
Measurement of Uranium Concentration

Measurement of Uranium  Concentration In different source ( Milk powder ) and
countries By Using

CR-39 Plastic Track Detector
Eman Ibrahim Awad

Department of physics, College of science ,
Kerbala University,  Kerbala , Iraq

Abstract
The aim of this research is to measurement the alpha – emitter in milk powder

samples taken from different source and countries using fission fragment track
registration . The study includes collecting ( 13 ) sample .
The nuclear track technique by CR-39 plastic track detector sheets is used as detector
in this research .
The nuclear reaction used as a source of nuclear fission fragments is U-235 ( n , f )
obtained by the bombardment of Uranium – 235 in sample with thermal neutrons from
( Am – Be ) sours which has flux of ( 5*103 n . cm-2 .s-1 ) the irradiation time was ( 7 )
days .
The concentration values were calculated through the comparison with standard
samples which were prepared .
The results give ranged between lowest degree in type Al- Modhesh made in Sultanate
oman and highest type Amies made in French as follows (0.4583 – 1.8273 ppm ) .
A Comparison of results to permissible limits of Uranium in milk also obtained.
Keywords
Depleted Uranium , CR-39 plastic , chemical etching , Solid State Nuclear Track
Detectors ( SSNTDs ) , Milk powder .

البلاستیكيالأثركاشفباستخدلموالبلاد)الباودرالحلیب(المصادرمختلففيالیورانیومتركیزقیاس CR
- 39

:الخلاصة
الاصطناعيالحلیبنماذجفيألفا)مطلقات(بواعثقیاسإلىالحاليالبحثیھدف

( الانشطارشظایاأثارتسجیلباستعمال،مختلفةلأقطارالمناشيءمختلفمنالباودر)المأخوذة .
نموذجعشرثلاثةجمعالدراسةشملت .

المقارنةِخلالحُسِبتْالتركیزَقیِمَ،البحثِھذافيالمستعملةُھيلبلاستیكياللكاشفالنوویةِالآثارعدتقنیةَإنّ
المحضرةالقیاسیةِبالعیناتِ . ْ

وذلكالأثركاشفبواسطةالنوویةالآثارعدباستخدامدراستھاالمرادللنماذجالیورانیومتركیزتحدیدتم
235الانشطارشظایالأثاربتسجیلھ U ( n,f ) التفاعلمنالناتجةالنووي

النیوترونيالمصدرمنمنبعثةحراریةبنیوتروناتالنماذجقصفمنالناتجة
103*5.أیامسبعةولمدة n.cm-2 s-1 ، نیوترونيبفیض ( Am – Be )

تحضیرھاتمالتيالقیاسیةالنماذجتعطیھاالتيالمعتمدةالحساباتمعبالمقارنةالیورانیومتركیزتحدیدتملقد
فيصنعآمیسھوتركیزوأعلىعمانسلطنةفيصنعالمدھشنوعتركیزأقلبینتتراوحالنتائجكانتحیث

كالآتيوكانتفرنسا :
. (0.4583 – 1.8273 ppm )

العالمیةالمحدداتضمنھيالنماذججمیعأنتبینالعالمیةالمحدداتمعالنتائجمقارنةمن .
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Introduction:
There are three isotopes of uranium present in nature , they are uranium -238 ,
uranium – 235 and uranium – 234 , with the abundance of 99.28 % , 0.71 , and 0.0058
% , respectively [ 1 , 2 ] . Nuclear power generation and nuclear weapon production
calls for the enrichment of uranium ( increase the content of uranium – 235) of up to
90 % . The enrichment process produce nuclear waste containing 0.2 - 0.3 % uranium
– 235 and 99.8 % of uranium – 238 [3 , 4] U238 ( half life of 4.468 x 109y and specific
activity of 12.4 Bq . mg-1 )
U235 ( half life of 7.038 x 108y and specific activity of 80.0 Bq . mg-1 )
U234 ( half life of 2.445 x 105y and specific activity of 2.3x105 Bq .mg-1 ) .
The major radionucclides present in U-238 decay chain are givin in table(1) .
Natural Uranium emits ionizing alpha , beta , and gamma radiation [ 3 ] .
The military establishment in the United States found depleted uranium very useful in
manufacturing ammunitions against armer targets due its high density,pyrophorisity,
and availability in very large quantities and cheapness [ 5 ].Although depleted
uranium ammunition were available sice the Seventies of the 20th century [ 6 ] , they
were used for the 1st time in open environments against Iraq in second Gulf war in
1991 [ 7 ] . Consequently , awide spread environmental contamination with depleted
uranium had occurred causing elevations in exposure rates and uranium – 238 decay
products in air , food , soil , and water adjacent to the destroyed target [ 8 ] .

Table ( 1 ) show U-238 decay chain [ 9 ]

Nuclide Sample Half - life Radioactive
Emissions
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Uranium
Thorium
Proactinium
Uranium
Thorium
Radium
Radon
Polonium
Lead
Astatine
Bismuth
Polonium
Thallium
Lead
Bismuth
Polonium
Thallium
Lead

U-238
Th-234
Pa-234
U-234
Th-230
Ra-226
Rn-222
Po-218
Pb-214
At-218
Bi-214
Po-214
Ti-210
Pb-210
Bi-210
Po-210
Ti-206
Pb-206

4.5*109 y.
24.1               d.
6.75                h
247*103 y.
80*103 y.
1600                y.
3.823               d.
3.05                m.
26.8             m.
2 s.
19.7              m.
1.64*10-4 s.
1.3                 m.
21 y.
5.01                d.
138.4 d.
2.19 m.
stable

α
β , γ
β , γ
α , γ
α , γ
α , γ
α , γ
α , β
β , γ
α
β , γ
α , γ
β , γ
β , γ
β
α
β
…….

Goal of the Research
The main goals of this research is to measurement the Depleted Uranium in milk
powder samples taken from different source to different country using fission
fragment track registration .
In this study CR-39 plastic track detector used due to its high sensitivity and
availability in Iraq, using Can technique the most widely used technique.

Experimental Details
1. Milk Samples
The study includes collecting ( 12 ) samples of powder milk which were collected
from different source to different country as follows in table ( 2 ), hence taken powder
sample measurement uranium concentration ( concentration unknown ) and to press
on form pellet ( weight 0.5g , thickness 1.5 mm , diameter 2 cm ) .

2. Track Detector
Sheets of 250 µm thick CR-39 plastic ( supplied by per shore molding LTD Co.UK )
were used . these sheets were cut into small piece each of 1cm x 2cm area . then stored
at  normal laboratory conditions [ 10 ] .

3. Etchant solution
Sodium hydroxide solution with ( 6.25 N ) has been used for the etching process . This
process was performed at ( 70 oC ) .
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4.Water Bath
An etching bath of the type ( Memmert ) Germany was used .It includes a thermostat
which can be operated over arrange of ( 20 – 120 oC ) . A distilled water was used as
the bath liquid . The accuracy of regulation of temperature was better than  ± 0.1 oC .
5. Optical Microscope
The counting of all the chemically etched tracks was carried out using an optical
microscope ( Bausch & Lamb , Japan ) . It is capable of giving magnifications of up
to x 400 .
6. Neutron Irradiation Source
The nuclear reaction used as source of nuclear fission fragments is U-235 ( n,f )
obtained by the bombardment of Uranium -235 in sample with thermal neutrons from
( Am – Be ) source which has flux of ( 5*103 n.cm-2.s-1 ) the irradiation time was (
7days ) as shown in figure ( 1 ) [ 11 ] .
7. Standard Samples
The standard geological samples of Uranium concentration recommended by IAEA
were prepared . The pellet were covered with ( CR-39 ) on both sides and enclosed in
aluminum capsules and put in aplate of paraffin wax at adistance of ( 5cm ) from the
neutron source ( Am-Be ) . was measured by comparison between track densities
register on the detectors from the relation : [ 12 , 13 ]

…….( 1 )

Were ( p ) is the induced fission track density and Cppm denotes the Uranium content [
14 , 15 , 16 ] , Figure ( 2 ) show this relation .

………..( 2 )

Table ( 2 ) the  producer name and the origin

Sample codeProducer nameCountry of origin

S1Al-ModheshSULTANATE OF
OMAN

S2PureEGYPT
S3CrystalKSA
S4NIDOFRENCH
S5LactoFRENCH
S6AL- AhamINDONISIA
S7Al-AtiafOMAN
S8FreshSULTANATE OF

OMAN
S9DielacFRENCH
S10DolceRUSIA
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S11Two CowsHOLANDA
S12MilgroINDONISIA
S13Amie,sFRENCH

Result and Discussion
Table ( 3 ) show the results of uranium concentration in ( ppm ) in the ( 13 ) sample (
milk powder ) .
By comparison between the results obtained and the permissible limit of EPA for milk
, there are two samples of higher level , which are samples (13) with ( 1.8273 )
ppm and sample ( 12 ) with ( 1.4841 ) ppm .

Conclusions:
The low uranium concentration in milk sample measurement in this work (Al –

Moudhesh , made in sultanate Oman ) while high concentration in ( Amie,s , made in
French ) .

Table ( 3 ) Track density (P ) and Concentration of  U – 238

Sample
code

No. of track Track density (P)
(track/mm2)

Concentration
Of Uranium
( ppm )*10-7

S1 0.1059 169.59 ± 5.00 0.4583
S2 0.1441 230.56 ± 7.30 0.6231
S3 0.1783 285.34 ± 3.00 0.7711
S4 0.2085 333.67 ± 6.53 0.9018
S5 0.2314 370.24 ± 1.05 1.0006
S6 0.2488 398.19 ± 4.16 1.0761
S7 0.2649 423.93 ± 3.60 1.1457
S8 0.2690 430.41 ± 4.60 1.1632
S9 0.3129 500.77 ± 4.44 1.3534
S10 0.3239 518.33 ± 0.15 1.4009
S11 0.3320 531.34 ± 0.25 1.4360
S12 0.3432 549.12 ± 1.46 1.4841
S13 0.4225 676.12 ± 0.83 1.8273
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