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Abstract

The objective of this paper is to carry out an evaluation of iodine,
calcium, magnesium, and other goitrogenic factors in drinking water
obtained from three schools in Kebbi Local Government Area, Kebbi
State, Nigeria. Standard methods and procedures including atomic
absorption spectroscopy were utilized to attain the objective of the
study. One-way analysis of variance (ANOVA) test was carried out and
results are significant at (p < 0.05). The amounts of iodine, magnesium,
phosphate, and calcium were in the ranges of 0.250 ± 0.02 - 0.120 ±
0.03 ppm, 2.2 ± 0.01- 10.0 ± 0.01 ppm, 0.03 ± 0.0001 -0.07 ± 0.0001
ppm, 3.4 ± 0.01 - 8.5 ± 0.01 ppm. There were diverse levels of the
studied goitrogens. Fluoride, bromide, chloride, cyanide, perchlorate,
and nitrate are in respective ranges as follows: 1.12 ± 0.02 - 3.14 ±
0.02 ppm, 0.02 ± 0.002 - 0.15 ± 0.002 ppm, 0.61 ± 0.002 - 1.21 ± 0.02
ppm, 0.32 ± 0.001 - 0.51 ± 0.001 ppm, 0.120 ±0.0001- 0.250±0.02 ppm,
and 2.2±0.02 – 10.0±0.01 ppm respectively. The result has revealed
that the water used in the studied schools contains goitrogens that
can contribute to the interference in iodine metabolism and leading to
consequent harmful effects on youngsters.
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Highlights

• Evaluation of essential elements and goitrogenic factors in school
drinking water.

• Significant presence of iodine, magnesium, and goitrogens in
water samples.

• Potential health implications on youngsters due to goitrogenic
factors in water.

• Importance of regular assessment of water quality in semi-desert
regions like Kebbi State.
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1 Introduction

WASH (water, sanitation, and hygiene) is important in
schools. The hygiene facilities aid in providing positive
outcomes on the students, students of need privacy, aid in
creative development of students, facilitates psychological
development, and safeguard physical health of students
[1]. More than 800 school-aged children are dying every-
day due to water related problems, every year about 85,
700 children die due to water related issues that could
have been avoided with safe water availability [2], [3].
Schools are expected to ensure the presence of WASH to
provide healthy and safe environment for students to live
and learn effectively [3]. Water remains the most impor-
tant nutrient in the life of biological systems including
human beings necessary for the perpetuation of entire
processes taking place in the human body. Good quality
water is necessary for health especially in carrying out
body processes like enzyme activities, digestion, trans-
port of materials within the body, absorption, temperature
modulation, excretion, and lubrication of diverse body
parts [4]–[6]. Water is indeed a great fluid of living thing
and act as a universal solvent [7].
However, nowadays, there is increased concern about the
quality of drinking water due to rampant pollution that
set water as tool that convey harmful contents including
microbes and chemicals to food chain and ultimately de-
bilitates the humans in many ways [7]–[10]. Thus, it is
an act of management, more importantly in areas that are
semi-desert like Kebbi State to regularly assess the quality
of water by measuring some parameters such as goitro-
genic factors; because, in areas of such kind low quality
drinking water is prevalent, and poor water policies are
evident [10]. This has led to incorporation of harmful
chemicals into the drinking water. These harmful chemi-
cals that are found in water due to contamination includes
the goitrogenic factors such as chloride, cyanide, fluoride,
phosphate, and the likes [11], [12]. There is unequivocal
relationship between the environmental pollution, health
of humans, food/ water intake and diseases [9], [12]–[15].
More specifically, the concentrations of iodine (an essential
microelement of humans) being taken in food, water, and
relations are related to the health of thyroid gland. There-
fore, when there exists little or too much iodine in water,
coupled with goitrogens adverse conditions are bound to
happened characterized with many harmful effects [12],
[13]. Optimum iodine level and proper iodine metabolism
are important aspects tied up with normal thyroid gland
that in turns releases thyroxine that promotes growth and
development of muscle, bone, height, weight; and the
hormone is needed for stabilization of material and en-
ergy metabolic activities [12], [13]. In tandem with the

role of iodine to the body, excess or insufficient iodine
cause hyperthyroidism, hypothyroidism, mental retarda-
tion, goiter, thyroid carcinoma, autoimmune disorder, and
relations especially in children and youngsters [12]–[14],
[16].

Goitrogens act as opposite of iodine in the body by impair-
ing the uptake of the element or affecting ways of iodine
metabolism [17]. Among the major sources of goitrogens,
is the water polluted by nitrate, cyanide, and specific ions
(including fluoride, calcium, bromide, and magnesium).
Areas challenged with goiter have been reported to have
water that contains enough goitrogens that instigate low
iodine content [17]. Long-term exposure to goitrogens can
impact on thyroid functions by causing low iodine intake
. Indeed goitrogens directly or through proxy changes
the thyroid gland, peripheral metabolism, release of T3
(triiodothyronine) /T4(thyroxin). The thyroid gland is
highly sensitive, and respond to iodine metabolism with
difficulties in brain development, basal metabolism, en-
largement. Specifically, perchlorate cause a decrease in
thyroid hormone reserve (hypothyroidism) [18]; cyanide
binds iodine in the body to affect its concentration; Ca and
Mg ions of excess levels induce goiter or iodine deficiency
in water or human body through prevention of iodine
utilization [19] Principally, iodine deficiency occurs due to
low intake of iodine from food materials including water.
Unfortunately, iodine deficiency is a main public health
thing, especially among children, and pregnant women.
The deficiency is of great concern due to being a cause of
mental retardation, and cognitive impairment [13].

Meanwhile, women or girls taking low iodine are at great
risk of breast cancer, miscarriage, congenital problems,
perinatal death [16]. Children or younger ones with io-
dine deficiency are at the risk of growth failure, mental
retardation, goiter, diminished productivity, and deafness
[17]. Iodine is on many occasions insoluble in water unless
modification enhanced it’s solubility [20]. Water iodine,
and goitrogenic levels are indicators that could portend
iodine levels in soils for plants uptake and upward shut-
tling in the food chain. Likewise, in Kebbi area, like other
places where there are, soil erosion (or any other form of
soil degradation), excessive cattle grazing, deforestation
for housing or fuel or other means, hot temperature (that
cause volatilization); there is risk of loss of iodine from
environmental sources and in turns affects human intake.
Therefore, it is pertinent to measure iodine in water con-
sumed at schools to help in providing data that could be
used in safeguarding health and solving poor performance
issues among young ones [16].

Therefore, the objective of this work is to execute an evalua-
tion of iodine, calcium, magnesium, and other goitrogenic
factors in drinking water obtained from three schools in
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Kebbi Local Government Area, Kebbi State, Nigeria.

2 Methodology

2.1 Study area

The study was carried out in in Birnin Kebbi Local Govern-
ment of Kebbi State, Nigeria. Accordingly, the population
of Birnin Kebbi Local Government is estimated to be about
268, 420.

2.2 Goitrogenic Factors Evaluation

Iodine and other goitrogenic factors were determined after
collecting drinking water samples from three secondary
schools in Birnin Kebbi Local Government Area, Nigeria.
Triplicate analysis was done for each sample and mean,
and standard deviation were deducted. The method em-
ployed for the evaluation of element was according to
methods outlined in Umar et al [17]. Results of analysis
were reported as mean ± standard deviation in ppm units
(P ¡ 0.05). Difference between the mean obtained from
the ANOVA were ascertained using Duncan’s post hoc
multiple range test.

3 Results and Discussion

Evaluation of iodine, calcium, magnesium, and other goitro-
genic factors in drinking water obtained from three schools
in Birnin Kebbi Local Government Area, Nigeria, was the
main objective of this paper. Therefore, the results for this
study were delivered by Tables 1 - 6.

Table 1. Evaluated iodine, calcium, phosphate, and
magnesium contents in water from certain schools in
Kebbi, Nigeria

Name of
school

IODINE
(ppm)

MAGNE
SIUM
(ppm)

PHOSP
HATE(ppm)

CALCIUM
(ppm)

School A 0.120 ±
0.03

10.0 ±
0.01

0.03 ±
0.0001

8.5 ±
0.01

School B 0.123 ±
0.01

4.8 ±
0.03

0.06 ±
0.0002

4.5 ±
0.03

School C 0.250 ±
0.02

2.2 ±
0.01

0.07 ±
0.0001

3.4 ±
0.01

The Anova results show that, f-statistic value=5.18905, and
p-value=0.02787. The Table 1 delivered the result of io-
dine, magnesium, phosphate and calcium found in well
water of some secondary schools in Birnin Kebbi Local

Table 2. Evaluated fluoride, bromide, and other
goitrogenic factors present in drinking water obtained
from certain schools in Kebbi, Nigeria

Name of
school

FLOURIDE
(ppm)

BROMIDE
(ppm)

CHLORIDE
(ppm)

CYANIDE
(ppm)

School A 1.12 ±
0.02

0.02 ±
0.002

1.21 ±
0.02

0.41 ±
0.02

School B 2.22 ±
0.01

0.08 ±
0.002

0.61 ±
0.002

0.51 ±
0.001

School C 3.14 ±
0.02

0.15 ±
0.002

0.91 ±
0.002

0.32 ±
0.001

Table 3. Evaluated perchlorate, and nitrate contents in
water from certain schools in Kebbi, Nigeria

Name of school PERCHLORATE
(ppm)

NITRATE (ppm)

School A 0.120 ± 0.03 10.0 ± 0.01
School B 0.123 ± 0.01 4.8 ± 0.03
School C 0.250 ± 0.02 2.2 ± 0.01

Government Area, Nigeria. The levels of iodine, magne-
sium, phosphate, and calcium were in the ranges of 0.250
± 0.02 - 0.120 ± 0.03 ppm, 2.2 ± 0.01 - 10.0 ± 0.01 ppm,
0.03 ± 0.0001 - 0.07 ± 0.0001 ppm, 3.4 ± 0.01 - 8.5 ± 0.01
ppm. The elements shown by Table 1 are indeed essential
to the body in many biological activities, but sometimes
when their levels are high act to cause negative effects
such as the incitement of goiter or thyroid gland problems
especially in regions that experience endemic goiter or en-
demic iodine deficiency disorders. The concentrations of
calcium, magnesium, and phosphate found by this study
in drinking water of secondary schools are in congruent
to what was obtained in water in another Sokoto study
on poultry water [4], albeit lower than the levels found
in a study of water bodies in Ondo, Nigeria by Salawu et
al. [17]. These calcium, magnesium parameters discov-
ered in this study should be queried as they are related
to hardness that reduces the efficiency of the water in
many respects, especially the ability of calcium and mag-
nesium to cause hardness of the water and make iodine
non-available for uptake by consumers [4]. The iodine
obtained by this study is very much higher than the one
found in waterbodies in the study related by Salawu et al.
[17].
The Anova results show that, f-statistic value= 6.88644,
and p-value= 0.003. Table 2 shows the different concentra-
tions of fluoride, bromide, chloride, cyanide, perchlorate,
and nitrate obtained in well drinking water of some sec-
ondary schools in Birnin Kebbi Local Government Area,
Nigeria. There were diverse levels of the studied goitro-
gens. fluoride, bromide, chloride, cyanide, perchlorate,

Green University Press vol. 09, no. 01, 2022 25



Iodine and goitrogens distribution in drinking water GUBJSE

Table 4. Evaluated iodine/goitrogenic factors of water
from some secondary schools in Kebbi, Nigeria

Name of
school

FLOURIDEBROMIDE CHLORIDECYANIDE

School A 0.107142 6.0000 0.09917 0.292682
School B 0.055405 1.5375 0.20163 0.241176
School C 0.079617 16.6666 0.27472 0.78125

Table 5. Evaluated iodine/Goitrogenic factors pertaining
perchlorate, and nitrate of water from certain schools in
Kebbi, Nigeria

Name of school PERCHLORATE NITRATE
School A 1 0.12
School B 1 0.0256
School C 1 0.1136

and nitrate are in respective ranges as follows: 1.12 ± 0.02
- 3.14 ± 0.02 ppm, 0.02 ± 0.002 - 0.15 ± 0.002 ppm, 0.61 ±
0.002 - 1.21 ± 0.02ppm, 0.32 ± 0.001 - 0.51 ± 0.001 ppm,
0.120±0.0001- 0.250±0.02 ppm, and 2.2±0.02 – 10.0±0.01
ppm respectively. However, the levels of bromide, and
chloride in this study are similar to concentrations ob-
tained from vegetable plants of southwestern Nigeria [18].
Bromide or chloride exerts effect on the thyroid gland by
reducing the amount of iodide accumulating in the thyroid
gland and in turn reduces the iodine to the body. Other
effect of chloride or bromide is the increase in the excretion
of iodine in urine. The fluoride revealed by this study is
higher than the levels obtained from water collected from
water bodies in Ondo as indicated elsewhere [17]. Nitrate
is an endocrine as well as thyroid disturber of its own, that
for instance form N-nitro components [21]. Albeit, nitrate
in observed by this study is lower than the WHO nitrate
guideline for drinking water [21], nitrate obtained few
years ago in poultry water in Sokoto was higher than the
concentration found by this study, a difference that might
be due to geological differences and difference in extent
of water pollution between the two samples [4]. Likewise,
presence of much fluoride in water is an indication of pol-
lution. Nitrate, perchlorate, and cyanide are examples of
goitrogens (substances that interfere with thyroid gland
or iodine metabolism) that were found by this study at
concentrations that are less than the report of waterbodies
in Ondo, Nigeria [17]. Each one of these substances can
act as goitrogen; consequently, their combination might
give a combine negative effect on iodine metabolism of
the body of the consumers, and they are portending for
water pollution [4], [17], [22], [23]. The Table 4-5 shows
the levels of iodine/ goitrogenic ratio of some goitrogens,
therewith, only few recorded values that are greater than
1, that is 6.15 and 5.00 for perchlorate, 6.000, 1.5375, and

Table 6. Evaluated iodine/Goitrogenic factors (calcium,
phosphate, and magnesium) in water from certain schools
in Kebbi, Nigeria

Name of
school

CALCIUM MAGNE
SIUM

PHOSP
HATE

School A 0.01490 0.120 4.00000
School B 0.027333 0.02563 2.05000
School C 0.07353 0.11363 3.57143

16.6666 for bromide, and 1.5625 for nitrate.
In table 6, there are the iodine/goitrogenic ratio for three
useful nutrients, calcium, magnesium, and phosphate. All
the values of phosphate recorded are above 1. Salawu
et al [17] reiterated that iodine uptake is reflected in the
iodine/ goitrogenic. Iodine/ goitrogen ration balance is
a rising factor that is been used by m any to illustrate the
balance of iodine in relation to the intake of substances.
For example, iodine/ bromide ratio is related to the iodine
supply, a study examined the impact of exogenous bro-
mide intake on iodine bioavailability in rats; therewith,
animals with lower iodine/bromide ratio have more ten-
dency to show iodine deficiency. Implying that, animals
with sufficient iodine concentration/ intake have higher
iodine/bromide ratio. When bromide gets into the body,
it displaced iodine and combine with thyroid gland as
thyroglobulin leading to formation of brominated thyrox-
ines instead of the normal iodinated thyroxine [23]. In a
similar study, it was echoed that, there was prevalence of
iodine deficiency in children they observed due to the low
iodine/goitrogen (thiocyanate) ratio caused by intake of
goitrogens in food substances of the area. In that regards,
iodine was competitively inhibited by the action of thio-
cyanate overload. Therefore, it implies that people who
have low iodine/ goitrogen ration and have low iodine
intake are more prone to iodine problems. For people to
secure themselves against iodine deficiency or problems,
they need to shun goitrogenic foods sources and take in
sufficient amount of iodine [24]–[26].
Iodine is among the essential elements needed by the body
and has to be taken up through food or water; therefore,
the water consumed y school-aged children s important
or providing quotas of iodine and nutrients or the health
and development of the youngsters [4], [27]. Iodine from
water or any other source taken up by humans is essen-
tial for making thyroid hormones. Lack of thyroid hor-
mones especially in youngsters lead to diverse physio-
logic, morphologic, and biochemical problems [28] more
pronounced in children (including school-aged ones) and
currently about 1.2 billion people of the world battle with
them; and half of the world population experience one or
more form of iodine problem [28] 1/3 of school children
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are supposed to be affected. Problems due to iodine are
many, for instance, brain damage, low birth weight, deaf-
ness, miscarriage, diminished labor, diminished learning,
growth delay, goiter, hyperthyroidism, hypothyroidism,
reduced intellect, etc. Therefore, a worldwide practice
to approach iodine problems is uptake of iodine through
water, food, etc. However, the uptake has continuously
been marred by presence of goitrogens (chemicals causing
goiter by replacing iodine against its useful activities) [28].
That is why level of iodine and goitrogenic factors were
measured in drinking water used by school-aged children
in some secondary schools in Birnin Kebbi Local Govern-
ment Area, Nigeria. And the results show that, there exist
goitrogens present in the drinking water of school chil-
dren, and in turn the water yield its quota of goitrogens
that could elicit iodine problems among the consumers
over a chronic exposure [25], [28], [29]. Thus, all stake-
holders, including governments should work-out ways to
provide qualitative water to schools for the health, growth,
development and proper learning of school children as
direct investment for the future of the country.

4 Conclusion

Iodine and goitrogen contents in water consumed by young-
sters is paramount method of monitoring the pollution of
drinking water and the possible problems that could arise
due to iodine metabolism lesion in a region characterized
with water issues and regarded as goiter region. There-
fore, this study has revealed that the water used in the
studied schools contains goitrogens that can contribute
to the interference in iodine metabolism and leading to
consequent harmful effects on youngsters.
We can restate that, all stakeholders, more pertinently,
governments should work-out ways to provide qualitative
water to schools for the health, growth, development and
proper learning of school children as direct investment for
the future of the country.
More efforts should be geared to encourage routine mon-
itoring of water for goitrogens to make proper policies
in the region that safeguard public nutrition and public
health.
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