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Abstract: The radiation hazards indices of common silhouette plants used in homes decoration were studied at two seasons;
spring and summer. Twelve species of silhouette plants were collected from nurseries in Baghdad, six of them were collected
in spring season others in summer season, each group were positioned in the laboratory at normal conditions. The
measurements were carried out using Nal (Tl) gamma-ray spectrometry. Results shown a little difference between the mean
specific activities of the radionuclides, they were 161.2+11.8, 11.2+1.2Bg/kg, and 5.8+0.5Bg/kg in spring season plants,
159.5+¢21.1, 5.4+0.8Bg/kg, and 6.4+0.4 in summer season plants for K-40, Bi-214, and TI1-208 respectively. According to these
results the mean radiation hazard indices (The radium equivalent activity, absorbed dose rate, annual effective dose equivalent,
external hazard indices, annual gonadal dose and excess lifetime cancer risk) were also convergent to each other in plant
samples of both groups. The highest specific activities were appeared in Dareseny plant 197.11Bq/kg, 15.94Bq/kg, and 7.8
Bg/kg for K-40, Bi-214, and TI1-208 respectively. While in summer season the K-40 (265.9Bq/Kg) and Bi-214 (8.6Bq/Kg)
were higher in sygonium, and T1-208 is higher in Ficus Elatic (9.2Bq/Kg). All results are within the recommended values.
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soil-water to root uptake and re-suspended of radionuclide
from soil. The radionuclide deposited directly with plant is
either by dry deposition such as wind or by wet deposition
such as rain. Meanwhile, the availability of radionuclide in
soil and the uptake potential of each radioactive element are
the main factors controlling the rate of uptake radionuclide
from soil to plant [9, 10].

Plants acquire these radionuclides via their roots or leaves,
and animals acquire them through consumption of plants,
phosphate-based mineral food supplements and soils [11, 12].
Doses from radionuclides of natural origin in terrestrial
foodstuffs are currently much higher than those from
artificial radionuclides [13]. Radionuclide uptake of plants
depends upon different factors such as soil type, texture, pH,
conductivity, and carbonate and sulphite contents [14]. The
entry of trace contaminants, which are present in the
terrestrial environment, into human food chains is controlled
in the long term by their uptake by plant roots [15]. It was

1. Introduction

Human beings are exposed to background radiation that
stems both from natural and man-made sources [1, 2].
Natural background radiation, which is equivalent to 2.4mSv
per person, Radon occurs widely in the environment,
especially in rocks, soil, building materials and water [3, 4].
Primordial radionuclides of the decay series U-238 and Th-
232 exist naturally in the earth's crust [5]. These
radionuclides enter the soil through the weathering of the
earth crust [6]. Concentrations of U-238 and Th-232 in soil
(one of the main factors affecting plant uptake of the
radionuclides) differ significantly depending on the soil type,
parent rocks, climate, relief, vegetation season and many
other factors [7, 8]. These radioactive elements find their way
into plants by direct contact with atmosphere containing
radionuclide, or by absorption of soluble radionuclide from
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found that the tobacco plant contains leaves with leaves to
help increase the adsorption of radon, tobacco leaves; it
contains Sticky hair like structures on both sides of tobacco
leave [16].

The aim of this study is to determine the activity
concentration, and radiological risk of radionuclide Ra-226,-
232 and K-40 in different silhouette plant samples.

2. Materials and Methods

2.1. Samples Collection

Two groups of different species of silhouette plants are
collected from various nurseries located in Baghdad. Each
group is consists of six samples; first group includes plant
samples collected in spring season at 8/5/2018 as in figure 1,
other group consists of plants collected in summer season at
24/6/2018 as in figure 2. Both groups were placed in the
laboratory for 30 days in order to subject to the same natural
laboratory conditions. The samples prepared by cutting, dried
with oven at 80°C for 2h, crushed to fine powder, sieved
through 630um sieve to be homogenizes in size, stored in
sealed in Marnille beaker, and left for four weeks to reach the
secular equilibrium before they examined by the
spectroscopy.

Figure 2. The silhouette Plants collected in summer season.

2.2. Nal (Tl) Spectroscopy

A scintillation detector Nal (Tl) gamma spectroscopy ofa

crystal dimension of 3"x 3"shielded with lead, SCIOIX
model 51S51, Germany origin have been used to perform this
study. The system has a digital multichannel analyzer (bright
multichannel SPEC model bMCA) of 4096 channels and
695V operation voltage. The time of examination used were
24hr (86400 s) [17, 18].

2.3. Specific Activity Calculations

The activity concentrations of the plant measured by
gamma spectrometry were calculated using the following
relation [19, 20]:

A) =—— %100 (1)
€ (Ey) XI (Ey) xm xt

Where N is the net peak area under the specific peak, t is
the time of measurement in second, I (Ey) is the abundance
of energy, € (Ey) is the detection efficiency at energy Ey, and
m is the mass of the measured sample in kg.

2.4. Radiological Hazards Assessment

2.4.1. Radium Equivalent Activity

Radium equivalent activity (Raq) is used to ensure the
uniformity in the distribution of natural radionuclides *°Ra,
22Th, and*K and is given by [21, 22]:

Rag, (Bq/kg)=Ag,+1.43ATh+0.077AK ©)

Where Ag,, A, and AK are the specific activities of
226Ra, 232Th, and 40K respectively.

2.4.2. External Hazard Index (H,,), Gamma Index (I,) and
Alpha Index (1,)
External hazard Index is reflecting the external radiation
that the samples were exposed, it's defined by [23, 24] as:

Hex=Aga/370+A1/259+AK/4810<1 3)

The gamma index and Alpha index was calculated by
using the following equation [25, 26]:

— ARa 4 Arh | Ak
I, = 300 200 + 3000 =1 S
Ia=ARa/200<1 (5)

2.4.3. Absorbed Dose Rate (D,), Annual Effective Dose
Equivalent (AEDE)
The absorbed dose rate in air due to gamma radiations in
outdoor air at 1 m above the ground surface was calculated as
follow [27]:

D, (nGy/h)=0.462Ap,+0.621 A +0.0417Ax  (6)

The annual effective dose rate was calculated by the
following equation [28]:

AED,, (mSv/y) =D, x 10° x 8760 h/y x 0.80 x 0.7 Sv/Gy (7)

2.4.4. Annual Gonadal Dose Equivalent (AGDE)
The annual gonadal dose equivalent applied on endocrine
according to the concentrations of 226Ra, mTh, and K was
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calculated by [29]:
AGDE (mSv.y-1) = (3.09ARa + 4.18ATh + 0.314AK) x107 (8)

2.4.5. Excess lifetime Cancer Risk (ELCR) of Human
The Excess lifetime cancer risk (ELCR) was calculated by:

ELCR = AEDE xDL xRF 9)

Where, AEDE is the annual effective dose equivalent, DL
is the average life duration (estimated to be 70years), and RF

is the risk factor 0.05 Sv™' [30].

3. Results and Discussion

The mean specific activates of the radionuclide's™’Ra,
#2Th, and *’K that have been detected in the two group are
shown in table 1.

Table 1. Specific activity concentrations of silhouette plants.

Specific activity of the Plants (Bq/Kg)

spring season

summer season

Code plant K-40 Bi-214 TI-208 Code plant K-40 Bi-214 T1-208
P1 Daresenya 197.11 15.94 7.8 P7 Syngonium 265.9 7.2 8.6
P2 Marnta 172.91 10.75 4.69 P8 Sanseveria 108.5 5 52
P3 Alocasia 144.94 14.75 5.98 P9 Yucca elephant 119.5 34 6.4
P4 Spaty 135.5 9.7 6.3 P10 Ficus Elastic 172.3 9.2 6.3
P5 Zamya 122 8.66 6.84 P11 Amazonia 133.9 3.1 7.1
P6 Hedera 194.8 7.45 3.67 P12 Aralia 171.6 49 5.1
Max. 197.11 15.94 11.59 Max. 265.9 9.2 8.6
Min. 122 7.45 3.67 Min. 108.5 3.1 5.2
Mean+S.E 161.2+11.8 11.2+1.2 5.840.5 Mean+S.E 159.5421.1 5.440.8 6.4+0.4
W. A. [UNSCEAR 2000] 400 20 15 W. A. [UNSCEAR 2000] 400 20 15
Note: W. A. =Worldwide Average
It is observed that the mean specific activates of first group ~ and5.4+0.8Bq/kg at second group for *K and

of plants samples collected in spring season are higher than
the mean values of the second group of plants samples
collected in summer season. As they were 161.2+11.8Bg/kg,
and 11.2+2.3Bq/kg at first group, and 159.5+21.1Bg/kg,

*“Birespectively. Exceptfor T1-208at which mean specific
activates of first group 5.8+5Bq/kg was lower than the mean
specific activates of the second group 6.4+0.4. The overall
mean specific activates is shown in figure 3.
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Figure 3. The specific activities of *’K, **Bi, and *"T1 of two seasons.

The results listed in tables 2, 3 shown the radiometric parameters' of the silhouette plants for spring and summer seasons.
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Table 2. The radiometric parameters of spring season Plants.
No. Code Raq(Bq/Kg) Hex Iy la Dy(nGy/h)  Eff (dose (mSv/y) AGDE [mSvly) ELCR
1 Pl 42.28 0.11 0.15 0.08 20.42 0.1 0.14 0.35
2 P2 30.77 0.08 0.11 0.05 15 0.074 0.10 0.25
3 P3 34.46 0.09 0.12 0.07 16.5 0.081 0.116 0.28
4 P4 29.14 0.07 0.109 0.049 14 0.069 0.099 0.24
5 P5 27.84 0.075 0.104 0.043 13.3 0.065 0.094 0.22
6 P6 27.7 0.07 0.10 0.037 13 0.06 0.1 0.20
Max. 42.28 0.11 0.15 0.08 20.42 0.1 0.14 0.35
Min. 27.7 0.07 0.10 0.037 13 0.06 0.1 0.20
Mean +S.E  3242.0 0.09+0.008  0.11+0.006  0.05+£0.006  15.3+1 0.07+0.002 0.1+0.006 0.25+0.01
Global limit 370 <1 <1 <1 55 1 0.3 0.95[ICRP.,2012]

[UNSCEAR.,2000] [10]

[31]

Table 3. The radiometric parameters of summer season Plants.

No. Code RaeqBq/kg  Hex Iy la DynGy/h  Eff [dosemSv/ly AGDEmSvly ELCR

1 P7 39.97 0.108 0.15 0.036 19.7 0.097 0.142 0.34

2 P8 20.79 0.056 0.07 0.025 10.0 0.049 0.071 0.17

3 P9 21.75 0.059 0.08 0.017 10.5 0.052 0.075 0.18

4 P10 31.48 0.085 0.12 0.046 15.3 0.075 0.109 0.26

5 P11 24.03 0.065 0.09 0.016 11.6 0.057 0.083 0.2

6 P12 25.41 0.069 0.099 0.025 12.5 0.062 0.09 0.21

Max. 39.97 0.108 0.15 0.036 19.7 0.097 0.142 0.34
Min. 20.79 0.056 0.07 0.025 10.0 0.049 0.071 0.17
Mean£S.E 27.242.7 0.07+0.007  0.08+0.01 0.02+0.004  13.2+1.3  0.06+0.1 0.09+0.009 0.22+0.02
Global limit 370 <l <1 <1 55 1 0.3 0.95[ICRP, 2012]

[UNSCEAR,2000] [10]

[31]

The mean radium equivalent activity of the plants at spring season was 32+2Bq/kg which is higher than the mean values of
the plants at summer season 27.2+2.7Bq/kg. The radium equivalent for two groups of silhouette plants is shown in figure 4.
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Figure 4. Radium equivalent of two seasons.

The mean external hazard index, gamma index and alpha  mean values of the plants at summer season were0.07+0.007,
index of the plants in spring season were 0.09+0.008, 08+0.01, and 0.02+0.004. The block diagram of Hin, Iy and Ia
0.11£0.006, and 0.05+0.006 they were slightly higher than the  of two group of silhouette plants is shown in figure 5.
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Figure 5. External hazard index, gamma index, and alpha index of two seasons.

The mean absorbed gamma dose rate of the first group plants15.3+1nGy/his higher than the mean absorbed dose rate of the
second group 13.2+1.3nGy/h. as shown in figure 6.
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Figure 6. Absorbed gamma dose rate of two seasons.

The mean annual effective dose rate, and the annual gonadal ~ summer 0.06+0.1mSv/y, 0.09+£0.009mSv/y. Figure 7 shows the
dose equivalent at spring which were 0.07+£0.002mSv/y, and  block diagram of the annual effective dose rate and figure 8
0.1£0.006mSv/yare slightly higher than the mean values at  annual gonadal dose equivalent plants.
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Figure 7. Annual effective dose rate of two seasons.
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Figure 8. Annual gonadal dose equivalent of two seasons.

The mean excess lifetime cancer risk at spring 25+0.01 is slightly higher than the mean excess lifetime cancer risk at summer
0.224+0.02. The block diagram of the excess lifetime cancer risk of human of the two season plants is shown in figure 9.
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Figure 9. Excess lifetime cancer risk of human of two seasons.

4. Conclusion

A comparison between the radiation hazards of two groups
of silhouette plants in two seasons were performed in this
study, thus the mean specific activates of spring season plants
are higher than the mean specific activates of the summer
season plants, Daresenya plant has the highest specific
activities, radium equivalent activities, external hazard index,
gamma index, alpha index, gamma absorbed dose rate,
annual effective dose, annual gonadal dose, and the Excess
lifetime cancer risk for spring season plants, while Hedera
plant has the lowest for summer season plants results of all
these factors are below the recommended limits. This may be
due to the, the temperature, moisture and barometric pressure
(mbar), as well as the fertilizer used.
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