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urine; uranium; CR-39 The environmental monitoring of radon in the children urine has been

carried out by using solid state nuclear track detector CR-39. This study
has been undertaken for the purpose of health risk assessments. The
concentration of uranium values excreted with the boy's urine samples
ranged from 0.203 Bq.L™" (1.246 ng/L) and 2.201 Bq.L" (13.486 ng/L)
with an average value of 0.698 Bq.L"' (4.007 ng/L). While the
concentration of uranium values excreted with the girl's urine samples
ranged between 0.290 Bq.L" (1.777 ng/L) and 0.675 Bq.L" (4.135 ng/L),
with an average value of 0.474 Bq.L" (2.901 ng/L). The amount of
uranium deposited in the kidneys, according to ICRP's biokinetic model,
and the annual radiation dose were also calculated. All values of the study
samples were within the normal range and do not indicate any health
hazard.
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1. Introduction

Uranium is naturally occurring radioactive element which is found everywhere in the earth’s crust.
Uranium concentration in the soil depends on geological formation of the soil. The uranium levels in
the soil are about 0.001 g/kg — 0.010 g/kg of soil weight net with a mean value of ~ 0.003 g/kg [1].
Thus, as a result of this, plants, animals, humans, nourishment items and water contain distinctive
levels of uranium depending upon its solubility. Hence, every individual ingests a specific measure of
radioactive materials consistently which is later discharged. Usually, the human body contains about
56 pg of uranium which is equal to 0.690 mBq 238U in non-exposed subjects [2].

Radioactive materials can enter enter human body through ingestion, inhalation or through the skin,
hence, uranium can be found in different biological samples such as urine, blood etc. [3]. The biggest
quantity of ~ 0.010 to 0.200 Bg/kg net weights comes from legume, grain products and particular
types of fish [4]. Moreover, substantial quantity of uranium ranged from 0.001 to 500 mBq/L comes
from certain types of mineral water [5], which may be regarded as the main part of uranium intake if
consumed regularly. Insoluble uranium oxides enter the body by inhalation, stays long time within
long and little dissolvable amount will consumed by blood and appropriated to different organs like
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liver, kidney where 98% from soluble uranium will discharged by kidney, while 2% will deposited in
bones, organs and abdomen organs which causes damage to the immune system [6, 7].

Many investigations conducted in many countries have discovered that the daily rate of 238U intake
is ranged from 11 to 18 mBq per day; which equal to an amount of 0.9 - 1.5 pg of U [8]. Around 2
percent of the intake quantity is really exchanged from the gut to the blood stream and thus to
different organs where it creates little amount of residues, while the rest go through the gut without
being absorbed and is discharged with urine and stool during a couple of days [9]. Absorbed uranium
in the inner organs of the body is generally excreted through the renal system within a short time,
while the rest, which is kept in various organs, will also be excreted through urine but within long
half-life [10]. The highest dose of uranium and its progeny is received by the kidney compared by
other organisms [11, 12]. Thus, the amount of uranium excreted by urine and stool can be assumed
that it is proportional to the uranium concentration within the body.

Radiation can lead to various sorts of biological effects depends on the irradiated organism of the
human body [13]. Urine can be considered as the best biological sample in order to assess human
exposure to naturally occurring radiation and to evaluate its concentration as well as to determine the
excessive intake of uranium [14]. This stimulates many scientists to estimate the concentration of
alpha emitters in urine samples [15, 16]. The scientific studies on uranium levels which excrete in the
urine of not exposed people show that renal uranium excretion/ day is independent on gender but it
increases with age this explains the cumulative nature of radioactive elements (3, 18, 19, and 20).
The other long-lived radionuclides like radium-226 and thorium-232 as well as the non-radioactive
heavy metals conduct as the same behavior as uranium [1]. Uranium concentrations particularly in
drinking water, which dominate the uranium concentrations in urine, vary to a large degree in
magnitude from one place and another [9]. For example, biokinetic model for uranium given by
ICRP (the intake, uptake, distribution, excretion of a substance and its behavior in the human body),
shows that the continued uptake of 0.001 mg/L of uranium with drinking water at a consumption rate
of 1.4 L/d causes a maximum uranium level in urine of approximately 0.020 ug/L for adults [17]. An
amount of 1 mBq of 238U per kg of drinking water, which is equal to 81 ng of natural uranium per
liter of drinking water, causes an approximately 1.6 ng/L of uranium level in urine as given as a
reference value by UNSCEAR [18]. In the present work, urine samples were collected from primary
school students study at various locales of Baghdad city. The samples were collected from boys and
girls and with age ranged between 6 and 12-year-old. Long term method using CR-39 detectors was
carried out. This study was conducted to determine the present concentration of uranium and its
health risks for primary school students.

2. Materials and Methods

Twenty-five milliliter of morning urine samples from 41 primary school students with age group 6-
12 years old have been collected from various primary schools within Baghdad city. They were 27
boys and 14 girls. All samples were stored in the refrigerator [19]. An amount of 10 pg/mL of
amoxicillin is added to each urine sample and kept in clean plastic containers. The amoxicillin was
used in order to prevent any bacterial growth. 10 pg/mL of water — amoxicillin solution was prepared
as a standard sample. CR-39 detectors, size of (1.5 x 1.5) cm2, were immersed in the urine samples
and stored for 2 months. After the end of exposure time, CR-39 detectors were taken out from urine
samples and etched chemically in 6.25N NaOH solution at 70 oC for 5 hours. After etching, the
detectors were washed first with tap water then with distilled water and later with alcohol. Thereafter,
the detectors were scanned using optical microscope at 400x and hence, alpha track density / cm2
was determined.

Uranium concentrations in the urine samples were calculated by the following equation [20]:

Cy(Ba/m®) = =t ™

Where, p is the measured o-track density (Track cm %), T is the exposure time, and CF is the
calibration factor which is determined using equation mentioned in [20].

Ny W,
WU — UN mol (2)
av

Where,

(3)

42



Engineering and Technology Journal Vol. 38, Part B, (2020), No. 01, Pages 41-46

Cyng/1) = 3 0
Then, uranium concentration excreted ins the urine samples (ng/L) and uranium concentration
deposited in the kidneys (ng/g) according to ICRP biokinetic model for uranium [17].
Total Dose (mSv/y) was calculated using equation (2) [21].
Equation 1 is used to calculate radionuclide concentration Cg [13]:

D(mSv/y) = Ax Cg, XW x 103 (5)
Where, A= activity (Bq/L) of the respective radionuclide, Cs, = specific dose coefficient of the
respective radionuclide and the age group = 6.8x10™Sv/Bq of >**U for (7-12) age group and
W = average water consumption of the age group (Ly™') assuming consumption of 1 liter/day.

3. Results and Discussion

Uranium concentrations were determined for 41 primary school student's urine samples using passive
detector CR-39. Table 1 and Figure 1 show Uranium concentrations excreted in the urine, its
concentrations deposited in the kidneys and annual radiation dose for the boy's urine samples. The
results reveal that the values of uranium concentrations excreted with the urine were ranged between
0.203 Bq.L-1 (1.246 ng/L) and 2.201 Bq.L-1 (13.486 ng/L) with an average value of 0.698 Bq.L-1
(4.007 ng/L). Uranium concentrations deposited in the kidneys, according to biokinetic model given
by ICRP are also given in Table 1. The highest value of deposited uranium concentration was
0.200ng/g while the lowest value was 0.018ng/g with an average value of 0.059ng/g. However, girl's
urine samples were analyzed and the results are given in Table 2 and shown in Figure 2. The results
present that the uranium concentration values excreted in the girl's urine samples extend between
0.290 Bq.L-1 (1.777 ng/L) and 0.675 Bq.L-1 (4.135 ng/L), with an average value of 0.474 Bq.L-1
(2.901 ng/L).

Table 1: Uranium concentrations, CU deposited in the kidneys and annual radiation dose in boy's urine
samples

Sample No. Age (Year) Tr/mm’ CyBq.L' Cyinurine (ng/L) Cy in kidneys (ng/g) ARD mSv/y

1 7 12.49 0.426 2.607 0.039 0.011
2 7 10.50 0.358 2.192 0.033 0.009
3 7 18.78 0.640 3.921 0.058 0.016
4 7 10.74 0.366 2.242 0.033 0.009
5 8 18.85 0.642 3.935 0.058 0.016
6 8 27.21 0.927 5.680 0.084 0.023
7 8 11.14 0.380 2.326 0.035 0.009
8 8 19.89 0.678 4.152 0.062 0.017
9 9 14.08 0.480 2.939 0.044 0.012
10 9 14.96 0.510 3.123 0.046 0.013
11 9 12.73 0.434 2.658 0.039 0.011
12 9 31.50 1.073 6.576 0.098 0.027
13 9 9.55 0.325 1.994 0.030 0.008
14 9 8.35 0.285 1.743 0.026 0.007
15 10 8.75 0.298 1.827 0.027 0.007
16 11 64.60 2.201 13.486 0.200 0.055
17 11 13.37 0.456 2.791 0.041 0.011
18 11 39.78 1.356 8.305 0.123 0.034
19 11 42.56 1.450 8.885 0.132 0.036
20 11 12.33 0.420 2.574 0.038 0.010
21 11 20.21 0.689 4.219 0.063 0.017
22 11 19.25 0.656 4.019 0.060 0.016
23 11 16.63 0.567 3472 0.051 0.014
24 12 22.75 0.775 4.749 0.070 0.019
25 12 5.97 0.203 1.246 0.018 0.005
26 12 23.31 0.794 4.866 0.072 0.020
27 12 13.29 0.453 2.774 0.041 0.011
Min 5.97 0.203 1.246 0.018 0.005
Max 64.60 2.201 13.486 0.200 0.055
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Average 18.91 0.698 4.007 0.059 0.016

Table 2: Uranium concentrations, CU deposited in the kidneys and annual radiation dose for the girl's
urine samples

Sample Age (Year) Trmm~ CyBqL"' Cyinurine (ng/L) Cy inkidneys (ng/g) ARD mSv/y
No.

1 6 19.809 0.675 4.135 0.061 0.017
2 6 13.206 0.450 2.757 0.041 0.011
3 6 19.252 0.656 4.019 0.060 0.016
4 7 09.865 0.336 2.059 0.031 0.008
5 7 13.047 0.445 2.724 0.040 0.011
6 8 12.888 0.439 2.691 0.040 0.011
7 8 10.581 0.361 2.209 0.033 0.009
8 8 14.002 0.477 2.923 0.043 0.012
9 8 14.558 0.496 3.039 0.045 0.012
10 9 17.582 0.599 3.670 0.054 0.015
11 11 10.183 0.347 2.126 0.032 0.009
12 11 08.512 0.290 1.777 0.026 0.007
13 11 10.740 0.366 2.242 0.033 0.009
14 12 19.809 0.675 4.135 0.061 0.017
Min 8.512 0.290 1.777 0.026 0.007
Max 19.809 0.675 4.135 0.061 0.017
Average 13.897 0.474 2.901 0.043 0.012

Annual radiation dose (ARD) were also calculated using equation (2) and the obtained results show
that the lowest and the highest ARD values for 238U for the boys were 0.005 mSv/y and 0.055
mSv/y, respectively with an average ARD value of 0.016 mSv/y. while, ARD for 238U for the girls
were 0.007 mSv/y and 0.017 mSv/y, respectively with an average ARD value of 0.012 mSv/y.

The results present that the concentration of uranium is higher in boy's urine samples than in girl's
urine samples this may be due to the nature of urinary tract of females differ from that of male and
repeat of urination reduces the concentration of excreted uranium. The variations in the uranium
concentrations in the study urine samples depend on how extent the body is sensitive to the radiation,
gender, age and the exposure time. The deposited uranium in the body represents the most health
risks. Hence, it is exceptional required to maintain the environment protected and as safe as possible.
The uranium level in urine acquired from a laboratory research is not itself adequate to evaluate the
related hazardous risk. The health hazard varies widely depending on the exposure situation that
resulted in such a value.
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Figure 1: Concentration of uranium for boy's urine samples
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Figure 2: Concentration of uranium for girl's urine samples

4. Conclusions

This study was conducted to determine the amount of urinary uranium excretion and the health
hazard associated with it. The results were performed by long term method using CR-39 SSNTDs.
The urine samples were obtained from primary school students. A total of 41 students were
examined. All the obtained results for uranium concentration excreted in urine of the studied urine
samples does not indicate high radiation hazard. Even though, the environment should be kept as
secure and safe as possible.
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