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Abstract
Background: Radon concentrations in fruits samples collected randomly from local markets in An Najaf, Iraq has been measured.
Materials and Methods: Two passive detector (LR-115 type II nuclear track detectors) were used to measure the radon concentration
in 9 fruit samples, in Iraq. Results: The radon concentrations measured by both tracks are found to vary from (18.51±8.28 Bq mG3) to
(62.96±15.27 Bq mG3) with a mean value of (37.44±5.09 Bq mG3) and from (37.03±11.71 Bq mG3) to (100±19.24 Bq mG3) with a mean
value of (55.55±6.83 Bq mG3), respectively.  All values of radon concentrations for samples under study were found to be quite lower than
the permissible value of  (400 Bq mG3) recommended by (ICRP).  Conclusion:  From radiation protection purpose of  read,  it had been
found that the fruits samples under study don’t cause any vital risk for the presence of  222Rn concentration and it’s thought of
radiologically safe for human consumption.
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INTRODUCTION

The major sources of the key elements which supplies
plants are: Air, water and soil1. The radio nuclides present in
the environment are transferred to plants by two ways first
indirect method uptake from soil through roots. When food
crops are grown in the contaminated soil, the activity is shifted
from the soil to the roots and then in shoots. At the end,
activity is transferred to the human diet2. The radioactive
elements can be transferred into plants along with the
nutrients via minerals uptake which accumulate in various
parts and reach edible portions1. Second, it is direct method
absorption through aerial parts of the plants. Presence of
radioactivity in plant organs has been reviewed by various
workers2. The largest natural source of radiation exposure to
humans is radon gas, that exist on air, water and soil. Given
that radon is always been in the environment, its contribution
to human exposure was increased in recent years. Radon’s
main track is from the ground3. Every individual receive an
amount of exposure from the naturally occurring radioactivity
exists in soil, water, air and food. The 222Rn is generally emitted
from  uranium,  a  minerals in rocks and  soil;  therefore, the
radon  presents  virtually  everywhere  in  the  air  over  the
earth4,5. The radiological effect of  using fertilizers in soil causes
internal exposure to the respiratory organs by "-particles,
short lived radon-thoron progeny and the external irradiation
of the body by γ-rays which are emitted from the radio
nuclides.  Radon,  in  fact,  is  a  carcinogenic  element  to
humans and responsible for main natural human radiation
exposure6,7.

Measurement  of  the  radon  concentration  in  food
samples were investigated by several studies in countries
around Iraq and other countries in the world8-12.

Alpha (especially radon gas) can enter body in different
methods such as air, water and  food  which  it  is  called
“Internal emitters”. Fruits take up radiation from the soil
environment if grown on soil containing it. In Iraq, there was
not clear data base on radon levels in fruit samples despite the
wide intake of these kinds of plants using for eating at
different age groups. From this point of view, studying radon
concentration in food or plants is very important. The aim of
this study are to measure the concentrations and specific
activity in some samples of fruits using the technique of
tracing nuclear detectors (LR-115 type II) that are produced
and frequently consumed in Najaf, Iraq. Also, study the effect
using two track at same container on the measuring of radon
concentrations.

MATERIALS AND METHODS

This part is consist of the experimental setup and
calculations for measuring radon concentrations in sample of
fruits using solid state nuclear track (LR-115 type II).

Collection and preparation samples:  Nine samples were
collected randomly from different locations of the An Najaf
markets. Fruits samples were chosen for present study since,
it is the most popular food to An Najaf and Iraqi people.
Different  types  of  fruits  samples  originating  in  Iraq, Iran,
Egypt and Turkey were collected from several commercial
companies that available in Iraqi markets as shown in Table 1.
All samples were initially washed many times using water to
clean it and to remove all desert sands out of them. After that,
they were cut into small pieces and were prepared for
measurements by drying in an electric oven at 100EC for 1 day
to ensure the removal of moisture and cooled to room
temperature  in  a  desiccator.  Next,  the  samples  were
grounded into a fine powder and sieved using 0.8 mm mesh
to obtain a uniform particle size. We coded each sample into
a specific code in order to distinguish between it. The samples
were sealed in standard marinelli plastic beaker for period of 
month to have the 222Rn and its short lived daughter
products13  in an equilibrium with 226Ra.

Experimental setup: A LR-115 type II detector with a
thickness of (12 µm) used samples of fruits for measuring
radon levels. Samples have been put in to the one container
technique as shown in Fig. 1. These detectors were placed at
the closed top end of a plastic cup of diameter (4 cm), length
(7 cm) and volume (130 mL). The number of LR-115 type II
detector was 18 pieces where 2 pieces in one container. Each
piece was cut in area 1×1 cm2 and put in the upper part of
containers as shown in  Fig. 2.  A  small  piece of  the LR-115
type II detector was placed in the cylinder cover of each
container, while the samples at the container and then sealed
for 90 days exposure.

Table 1: Food categories of fruits samples in this study
Name of samples Code of samples Country of origin
Rearrange S1 Iraq
Pomegranate S2 Iraq
Pear S3 Iraq
Watermelon S4 Iran
Apple S5 Iran
Banana S6 Egypt
Orange S7 Egypt
Lemon S8 Turkey
Apricot S9 Turkey
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Fig. 1(a-b): Samples in containers

Fig. 2: Optical microscope

The LR-115 type II detector is etched in sodium hydroxide
(NaOH) solution of (2.5) normality which is prepared by
dissolving 40 g of NaOH in 0.4 L of distilled water.

After preparing the etching solution using magnetic
stirrer and it is kept for 24 h until it becomes homogeneous.
During this time the detectors are carefully removed from the
plastic containers and as possible taking care of keeping the
surface of the detectors clean from scratches. Next day
detectors were placed in a solution (NaOH) and put pyrex in
the  water  bath  and  lock  it‘s  temperature  at  (60EC)  within
90 min (1.5 h). At last the detectors have been removed from
the solution and extensively washed by a distilled water and
dried by soft tissue papers. The numbers of tracks, per unit
area  of  samples  under  study  were  then  counted  using  an

optical microscope (HDCE-50B Digital Camera, System
Microscope N-120A) of  400X magnification power as shown
in Fig. 2.

Calculation of radon concentrations: Radon concentrations
(CRn) in (Bq mG3) for food (vegetables and fruits) samples have
been obtained using the expression14:

(1)RnC
K.T




where, D is the radon track density (track cmG2) which it is
calculated  by:

No.of track

Area
 

where, area of view, T is the exposure time and K is the
calibration factor. The calibration factor in this study for
dosimeters exposed for range from (5-30) day to radium-226
(Radon-222 source) of activity 3300 Bq was calculated to be
(0.02±0.003) (track cmG2)/(Bq day mG3), which agree well
within the reported in many studies15-18.

It can be calculated the activity of radon (A) in (Bq) that it
is produced in sample used in this study. Also, it may be
calculated the specific activity of radon (Cp) in samples under
study in (Bq kgG1) using the following equations19:

A (Bq) = CRn (Bq mG3)×V (m3) (2)

(3)1
p

A
C (Bq kg )

m
 
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where, m is sample mass (kg) and V is volume of container.

RESULTS AND DISCUSSION

Table 2 and Fig. 3 are presented the results and the
compared   of  radon  concentrations  in  fruits  samples  using

Table 2: Radon concentration of fruits samples
Radon concentration (Bq mG3)
------------------------------------------------------------------

Code of samples Track 1 Track 2
S1 51.85±13.85 59.25±14.81
S2 37.03±11.71 44.44±12.83
S3 37.03±11.71 44.44±12.83
S4 48.14±13.35 51.85±13.85
S5 25.92±9.790 37.03±11.71
S6 25.92±9.790 100.00±19.24
S7 18.51±8.280 48.14±13.35
S8 62.96±15.27 44.44±12.83
S9 29.62±10.47 70.37±16.14
Average±SD 37.44±5.090 55.55±6.830

Table 3: Average of radon concentrations and specific activity for fruits samples.
Average of radon Average specific

Code of samples concentrations (Bq mG3) activity (Bq kgG1)
S1 55.55±14.33 0.25±0.06
S2 40.74±12.27 0.26±0.07
S3 40.74±12.27 0.17±0.05
S4 50.00±13.60 0.32±0.08
S5 31.48±10.75 0.12±0.04
S6 62.96±14.52 0.48±0.11
S7 33.33±10.81 0.25±0.08
S8 53.70±14.05 0.41±0.10
S9 50.00±13.30 0.34±0.09
Average±SD 46.50±3.730 0.29±0.04

track  1  and  2  in  unit  (Bq  mG3).  From  Table  2  it  is  found
that, the range of radon concentration varies from
(18.51±8.28  Bq  mG3)  to  (62.96±15.27  Bq  mG3)  with  a
mean value of (37.44±5.09 Bq mG3) and varies from
(37.03±11.71 Bq mG3) to (100±19.24 Bq mG3) with a mean
value of  (55.55±6.83 Bq mG3), respectively.

Table 3 is presented the results of the average radon
concentrations and specific activity in fruits samples in units
(Bq mG3) and (Bq kgG1).

Table 3 shows that, the highest value of radon
concentrations was (62.96±14.52 Bq mG3)  in sample (Banana,
made in Egypt, Fig. 4), while the lowest value of of radon
concentrations in sample S5 (Apple, made in Iran, Fig. 5) was
(31.48±10.75 Bq mG3), with an average (46.5±3.73 Bq mG3).

According to Table 2 and Fig. 3, it is found that the
difference between the results of radon concentrations in two
tracks. These differences are attributable due to probability
interaction the radon gas with solid state nuclear track
detectors (LR-115 type II). Then, it can be concluded that it
must be using more one detector when the measurement of
radon concentrations in any samples to reduce the error in
experimental processing.

Data shown in Table 3 indicate that radon concentration
in these samples varies from sample to sample, which could
be due to the difference in the level of uranium contamination
in the soil where the samples are grown or due to the
difference in the  mechanism  of  radio  nuclides  transmission
to samples under study. On the basis of our results, it is
concluded    that    there   are   differences   in   the   degree   of

Fig. 3: Compare of radon concentration for two tracks
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Fig. 4: Number of track in sample S6 (Banana, made in Egypt)

Fig. 5: Number of track in sample S5 (Apple, made in Iran)

translocation of radio nuclides to fruits depending upon
physiological characteristics of the fruits and or the radio
nuclides itself in addition to the properties of soil and water
transportation. Also, it can be seen from Table 3, these values
for all samples under study were lower than the natural limits
for public (400 Bq mG3) given by the International Commission
on Radiological Protection (ICRP)20. With regards to radon
concentration in various type of foodstuffs a very little amount
of data has been published in the literature especially for
fruits. Some of these data reported by different researchers in
different countries are presented in reference8,9,12,21.

CONCLUSION

Radon   concentrations   and   the   specific    activity    of
An Najaf fruits samples consumed in Iraq have been
estimated. The samples, which were collected randomly from
different locations of the Iraqi markets. The present study is
the first at the national level (in Iraq) to investigate radon
concentrations and specific activity in fruits samples . The
obtained values of radon concentrations was found to be less
than the maximum permissible value of (400 Bq mG3) as per
recommendation of  (ICRP).  Also,  it  must  be  used  more  one

SSNTD in same containers, to reduce error in the radon
concentrations. At last, there are no health hazards duo to
radon gas, when eating of the samples fruits under this study.
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