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Abstract: Iron contamination of drinking water in municipal water supply systems is recognized as a risk factor for
impairment of public health. Tap water in the city of Vladivostok has increased iron content (more 0.8 mg /1). The aim of this
study was the medical assessment of the actual average daily dose (AADD) of iron consumed by Vladivostok residents with all
sources its per oral administration. Present study was performed in February 2017. A random sample of 183 adolescents from
14 to 17 years old from Vladivostok municipal schools was investigated. Daily consumption of tap water, 85 trade names of
bottled water, 21 groups of food products and dishes were studied by questionnaire method. The iron content in foods and
drinking waters was taken according to the national reference tables and laboratory data. It was established that the iron AADD
values among adolescent population were equal about 17 mg/day, what is harmless to the health. At the same time the
frequency of iron intake deficiency was 18.37 (boys) and 64.58 (girls) cases per 100 people. It has been found that, against the
background of an excessive of the iron content in tap water (up to 2.7 MAC) according to organoleptic limiting sign of
harmfulness, the occurrence of deficit of its consumption in boys and girls is due to low consumption levels of foods with the
highly bioavailable iron: eggs, animal meat and poultry meat.
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owners of drinking water supply systems. Against this
background, it is necessary to recognize as paradoxical the
fact of the presence of chronic iron deficiency in the body of
children, revealed during the in-depth medical examination
of organized children's groups in Primorsky Territory [7].
The causes of this phenomenon have not been studied.

The article presents the results of a study carried out for
the purpose of medical evaluation of the actual average daily
dose (AADD) of iron consumed by adolescent population
with traditional sources of its oral intake under conditions of
excessive iron in drinking water.

1. Introduction

Iron is an essential chemical element for humans [1, 2].
However, excessive iron intake can have an adverse effect on
the body and cause the occurrence of diseases. [3]. One of
the sources of excess iron in the body is considered to be tap
water. Constant consumption of iron-contaminated drinking
water can cause in a person to develop pathological changes
in the skin, mucous membranes, blood and the immune
system, siderosis, and deterioration of health in patients with
hemochromatosis [1, 4]. Primorsky Territory should be
attributed to the regions of the Russian Federation where the
water of public water supply systems contains increased
concentrations of iron. The excess of iron in the tap water of
the territory (up to 4.1 of the maximal allowable
concentration (MAC)) is formed by the high corrosive
activity of soft, low-mineralized water and geochemical
features of underground sources [5, 6]. The contamination of
drinking water with iron is the main cause of numerous
complaints and lawsuits of the region population to the

2. Materials and Methods
2.1. District and Object of Observation

The study was performed in Vladivostok in February
2017. In this city, iron pollution of tap water that comes from
three surface sources is up to 2.7 times the MAC, and the
population has the highest level of per capita monthly income
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in the region [6, 8], that is, residents of Vladivostok have the
highest levels of food consumption, including iron rich. The
object of observation was the adolescent population of 14-17
years. At this age, children have a second peak in the iron
consumption growth associated with physiological
restructuring and development of the body [2, 9]. 183 pupils
from 16 high schools in the city were covered by the one-
time (transverse) selective study. The random nature of the
sample was provided by the selection of the required number
of persons for the study using a random number generator
from the previously drawn up a pass-through list of last
classes pupils at these schools with assignment of conditional
number to each person. The minimum sample size was
calculated by the generally accepted method with a
confidence probability of p = 0.95 and a confidence factor of
t=1.96.

2.2. Determination of Daily Iron Intake and Calorie of Diet

The iron content in the average daily diet was studied by
analyzing the frequency of food intake [10]. The
questionnaire for the survey of schoolchildren, in addition to
questions about the consumption of 21 names of food and
dishes, contained items on the consumption of tap water,
bottled table water (42 trade names) and medical-table water
(43 trade names). The indicator of the energy value of the
daily diet was used for identification of non-objectively
completed questionnaires. The calorie values of the ration
below the amount of basal metabolism in the body (boys —
1330 kcal, girls —1322 kcal) and above 130% of the
recommended consumption in the Russian Federation (boys
—3770 kcal, girls —3250 kcal) were the criteria for rejection of
questionnaires.

2.3. Calculation of the Actual Average Daily Dose (AADD)
of Intake of Iron

The average daily dose (ADD) of iron intake with selected
foods and bottled waters and the caloric content of the diet
was calculated using the chemical composition tables [11,
12], tap water - according to previous research [5]. In doing
so ADD of iron intake for a selected type of water was
calculated by the standard formula [12] modified by author
of this article to work with biogenic elements, and month
period of observation:

ADD=C,xV x EF /31,

Where;
C,, =the concentration of the element in water, mg/1

V = the average volume of water consumption, 1/day

EF =frequency of water consumption, days/month.

The value of the actual total average daily dose (AADD)
of iron intake was calculated by summing ADD of the intake
with selected foods and drinking waters.

2.4. Statistical Analysis

For a statistical study of the obtained data, the application
package Statistica 10.0 for Windows and a specialized
program for calculating the weight of the ranked factors in
the feature variability [13] were used. The distribution
estimate was performed using Pearson y” test. The results of
the analysis for the normal distribution were presented as an
arithmetic mean and 95% confidence interval, for other
distributions — as a median and interquartile range (25 and 75
percentiles). Significance of differences of average values for
a normal distribution was evaluated by the Student’s ¢ test for
independent samples, and for asymmetric distributions - by
the Kolmogorov-Smirnov’s test 1.

To calculate the degree of influence of each food product
on variability in AADD of iron intake, multiple linear
regression analysis of the ranked values was used [13]. In so
doing AADD value was taken as the dependent variable, and
ADD values of separate sources of iron consumption were
taken as independent variables. A direct algorithm for the
inclusion of independent variables was implemented in the
regression analysis. An algorithm for equations of the linear
form was used in calculating the confidence interval for the
regression coefficients [14].

3. Results and Discussion
3.1. Estimation of the Actual Average Daily Dose

The AADD values of iron intake by the adolescent
population are given in table 1. In general, the daily
consumption of iron by adolescents in the city of Vladivostok
practically corresponds to the average Russian iron
consumption value - 17.0 mg/day [15]. It has been
established that boys receive a sufficient dose of iron (19.14
mg/day, the recommended value of intake is 15.0 mg/day),
and girls have a shortage of its intake (15.13 mg/day, the
recommended value of intake is 18.0 mg/day), despite a
higher physiological need for iron. At the same time should
be emphasized the usefulness of culling some results of the
questioning, because at that age girls are inclined to
understate and boys overstate the levels of food consumption.

Table 1. The investigation results of iron intake with food and drinking waters in the adolescent population.

q . Rejection Rejection .
Group of population All investigated More than the upper  Less than the lower Taken into analysis AADD of iron,
persons . . - . mg/day M (95% CI)
limit selection limit of selection
Boys 85 13 23 49 19.14 (17.55; 20.73)
Girls 98 6 44 48 15.13 (13.70; 16.56)

Abbreviations: M, arithmetical mean; CI, confidence interval of the arithmetical mean at p.

The values of recommended iron intake for this age group

[15], as well as 90% of these values were used to analyze the
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distribution of various AADD values of iron intake with food
and drinking waters among the adolescent population of the
city. This approach is more appropriate for the assessment
of individual intake values when using standards that are
group-based [10, 15]. It was revealed that the deficiency
of iron consumption was significantly more than 3 times
more often (p = 3.867; 1.03°; 3.86”) among girls than
among boys (Table 2). At the same time, the frequency of
occurrence of iron deficiency among boys (18.37 per 100
people) is below the average value of the prevalence of

this deficit among schoolchildren in Russia (30.0 per 100
people) [2], and among girls it is much higher (64.58 per
100 people.). In other words, the high level of iron
contamination of tap water in the city does not reduce the
prevalence of deficiency of consumption of this element in
the population, as the criterion for assessing the pollution
of drinking water (MAC) for iron in the Russian
Federation is based on change in the organoleptic
properties of water, and not on the manifestation of
toxicity to the human body.

Table 2. The distribution of AADD values of iron intake from food and drinking waters among the adolescent population (cases per 100 people).

Boys (n=49) Boys Girls (n=48) Girls :
AADD value Absolute number P, (95% CI) Absolute number P, (95% CI) Pi-P
Less than recommended intake: total 12 24.49 (12.45; 36.53) 35 72.92 (60.35; 85.49) p<0.001
Less than recommended intake: of these, less . .
than 90% of the recommended value 9 18.37 (7.53; 29.21) 31 64.58 (51.05; 78.11) p<0.001
More than recommended intake 37 75.51 (63.47; 87.55) 13 27.08 (14.51; 39.65) p<0.001

It is known that the level of iron content in the body is
influenced not only by the AADD value of its
consumption, but also by the degree of bioavailability of
this element in foods and drinking waters [2, 3, 16]. In this
study, consideration of the bioavailability factor was made
on the basis of scientific literature. The published data,
divided into two groups - “low bioavailability” and “high
bioavailability”, are summarized in table 3. The first
group includes sources in which, despite the high content
of total iron, dominate difficult to digestible chelate iron

complexes (plant products) or its humates, sulphates,
hydroxides and others (tap water). The second group of
sources is represented mainly by high bioavailability
compounds of trivalent heme iron (meat and fish products)
and ferrous iron (mineral water) [2, 17-24]. However,
unlike food products, bivalent iron compounds in
groundwater are unstable and, in the presence of
atmospheric oxygen, quickly turn into iron oxide with low
bioavailability.

Table 3. The main iron-containing compounds in traditional sources of iron intake into the body [2, 17-24].

Sources of intake

Low bioavailability (1-12%)

High bioavailability (20-33%)

Animal meat, poultry meat, sausages, eggs (egg white) -
Fish -
Bread, pasta, cereal porridges

Potatoes, cabbage, vegetable salads, fruits
Confectionery

Drinking water from underground sources (mineral,
tap, well)

Drinking water from surface sources (tap)

Heme
Ferritin, hemosiderin, heme

Iron phosphates, iron ferrous phytate -
Iron chelates with dietary fibers, phytates and tannins -
Iron chelates with phytates and tannins -

FGHCO3, FeClz, Fez(SO4)3
Humic iron, Fe(OH),, Fe(OH);, FeS, Fex(SO,);, Fe,0;xH,0 -

FeO, FeSO,

The study of the AADD structure of iron intake with
regard to its bioavailability has revealed no significant
differences between the sexes of adolescents. Taking into
consideration the asymmetric distribution of the values of
AAD  consumption with individual foods, the
nonparametric criterion 4 was used for the analysis. All
differences between boys and girls in value of A did not
reach statistical significance. The main feature of the
structure of iron consumption is the predominance of low
bioavailable compounds of plant origin (52.75%), water
origin (9.97%) and animal origin (2.75%). The proportion
of sources of high bioavailable iron accounts for only
34.53%. Taking into account the small AADD values of
total iron (Table 1), the low proportion of intake of high
bioavailable iron may cause latent iron deficiency in the
children population of the region, despite excessive iron

content in tap water in accord the organoleptic sign of
harm.

3.2. Assessment of the Degree of Influence of the Individual
Sources of Consumption on the Amount of Actual
Average Daily Dose

The population-level research makes it possible to
measure the degree of influence of the variability of
consumption of the individual source of iron among the
population on the variability of its statistical average
AADD. The analysis did not include the consumption of
the ferrous carbonic medical table waters - source high
availability of ferrous iron. Their proportion in AADD
structure was less than 0.3%. The results of the analysis
are presented in Table 4.
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Table 4. The results of the analysis of the degree of influence of foods from the group of highly bioavailable iron sources on the AADD value of total iron

intake in adolescent population.

Boys Boys (R’=0.35) Boys
Food product 50,1 B (95%CI) P
Animal meat 127 (0.96; 1.58)  0.44 (024;0.64)  21.0%
Sausages 2.86(2.17;3.55)  022(0.12;0.32)  10.8%
Fish 1.61(1.22;2.00)  -0.66 (-0.09;-0.03) 4.0%
Poultry meat  1.88(1.43;2.33) 025 (0.14;036)  14.0%
Eges 148 (1.12;1.84)  0.13(0.07;0.19)  50.2%

Total: 100%

Girls Girls (R’=0.44) Girls
A (95%CI) B (95%CI) P

0.47 (-0.16; 1.10) 0.50 (0.31; 0.69) 29.0%
1.66 (-0.58; 3.70) 0.03 (0.02; 0.04) 2.3%
-56268.00 (-132168.00; 19632.00)  -0.03 (-0.04; -0.02)  0.7%
0.06 (-0.02; 0.14) 0.27 (0.17; 0.37) 14.5%
0.31 (-0.11; 0.73) 0.10 (0.06; 0.14) 53.5%

Total: 100%

Abbreviations: P — degree of influence;

A — unadjusted regression coefficient;

B — adjusted regression coefficient;

CI - confidence interval of the regression coefficient at p <0.05;
R*— theoretical index of determination.

The values of the unadjusted and adjusted regression
coefficients in the table confirm the expediency of using the
ranked (adjusted) values of variables in the multiple
regression analysis. This approach allowed to reduce the
distortion of results when working with asymmetric
distributions. It has been established that among boys the
consumption of eggs (50.2%), animal meat (21%) and
poultry meat (14%) have the greatest influence on AADD of
total iron among sources of high bioavailable iron. The girls
also showed similar results: consumption of eggs - 53.5%,
consumption of animal meat - 29%, consumption of poultry
meat - 14.5%.

3.3. Discussion

A review of the results of the study made it possible to
state that the constant consumption of iron-contaminated tap
water from surface sources does not form an excess intake of
total iron in the adolescent population. This is confirmed by
the average AADD values (boys - 19.14 mg/day, girls - 15.13
mg/day). In the city studied, against the background of using
tap water with an iron content of up to 0.8 mg/l (2.7 of MAC)
and the maximum level of foods consumption in the region
[8], they almost correspond to the average value of iron
intake in Russia — 17.0 mg/days [15]. This conclusion is
consistent with the results were obtained earlier in
Vladivostok during a pilot study in 2013. In that year, the
AADD of iron consumption in boys was 17.69 (95% CI:
15.79 - 19.60) mg/day, in girls - 16.55 (95% CI: 14.73 -
18.38) mg/day [25].

Identified values of AADD of oral iron intake also cannot
be considered harmful to the health of adolescents, since they
make up only 127.6% (boys) and 84% (women) of the
recommended value of consumption in Russia [15] and do
not exceed the value of "tolerable upper intake level" for oral
consuming in adolescence - 45 mg/day adopted by the World
Health Organization [3]. However, the results of presented
study do not exclude the harmful effects of iron-
contaminated tap water on adolescents when it contacts with
the skin.

The high prevalence of adolescents with iron deficiency
(Table 2) confirms data on the presence of latent iron
deficiency in younger children which live in this region [7].

This deficiency is formed by the nutritional factor, primarily
the lack or the absence such sources of high bioavailable iron
as eggs and meat of animals and birds in the daily ration, the
leading role of which is indicated by the results of regression
analysis (Table 4). These sources of iron consumption are a
priority for both boys and girl. Unlike the observations in
2013 [25], the present study did not reveal any gender
differences in food products, the lack of which forms the iron
deficiency in the body in maximum extent. It is established
that eggs have a greatest effect on iron intake (more than
53%). The high efficiency of eggs in providing humans with
high bioavailable iron and in preventing iron deficiency
states has been identified in experimental studies. The main
supplier of iron in eggs and the regulator of the process of its
assimilation in a living organism is egg white [26].

The iron consumed by residents with drinking water from
surface water bodies in the area of observation cannot
influence this process, since it is fully represented by low
bioavailable iron oxide compounds (Table 3). These data
should be considered when developing a regional program
for the prevention of iron deficiency among the population.

The revealed predominance of iron consumption deficit
among girls cannot be recognized as a regional feature, it
reflects a general pattern in most countries of the world [2, 9,
18-22]. Adolescent girls have high risk of the delayed
development, the occurrence of hypochromic anemia,
fatigue, atrophic gastritis, myocardiopathy [15, 27].

4. Conclusion

The presented study showed that living in the region with
excess iron content in drinking water (up to 2.7 MAC),
according to the organoleptic limiting sign of harmfulness,
does not form unfavorable for health AADD values of iron
oral intake in the adolescent population. However, against the
background of the consumption of iron-contaminated tap
water there is a high incidence of insufficient iron
consumption among the adolescent population, especially
among girls (64.58 per 100 people), whose body is most
sensitive to iron deficiency. The most productive measure for
the prevention of latent iron deficiency in girls and boys in
the studied region of Russia is an increase in the consumption
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of eggs, as well as animal and poultry meat.
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