This article was downloaded by: [Ahmad Hegazy]
On: 16 September 2013, At: 13:46
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Chemistry and Ecology
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gche20

Soil characteristics influence the
radionuclide uptake of different plant
species
A. K. Hegazy
M. H. Emam

a b

c

a

a

, S. Y. Afifi , A. A. Alatar , H. A. Alwathnani &

b

a

Department of Botany and Microbiology, College of Science, King
Saud University, Riyadh, Saudi Arabia
b

Department of Botany, Faculty of Science, Cairo University, Giza,
Egypt
c

Nuclear Materials Authority, Anshas, Cairo, Egypt
Published online: 23 Nov 2012.

To cite this article: A. K. Hegazy , S. Y. Afifi , A. A. Alatar , H. A. Alwathnani & M. H. Emam (2013)
Soil characteristics influence the radionuclide uptake of different plant species, Chemistry and
Ecology, 29:3, 255-269, DOI: 10.1080/02757540.2012.744827
To link to this article: http://dx.doi.org/10.1080/02757540.2012.744827

PLEASE SCROLL DOWN FOR ARTICLE
Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.
This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &

Downloaded by [Ahmad Hegazy] at 13:46 16 September 2013

Conditions of access and use can be found at http://www.tandfonline.com/page/termsand-conditions

Chemistry and Ecology, 2013
Vol. 29, No. 3, 255–269, http://dx.doi.org/10.1080/02757540.2012.744827

Soil characteristics influence the radionuclide uptake of
different plant species

Downloaded by [Ahmad Hegazy] at 13:46 16 September 2013

A.K. Hegazya,b *, S.Y. Afific , A.A. Alatara , H.A. Alwathnania and M.H. Emamb
a Department of Botany and Microbiology, College of Science, King Saud University, Riyadh, Saudi
Arabia; b Department of Botany, Faculty of Science, Cairo University, Giza, Egypt; c Nuclear Materials
Authority, Anshas, Cairo, Egypt

(Received 4 February 2012; final version received 11 October 2012)
The key point of food plant agriculture is how to regulate the harmonious relationship between the soil and
the plant environment. This study deals with radionuclide uptake by two food plant and two fruit tree species
in relation to the geochemical characteristics of the soil. Uranium and thorium content was determined in
coastal black sand and inland cultivated soils. Four commonly cultivated species Eruca sativa, Lycopersicon
esculentum, Psidium guajava and Mangifera indica were investigated. Physical and chemical properties
of the soil were analysed in relation to uranium and thorium uptake by plants. The results revealed the
ability of plants to accumulate uranium and thorium in their edible portions. The absorbed radionuclides
were positively correlated with their concentrations in the soil and the geochemical characteristics of the
soil. The transfer of radioactive elements from soil to plant is a complex process that can be regulated by
controlling the geochemical characteristics of the soil, including pH, clay, silt and organic matter content
that reduce the bioavailability of soil radionuclides to plants, and in turn reduce the risks of biota and
human exposure to radionuclide contamination.
Keywords: radionuclides; uranium; thorium; soil characteristics; transfer factor; Egypt

1.

Introduction

Black sand deposits are extensive along the Mediterranean coast of the Nile Delta and Sinai,
Egypt. These black sands contain some important minerals such as zircon, magnetite, garnet,
rutile and monazite; some of which contain uranium and thorium (hereafter U and Th) in their
chemical structures [1–4]. Abnormal occurrences of U and its decay products in rocks and soils,
and Th in monazite sands are the main sources of the high natural background activity that has
been identified in several areas of the world [5].
Trace elements are essential to all living organisms when present in small amounts. However,
an excessive concentration of any trace element in the environment can cause severe toxic effects
in exposed plants, animals and humans [6]. Evidence shows that the deposition of radiotoxic
elements such as I, Cs, Th, U, Sr, K in critical organs and body fluids, even at trace levels, is likely
to cause a wide variety of physiological disorders [7].
Natural radionuclides entering the food chain are mostly derived from the soil and depend on
radionuclide enrichment and soil characteristics [4,8]. Radionuclide uptake by plants varies from
species to species, where such variability affects the different food products [9]. An understanding
*Corresponding author. Email: aheagazy@ksu.edu.sa
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of the mobility of U and Th in soils and their transfer to different plants requires a knowledge of
the interactions of U and Th with abiotic and biotic components [10]. Soil solution composition is
affected by different soil properties including pH, organic matter and clay contents, and microbial
activity in the soil. Changes in soil physico-chemical properties and biological processes are likely
to affect the amount of radionuclide in the soil solution that is available for root uptake [4,11,12].
In environmental samples with a harmful concentration of U and Th, determination of radionuclides is important from the view of protection against radiation [13]. The occurrence of radioactive
elements in the uppermost soil layers represents a problem for the environment and human health
due to the possibility of their integration into the food chain. As a consequence, there is a possible risk for coastal agro-systems and human health [14]. For environmental and human safety,
assessment of the impact of a given contaminant in the ecosystem usually includes an estimation
of the radionuclide concentration taken up by plants from the soil [15,16].
Food plants cultivated in Mediterranean black sand rich in radionuclides may take up and
accumulate radioactive elements in their edible portions. Radionuclide availability and uptake are
dependent on the radionuclide concentrations in the rhizosphere soil, the plant species and soil
properties. This study was conducted to determine the radionuclide uptake by two food plants,
rocket (Eruca sativa Mill.) and tomato (Lycopersicon esculentum L.), and two fruit trees, guava
(Psidium guajava L.) and mango (Mangifera indica L.), commonly cultivated in the coastal black
sand and inland River Nile Delta. Geochemical characteristics of the soil and the relationship to
radioactive element uptake by the four study plant species are considered.

2.

Material and methods

2.1. Study species
Two food plant species, viz., rocket (Eruca sativa Mill.) and tomato (Lycopersicon esculentum
L.) and two common fruit trees, guava (Psidium guajava L.) and mango (Mangifera indica L.)
commonly cultivated in the coastal black sand soils were used.
2.2. Study site
The study was conducted at cultivated coastal black sand and inland agricultural sites, River Nile
Delta. The coastal site is located around Lake El- Burullus between 31◦ 5 E and 31◦ 35 N. The inland
sites were selected where the target crop plant is commonly cultivated. E. sativa material was
taken from Giza, L. esculentum from Kafr El Sheikh, P. guajava from El Dakahlia and M. indica
from El Nubaria. Black sand deposits are rich in heavy minerals, e.g. zircon (ZrSiO4 ), rutile
(TiO2 ) and ilmenite (FeTiO3 ) [4]. Black sands are economically important and are characterised
by high concentrations of U and Th in their crystalline structure [1,4].
2.3. Geochemical characteristics of the soil
Soil samples were collected from the coastal black sand and inland agricultural land sites. Samples
were taken from a depth of 30 cm for the fruit tree species guava and mango, and from rhizosphere
soil of the two species rocket (10–20 cm depth) and tomato (20–30 cm depth). Five samples were
taken randomly from each site and pooled into one composite sample. Soil samples were collected
in paper bags and transported to the laboratory, air dried, sieved through a 2-mm sieve before
analysis. For soil texture analysis, the coarse fractions were estimated by pipette methods [17].
Organic matter was determined using the loss on ignition method [18]. The percentage of CaCO3
was estimated by titration against 1 N HCl [19].
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Soil/water (1:5) extracts were prepared and used to determine total dissolved salts, soil reaction
2−
−
(pH), bicarbonates (HCO−
3 ), chlorides (Cl ) and sulfates (SO4 ). Total dissolved salts were measured using a conductivity meter (Model-DAI Lamotte Chemicale). Soil reaction was determined
by a glass electrode pH meter (Model 206 Lutron Corporation). Bicarbonates were estimated by
titration with 0.1 N HCl using methyl orange as indicator [19]. Determination of chlorides was
carried out by titration against silver nitrate using a potassium chromate indicator [20]. Sulfates
were determined turbidimetrically as barium sulfate at 470 nm [21].
To determine trace elements and major oxides, the collected soil samples were prepared
for analysis by crushing ∼2 kg of each sample into pea-size granules using a laboratory jaw
crusher, followed by grinding using a blending mill. The pulverised soil samples were then
used for subsequent analyses. The major oxides SiO2 , Al2 O3 , TiO2 and P2 O5 were measured
spectrophotometrically. The Na and K contents were determined using flame photometric techniques. Fe2 O3 , MgO and CaO were determined using a titration method. The trace elements
Cr, Ni, Cu, Zn, Zr, Rb, Y, Ba, Pb, Sr, Ga, V and Nb were determined by X-ray fluorescence
analysis using a Phillips Unique II unit with automatic sample changer PW1510 (30 position).
Results for measured trace elements and major oxides were obtained from the nuclear materials laboratory as mean values without standard deviation as there was no significant difference
between replicates.
2.4. Determination of radionuclides content
To estimate the soil radionuclide content, the concentrations of U and Th were determined chemically using a spectrophotometric technique [22] at U & Th Laboratory, Central Labs, Nuclear
Materials Authority, Anshas. Leaves of E. sativa and fruits of L. esculentum, P. guajava and
M. indica collected from the coastal black sand and inland agricultural land sites were thoroughly
washed free of soil particles under a light flow of distilled water. The concentrations of U and Th in
the collected edible portions of study plants were determined using an inductively coupled plasma
mass spectrometer (ICP-MS technique) model Jeol-JMS-PLASMAX2 high resolution ICP-MS.
In the ICP technique, detection limits are generally based on at least three determinations of the
signal produced by a blank. Two or three sigma standard deviations calculated from data were
expressed as equivalent limits. The measured U and Th concentrations in soil and plant samples
were obtained in mg kg−1 and converted to Bq kg−1 dry weight by multiplying the value of 238 U
by 12.34 and the value of Th by 4.04. From the measured U and Th contents in the soil and plant
samples, the transfer factor was determined as follows:
Transfer factor = element concentration in plant/element concentration in soil.
2.5.

Statistical analysis

Data were analysed by analysis of variance (ANOVA; SPSS 15 for Windows) to test the significance of differences among species and sites. The relationship between soil characteristics and
radionuclide uptake of U and Th were analysed by Pearson correlation coefficient.

3.
3.1.

Results
Geochemical characteristics of soil

Physical and chemical properties of the soil samples are summarised in Table 1. The percentage
of coarse sand was highest in the coastal black sand soil compared with the inland clayey soil.

Soil characteristics of the cultivated coastal black sand and the inland clayey soils.
Eruca sativa

Soil Variable
Coarse sand (g%)
Fine sand (g%)
Silt (g%)
Clay (g%)
pH
EC (dS m−1 )
Cl− (g%)
SO−
4 (g%)
HCO−
3 (g%)
CaCO3 (g%)
Oraganic matter (g%)

Black sand
± 2.74∗∗∗

78.12
2.38 ± 2.69∗
0.21 ± 0.00∗∗
1.30 ± 0.11∗∗∗
7.41 ± 0.02∗∗∗
0.36 ± 0.01∗∗
0.01 ± 0.00∗∗∗
0.01 ± 0.00∗∗∗
0.02 ± 0.00∗∗∗
3.47 ± 0.20∗∗∗
0.24 ± 0.00∗∗∗

Lycopersicon esculentum
Clay soil

Black sand

54.57 ± 2.52
11.80 ± 2.23
6.46 ± 0.85
27.18 ± 1.21
7.74 ± 0.01
0.43 ± 0.02
0.02 ± 0.00
0.02 ± 0.00
0.05 ± 0.00
7.11 ± 0.34
3.66 ± 0.05

67.56 ± 3.41∗∗∗
30.33 ± 3.09∗∗
0.55 ± 0.12∗∗∗
1.57 ± 0.27∗∗∗
7.27 ± 0.02∗∗
0.09 ± 0.00∗∗∗
0.01 ± 0.00∗∗
0.00 ± 0.00
0.02 ± 0.00∗∗∗
3.24 ± 0.20∗∗∗
0.19 ± 0.00∗∗∗

Clay soil
2.53 ± 0.85
19.15 ± 1.28
20.61 ± 0.47
57.71 ± 1.67
7.67 ± 0.07
0.76 ± 0.02
0.01 ± 0.00
0.00 ± 0.00
0.06 ± 0.00
8.47 ± 0.00
5.56 ± 0.06

Notes: Values are given as mean ± SD and rounded to two decimal places. Significant at ∗∗∗ p ≤ 0.001; ∗∗ p ≤ 0.01; ∗ p ≤ 0.05.

Psidium guava
Black sand
± 1.48∗∗∗

82.20
15.34 ± 1.63∗
0.41 ± 0.00∗∗∗
2.05 ± 0.40∗∗∗
7.79 ± 0.06
0.29 ± 0.01∗∗∗
0.02 ± 0.00∗∗∗
0.00 ± 0.00∗∗∗
0.07 ± 0.00∗∗∗
0.24 ± 0.00∗∗
0.66 ± 0.01∗∗∗

Mangifera indica

Clay soil

Black sand

Clay soil

25.66 ± 1.86
20.89 ± 2.15
18.34 ± 0.21
35.11 ± 0.37
7.75 ± 0.01
3.38 ± 0.06
0.09 ± 0.00
0.02 ± 0.00
0.05 ± 0.00
1.13 ± 0.14
7.39 ± 0.07

75.29 ± 1.53
18.62 ± 1.60
1.76 ± 0.28∗
4.34 ± 0.34
7.71 ± 0.01
0.26 ± 0.01∗∗
0.01 ± 0.00
0.00 ± 0.00
0.07 ± 0.00∗∗∗
0.24 ± 0.00∗∗
1.33 ± 0.02∗∗

73.81 ± 1.59
21.40 ± 1.18
0.73 ± 0.13
4.06 ± 0.55
7.71 ± 0.05
0.18 ± 0.01
0.00 ± 0.00
0.00 ± 0.00
0.05 ± 0.00
1.05 ± 0.14
0.97 ± 0.01
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Table 1.

Trace element (ppm)
Species

Study site

Eruca sativa

Black sand
Clay soil

Lycopersicon esculentum

Locality

Cr

Ni

Cu

Zn

Zr

Baltim
Giza

98
50

19
45

9
21

33
105

1969
411

Black sand
Clay soil

Baltim
Kafr Elshikh

98
67

18
52

9
21

37
72

Psidium guajava

Black sand
Clay soil

Baltim
El Dakahlia

49
60

16
54

10
20

Mangifera indica

Black sand
Clay soil

Baltim
El Nubaria

91
25

23
13

10
26

Rb

Y

Ba

Pb

Sr

Ga

V

Nb

22
49

1222
234

3215
1768

u.d.
u.d.

70
14

23
22

70
72

41
42

2528
324

25
55

1578
221

3332
2473

u.d.
u.d.

90
11

22
21

67
106

34
36

27
76

844
361

31
53

513
245

1245
2613

u.d.
u.d.

30
12

24
22

30
112

39
37

48
48

1707
1160

31
29

1069
725

2445
518

u.d.
u.d.

61
42

20
24

61
13

34
40
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Table 2. Trace element concentrations (ppm) in cultivated coastal black sand and inland clayey soils.

Notes: Data were obtained from the nuclear material laboratory as mean values without standard deviations as there was no significant difference between replicates. u.d., below the limit of
detection.
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Major oxides (wt%) in the cultivated coastal black sand and in the inland clayey soils.
Major Oxides (%)
SiO2

Al2 O3

TiO2

Fe2 O3

CaO

MgO

Na2 O

K2 O

P2 O5

L.O.I.

Total (%)

Baltim
Giza

63.69
57.67

6.38
8.95

3.69
1.28

9.58
7.99

11.2
7.0

2.0
1.0

1.55
1.08

0.33
0.67

0.66
0.39

0.9
13.48

99.98
99.51

Black sand

Baltim

68.62

5.89

5.49

8.78

5.6

1.0

2.22

0.46

0.74

0.61

99.41

Species

Study site

Eruca sativa

Black sand
Clay soil

Lycopersicon
esculentum

Locality

Clay soil

Kafr Elshikh

52.17

11.76

1.72

9.18

5.6

1.0

1.62

0.79

0.40

14.91

99.15

Psidium guajava

Black sand
Clay soil

Baltim
El Dakahlia

57.87
50.45

5.34
10.43

1.98
1.99

7.99
10.38

7.0
8.4

2.0
1.0

2.09
1.62

0.60
0.79

0.55
0.38

14.49
14.04

99.91
99.30

Mangifera indica

Black sand
Clay soil

Baltim
El Nubaria

71.42
78.87

5.25
4.76

1.82
0.54

5.59
2.39

5.6
4.2

2.0
1.0

2.09
1.48

0.53
0.46

0.42
0.42

4.35
5.6

99.07
99.72

Notes: Data were obtained from the nuclear material laboratory as mean values without standard devaitions as there was no significant difference between replicates. L.O.I., loss on ignition.
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Table 3.

Uranium
Locality

Soil (Bq

kg−1 )

Thorium
Plant (Bq kg−1 )

Transfer factor

32.46 ± 0.62∗∗∗
16.03 ± 0.62

1.66 ± 0.36∗∗
0.53 ± 0.01

0.05 ± 0.01
0.03 ± 0.00

0.18 ± 0.02∗
0.05 ± 0.02

31.25 ± 1.02∗∗∗
11.45 ± 0.62

1.54 ± 0.16∗∗∗
0.49 ± 0.04

0.05 ± 0.01∗
0.04 ± 0.00

16.17 ± 1.73∗
11.48 ± 1.36

0.19 ± 0.02
0.19 ± 0.03

20.07 ± 0.62∗∗∗
7.95 ± 0.62

1.46 ± 0.04∗∗∗
0.57 ± 0.00

0.07 ± 0.00
0.07 ± 0.01

14.31 ± 1.36∗∗
9.39 ± 0.99

0.18 ± 0.02∗∗∗
0.97 ± 0.15

24.24 ± 0.81∗∗∗
01.91 ± 0.10

0.97 ± 0.02∗∗∗
0.49 ± 0.04

0.04.00∗∗∗
0.25 ± 0.03

Plant (Bq

kg−1 )

Transfer factor

Soil (Bq

Species

Study site

Eruca sativa

Black sand
Clay soil

Baltim
Giza

76.92 ± 3.11∗∗∗
45.25 ± 1.89

12.96 ± 2.23∗∗
4.20 ± 0.49

0.17 ± 0.03∗∗
0.09 ± 0.01

Lycopersicon esculentum

Black sand
Clay soil

Baltim
Kafr Elshikh

95.43 ± 3.11∗∗∗
46.89 ± 2.47

16.66 ± 1.97∗∗∗
2.22 ± 0.86

Psidium guajava

Black sand
Clay soil

Baltim
El Dakahlia

86.79 ± 1.89∗∗∗
60.88 ± 1.43

Mangifera indica

Black sand
Clay soil

Baltim
El Nubaria

81.86 ± 1.89∗∗∗
9.75 ± 0.45

kg−1 )

Chemistry and Ecology

Downloaded by [Ahmad Hegazy] at 13:46 16 September 2013

Table 4. Uranium and thorium radionuclide concentrations (Bq kg−1 dry weight) in the edible portions of the study plant species, and in the cultivated coastal black sand and inland
clayey soils.

Notes: Values are given as mean ± SD and rounded to two decimal places. Significant at ∗∗∗ p ≤ 0.001; ∗∗ p ≤ 0.01; ∗ p ≤ 0.05.
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The percentage of fine sand was generally higher in the inland soil than in coastal black sand soil.
In contrast to coarse sand, silt and clay contents were lowest in the coastal black sand and highest
in the inland clayey soil.
With respect to the chemical properties of the soil, the reaction was slightly alkaline with a
pH from 7.27 ± 0.02 and 7.41 ± 0.02 in black sand to 7.67 ± 0.07 and 7.75 ± 0.01 in the inland
clayey soil (Table 1). Electric conductivity (EC) was mostly higher in the inland soil than in the
coastal black sand, as also indicated by the percentage content of Cl− and SO2−
4 ions. Similarly,
carbonates and organic matter contents showed maximum values in the inland soil and minimum
values in the coastal black sand soil. For example, the coastal black sand in which E. sativa was
cultivated contained 3.47 ± 0.20 and 0.24 ± 0.00% of carbonates and organic matter, respectively.
The inland clayey soil in which E. sativa was cultivated contained significantly higher values of
carbonates and organic matter, amounting to 7.12 ± 0.34 and 3.66 ± 0.05%, respectively.
Trace elements in the coastal black sand and inland clayey soil are shown in Table 2. Barium
(Ba), zirconium (Zr) and yttrium (Y) were the most detected trace elements in the coastal black
sand. Trace element concentrations were generally higher in the coastal black sand than in the
inland soil with the exception of zinc (Zn), rubidium (Rb) and vanadium (V) content, which were

Uranium content (Bq kg-1)

20
18
16

Black Sand
ClaySoil

***

20
18
14

12

12

10

10

8

8

6

6

4

4

**

2
0

0

Es
2.0
1.8

*

16

**

14

2

Thorium content (Bq kg-1)
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***

**

Pg

Le

Mi

1.6
***
1.4

1.6
1.2

1.4
1.2

1.0

1.0

0.8

0.8

***

0.6

0.6
0.4

0.4

0.2

0.2

0.0

0.0

Es

Pg

Le

Mi

Study species
Figure 1. Radionuclide concentration (Bq kg−1 dry weight) in the edible portions of the study crop
plants (Es = Eruca sativa and Le = Lycopersicon esculentum) and study fruit trees (Pg = Psidium guajava and
Mi = Mangifera indica) cultivated in coastal black sand and inland clayey soils. The vertical bar around the mean is
the standard deviation. Results are significant at ∗∗∗ p ≤ 0.001; ∗∗ p ≤ 0.01 and ∗ p ≤ 0.05.

Chemistry and Ecology

263

higher in the inland soil than in coastal black sand soil. Lead (Pb) was not detected in coastal
black sand and inland soil. Silicon oxide (SiO2 ) was the major oxide constituent in coastal and
inland soil types (Table 3). The most commonly detected major oxides following SiO2 were: iron
oxide (Fe2 O3 ), CaO and aluminum oxide (Al2 O3 ). Titanium oxide (TiO2 ) was relatively higher
in the coastal black sand than in the inland soil. Potassium oxide (K2 O) and phosphorus oxide
(P2 O5 ) were detected the least in both coastal and inland soils.
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3.2.

Radionuclide content and transfer factor

The concentrations of U and Th in the study soil are summarised in Table 4. The values of U
and Th were significantly higher in the coastal black sand than in the inland clayey soil. The U
concentrations in the coastal black sand soil where E. sativa and L. esculentum cultivated were
significantly higher than that in the coastal black sand soil where P. guajava was growing. The
same trend of results was observed for the Th concentration in the same soil.
For the plants cultivated in the coastal black sand soil, U and Th concentrations were higher
than in the plants cultivated in the inland clayey soil (Figure 1). In the leaves of E. sativa cultivated
in the inland clayey soil, U and Th concentrations were 4.20 and 0.53 Bq kg−1 dry weight respectively, but these concentrations increased significantly to 12.96 and 1.66 Bq kg−1 dry weights
respectively, in plants cultivated in the coastal black sand. Similarly, U and Th concentrations
Table 5. Pearson’s correlation coefficient between U and Th concentrations and the various soil
characteristics, assuming a linear relation.
Radionuclide concentration (Bq kg−1 dry weight)
Uranium
Characteristic
(Bq kg−1 )

U in soil
Th in soil (Bq kg−1 )
U in plant (Bq kg−1 )
Th in plant (Bq kg−1 )
Coarse sand (g%)
Fine sand (g%)
Clay (g%)
Silt (g%)
CaCO3 (g%)
HCO−
3 (g%)
Cl− (g%)
Organic matter (g%)
pH
H2 SO4 (g%)
EC (dS m−1 )

Thorium

Soil

Plant

Soil

Plant

1.00
0.84***
0.68***
0.78***
0.29
0.26
−0.36*
−0.27
−0.25
−0.17
−0.02
−0.32
−0.44∗
−0.16
−0.08

0.68***
0.54**
1.00
0.78***
0.68***
0.40*
−0.78***
−0.62***
−0.78***
−0.16
−0.03∗
−0.58∗∗
−0.36∗
−0.33
−0.10

0.84***
1.00
0.54**
0.85***
0.46*
0.27
−0.50**
-0.51**
−0.03
−0.47∗
−0.39
−0.58∗∗∗
−0.69∗∗∗
−0.26
−0.42∗

0.78***
0.85***
0.78***
1.00
0.61***
0.31
−0.66***
−0.62***
−0.32
−0.44∗
−0.33
−0.69∗∗∗
−0.61∗∗∗
−0.40∗
−0.37∗

Notes: Values are rounded to two decimal places. Correlations significant at ∗∗∗ p ≤ 0.001; ∗∗ p ≤ 0.01; ∗ p ≤ 0.05.

Table 6. Multiple regressions of the data showing R2 values indicating the variation in U and Th radionuclide concentrations in plant tissues with their concentration in soil, together with and other soil characteristics of clay, silt and coarse
sand.
Radionuclide
Uranium
Thorium

R2
0.91∗∗∗
0.87∗∗∗

Equation
9.73 + 0.07∗∗∗

− 0.47∗∗∗ Clay + 0.85Silt − 0.22 OM + 0.0 Coarse

Uplant =
USoil
Sand
Thplant = 0.60 + 0.03∗∗∗ ThSoil − 0.02Clay + 0.13∗ Silt − 0.18 OM + 0.02∗ Coarse Sand

Notes: OM, organic matter. ∗∗∗ p ≤ 0.001; ∗∗ p ≤ 0.01; ∗ p ≤ 0.05.
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Figure 2. Relationships between U and Th concentration in plants and their concentrations in soil against the soil
properties clay, silt, organic matter and coarse sand contents.

in fruits of L. esculentum, P. guajava and M. indica cultivated in coastal black sand soil were
significantly higher than the concentrations in the plants collected from inland clayey soil site.
Transfer factors from soil to edible portions of the study plant species were calculated and are
shown in Table 4. Transfer factors for U from coastal black sand soil to the study plant species
were generally higher than in the inland clayey soil. Alternatively, with respect to the transfer
factor for Th to the study plant species, there was no significant difference between both coastal
black sand and inland clayey soils.
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The relationship between the physical and chemical properties of the soil and both U and Th
uptake by plants are summarised in Table 5. There is a strong positive correlation between radionuclides concentrations in soil and the concentrations absorbed by plants. The correlation coefficient
between U in soil and U in plants was 0.68, whereas between U in soil and Th in plants was 0.78.
The correlation coefficient between Th in soil and in plants was 0.85. Most soil characteristics
showed strong correlation with U and Th uptake by plants. The correlation coefficient between
coarse sand and U content in the plants was 0.68 and that between coarse sand and Th in plants was
0.61. Alternatively, a strong negative correlation was found between clay, silt and organic matter
content in the soil and U and Th uptake by plants. pH showed a negative correlation with radionuclides content of plants for both U and Th. The correlation between uptake of the two radioactive
elements by plants and other soil characteristics showed a weak negative correlation. The variation in U and Th content in plant tissues with their content in soil and some soil characteristics,
particularly clay, silt, organic matter and coarse sand content, is shown by multiple regression of
the data, giving R2 and is explained by an equation for each radionuclide (Table 6). The R2 values
for U and Th are 0.91 and 0.87, respectively. There is a strong positive and linear relationship
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3.3. Soil characteristics–radionuclide uptake relationship
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Table 7. Pearson’s correlation coefficient between U and Th transfer factor (TF) and various soil
characteristics, assuming a linear relation.
Transfer factor
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Soil characteristics
Uranium in soil (Bq kg−1 )
Thorium in soil (Bq kg−1 )
Coarse sand (g%)
Fine sand (g%)
Clay (g%)
Silt (g%)
CaCO3 (g%)
HCO3 (g%)
Cl (g%)
Organic matter (g%)
pH
H2 SO4 (g%)
EC (dS m−1 )
TF uranium
TF thorium

Uranium

Thorium

−0.65∗∗∗
−0.53∗∗
0.33
0.16
−0.36∗
−0.34
−0.41∗
0.02
−0.19
−0.29
0.12
−0.28
−0.16
1.00
0.99∗∗∗

−0.69∗∗∗
−0.61∗∗∗
0.24
0.14
−0.26
−0.24
−0.37∗
0.06
−0.12
−0.20
0.18
−0.26
−0.09
0.99∗∗∗
1.00

Notes: Values are rounded to two decimal places. Correlations significant at ∗∗∗ p ≤ 0.001; ∗∗ p ≤ 0.01; ∗ p ≤ 0.05.

between the absorbed radionuclide and its concentration in soil (Figure 2). A positive relationship
occurs with coarse sand content, whereas clay, silt and organic matter contents demonstrate a
strong negative linear relationship with U and Th content in plants. Soil-to-plant transfer factors
for U and Th showed a strong negative correlation with U and Th concentrations in soil (Table 7).
As observed from correlation coefficient values, the relationship between the transfer factors of U
and Th and some major soil characteristics is negative, particularly with clay and CaCO3 content,
which showed a strong negative correlation (Figure 3).
4.

Discussion

Study of geochemical characteristics of soil revealed that coastal black sand soil is rich in coarse
sand with relatively low clay, silt, carbonates and organic matter contents. Black sand soil contains
several trace elements and major oxides that were detected with higher concentrations than in the
inland clayey soil. The elements Zr, Y and Ba were the most detectable trace elements, whereas
SiO2 and Fe2 O3 were the most detectable oxides in the coastal black sand soil. Therefore, these
elements are easily precipitated as sulfates and carbonates during weathering. As pointed out
previously [23,24], Zn, Ba, Mn and P are fixed by the organic matter and adsorbed onto the
oxides and hydroxides. A study of the major oxides in the soil revealed that SiO2 , Fe2 O3 , CaO
and Al2 O3 are the most detected oxides in both coastal black sand and inland clayey soils, whereas
K2 O and P2 O5 are the least detected oxides. SiO2 is the most resistant oxide to weathering, and
hence become concentrated in sandy, silty and loamy soil [23].
Radionuclide concentrations in the coastal black sand and in the inland clayey soils revealed
that the U concentration is generally higher than that of Th. Concentrations of U and Th in soil
depend mainly on the soil type, parent rock, climate, vegetation and season [16]. The slightly
high U concentration in the cultivated soils is explained by the use of phosphate fertilisers in the
agriculture practices. This may interpret the high concentrations of U and Th accumulated in the
edible portions of the plants cultivated in the coastal black sand soil compared with plants cultivated
in the inland clayey soil. Similarly, Hegazy and Emam [4] revealed that U and Th concentrations
in the tissues of wild plants grown in natural coastal black sand soil were higher than in plants
grown in inland uncultivated soils. It has also been reported [4,16] that concentrations of U and
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Th are species dependent. Differences in uptake between species suggest that U is strongly related
to the plant’s ability to regulate uptake of the element [25]. The transfer factor for U showed high
values compared with the transfer factor for Th from the coastal black sand and inland clayey
soil. This is in agreement with Martínez-Aguirre et al. [26] who reported that Th exhibits a much
lower mobility than U, and is also consistent with the results of Chen et al. [27] who observed
that Th has lower transfer factor values than U.
The relationship between radionuclides in plant tissues and their concentrations in soil revealed
a strong positive correlation. This is supported by a study by Al-Masri et al. [28], who reported
the increase of radionuclide concentrations in plant tissues with the increased amounts in soil. It
is known that the soil-to-plant transfer of naturally occurring radionuclides is affected by both
soil characteristics and concentrations of radionuclides in the soil [4,29]. Soil properties such
as pH, clay mineral, Ca, K and organic matter contents, and soil amendments such as fertiliser
application have been reported [5,30] to strongly affect the uptake, retention and distribution
profile of radionuclides in plants.As indicated by the results, there was a strong negative correlation
between U and Th uptake by plant and clay, silt, organic matter content and pH of the soil. These
findings are in accordance with previous studies [4,31] that revealed a negative correlation between
U and Th uptake by some wild plant species and clay and organic matter content of soil. pH has
been reported to influence the mobility of radionuclides in the soil as it affects the adsorption
and the solubilisation of radionuclides [32,33]. Organic matter content has been reported to affect
the retention and migration of the fallout radionuclides in the environment [34,35], as it can be
associated with higher levels of soluble humic acids due to formation of U complex and render
it unavailable for plant uptake [36]. The effects of soil texture on the movement of radionuclides
appear to be similar to the effects on the divalent cations Ca and Mg, which are adsorbed by
soil clay particles through ion exchange mechanisms. The relative rates of radioactive element
adsorption have been reported to increase with the increase of soil clay content [37].
The transfer factor for U and Th from soil to plant and their concentrations in the soil, particularly
clay and CaCO3 content, revealed a strong negative correlation. This seems to be attributed
to inherent plant complexity, special variability in the plant–soil system, and the uptake and
accumulation of radionuclides in plants [38]. The transfer factor is a useful parameter, which
is used to evaluate the impact of radionuclide release into the environment. The transfer factor
depends on the vegetation type, soil properties and the type of radionuclides [39]. As pointed
previously [38], the uptake of isotope from soil to plants depends upon various interrelated soil
properties including texture, clay content, dominant clay minerals, cation exchange capacity,
exchangeable cations, pH and organic matter contents. It also varies with physical and chemical
forms of the radionuclides, plant species, plant part and stage of growth. Use of the transfer factor
assumes a linear relationship between the concentrations of a certain element in the plant and in
the soil [15]. This is shown in the current study where linear relationship was observed between
U and Th concentrations in soil and plant tissues. Non-essential elements or elements that are not
physiologically regulated by plants typically follow a linear curve model [40]. This proved true
in the current study, where U and Th demonstrated a linear curve model, indicating that the two
elements may act as non-essential elements.

5.

Conclusions

The study of radionuclide concentrations in the four crop plant species in the coastal black sand
soil, revealed an ability to accumulate U and Th in their edible portions. Radionuclide accumulation occurs at higher concentrations in coastal black sand soils than in cultivated inland soils.
Soil-to-plant transfer of U was significantly higher than the transfer of Th. The uptake of U and Th
by plants was strongly correlated with the radionuclide content and the geochemical characteristics
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of the soil. This correlation was positive with radionuclide concentration and coarse sand content,
whereas a negative correlation was observed with pH, clay, silt and organic matter content of
the soil. Cultivation of food plants in soils rich in clay, silt and organic matter minimises the
absorption of radioactive elements due to the reduced soil-to-plant transfer of radionuclides.
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