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NATURAL RADIOACTIVITY TRANSFER FACTORS
FROM SOIL TO PLANTS IN WASIT GOVERNORATE MARSH

Study on environmental radiation protection and determination of contamination of natural radionuclides such as “°K,
226Ra, and 228Ra/?8Th in soil and plants is important for the protection of public health. The environmental health surveil-
lance program to develop a subject of interest in environmental science is therefore necessary for the awareness and the
benefit of mankind. This study is focused on the transfer factors of isotopes from soil to plants. Transfer factor is a value
used in evaluation studies on the impact of accidental release of radionuclide into the environment. 80 samples (40 reed
plants and 40 soils) were collected from Dulmaj marsh. Dulmaj is in the southwest of Wasit and northeast of Diwaniyah.
40K, 2%5Ra, and %2Ra/??8Th activities were measured by using Nal(T1) 3" x 3", °K, 2?6Ra, and ??®Ra/*®Th activity concen-
trations ranged from 87 to 706, 1.2 to 35.7, and 2.6 to 17 Bq-kg ™, respectively in soil. 4°K, ??°Ra, and ??®Ra/??®Th activity
concentrations ranged from 9.6 to 472, 0.26 to 30, and 0.09 t016.1 Bg-kg™ (dry mass), respectively in the plants. The
transition factors of “°K, 2%Ra, and ?*®Ra/??®Th ranged between 0.02 to 0.97, 0.07 to 0.99, 0.09 to 0.99, respectively.
Transfer factors had shown different values in all locations. However, all the rates of values of the transfer factors have

been shown to be less than one.

Keywords: transfer factors, Dulmaj marsh, plants, soil, radionuclides, soil-to-plant transfer factor.

1. Introduction

The natural radioactivity or radionuclide dis-
charged into the earth may lead to potential radiation
exposure of the adjacent biota and people. Many
countries around the world measure the average ex-
posure caused by natural radiation for various pur-
poses, such as choosing the location of nuclear faci-
lities and contingency plans to monitor any case of
increased radioactivity and its source and reason to
ensure the security of the country and citizens [1].
The life of organisms especially humans is endan-
gered by the presence of radiation in the environment
as the high concentration of radioactive elements
causes contamination [2, 3]. One of the causes of ra-
dioactive contamination in the world is due to the use
of alternative energy sources such as nuclear reactors,
electric-nuclear power plants, and the dumping of nu-
clear waste, as well as the use of missiles and explo-
sives containing such radioactive materials in nuclear
explosions during the war and nuclear testing on the
land, sea, and air. The knowledge of geochemical and
ecological cycles is needed. Hence an investigation is
useful for both the assessment of public dose rates and
the performance of epidemiological studies. There-
fore, the need arises for investigating potential radia-
tion risk to non-human biota and ecosystem is now
internationally recognized. The environmental health
and status risk assessment is monitored by interna-
tional organizations and committees such as Interna-
tional Commission on Radiological Protection

(ICRP), International Atomic Energy Agency
(IAEA), and other international organizations spe-
cialized in radiological and radiological protection [4,
5]. Environmental pollution is the biggest obstacle to
the development of tourist positions, because of the
degradation it causes and the reduction in its hypo-
thetical life. Hence countries all over the world that
are prominent for their natural and cultural tourist at-
tractions have also faced environmental pollution.
The most prominent theoretical results that have
emerged from the study are the weak environmental
awareness among the citizens in the study area and that
the environmental balance is necessary for the contin-
uation of the ecosystem, whether it was for humans or
animals and plants. This work is a study on the natural
radioactivity in soil and plant. The objectives of this
research are to study the transfer factors of radionuclides
from soil to plant and show the contamination.

2. Area of the Study

Al Kut is a city connected to many popular cities
in Irag but has few tourist attractions. The total popu-
lation of Al Kut is 315162. Dulmaij marsh is located
to the southwest of Wasit and the northeast of Qadisi-
yah, with coordinates of latitudes 08°32' to the north
and 25°32' and longitude 09°452' and 42°45' to the
east. The total area of the submerged and non-sub-
merged marsh is approximately 682 km? divided be-
tween 267 km? in Wasit and 435 km? in Qadisiyah.
The source of its water is from the main river which
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passes through the Taghdeyya canal within the boundaries
of Qadisiyah. The geographical creation of the marsh goes
back to the era of the quadrilateral within the Holocene. It
is characterized by being large longitudinal basins formed
by the rivers of the hills and the river Tigris during the frac-
tured edge. It is covered by water during the seasons. The
precipitations are either on the surface or buried under sed-
iments. The area of the study is located within the flood. It
is characterized by plain descends from the northwest to
the southeast. The deep of the marsh starts from approxi-
mately 1m to 4.5 m. The largest deep of the marsh is in the
southeast part. It is noted that the water of the Dulmaj
marsh has various levels of immersion of more than 70 %
of the total area in 2002 but this percentage decreased to
18 % of the total area in 2016 [6]. Some literature studies
in the investigation of radionuclides in many samples such
as soil, bone, teeth, and meat have been examined [7 - 11].

3. Materials and methods

80 samples from Dulmaj marsh in Wasit were collected
and divided into 40 samples of marsh soil (the depth is
10 cm) and 40 of the plant (reed plant) growing in the
marshes. Reed had spread in the area with an average depth
of 25 cm to ensure the root coverage. Dulmaj marsh is cha-
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racterized by the presence of vegetation consisting of
prominent water plants such as reeds, papyrus, golan, and
immersed water plants such as shambles. Various wild
plants such as tartai, turfaa, and others, and the reed covers
the largest percentage of the area. The reed plant was col-
lected from the Dulmaj marsh in Kut and placed in a bag
and the sample details were written on it. The samples were
transferred to the laboratory for testing. The suspended or-
ganic matter was separated in the plant and the samples
were cleaned and washed well with water. All locations
were coordinated using a GPS device. 2 kg soil was col-
lected from each site. Then the samples were transferred to
the research lab of the Department of Physics at the Faculty
of Education for Women. The soil and plant samples were
well dried using the oven. Later it was crushed, sifted, and
packed in a special container for measuring. Marinelli con-
tainer is plastic cylindrical in shape that has a gap in the
center to put the detector crystal. The sample was placed
around the crystal allowing for high efficiency. The con-
tainers were numbered and sealed tightly to ensure that the
radon does not leak then it was stored for 4 weeks before
the measurement process is initiated to reach the equilib-
rium of radiation. Figure shows the area of study and from
where the samples were collected.
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22°Ra was measured by the quality activities of **Bi
with an energy of 1764 keV. *®Ra/?*®Th was mea-
sured using 2Tl at the energy of 2614 keV which
represents the quality activity of ?*Ra/®Th. Then
0K was measured directly at 1460 keV. The natural
quality radioactivity of gamma-ray was measured by
the high penetration strength of gamma rays in the
material. The measurement time for all samples was
18000 s, then the net area was calculated under the
curve for each nucleus.

The transfer factor for radionuclides of soil to
plant using the equation [12]

E_ Activity in Plant
Activity in Soil

4, Results and discussions

The results of measure the radioactivity in this
study were divided to 3 parts:

1. The radioactivity in soil.

Table 1 shows ?*°Ra, ?®Ra/?®Th, and “°K concen-
trations in the soil sample. The highest *°Ra activity
concentration was found to be 35.7 + 1.2 Bq-kg™ in
the soil sample (S19) and the lowest #*°Ra activity
concentration was found to be 1.24 Bg-kg™ soil sam-
ple (S24). The highest *®Ra/*®Th activity concentra-
tion was found to be 17.0 Bg-kg™ in S19 and the
lowest *Ra/*®Th activity concentration was found
to be 2.6 in S4. The highest “°K is found to be
706 Bo-kg™ in S15 and the lowest “°K was found to

Continuation of Table 1

Sample code 225Ra 28Raf?8Th 0K
S21 248+1.0 | 108+04 410+ 4
S22 17.1+08 | 141+04 423 +4
523 142+0.7 | 10704 548 + 4
S24 11.6 £0.7 9.5+04 383+4
525 1.2+0.2 9.2+04 255+ 3
S26 12.8+0.7 7.7+0.3 148 +2
S27 11.1+0.6 6.3+0.3 405+ 4
528 239+1.0 | 105+04 508 +5
S29 82+0.5 8.8+0.3 266 + 3
S30 12.0+ 0.6 8.4+0.3 402 +4
S31 9.4+0.5 11.6 £0.3 371+£3
S32 129+ 0.7 129+0.4 393+4
S33 9.1+05 10.3+0.3 384 +3
S34 9.6+05 6.8+0.3 407 £ 4
S35 7.4+0.5 12.3+04 247 + 3
S36 10.5+0.5 6.7+0.3 378+ 3
S37 2.1+£0.2 0.4+0.3 318+3
S38 13.6 £ 0.7 11.5+0.4 458 +4
S39 10.7+0.6 | 126+04 349+ 3
S40 9.2+0.6 9.2+04 352+4

S average 13.9 9.4 344
S max 35.7 17.0 706
S min 1.2 2.6 126

be 125.46 Bg-kg™ in S4.

Table 1. ?Ra, 2Ra/??6Th, and “°K

activity concentrations (Bg-kg™) in the soil sample

2. The radioactivity in plant.

Table 2 shows ?*°Ra, ®Ra/*®Th, and “°K activity
concentrations in the plant sample. The highest ?*°Ra
activity concentration is found to be 29.94 Bg-kg™ in
the plant sample (P20) and the lowest ?*Ra activity
concentration was found to be 0.26 Bg-kg™* plant sam-
ple (P25). The highest ?®Ra/*®Th activity concentra-
tion was found to be 17 in P10 and the lowest
228Ra/*®Th activity concentration was found to be
0.14 Bg-kg™ in P15. The highest “°K activity concen-
tration was found to be 472 Bg-kg™ in P23 and the
lowest “°K activity concentration was found to be
9.6 Bg-kg™ in P3.

Table 2. ?°Ra, ?8Ra/?!Th, and “°K
activity concentration (Bg-kg™) in plant samples

Sample code 226Ra 228Ra/?8Th 0K
S1 129+0.7 5.6+0.3 299+ 3
S2 25.8+0.9 6.1+0.2 352+3
S3 6.1+0.5 120+ 04 502 + 4
S4 11.6 £ 0.7 26+0.2 126 +£2
S5 309+1.0 32+0.2 174+ 3
S6 6.4+0.5 76+0.3 360+ 4
S7 8.1+£0.6 6.8+0.3 362+4
S8 27.1+1.0 32+02 477 £ 4
S9 10.8£0.6 57+03 480+ 4
S10 11.9+0.7 17.0+£0.5 606 + 5
S11 8.7+05 11.5+04 151+2
S12 13.3+0.7 149+0.4 364 +4
S13 8.1+0.5 9.7+0.3 439+ 4
S14 10.2+0.6 7.3+0.3 221+3
S15 11.0+0.6 15.7+0.5 706 +£5
S16 29.0+0.9 16.2+0.4 434+ 4
S17 26.5+0.9 12.1+04 528 +4
S18 3.5+0.3 7.9+0.3 387+4
S19 35.7+1.2 89+04 498 £ 5
S20 30.1+1.1 76+0.3 393 +4
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Sample code 226Ra 228Ra/?*Th K
P1 100+ 1.1 32+04 75+3
P2 47+0.7 39+04 57+2
P3 6.0+0.1 7.6+0.7 10+1
P4 1.5+05 19+04 84+4
P5 29.0+2.0 0.7+0.2 117+ 4
P6 49+09 59+0.6 115+ 4
P7 1.3+£04 3.6+04 278+ 7
P8 2.5+0.6 25+0.3 218+ 6
P9 5.2+0.9 5.1+05 464+ 9
P10 10.6+1.4 170+ 1.0 254 £ 7
P11 6.0+1.0 6.6+ 0.6 80+4
P12 13.2+1.3 9.0+0.7 60+3
P13 7.3+£1.0 8.8+0.6 63+3
P14 7.4+1.1 7.0+ 0.6 154+5
P15 34+0.7 0.20+0.08 | 435+8
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Continuation of Table 2

Sample code 26Ra 28Ra/??Th 40K
P16 202+ 1.7 13.8£0.8 135+ 4
P17 23.4+1.5 8.5+£0.6 132+4
P18 1.2+04 56+0.5 339+6
P19 24.9+1.7 8.2=+0.6 373+7
P20 29.9+2.0 5.7+0.5 130+ 4
P21 176 £1.6 85+0.7 146 £5
P22 146+1.5 9.4+0.7 113 +4
P23 6.6+1.0 7.4+0.6 472 +9
P24 6.5+1.0 7.5+03 120+ 4
P25 03+0.2 75+0.6 187 +5
P26 48+0.8 3.1+ 04 115+4
p27 9.1+1.1 6.2+05 117+ 4
P28 9.1+1.2 47+0.5 425+ 8
P29 44+0.7 2.8+03 109 +3
P30 9.8+ 1.1 6.0+0.5 358 £7
P31 47+0.7 7.8+0.6 94 £3
P32 6.4+09 6.2+0.5 74 £3
P33 5.1+£0.7 8.6+0.5 245+ 5
P34 1.3+04 LD 351+7
P35 6.6+0.9 4.1+04 74+£3
P36 9.4+0.8 LD 184 +4
P37 1.8+04 0.7£0.5 93 +3
P38 93+1.1 7.1+£0.6 358+7
P39 94+1.0 72+0.5 97+3
P 40 LD LD 129+ 4

P average 8.8 5.8 168
P max 29.9 16.1 472
P min 0.3 0.1 10

3. The transfer factor from soil to plant.

Transfer factor (TF) from soil to plant in all loca-
tions was measured. The highest TF of **Ra was
found to be 0.999. The highest TF of *?Ra/**®Th was
found to be 0.995. The highest TF of “°K was found
to be 0.965.

°%Ra, **®Ra/*?®Th, and “°K activity concentration
was found to be 1.24 to 35.7 Bo-kg™?, 2.6 to 17 Bg-kg™,
87 to 76 Bqg-kg™, respectively in soil. The correspond-
ing concentration was found to be 0.26 to 29.9 Bg-kg™?,
0.09 to 16.1 Bq kg™, 9.6 to 472 Ba-kg™?, respectively in
plant. The highest TF of **Ra, “®Ra/*®Th, and *K
were 0.99, 0.99, 0.96, respectively. These values were
different due to the geological nature of the soil and cli-
mate in that region. The global limit of **Ra,
228Ra/*Th are 35 Bo-kg™ and 30 Ba-kg?, respectively
[13]. The quality efficiency of “°K was of disparity val-
ues between regions. There was an increase in the con-
centration of potassium nuclide in some regions. How-
ever, all the findings were within the global limits of
400 Bg-kg™ [13].

Man has always been exposed to both natural and
artificial radiation amongst which on average, 79 % of
natural sources, 19 % from medical application, and
the rest of 2 % from the fallout of weapons testing and
the nuclear plant [14]. The relationship between activ-
ity, TF, and soil parameters can be obtained by analy-
zing their effects. Results showed that “°K has the high-
est concentration. This is because “°K is an important
element to fertile the crop [15]. Even though “°K is a
radioactive element omit this word it does not harm the
aquatic system [16]. “°K is important for plants to grow
and adapt to environmental stress. The higher “°K was
not at risk streak because that value was not at a staid
position to harm the body [16].

It has been found in some studies that there are
some specific activities of radium and thorium in soil,
ecosystem, human, and animal tissues [17 - 21].
Whereas, some studies have shown to find the
radionuclides in soil, water, and find the relationship
with the human [22 - 25]. Radiation pollution and
cancer risks, spatial and temporal variability of
environmental radioactivity, the water and
environmental reality of the marshlands in Iragq have
been studied [26 - 28].

5. Conclusion

Among the different outcomes of the research, this
study focused on the concentration of 2?°Ra,
228Ra/*®Th, and *°K in soil and plant at Dulmaj marsh.
Uranium and thorium were distributed with differen-
tial values in all the measured samples. The concen-
tration and transfer factors of soil to plant in Wasit
were experimentally estimated. The reason for the
low increase in the concentration of radionuclides is
due to the geological nature of the soil and climate in
that region. The quality efficiency of potassium takes
disparity values between regions. It is noted that there
iS an increase in potassium in some regions. The re-
sult predicted that the values of concentration of ura-
nium, thorium, and potassium are at the safe level at
Dulmaj marsh. However, all the concentrations of ra-
dionuclide were within and close to the global recom-
mended limits. The rates of values of the transfer fac-
tor from soil to plant for radioactive elements are less
than one.

The authors are grateful to Dr. Basim Almayahi,
the University of Kufa for assisting throughout con-
ducting the present research.
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®AKTOPHU NNEPEJIAYI TIPUPOHOI PAJTIOAKTABHOCTI
3IPYHTY JIO POCJIMH Y BOJIOTAX IMPOBIHIIII BACIT

JocuimKkeHHs 3aXUCTy HaBKOJIMIITHBOTO CEPEeIOBUINA Bijl pajianii Ta BU3HAUYEHHs 3a0py/AHEHHS IPYHTY Ta POCIHH
IPUPOTHUMH PafioHyKIigaMu, Takumu sk “°K, 26Ra ta 22Ra/??®Th, € Ba)IMBUM /17151 3aXMCTY 310pOB’s HaceaeHHs. Tomy
nporpamMa OXOPOHH HABKOJIMIIHBOTO ITPUPOIHOTO CepeIOBHIIAa HeOoOXiHA /Ui 00i3HAHOCTI Ta BUrojau JjroacTea. [lane
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ZAHRAH MADHAT RIFAAHT, HEIYAM NAJY HADY ALKAFAJY

JOCIIKSHHS 30CepePKeHO Ha (paKTopax mepeaadi i30TOmiB Bil IpyHTY 10 pociuH. DakTop mnepenadi — 1ie BEIMIHHA, 10
BUKOPHCTOBYETHCS TSI OIIHKH BIUIMBY BHITQJKOBOTO BHUKHIY PaAiOHYKIiAIB y HAaBKOJHMIIHE cepenoBuiie. 3 Oomora
Hynbmaii 6ys10 316pano 80 3paskis (40 ouepersaux pociun ta 40 rpyHTy). BonoTo [lynbpMaii 3HaX0AUTHCS Ha MiBICHHOMY
3axozi nposinnii BaciT i miBHiuHOMY cxoai nposinnii JiBanis. AxtusHicTs “°K, ?2°Ra ta 2?2Ra/??’Th Bumiposanu 3a
nonomororo Nal(Tl) 3" x 3", Konuentpauis aktusHocti “°K, 226Ra ta 28Ra/?®Th y rpynTi Oyna B mexax 87 — 706, 1,2 —
35,7 ta 2,6 — 17 br-xr* Bianosinuo. Konuenrpauis akrunocti °K, 22°Ra ta 226Ra/??Th y pociunax (cyxa mMaca) KOJIH-
Bajach y Mexax 9,6 — 472, 0,26 — 30 ta 0,09 — 16,1 bx'xr~ Biznosigno. ®axropu nepenaui °K, °Ra ta ??°Ra/??!Th
Oynu B mexax 0,02 — 0,97, 0,07 — 0,99 Ta 0,09 — 0,99 BianosigHo. dakTopu nepenayi Maiu pi3Hi 3HAUSHHS y BCIX MiCISIX.
OpHak 1mokasaHo, 10 BCi pakTopu nepeaadi MaroTh 3HAUCHHS MEHIIIE OMHUITI.

Kniouosi crosa: daxropu nepenocy, 6onoro Jlynpmai, pocivHu, IPYHT, paJiOHYKIi I, (GaKTop rnepeaadi IpyHT-poc-
JIUHU.
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