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ABSTRACT

Sixty soil samples were collected from sandy soil of the

Nuclear Research Centre at Abu-Zabal, Cairo, Egypt. Samples

were taken to a depth up to 60 cm, and each was divided into

4 layers, ( 0-15, 15-30, 30-45 and 45-60 cm ) . They are

irradiated along with a standard reference material from

IAEA (SL1), for 48 hours . Gamma-spectra of activated soil

samples were taken after a cooling period of 7 days to allow

the induced activities from the short lived isotopes produced

with the sample to decay. Nine elements were identified in

these soil samples, ( Fe, Mn, Co, Cr, Sc, Ce, Nd, U and Hf ).

All elements under investigation in this work were calculated

by means of activities induced by (n,r) reaction, using a

comparative method. Iron content in these soil samples is

very wide than most other elements. From the obtained results

it could be concluded that most of tested metals tend to

have higher concentration on soil surface (0-30 cm) , with

one exception in case of Cr which tends to accumulate at

depth from 45-60 cm. Enrichment factors (EF) for number of

elements in soil samples have been calculated, where EF is

defined as the ratio of an element concentration in soil to

reference element such as Sc which was relatively constant

throughout these soil samples and was used in this study .



INTRODUCTION

Soils can be polluted from many sources: deposition from

the atmosphere, disposal of sewage sludge and other wastes,

use of agrochemicals and/or industrial activities . The

establishment of valid background levels is of critical

importance because these serve as a useful reference points

against which to assess the extent of contamination .

The total metal content in a soil can give a useful pre-

liminary risk indication of such elements deficiency. On the

other hand this study can also serve to indicate where soils

are contaminated and how much these contents exceed the

upper limit of the accepted normal range.

The determination of trace element contents by direct

analysis of the milled sample using multielement techniques

such as neutron activation analysis is more sensitive and

efficient than the conventual analytical techniques . It is

worth mentioning that dissolution of soil samples by fusion

or digestion with concentrated acids followed by atomic

absorption analysis is time consuming because this is a

single element technique.

Neutron activation analysis is considered as a technique

characterized by high accuracy and giving a greater sure of

results than any other technique. Nuclear reactor is at pre-

sent the strongest neutron source, where the irradiation of
1 4 — 2 —1

samples can occur with neutron flux of about 10 n cm s

and may be more . Also, due to special properties of thermal

neutrons for activation reactions, nuclear reactors are the

most used irradiation sources for activation analysis . The

reactions of neutrons with atomic nuclei is essential of the

process . The reaction cross section is the physical quantity

which describes the probability of a certain reaction. It

is highly dependent on the neutron energies . On the other

hand, nuclear reactors provide a continuous spectrum of

neutrons with very wide range of energy up to 15 Mev.
When soils are not contaminated, total metal contents in



soil are related to soil factors as parent material, organic

matter content, soil texture and soil depth .

EXPERIMENTAL

Sixty soil samples were collected from sandy soil of the

Nuclear Research Center at Abou-Zabal, Cairo, Egypt, Soil

samples were taken by stainless steel augur to depth up to

60 cm. Each core was divided to 4 layers (0-15, 15-30, 30-45

and 45-60 cm). Some chosen physical and chemical characteris-

tics are shown in Table (1). Samples were air dried, ground

and sieved to pass 800 mesh, then 0.1 gm of each soil sample

was capsuled in aluminum foils, along with a capsule of

standard reference material from IEAE (SL1), then all samples

were sealed well in aluminum cans. Samples and standards

were irradiated for 4 8 hour at the Nuclear Research Center

Reactor . The neutron flux was 1 x 1013n cm"2 s'1.

The induced gamma activities were measured with a Ge (Li)

detector coupled with a 4096 multi-channel analyzer and IBM

computer. The energy calibration and detection efficiency

were determined using standard sources of Co, Cs and Fe.

The measurements of the gamma- spectra of the activated soil

samples were started after a selected cooling time of 7 days

to allow the induced activities from the short lived isotopes

produced with the sample such as Al and Mn and Na to

decay. The counting time of each sample was half an hour and

the dead time did not exceed 3-4 % .

RESULTS AND DISCUSSION

Nine elements were identified in these soil samples. The

nuclear properties of these elements of interest in

activation analysis are listed in Table(2) where the most

characteristic gamma-rays emitted by the radionuclide prod-

uced during the neutron activation are indicated. The

elements were classified into two groups according to the

gamma-energies of their activation products and their half
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Table (1) Physical and chemical properties of the soil

Properties

pH

Soil Texture

Coarse Sand %

Fine Sand %

Silt %

Clay %

Organic Matter %

Ca CO %
3

T.S.S. %

CEC mg / 100 g

8.55

Sandy

73.85

22.16

1.10

2.65

0.08

0.16

0.05

2.94

Table (2) Nuclear properties of some elements determined by NAA

Element

Ce

Co

Cr

Fe

Hf

Sc

U

Target
Nuclide

59Co
50Cr
58Fe

180Hf
15Sc

a 3 8U

Natural
abundance %

88.48

100

4.35

0.31

35.22

100

99.27

Product
Nuclide

141Ce
60Co
51Cr
59Fe

181Hf
46Sc

239Np

Half
life

32.5 d

5.27 y

27.7 d

45 d

42.5 d

83 .9 d

2.35 d

Energy of Main
ray (kev).

145.4

1173.2, 1332.5

320.1

1099.3, 1291.9

133, 182

889.4, 1120

277.6
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lives. All elements under investigation in this work, were

calculated by means of activities induced by (n,r) reactions.

The peak net area was obtained electronically with personal

computer code in coupling with the measuring system, utiliz-

ing a certain program (PCA). This program automatically

searches for significant peaks from the digital data of gamma

spectra, and calculates the net areas of the peaks by

subtraction from artificial baseline under the peaks, which

represents the natural background and the Compton continue

from the more energetic peaks in the spectra.

Quantitative analysis was carried out for each isotope by

comparing the activities from the most favorable peaks in

the gamma spectra of samples with those of the standard

reference material. The highest energy peaks were usually

used as in the case of Fe, Co and Sc, since their peaks

normally has less interference than lower energy peaks due

to the Compton effect . In some cases, the use of the low

level energy gamma-lines has permitted the determination of

some elements, since these radionuclides have no high energy

peaks, as in the case of Ce. Sc is the most favorable element

to be determined by this technique, due to the 10 0% abundance

of its single stable nuclide beside its 100% branching ratio

of the measured gamma lines of energies (890 Kev and 1120

Kev) . also, its convenient half-life of 83.9 days, at the

same time Zn could not be determined under the present

conditions of measurement, although it is present in the

soil samples. An irradiation time of 2 weeks and a 6 week

cooling period are necessary for the detection of Zn through

the evaluation of 1125 Kev photo peak of Zn (Zaghloul et al

(1987)(1) . The results obtained for the contents of 9 ele-

ments in 60 samples from different sites (in one acre area)

and at different depths are indicated in Table(4), expressed

in parts per million (ppm). The range and mean contents data

are reported in Table (3) together with the data on skewness

values. The range of Fe contents in tested soil is very wide

than for most of other elements. No significant relation

between sample site or sample depth was found which indicate
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Table (3) General total metal levels in soil samples

Elements

Fe

Mn

Co

Cr

Sc

Ce

Nd

U

Hf

ppm

31760

7940

13 .39

246.4

5. 94

72.36

41.70

12.78

35. 52

Mean ±

17860

1615

7.57

76.7

4.06

43.33

27.23

7.6

15.55

Std.(ppm)

±

±

±

±

±

±

±

±

±

5774

1.13

2.01

35.5

1.12

14 .77

8.23

2.46

6 .28

Skewness

1.891

4.137

2.388

2.501

1.454

0.815

1.283

1.788

1.347

Table (4) Total elements concentration in different

soil layers.

depth
cm

- 15

- 30

- 45

- 60

Mean

Fe
ppm

21140

16780

16030

17490

17860

Mn
ppm

1550

2130

1270

1510

1615

Co
ppm

8.6

6.9

7.6

7.2

7. 57

Cr
ppm

77.6

69.4

79.2

80.6

76.7

Sc
ppm

4 . 98

3.88

3 .70

3 .70

4 .06

Hf
ppm

18.1

15.9

13 .1

15.1

15.55

U
ppm

8.6

7.6

7.0

7.2

7.6

Ce
ppm

50.3

40.1

40 .1

42.8

43 .33

Nd
ppm

27.3

26 .7

27 .4

27.5

27.225

Table (5) Enrichment factor ratio (EF) in different

soil layers.

depth cm

- 15

- 30

- 45

- 60

Fe

4245

4325

4332

4792

Mn

311

548

343

413

Co

1.73

1.79

2.04

1.98

Cr

15.6

17.4

21.4

22.1

Hf

3.6

4 .1

3.6

4.2

U

1.72

1.95

1.89

1.97

Ce

10.1

10.4

10.8

11.7

Nd

5.5

6.9

7.4

7.5
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the spatial variability for total Fe content in this soil.

The stepwise regression analysis showed the following

equation :-

Total Fe=1593.86 total Co+1513.66 total Sc-345.4 (R2=0.585).

It is well known that Fe content of soil is both inherited

from parent rocks and the result of soil processes. The most

common range of Fe in soils is from 0.5 to 5% . Similar

results were obtained by Zaghloul et al. (1987) (1) . They

used non-destructive neutron activation analysis technique

for some Egyptian soils. The range for Co was 13.39 and no

significant relation between total Co content and either

site sampling or soil depth. The only significant relation

obtained by the stepwise regression analysis was as follow:-

Total Co=1.814+ 0.0002 total Fe + 0.094 total Hf+0.211 total

Ce (R2=0.685).

The normal Co content of surface soils usually ranges from 1

to 4 0 ppm and the grand mean of Co concentration for

worldwide soils is 8.5 ppm (Wells, 1960 and El-Sokkary

1980) (2>3).The range for Cr was 246.38 where the minimum was

7.69 ppm and maximum was 253.93 ppm the grand mean Cr

content is 54 ppm for surface soils of the USA and 65 ppm for

worldwide soils no significant relation was obtained for any

of the tested elements, sites or depths. Mn is one of the

most abundant trace elements in the lithosphere and the

range of Mn on world scale varies from 10 to 90 00 ppm and

maximum in the frequency distribution of values occurs

approximately from 200 to 800 ppm. The grand mean calculated

for world soils is 545 ppm our results showed that the

average in tested soil was 1615 ppm whereas minimum was 590

and the maximum was 8530 ppm with no significant relations

with any tested parameter, since it is well known that Mn is

not distributed uniformly in soil substrata. In soil Sc

content is governed mainly by the parent material and its

lowest concentrations are reported for sandy and light

organic soils, whereas a higher amounts have been found in

soils derived from granitic and volcanic rocks. Laul et al.
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(1979) gave the range of Sc concentration in soils as 2.9

to 17 ppm. Data obtained showed that Sc average content was

4.06 ppm and it has the lowest range value which means it is

relatively constant throughout this soil, A significant

relation between total Sc and soil depth, Fe, Hf and Nd

content (R2 - 0.636)

Total Sc = 2.676 + 0.00007 total Fe + 0.016 soil depth +

0.094 Hf - 0.026 Nd.

Among the actinide series of metals U and Th are the only

naturally occurring elements in the earth's crust. Little

information are available with respect to Th and U in soils.

Results show small variation in the contents of their

element with soil types, the worldwide mean ranged from

0.79 to 11 ppm. Our data showed that U content ranged trom

4.13 to 16.91 ppm and average of 7.57 ppm however no

significant relation was obtained with either soil depth or

site. A significant relation was observed when Co and Ce

content were introduced to the stepwise regression analysis

equation (R2= 0.527).

Total U = 0.624 + 0.575 total Co + 0.06 total Ce.

Some of the rare earth elemental abundance, which are useful

indicators of geochimical or environmental history were also

determined. The concentration of Ce and Nd are reported to

range from 29.5 - 50 ppm and 27.9 to 35 ppm respectively,

Bowen, 1079(5), Laul et al. (1979)(5), and Ure and Bacon,

(1978)(61 our data showed that the mean for Ce was 43.33 ppm

and for Nd was 27.23 ppm. the obtained stepwise regression

analysis equations were as follows.

Ce = 1.728 U + 2.704 Sc + 1.009 Nd - 3.245 (R2 = 0.621)

Nd = 8.068 + 1.787 Mn + 0.375 Ce (R2 = 0.527)

Hf ranged from 4.2 to 39.7 ppm with average of 15.55 ppm

these values are relatively higher than results reported by

Zaghloul et al.(1978)(1}. Which ranged from 2.2 to 8.3 ppm.

A significant relation between total Hf and sample site,

total Co, Sc and Mn (R2= 0.684).
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Total Hf = 1.188 total Co -0.373 Site + 2.279n Sc + 0.932 Mn

~ 0.905.

In general Table(4) represents the mean levels of studied

metals distribution in tested sandy soil at different depths

up to 60 cm. It could be concluded that the most of tested

metals tend to have higher concentration on soil surface

(0-30 cm) with one exception in case of Cr which tend to

accumulate at depth from 45-60 cm. Table (5) shows EF ratio

for tested element with soil depth . EF varied from an

element to another, for example the highest EF values were

noticed for Fe and Mn and the lowest EF values were obtained

with U and Co. It was reported that Mn can be concentrated

in various soil horizons, particularly in those enriched in

top soils as the result of its fixation by organic matter

CONCLUSION

Metal levels reported in this study can serve as a useful

basis for determining the background levels of these

elements in Egyptian sandy soils.
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