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Abstract

The study aims to evaluate relationship between drinking water iodine and serum iodine with thyroid disorders
in patients with symptomatic thyroid disease in Erbil province, Irag. Outpatients attending Rizgariy and Hawler
teaching hospital, Erbil province, were participated in this cross sectional study and samples of drinking water
were collected randomly from different geographical region of Erbil province. Biochemical analyses included;
serum thyroid hormones, serum iodine and drinking water iodine. Level of water and serum iodine were
deficient 24.1+ 6.8 pg/l (SD)ug/l and 24.4 £ 21.4 (SD) pg/l respectively. Highest level of the water iodine was in
south west of Erbil city and the lowest one was in the east districts. Water iodine showed significant negative
correlation with thyroid stimulating hormone (TSH) in patients with abnormal thyroid function and significant
increase risk of hypothyroidism in regions with low water iodine. 20% of patient had hypothyroidism. Serum
iodine didn’t correlated with water iodine while there was significant negative correlation of it with TSH
hormone. Deficiency of drinking water iodine reflects effect of environmental factors on water quality. It is a
potential risk factor for developing thyroid disorder especially hypothyroidism in reproductive age of
housewives. Continued monitoring treatment and iodized salt programs could prevent hypo and
hyperthyroidism.
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Introduction idothyronin (T4) and tridothyronine (T3).
odine is an essential micronutrient; 150 Thyroid stimulating hormone (TSH) is a
microgram is required daily for normal hormone initiating the entire metabolic
growth, metabolism, and regulation of pathways to produce T4 and T3.The active

thyroid hormones in human and animals iodide transport from blood circulation into

[1]. It is an essential part of two important
thyroid hormones; thyroxin or tetra-
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thyroid by TSH in spite of much higher
iodide concentration in the gland [2].

The iodine content of food depends on the
iodine content of the soils in which it is
grown. The requirement of iodine is met
from food and water, when the soil content
of iodine is adequate, [3]. Erosion of soils
causes loss of iodine from soils,
groundwater and foods grown locally in
these areas which do not provide adequate
amount of iodine when consumed [4].
Significant close relationship exist among
environment (for example drinking water
quality), and human health and thyroid
diseases [5]. Thyroid disease is closely
associated with absorption of food iodine,
and it is an important direct index of
human’s natural iodine intake. Food iodine
is closely related to iodine concentration of
water, soil and salt. It is also an indirect
index of environmental pollution [6].
Deficiency of iodine has several important
health consequences that are together
called lodine Deficiency Disorders (IDD)
like goiter, hypothyroidism, cretinism and
socioeconomic retardation (Sharbari Basu
et al, 2007) and these effects are
preventable by correction of the iodine
deficiency [4].

Goiter is known to be prevalent in
Kurdistan region / Iraq [7]. Erbil province /
Irag considered among the endemic area
for goiter and related to iodine deficiency,
which resulted in mountainous area from
leaching of iodine from soils by heavy
rains [8]. Recent studies showed that Iraq
is a country with sever IDD. Difficulty of
the study and progress due to lack in the
required data, and it is still a major public
health problem in Duhok./ Iraq [4].

Erbil province is currently served by two
types of water resources for drinking;
ground water and surface water from great
Zab River and Rawanduz River. Three
water treatment plants (WTP) have been
constructed with intake of raw water from
Efraz river (Efraz; 1, 2, 3) [9]. Erbil city
imports an average of 85% of its water
from the Efraz river and there are several
forces negatively impact the quality of
water. [5]
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This study was conducted as a result of
lack of studies to assess the level of
drinking water iodine in Erbil province in
order to investigate its relation to thyroid
disorders and serum iodine in patients with
symptomatic hypothyroism disease and to
identify effects of managements in Erbil/
Iragi Kurdistan region.

Material and Methods:

Sample collection:

A- Erbil city geographically is divided
to six area considering source of drinking
water (center, north, east, south, south
west, and west) , and four major districts
(North, East, South, and West) to
determine  drinking ~ water  iodine
concentration. A total of 50 of drinking
water samples from 10 area (covered the
dwelling areas of the outpatient hospital
samples) were collected randomly from
houses, and stored at -20 C° for analysis
through one week.

B- Fifty five (B5)  convenient
outpatient samples with > 4 positive signs
of hypothyroidism diseases; (weight gain,
loss of appetite, tiredness, hoarseness of
voice, bradycardia, rough skin,
menorrhagia) diagnosed by physician,
attending Rizgary teaching hospital from
1% July to 30" August of 2010 (one day /
week) were participated in this cross
sectional study after taking their consent
and formal consent from the hospital.
Study instrument: Structured interview
questionnaire was used to obtain socio-
demographic  variables  (age,  sex,
occupation, and residence) and background
information about iodized salt use, and diet
history.

Biochemical analysis:

a- Determination serum levels of
thyroid hormones for outpatients, using
Mini Vedas ELFA (Enzyme Linked
Fluorescent  Assay) and  immune-
radiometric assay.

b- Determination of total iodine in
serum samples and in drinking water by
Kinetic-catalytic method of (Takashi et al,
2004) [10].
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Statistical analysis

The data have been analyzed by the use of
statistical package of social science (SPSS)
version 18.and included descriptive
statistic, inferential Statistics, independent
T-test and ANOVA test for comparing
means. Linearly regression for measuring
risk of iodine deficiency on thyroid
hormones levels. P value < 0.05 considered
statistically significant

Results and Discussion

Drinking water iodine concentration
and regional differences

Table 1 represents iodine levels of drinking
water in major geographical region of Erbil
province. The minimum mean value was
16.7+ 3.4 ug/l in the east districts of Erbil
province to a maximum 31.6x£5.9 ug/l in
the south west of the Erbil city. The mean
iodine level in the water samples was low
24.1+ 6.8 pg/l, and was in the range (1-50
ug/1), which is considered a potential risk
factor for developing goiter [3]. [11]
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Reported that water iodine is important for
iodine intake in many countries and its
concentration ranged between (< 1.0 and
139 pg/l).

There was high significant difference
between the regions in iodine content of
drinking water. South west of Erbil city,
and south districts of the Erbil province
had higher levels of iodine than other
regions, while the lower mean levels were
in the east of the city and east districts than
other region of the Erbil province. This
result may due to regional differences in
quality of water which depends on water
source from which is drown (geological
formation and climate), treatment of
water, and pollution of water . It is in line
with [12] who stated that chemical
differences in the environment (soil, food
staff, and drinking water) affect iodine
bioavailability and [4] who stated that
iodine content of food differs with
geographic location.

Table 1: lodine content of drinking water samples in Erbil provinc
Study area No. Mean+ SD | Mean +SE |F-value |P-value
Erbil city
Center 6 30.2+3.8 | 30216 |3.75 <0.01"
North 7 25.5£ 5.7 25.5+2.2
East 4 17.0+£ 8.9 17.0+4.4
South 3 20.0£ 4.1 20.0+2.4
South West 3 31.61£5.9 31.6+3.4
West 4 21.2+ 3 21.2+1.5
Districts of Erbil
province
North 11 23.6+ 6.9 23.6+2.1
Districts of East 4 16.7+ 3.4 16.7£1.7
South Districts 4 29.9£ 3.5 29.9+1.8
Districts of West Erbil 4
proviience 23.2+4.3 23.2+2.1
Total 50 24.1+ 6.8 24.1+1.0

No. = Number or Frequency of sample,

One way ANOVA (post hoc) multiple
comparison test (Table 2) showed that
drinking water in the center and south west
of the city differ significantly with regions
that had lower levels of drinking water
iodine, and were; east, south, west, of the
city . This due to water source of drinking

Sig = Significant,
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" = High significant value for P value

water in the south west, center of the city,
which is mostly Efras river while is ground
water in the east, south and west of the
Erbil city. This difference may due to
pollution, as indicated by their water
quality indices measured by [5], and
included higher nitrate content, higher
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turbidity, and higher alkalinity than
(WHO) guide line and 1raqi standard range
and attributed pollution to long distance
winding through unprotected watershed
containing towns and farms. Further study
[13] regarded high values of water nitrite
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as a warning sewage contamination and the
effect of urban water discharge that
containing high amount of nitrate. [6]
Concluded that iodine content of water
indirectly reflects environmental pollution
especially of the water of ditches and river.

Table 2: multiple comparison tests of the studied areas in Erbil province

Studied area comparisons Mean Difference = SE
East ( E) with other city regions (R) E-R £ SE Sig.
East Center of the city -13.1743.6 0.00
North -8.5+3.5 0.02
South -3.01+4.26 0.48
South west -14.6+4.26" 0.00
West -4.15+ 3.9 0.30
South West (S) with other regions(R) S-R+ SE Sig
South West Center of Erbil province 1.40+£ 3.94 0.72
North of the city 6.08+ 3.84 0.12
East 1456+ 4.26 " 0.00
South 11.56+ 455" 0.02
West 10.4'+ 4.26° 0.02
Comparisons among districts Mean Difference +SE
East Districts (E) with other Districts (D) E-D+ SD | Sig
|East Districts North District 6.9+ 3.25 0.039
South -13.2+3.97 0.002
West -6.5+ 3.9 0.108
South Districts (S) with other Districts (D) S-D+ SD Sig
South Districts North Districts 6.23+£ 3.3 0.063
East Districts 13.18+3.9" 0.002
West Districts 6.7+£3.9 0.097

= Significant value for P value

Among the districts; south had the highest
level of iodine and differ significantly from
mountainous area in the east districts and
hill area of west districts of Erbil province
while north district showed no significant
difference with both south and east
districts of Erbil province, figurer 1. These
differences may due to iodine content of
environment and soil  which indirectly
reflected on chemical properties of water
and cause alkaline pH, high conductivity
and high calcium and sulphate ions. This
view the results of other studies; [14] and
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[15] who concluded that endemic iodine
deficiency diseases occur among the
population of the northern Irag and
affected by various environmental factors
including pH, dissolved salts especially
elements calcium and sulfur species, which
determine the bioavailability of iodine for
the biological processes. Also consistent
with [16] who concluded that highest
concentrations of iodine were in pH > 7.5
of water and positively correlated with
conductivity of ground water.
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Figure 1: Maps of Erbil province and mean levels of iodine in drinking water (ug/1) in the center and

districts

Association of thyroid hormones with
drinking water iodine:

Table 3 shows mean levels of thyroid
hormones in studied population. They were
categorized into two groups; normal
thyroid function status and abnormal status
according to reference range of thyroid
hormones T,4 (60-120 nmol/l), T3(0.95- 2.5
nmol/l); and TSH (0.3-5 ulU/).
Approximate to half 44.4% of studied
population had abnormal thyroid function
test and 45.8% out of it had high levels of
TSH hormone (> 5 plU/ml) which
correspond to 20% of all samples. There
was significant difference in the mean
levels of T3 and TSH between patient with
normal and abnormal thyroid function
tests.

Table 3 also shows mean levels of drinking
water iodine of regions where patients
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dwelling and its significant negative
correlation with TSH. Linear regression
analysis after adjusting for gender and ages
showed significant risk of low water iodine
in regions where patients had high levels of
TSH. These results may due to lack of
substrate for thyroid hormones synthesis
and indicates that iodine deficiency may be
a major cause of hypothyroidism. It is in
agreement with [1] who observed
significant high value of TSH in
hypothyroidism patients and concluded
that iodine deficiency could be associated
with an increase of hypothyroidism. Also
[17] concluded that iodine deficiency
disorders is the cause of hypothyroidism
and [7] reported that incidence of goiter in
Erbil Gov. would be between 20-30% with
clinical evidence of few of
hypothyroidism.
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Table 3: Thyroid hormones and drinking water iodine levels in normal and abnormal categories
Thyroid t-value | Sig. | Relation of water
hormones status | Thyroid hormones levels | Meant SD iodine with
Normal No. Minimum Maximum hormones
T, nmol./l 30 71.77 110.6 89.7+ 10.1 N.S.
T3 nmol/l 30 1.00 2.37 1.7+03 |-21 <0.05
TSH plU/ml 30 .61 3.09 1.5+0.66 |-2.6 <0.05
Abnormal No. Minimum Maximum Mean+ SD R Sig.
value
T4 nmol/l 25 11.02 266.0 88.5£51.9
T3 nmol/l 25 .30 5.86 2.3+ 1.24
TSH ulU/1 25 .04 80.00 |12.97+21.7 -0.42 <0.05
lodine content of Risk of water
water ( pg/l) deficiency in
- abnormal category
No. Water iodine levels with high levels of
TSH
OR 95% CI
Normal 30 17.2 349 | 263:56 | 123 NS Lower
Upper
Abnormal 1 o5 g7 349 | 243:6.6 L4 0.05 21

R= Pearson's correlation OR = Odds ratio or risk of iodine decrease among abnormal category

Socio-demographic  characteristic  of
studied population

Table 4A shows, age groups, ranged
between (13 - 67) years, with mean (37.4+
15.5) years. Most of patients with normal
thyroid function were in age group (41-50)
years; while abnormal thyroid function
patients' age was (39.0+17.6) years and
most were in age group (21-30) years.
Majority of patients were; house wives and
married (Table 4A & B). These views the
same result of further researchers that
abnormal thyroid function was highest in
third decade of life (21-30) years and
decrease by ages especially among women
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in reproductive age which occupied 80%
of studied abnormal sample and were four
times more than males. This may due to
the effects of sex hormones levels, and
pregnancy as found by [8] among age
(34.5) years and [19] who concluded that
prevalence of thyroid disease in Erbil city
was at age groups of (20-39) years, and
[18] who found hyperthyroidism 4 times
more common among females than in
males in Erbil city from period (1998 -
2010). Significant correlation between
thyroid hormones (T4 and TSH) with ages
among patients with abnormal thyroid
function conforms that TSH decrease with
ages as concluded by [17] in area with
mild and moderate iodine deficiency.
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Table 4 A: Socio-demographic characteristic and their relations with thyroid hormones

Relations with Relations with
Age Group Normal Group hormones Abnormal Group hormones
(TSH pIU/N) Age with TSH
No. | % N.S. < 0.3 035 | >5 | Total | % Rvalue | Sig
<20 5 16.7 0 2 2 4 16.7 -.43 <0.05
21-30 7 23.3 0 3 5 8 32 Age with T4
31-40 7 233 0 0 2 8.3 0.4 | <0.05
41-50 8 26.7 3 0 0 3 125
51-60 3 10.0 2 1 2 5 20.8
>61 2 0 1 3 125
Total 30 100 7 6 11 25 100
Gender Normal Abnormal Total
No. | % No. | % | No. | %
Male 8 26.7 5 20 13 23.6
Female 22 73.3 20 80.0 42 76.4
Marital status | Normal Abnormal
No. % No % No. %
Married 23 76.7 19 76.0 42 76.4
Not Married 7 23.3 6 24.0 13 23.6
Type of salts | No. % Relations of salts No. % Relations
with water iodine with water iodine
lodized salt 17 56.7  |Chi Square 15 60.0 | N.S.
Not iodized 10 33.3 39.5 < 10 40
0.05
Mixed 3 10 With TSH 0 0
Eta test Valu
e
Total 30 100 0.54 Stro 25 100
ng

Eta test for relation between nominal and interval, N.S. = No Significant

(Table 4A) using iodized salt by most than
half of patients may be attributed to regular
monitoring and assessment of the level of
iodine in the salt utilized by household
across Irag by governorate. It is
consistence with  Multiple Indicators
Cluster Survey (MICS) conducted every
five year by ministry of planning and
Health and UNICEF who found 37.5% of
Kurdistan region utilize adequate iodized
salt and reached to 76.7% in Duhok
Governorate [20]. Significant negative
association between types of salts intake
and iodine content of water from their

may be resulted from correction effect of
water iodine deficiency by long duration
use of iodized salt in addition to the effects
of; concentration of iodine in the salt, type
of foods ingested and  genetic
susceptibility. This is online with [21 and
22] and [1] who supported the use of
iodized salt as a corrective strategy in area
with IDD, and with [18] who found lowest
cases in (2008-2009) years of thyroid
diseases in iodine deficiency area and
attributed it to iodizing table salts program
which play an important role in prevention
of goiter and eventually hyperthyroidism.

dwelling region and strong relation Beside adaption effect of the normal
between iodized salt and TSH hormone of thyroid gland in less sever iodine
normal patients confirm lack of deficiency to keep thyroid hormone

hypothyroidism among these patients and
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production within the normal range as
stated with [23].

According to residence status Table 4B;
most of patients were from the center and
north of the Erbil city , there was no
significant  difference  between two
categories in residence in spite of presence
of patients from areas with lowest water
iodine content (south of the city and east
districts) in abnormal category. This result
may due to the hospital position in the
center where hormones analyzed and Ifraz
river pollution in the center and north of

MJB-2017

the city with compounds that decrease
bioavailability of iodine such as nitrate as
concluded by [24] that high nitrate level
was associated with inhibition of iodine
intake by thyroid gland and thyroid
hypertrophy. Also view the same result of
[8] who found two third of thyroid patients
from inside of the Erbil city and attributed
it the position of the hospital in the center
of the city and [4] who found mild iodine
deficiency in primary school children,
71.1% of them were from urban area.

Table 4 B : Socio-demographic characteristic of studied population

Occupation Status Normal Abnormal
No. | % No |% Total
Government 8 267 4 16.0 12
House wife 16 533 15 60.0 31
Student 1 3.3 3 12.0 4
Self employed 4 133 2 8.0 6
Retired 1 33 1 4.0 2
Total 30 100 25 100 55
Residence No. [% [No. |% | Total
Center of the city 10 333 6 24.0 16
North of the city 5 16.6 5 20.0 10
East of the city 3 10:0 2 8.0 5
South of the city 3 100 © 24.0 9
South West of the city 2 6.7 1 4.0 3
North Districts 3 10.0 1 4.0 4
East Districts 2 67 4 16.0 6
South Districts 2 6.7 ———— - 2
Total 30 100 25 55
salts used. These results confirm
Serum lodine levels: Table 5 shows prevalence of thyroid disorder in

deficiency of serum iodine and was lower
than normal range (45-100 pg/l1) measured
by [25]. The highest level was in married
house wife women at fourth decade of life
in rural area, and they used iodized salts.
There was relation between serum iodine
and ages, also significant correlation of it
with TSH hormone. There was low relation
of serum iodine with residence and type of
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reproductive ages as consequence of water
iodine deficiency, especially in rural area
that were far from management centers
(city) as stated by [8], and had low
awareness to complexity of disease. This
view has been supported with [26] who
stated that, education should be one of the
main  pathways of communicating
information to alleviate IDD.
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Table 5: Serum iodine levels & its relation to thyroid hormones and socio-demographic characteristic

Serum iodine Thyroid function | Mean + SD of Relations
(ng/) status serum I, Differences serum |, with TSH
Mean average 24.4+21.4 R Value Sig.
Cases Normal 17.1£5.2 N.s. -0.65 <0.05
Abnormal 28.5+17.9
Age group | <20 12.045.23 N.s. Serum |, with age
(years) 21-30 24.7£15.01 Eta test value
31-40 41.1+36.48 0.55 Strong
>41 14.1+ 4.3
Gender Male 174+ 4.4 N.s. N.s.
Female 28.4+ 26.5
Marital status Married 29.3+23.4 N.s. N.s.
Not married 11.1+4.0
Occupation Employed 19.9+11.4 N.s. N.s.
House wife 29.6+£30.4
Residence Urban 18.0+ 10.5 N.s. Serum |, with residence
Eta test Value
Rural 41.3+36.3 0.40 Low
Type of salts lodized 31.4+26.9 N.s. Serum |, with Type of salt
Not iodized 16.4+7.7 Eta test Value
Mixed salts 15.0+ 2.2 0.42 Low

N.S. = No significant

Negative correlation of serum iodine with
TSH hormone in spite of no relation with
water iodine of their dwelling region
indicates that serum iodine increase in
hyperthyroidism  and  decreases in
hypothyroidism. This result parallel with
[1] that found negative significant
correlation of serum and urinary iodine
with TSH hormone and concluded its use
as indicator for thyroid dysfunction. The
result also reveals effects of other factors;
genetic,  malnutrition,  iodized  salt,
goitrogens, treatments (hormone
replacement therapy, medication), and
prolonged adaption of normal thyroid
gland to mild and moderate iodine
deficiency especially in elderly people.
This conclusion supported with further
researchers [1, 14, 22] who attributed no
correlation between drinking water iodine
and urinary iodine in goiters patients to
other factors and causes.

33.3% of abnormal thyroid function
patients were hyperthyroidism patients
who did thyroidectomy. This result
confirms no relation of water iodine with
serum iodine and reveals effects of
treatment, and intake of iodized salts and
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foods. It is consistence with [18] who
stated that development of various forms
of hyperthyroidism depends to a great
extent on the iodine intake of the
population and attributed most cases of
hyperthyroidism to a program of
iodinization of table salt sponsored by
UNICEF, also [21] who suggested that an
increase in the prevalence of iodine-
induced hyperthyroidism is temporary and
that within a few years of population
exposure to iodized salt, the prevalence of
hyperthyroidism reverts to baseline levels
or even lower. Further study [23] and [27]
concluded that hyperthyroidism may ensue
if iodine deficiency is not extremely
severe.

Advantage of the study: It is new trial for
measuring level of iodine in drinking water
in Erbil province, and identifying its
association with serum iodine. Limitation
of the study: The study was a cross
sectional study and sample size of the
water and sample of patients participated
in this study were small.
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Conclusion

Deficiency of iodine content of drinking
water especially in mountainous area of
east districts of Erbil province reflects
environmental differences in water ;
alkalinity, conductivity properties and
pollution . Potentially affect serum iodine
bioavailability and may cause thyroid
disorder among reproductive ages of
housewives. Continued monitoring
treatment and iodized salt programs
(duration of wuses and iodine salt
concentration) can provide high-quality
outcomes, and prevent potential adverse
effects such as hypothyroidism and
hyperthyroidism.

Acknowledgment

Thanks first to all study participants for
their contributions and outpatient clinic
staff for their support during data
collection. Thanks to college of Medicine /
Hawler medical university for conducting
chemical analysis in the laboratory of
biochemistry department and Rizgary
teaching hospital for their supports.

References

1 Ghulam Abbas Kandhro, Tanseem Gul Kazi,
Sirajuddin, Naveed Kazi, Hassan Imran
Afridi, et al. Evaluation of iodine content
in serum and urine of hypothyroid male
using an inexpensive and rapid method.
Pak. J. Anal Environ Chem. 2009; 10
(1&2): 67-75.

2 Mansourian A.R.Metabolic pathway of
tetraiodothyronine and triodothyronine
production by thyroid gland: A Review of
Articles. Pak J Biol Sci. 2011; 14 (1):1-12.

3 Sharbari Basu, Biswajit Mohanty, Sonali
Sarkar, G. Satheesh Kumar. Estimation of
iodine levels in drinking water in
Puducherry district. Biomedical Research.
2007; 18 (3): 171-173.

4 Rasheed B.A. (2013) Urinary iodine level of
primary school children in Duhok
governorate. MSc Thesis submitted to the
council of the college of medicine /
Hawler medical university.

5 Jadoon S, Munir S. and Fareed |. Evaluation
of drinking water quality in Erbil city
Kurdistan region -—lrag. Journal of

207

MJB-2017

Environment and health science 2015; 5
(21).

6 Ying-li Lu, Ning-jian Wang Lan Zhu, Guo-xing
Wang, Hui Wu, Lin Kuang, and Wen-ming
Zhu Investigation of  iodine
concentration in salt,water and soil along
the coast of Zhejiang, China. J Zhejiang
Univ. Sci. B. 2005; 6(12): 1200-1205

7 Habib MA (1996). Assessment of goiter
prevalence in children in Erbil. A research
submitted to the department of medicine
for the degree diploma in medicine.

8 Jalal AJ 2002. Histo-pathological study of
goiter in Erbil province. MSc. Thesis
submitted to the council of the college of
Medicine/university of salahaddine /
Erbil.

9 Shareef KM. And Muhamad SG. Natural and
drinking water quality in Erbil, Kurdistan.
Current World Environ .2008; 3(2): 227-
238

10 Takashi Tomiyasu, Misa Nonaka, Makoto
Uchikado et al. Kinetic determination of
total iodine Misa Nonaka, Makoto
Uchikado et al. Kinetic determination of
total iodine in urine and food staff using
mixing acid as a pretreatment agent.
Analytical sci. 2004; 20

11 Stig Andersen, Bodi Hvingel, and Peter
Laurberg. lodine content of traditional
Greenlandic food items and tap water in
east and west green land. Int
Circumpolar Health. 2002; 6.

12 Fiona M. Forduce, Chris C. Johnson, Udaya
R. b. Navaratna et al. Selenium and iodine
in soil and drinking water in relation to
endemic goiter in sri Lanka. Sci total
environ. 2000; 263; 127-141

13 Toma J. J. Study on some of physico-
chemical properties in Shaglawa ground
waters (some wells), Erbil city. Zanco j
pure app sci. 3(3).

14 Chandra AK, Tripathy S, Ghosh D, Debnath
A, Mukhopadhyay S. Goitre prevalence
and the state of iodine nutrition in the
Sundarban delta of North 24-Parganas in
West Bengal. Asia Pac J Clin Nutr. 2006;
15:357-61

15 Hassan Ahmed AL-Jumaily. Environmental
Significant of lodine Distribution in
Ground Water at Bastia and Tel- Afer
Regions/Northern Iraq). J Kirkuk Univ.
2006; 1(1).


http://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20Yl%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Nj%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Gx%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Gx%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20H%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuang%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20Wm%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20Wm%5Bauth%5D

Jawzali J. I.

16 Watts M J, Reilly J O, Marcelli A, Coleman
A, Ander EL, Ward NI. A snapshot of
environmental iodine and selenium in La
Pampa and San Juan proinces of
Argentina. J geochem exploration. 2010;
107 (2):87-93.

17 Arabinda Ray, Utpal Biswas, , Ashoke
Mukherjee, et al. Assessment of the sub-
Himalayan Planins of west Bengal. Indian
J. Physiol Pharmacol. 2009; 53(4): 359-364

18 Al-Bustany. Clinical study of cases with
hyperthyroidism in Erbil Governorate,
Kurdistan Region-lraq. Zanco J. Med. Sci,
2011; 15,(1).

19 Karam YA. (1997). Histopathological study
of 70 cases of goiter. Diploma study
submitted to Medicine College/ University
of salahaddin / Erbil.

20 Cost, KSRO, UNICEF. (2011). MICS4 final
report, Baghdad, UNICEF

21 Aburto N, Abudou M, Candeias V, Wu T.
Effect and safety of salt iodization to
prevent iodine deficiency disorders: a
systematic review with meta-analyses..
Worl health organization,2014.

22 Ali Osman, Muda Khalida, Abu Bakar
Azman, R. Jamil, et al. lodine content in
drinking water not an important
determinant of endemic goiter. Asia
Pecific J clin. Nutr. 1993; 2: 115-118.

23 Laurberg P, Cerqueira C, Ovesen L,
Rasmussen LB, Perrild H, Andersen S,

208

MJB-2017

Pedersen IB, and Carel A. lodine intake as
adeterminant of thyroid disorders in
populations. Best Pract Res Clin.
Endocrinal Metab. 2010; 24(1) :13-27.

24 Mary H. Ward,1 Theo M. deKok, Patrick
Levallois, Jean Brender, Gabriel Gulis,
Bernard T. Nolan, and James VanDerslice.
Workgroup Report: Drinking-Water
Nitrate and Health—Recent Findings and
Research Needs. Environmental Health
Perspectives. 113 (11).

25 Elizabeth N, Pearce A, Russel Gerber, David
B, et al. Effect of chronic iodine excess in
a cohort of long term American workers
in west Africa. The Journal of Clinical

Endocrinology & Metabolism. 2014;
87(12): 5499-5502. Nutrition Actions
(Elena). Geneva: World Health

Organization; 2014.

26 Gidey B, Alemu K, Atnafu A, Kifle M, Tefera
Y and Sharma HR. Availability of
adequate iodized salt at household level
and associated factors in  rural
communities in laelay maychew district,
northern ethiopia: a cross sectional study.
J Nutr Health Sci . 2015; 2(1): 103.

27 Paol Vitti . lodine deficiency disorders. Last
literature review version 19.3: 2012 /

group work.
http://www.uptodate.com/home/terms-
use



