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Abstract

Natural milk samples were analysed by instrumental neutron
activation analysis (INAA) for (Mn, Fe, Zn, Co, Cr, Rb, Br, I). These
samples were collected from different regions of Libya by co-operation
with Camel's Research Center in Tripoli. In our laboratories trace
elements in human and milk powder samples have been, also determined
using the (INAA) technique.

The concentration level of the elements of enterest are in agreement
to within 10% with obtained values for human and powder milk, except
for the concentration of Br, I, and Rb which were found to be higher in
camel's milk. The results of this investigation will be presented.
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J. Introduction
The importance of trace elements in nutrition is widely recognized

as essential for growth and development of human being specially
during infancy . on the other hand several elemental deficiency
syndromes have been reported over the past decades.Children in
particular are susceptible to the effects of trace element deficiency [1].

The determination of trace element levels In food-stuffs especially
milk could play an important role in understanding a number of
deficiency related diseases .Diet quality is determined by the proportion
of the individual components such as protein, fat, vitamins,
hydrocarbons and by the content of the essential trace and major
elements [2].

The excess or deficiency of some trace elements have a significant
influence on human health . For example .deficiency of Fe causes
annemia and Zn deficiency is associated with growth depression, sexual
immaturity and skin lesions . Se deficiency causes heart disease and Cr
deficiency plays a role in the development of diabetes and heart disease
. In contrast, excess of Mn may inhibit Fe absorption and excess Zn may
cause Cu deficiency . [ 2 ]

2: Experimental

2.1: Sample preparation :

Natural camel milk samples were collected from different regions of
Libya directly in precleaned polyethylene containers .These samples
were freeze - dried using ( Beta 1-8 ) for 16 hours and grinded to a fine
powder using an agate mortar The samples of natural camel milk in
powder form were kept in an oven and maintained at 80°C for about 12
hours before packing into polyethylene containers for irradiation . The
average water content in the collected powdered milk samples is about
3%.

22 :Irradlatioii:
Polyethylene containers containing test samples and standards were

packed in pure aluminum foils, then inserted into aluminum container
and irradiated for 10 hours at a thermal neutron flux of 2.3x10*3 n
cnr2s '•, at the Tajoura swimming pool type research reactor at a power
of5MW.
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The standards were prepared from pure grade chemicals in addition
to IAEA standard reference material (A-ll, IAEA-153) which were used
for the calculation of the elemental concentrations, by the comparision
method . Pneumatic transfer system was employed for short irradiations.

2.3: Counting :

The gamma spectrum for short-lived radioisotopes is measured with
a 100cm HPGe detector coupled to neutron activation software package
system through ADC . [3] This package contains a series of modules
which perform data acquisation, evaluation of spectra, quantitative
analysis and statistical treatment of the results. The system resolution is
1.8 KeV FWHM at 1332 KeV Co60 gamma energy, and peak to
compton ratio 49 .A 135cm3 Ge(Li) detector is used for the analysis of
gamma spectrum for long-lived radionuclides.The system resolution is
2.4 KeV at 1332 KeV Co6 0 gamma energy peak, and the peak to
compton ratio is 46 . We made the necessary corrections for
interferences from some elements due to the production of other
nuclides by nuclear reactions or from overlap of the photopeaks in the
spectrum [4], [5] . Counting sequences of induced activities are
presented in Table III.

2.4: Radiochemical Separation Procedure :

The weighted samples and standard were tansferred to clean beakers
containing lOmg each of Se carrier solution . 5ml of concentrated
HNO3 was added to each beaker and heated for sample dissolution.
Before drying of the solutions 3ml of concentrated HCl was added and
boiled to remove the nitrate fumes . 5ml of an aqueous solution of 1-
amidino - 2 -thiourea , was added to the clear solutions which were
adjusted to 4 - 6 N with respect to HCl. The solutions were cooled, the
red selenium precipitate was centrifuged, washed with 2ml concentrated
HCl and dissolved in 2ml hot concentrated HNO3 and taken for
counting [7].

3: Results and Discussion :

The accuracy of the data obtained by the INAA was checked by
IAEA standard reference milk sample (A-l 1). The concentration values
obtained in this work with the reported values and the concentration
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levels obtained by other authors for Se, Cr, Zn,and Co are shown in
Table I . The obtained Se, Cr and Zn concentrations are in agreement
within 15% of the reported values. However,cobalt concentration is
found about 3.5 times higher in this study than the reported value.
Gharib et al. [6] also have served a higher cobalt value (4 times) in
comparision with the IAEA reference milk standard (A-l 1) .

The results obtained in the analysis of human and powdered cow's
milk are presented as ranges and mean values in Table II. It is found
that the mean values of Se,Cr,Zn,Fe and Co in human and cow's milk are
in agreement within 10% though the human milk has a wide range of
variation in concentration levels.

The concentrations of Na, Mg, Cl, K, Ca, Zn, Se, Rb and I in camel
milk samples collected from various regions of Libya were determined
by neutron activation technique for comparision purposes with other
types of milk. The nuclear reactions ,half-lives and gamma energies
used in this investigations are summerized in Table VI. As it can be seen
in Table IV. The concentration of I, Brand Rb were found to be in the
range 20.3- 44.2 ppm . Also the concentrations were found to be higher
in camels milk than in other milk types.

Except for I, Br and Rb, the elemental concentration in camel's milk
is in good agreement with the other types of milk mentioned . [7]

Table V . shows the experimental values obtained from the
irradiation of NBS - orchard leaves and IAEA - 153 milk reference
standard, relative to the IAEA (A-l 1) milk reference standard for
accuracy determinations .

4: Acknowledgement :

Thanks are due to the Camels Research Center in providing camel s
milk and ,the head and staff members of the NAA Department of
Tajoura Research Center for the fruitful discussions.
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TABLE I : ANALYSIS OF IAEA STANDARD REFERENCE MATERIAL
A l l CONCENTRATION LEVELS

ELEMENT

Se

Cr

Zn

Co

Reported
Value (ppm)

0.34 ± 0007

0.26± a

38.9 ± 2.3

0.005 ± 0.001

Calculated
Value (ppm)

0.039 ± 0.007

0.228 ± 0.02

34 ± 3.7

0.16 ± 0.003

Other
Value (ppm)

0.03 ± 0.01

0.23 ± 0.014

36.2 ± 0.5

0.02 ± 0.0006

a : Single measurement

TABLE II : TRACE CONCENTRATIONS IN HUMAN
AND COWS MILK

Element

Se

Co

Cr

Fe

Zn

Range of concentration
Human milk (ppm)

Range

0.053 -

0.39 -

0.155

0.259

7.60 -

0.482

0.981

- 1.84

- 2.13

36.2

Average

0.268

0.388

0.998

1.195

21.9

Dry
cow

weight
s milk

Range

0.122 -

0.221 -

0.496 -

0.757 -

12.4 -

0.551

0.554

1.71

2.08

21.7

basis
(ppm)

Average

0.337

0.388

1.10

1.42

17.05
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Table i n : Counting sequences and elements determined

Irradiation Time
Smin.
6hr.
6hr.

Cooling Time
5min.
7d.
30<L

Determined Elements
K f Mg,Na,I ,CI ,P.
Ca,Na,K,Br.
Zn, Fe, Se, Rb.

TABLE IV: RANGES AND THE MEAN VALUES OF ELEMENTAL
CONCENTRATIONS IN NATURAL MILK SAMPLES

Element

Na%
Mg%
P%

Cl%

K%

Ca%

Zn
Br

Rb
i

Cows milk

RjH£,
0.207-0.40

0.35 - 0.07

0.41 -
0.795

0.199-0.387

0.685-1. IS

0. 809 - .082

21.9-50.7
8.04-37.2

1.92-5.89
0.14 - 0.91

Average

0.304±0.14

0.210 ±0.20

0.602 ±0.27

0.293 ±0.13
0.918±D 0.33

0.99 ±0.13

36.3 ±20.36
N 22.62 ± 20.6

3.90 ±2.81
0.66 ± 0.58

Camels milk

Ranee

0.25-0.59

0.019-0.03

0.0.34-0.51

0.55 -1.05

0.90 -1.55

0.79-1.4

35.7-38.9
58.94 - 121.6

1.17-1.55
20.3 - 44.2

Average

0.42 ±0.24

0.025 ±0.008

0.425 ± 0.12

0.80 ±0.35

1.23 ± 0.46

1.095 ±0.43

37.3 ±1.65
90.27 ± 44.31

1.36 ±Q 0.268
32.25 ±16.891
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Table V: Accuracy Determination.

Elements

Na%
M$%

Cl%

K%

Ca%
In (Ppm)

Br(jppm)
Rb (ppm)

Cited

0.0082

0.62

0.07

1.47

2.09

25

10

12

O . L

calculated
value

Meant a

0.0089 ±0.001

0.56±0.02

o.mi ±0.004

1.5910.05

1.90 ±0.13

26.9 ±1.34

11.44 ±1.03

10.70 ±0.92

IAEA -153

Cited Calculated
value

0.41

0.166

0.99

1.76

1.28

39.60

12.70

12.20

Meanic

0.35 ±0.01

0.17 ±0.004

0.90 ±0.05

1.71 ±0.20

1.25 ±0.14

38.45 ±1.9

11.62 ±1.2

19.13 ±2.80

O.L. Orchard Leaves (NBS)

TABLE VI : NUCLEAR DATA FOR ELEMENTS DETERMINED

Element

Na
Mg

P

Cl
K

Ca

Fe

Zn
Se

Br
Rb

1

Nuclear reaction

^Na'jn,yp4Na

3Tpjn^AI

«Ca(n.Y)*7caP4

^ZnJrjo^Zn

¥fBr(n,v)^Br
^Rb(n,y)^Rb

Half-Life

15.02 hr

9.5 m

2.3 m

37.3 m

12.36 hr

3.4 d

45.1 d

243 d

120 d

35.4 hr

18.6 d

25.4 m

Line used

1368.6

1014.1

1778.9

1642

1524.6

159.4

1099

1115

264.S

776.5

1076.6

442.7

y:gamma
a : alfa
P:beta
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