
(38.7)
(31.5)

Severe
Severe
Severe
Severe
Severe

619 (38.0)

Severe

Severity of public health problem: 5.0–19.9% mild; 20.0–29.9% moderate;>30% Severe [14]. (Parentheses indicate
percentage).
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[14] were available. In the areas where children of both
sexes in the age group 6–12 years were not available in
one school, more than one school (one primary and
one secondary or one boys school and one girls
school) were chosen at random.
All the students of the recommended age group who
were present on the day/days of survey were clinically
examined for goitre by trained research staff. Goitre
grading was done according to the recommended
criteria of WHO/UNICEF/ICCIDD [14] (grade 0, no
goitre; grade 1, thyroid palpable but not visible and
grade 2, thyroid visible with neck in normal position).
The age of the students was recorded from the school
register and was rounded off to the nearest whole
number. In this way, 1627 students were clinically
examined for the enlargement of thyroid gland.
To evaluate the state of iodine nutrition of the
locality, spot casual urine samples were collected from
40 children irrespective of their thyroid status from the
clinically examined enrolled student at a definite
interval maintaining proportionate representative
from the entire population of the studied school(s)
following ICCIDD/UNICEF/WHO criteria [15] in
wide-mouth, screw-capped plastic bottles adding a
drop of toluene to inhibit bacterial growth and
minimize bad odour. Iodine in urine was determined
by the arsenite method following dry ashing in the
presence of potassium carbonate [16] maintaining
internal quality control having a known concentration
range of each batch of test samples. In case of higher
values, samples were diluted two to five times with
double distilled water to get the appropriate result.
Urinary thiocyanate concentration was measured
from the same collected urine samples used for the
analysis of iodine by the method of Aldridge [17] as
modified by Michajlovskij and Langer [18].
The sources of dietary iodine are water, food
and the iodized salt available in the studied areas.
Iodine content in water in a region truly reflects the
bioavailability of iodine [19]. To cover the entire
region, 50 drinking water samples were collected
from tube wells chosen at random taking 10 samples
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FIG. 1. Age specific goitre prevalence in the studied
region in Howrah district, West Bengal.

more than 50% salt samples had iodine level below
15 ppm (Table 2). It has been recommended that 90%
of the households should get iodized salt at the
recommended level of 15 ppm [23]. So our study
reveals that studied population consume inadequate
iodine through edible salt though MUI value of more
than 10 mg/dl reflects that the population might be
having some other sources of dietary iodine.
To study the bioavailability of iodine, the iodine
content of drinking water was estimated. Zeltser, et al.
(1992) [24] have categorized the iodine deficient zones
as the severe deficient zone having iodine less than
4 mg/l of water; moderate deficient zone with iodine
level 4–10 mg/l of water and the relative deficient zone
having iodine level 20 mg/l of water. The median
iodine value, 60 mg/dl in the ranges from 41.5 to
92.5 mg/l indicates that the region is environmentally
iodine sufficient or the soil is rich in iodine.
Dietary survey in the study areas showed that the
vegetables of cyanogenic origin (SCN precursors)
which are commonly available and used are cabbage,
cauliflower, radish, mustard, turnip, sweet potato,
maize, drum stick, cucumber, etc. The consumption of
cyanogenic plant foods was also evident from the
urinary excretion of thiocyanate (SCN). The urine
samples that were analysed for urinary iodine were
further tested for quantification of thiocyanate. The
mean urinary thiocyanate level was 0.955  0.52 mg/dl
indicating that the entire studied population was
exposed to thiocyanate load (Table 2). In India, large
numbers of cyanogenic plants (SCN precursors) are
used as common vegetables and IDD thus persists
in many such regions in spite of recommended iodine
intake [5, 8]. Cyanogenic plant foods used as common
vegetables have potent anti-thyroid activity and
supplementation of extra iodine usually fails to
counteract their effect [25]. Thus involvement of
thiocyanate or thiocyanate precursors present in
foods consumed by the people of the region may
have an important role for the persistence of goitre in

TABLE 2
Urinary iodine and thiocyanate excretion of studied population, iodine content in salt, iodine and hardness content
in drinking water in different study areas of Howrah district
Sl. No Study areas
(C. D
blocks)
1
2
3
4
5

Panchla
Ulberia-I
Ulberia-II
Shyampur-I
Jagatballavpur

Median
Urinary thiocyanate Percentage of
Iodine
Urinary
(USCN) level
salt samples
content in
iodine levels
mg/dl
containing
drinking
(mg/l)
Mean  SD
iodine >15 ppm water (mg/l)
342
227
222
287
215
250

0.885  0.35
1.130  0.62
0.747  0.45
1.060  0.54
0.930  0.51
0.955  0.52

88.6
80.0
85.7
48.6
40.0
69.7

41.5  2.8
92.5  4.3
51.5  2.5
47.0  3.6
56.0  2.4
60.7  33.7

Calcium
hardness
(ppm)

Magnesium
hardness
(ppm)

91.6  8.5
30.0  12.4
66.1  6.8
64.5  11.2
76.1  7.8
68.7  38.4

526.4  24.5
242.0  19.8
371.8  22.6
161.5  11.5
161.9  21.1
305.9  224.6

No. of urine samples from each area—40; Total urine samples—200.
No. of salt samples from each area—35; Total salt samples—175.
No. of drinking water samples from each area—10; Total water samples—50.
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200 samples, 14% samples had iodine excretion level
below 10 mg/dl and 7% samples had iodine level
below 5 mg/dl (Table 2). In all the studied areas, MUI
level was also greater than 10 mg/dl suggesting that as
per WHO/UNICEF/ICCIDD [23] criteria there was
no biochemical iodine deficiency or no inadequacy
in iodine intake of the population.
Iodine content measured in the edible salts fortified
with iodine, were collected from households and it was
found that 30.3% salt samples had iodine level below
the adequate level of 15 ppm, 15.4% salt samples had
iodine level above 15 ppm but below 30 ppm and
54.3% salt samples had iodine level more than
30 ppm. In Shyampur-I and Jagatballavpur blocks,
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the studied region. In addition, high mineral content,
particularly magnesium and calcium salt or hardness
of water have been implicated as goitrogenic factor
in water [26–28]. In the studied area, according to the
specification of Indian standard drinking water [29],
calcium level is within the permissible limit i.e.
200 ppm but presence of magnesium salt is higher in
all the areas than the permissible limit i,e. 100 ppm.
So, presence of magnesium salt in drinking water may
pose a serious threat of thyroid disorders in the
studied region.
Present study therefore indicates that goitrogenic
and anti-thyroid substances that come through food
and water from the environment and their action not
antagonized by available iodine may have a possible
role for the persistence of endemic goitre during
post-iodization period in the Gangetic region of
West Bengal.

