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Radon concentrations / (Bg/ms3)

Baghdad ' Basrah

Fig. (4.8) Min. and Max. of radon concentrationsin water samples.
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Chapter Four Results and Discussion

4.3. Conclusions
The discussion of the results, which are obtained from this study leads to

the following conclusions :

1- The uranium concentration varies from 1.57 to 2.73 ppm and from 0.67
to 2.12 ppm in soil and water samples respectively and less than the
allowed limit (11.7 ppm).

2- The radon gas concentration varies from 226.89 to 665.56 Bg/m®and from
8.64 to 14.20 Bg/m® in soil and water samples respectively and less than
the limit recommended (100 Bg/m®).

3- The maximum uranium concentration in soils was (2.73 ppm) and in water
(2.12ppm) in the Al-Tgji and Al-Ashaar regions respectively .

4- The maximum radon gas concentration in soils was (665.56 Bg/m® ) and in
water (14.20 Bg/m®) in the Al-Taji and Al-Ashaar regions respectively .

5- Radionuclides ( “Rn and *®*U ) had high concentration in site (S;) and in
site (Wo) because these sites are afield of a military operations during the

war against Iraq in 2003.

4.4. Suggestions and Future Orientations
1- Study the radioactivity in soil and water by using y-ray spectroscopy

technique.

2- Study the uranium concentrations in biological samples for people living
at these regions.

3- Study the uranium and radon gas concentrations for some weapons

materials were using in military operations.
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Chapter Three Experimental Part

3.1. Introduction

This chapter describes the methods for estimatiadepleted uranium
and radon gas concentrations for the different $aenpf soil and water
(natural and standards) from different sites igjilragions .The materials and

the apparatus which used included.

3.2. Collection of Samples

Two types of samples ( soils and water ) were ctdle from different
sites in Baghdad city and other regions of lraq s®wn in Fig.
(3.1),(3.2),(3.3) and (3.4) .

3.2.1. Soil Samples

Samples of soils were collected from differenesiin Iraq regions
(bombardment regions during the war agianst Ira®@3 ) from depth
(5 cm),as shown in Table (3.1) and Fig. (3.1),(&B4 (3.4) from Baghdad,
Karbala and Basrah cities respectively .Then tmepses dried and cleaned

from the doping grinds by using special sieve 70vEn in diameter ) .

3.2.2. Water Samples

Samples of water were collected from differenésiin Iraqi regions .
One litter volume of water was collected from sopmjects of water
refinement on the rivers (Tigris and Shatt Al —Arnabalso collected from
different houses ( drinking water ), as shown ibl€g3.2) and Fig. (3.2) and
(3.4) from Baghdad and Basrah cities respectively .
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Chapter Three
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Table (3 —1) Locations of soils samples in Baghdaity
and south regions .

Date of Number
samples of Symbol City Location
samples
22-11-2004 1 S Baghdad Abu Ghreab
22-11-2004 2 S Baghdad Al Binug
Al Binug (Civilian
22-11-2004 3 S; Baghdad Advocate ship)
25-11-2004 4 S, Baghdad Al Taji
28-11-2004 5 S Baghdad Al Mansur
28-11-2004| 6 S Baghdad | Al Mansur (Al Mamoon
communications)
28-11-2004 7 S Baghdad Al Washash
Al Sader City
15-12-2004 8 S Baghdad (Destroyed Houses)
Al Doura
5-1-2005 d S Baghdad (Electrical Station)
Al Meshahda (Al Ishaq
14-1-2005 10 Sio Baghdad Company)
20-2-2005 11 Si Karbala Al Abbas Street
20-2-2005 12 Si» Karbala Al Abbas Street
20-2-2005 13 Si3 Karbala Industrial Region
20-2-2005 14 Sis Karbala Al Quzwinia
12-3-2005 15 Sis Basrah Al Twesa
13-3-2005 16 Sie Basrah Al Ashaar
13-3-2005 17 Si7 Basrah Al Tememeyh
Al Muafagia
13-3-2005 18 Sts Basrah (Residentieal Region)

Yy




Chapter Three

Experimental Part

Table (3 —2) Locations of water samples in Baghdadty (Tigris
river) city and south regions (Shatt Al-Arab) .

N—

Date of | Number
samples of | Symbol|  City Location
samples
Al Adhmya
4-1-2005 1 Wi Baghdad (Al Adhmya Bridge)
Al Doura
5-1-2005 2 W Baghdad (Electrical Station)
5-1-2005 3 W3 Baghdad Al Hasanian Bridge
N Magam Al Kudur region
4-1-2005 4 Wi Baghdad (Bab Al muadham Bridge
4-1-2005 5 Ws Baghdad Al Sinaq Bridge
Al Kadhmia
4-1-2005 6 We Baghdad (Al Aemaa Bridge)
Al Baradaia
13-3-2005 | 7 W7 | Basrah (Shatt Al Arab)
Al Tanumah
13-3-2005 | 8 We | Basrah (Shatt Al Arab)
1339005 9 W Basrah Al Ashaar (Shatt Al Arab)
(near the Ports)
- Al Muafagia (Drinking
14-3-2005 10 Wi Basrah Water of Houses)
Petrochemical Factory
14-3-2005 11 Wi Basrah (Drinking Water of R.O.)
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3.3. Materialsand Apparatus
3.3.1. The Track Detectors

Commercially available sheets of CR-39 ptasthich are presently
known to be the most sensitive SSNTD and also ckeriaed by low
background were used in the present work.

These detector sheets of 250 um thick whatrento small piece each
of 1lcmx 1cm area. The present sheets of CR-39 were maéeisjhore
Moulding LTD Company, U.K. The detector sheets wstoged at normal

laboratory conditions.

3.3.2. The Etchant Solution
Sodium hydroxide solution with 6.25 normalitgs been used for the

etching process. The preparation of normality ing36]:
W = Weq X NxV ...(3.1)

where:

w = the weight of NaOH needed to prepare the ghamality.

Weq = equivalent weight of NaOH = addition of the atormveight of
Na, O and H = 40.

N = normality = 6.25.

V = volume of distilled water = 250 ml.

The etchant compartment has a volume of aBsdtml contains the
NaOH solution with 6.25 N. This apparatus is cloassembly, except for
small vent at the top of the condenser tube, whpretvents any change of
etchant normality (concentration) during the expemt due to
evaporation. The etching was performed &6®hile the etching time

was 6 hours.
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3.3.3.The Water Bath
An etching bath of the type “Labsco” (Geriyawas used in the

present work. It includes a thermostat, which canoperated over a
range of 28C to 118C. However, in this study the chemical etching was
carried out at 6T as, suggested previously [21]. The accuracy of

regulation of temperature is better than £0.1

3.3.4.The Optical Microscope

The counting of all the chemically etcheatksawas carried out using
an optical microscope. It is a standard transmmsdype binocular

research microscope (Bausch & Lomb, Japan). ltajgable of giving

magnifications of up to 409 .

3.3.5. Thelrradiation Source
For the irradiation test, an (AfBe) source with flux 5x10n/cnf.s

was used. It emits fast neutrons from ther() reaction such as:

Be +0 —» C + 'n+5.76 MeV ...(3.2)

This source consists of a rod of (AB@) surrounded by a paraffin
wax. This wax is usually used for moderating thst feeutrons to thermal

energies [87].
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3.4. Experimental Details for Uranium Concentration

M easur ement
In the present work, the methods for measuremenurahium
concentrations of the samples (soil and water),ciwhs called the

irradiation methods are :

3.4.1. Experimental Procedurefor Soils Samples

Soil samples were taken from locations in Iragioas , as shown
in Table (3-1) and Fig. (3.1),(3.3) and (3.4) .ISamples were dried and
cleaned from the doping grinds using special si¢v8.27 mm in
diameter ).

0.5g of soil samples were mixed with 0.1g of mé&téjulose
powder (GH100s),, used as a binding material . The mixture was pess
into a pellet of 1cm diameter and 1.5mm thickness.

The pellets were covered with (CR-39) detector puidin a plate

of paraffin wax at a distance of (5 cm ) from tleutron source (Am-Be)
as shown Fig. (3.5), with flounce of thermal nentrp 3.024 x10°

n.cm?® ) and flux (5 x1&n cm? s%), to obtain induced fission fragments
from the equation (3.3) [88] :

U + o'nthermal ——» % + fission fragments .....(3.3)

After the irradiation time (7 d) , (CR-39 ) detaxs were etched in
(6.25N) NaOH solution at temperature of 8D for (6 h) , then the
induced fission tracks density were recorded usiihg optical

microscope.
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(Am-Be) neutron source

A
Sample and detector - -
(

Paraffinwax «——1}

\/ >
|
" A
\

Sample

d
N

—
&
—_— N
Beam of thermal neutrons e
— N

\

Fission tracks

\

Nuclear track detectors

Fig. (3.5) Theirradiation of the detectors and samples
to the neutron source [89].
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The density of the fission trackp)(in the samples was calculated

according to the following relation [90] .

Track density) = Average number of total pits (tracks)

Areffield view ...(3.4)

The uranium concentrations in the soil samples wezasured by
comparison between track densities registed ondetectors of the
sample pellet and that of the standard geologaapte pellets from the
relation [6,7,91] :

Cx (sample) px (sample) = G (standard) Ps ( standard ) ...(3.5)

Fig. ( 3.6 ) shows this relation , when ( slopps? Cs ) .
Where :

Cx : uranium concentration in unknown sample (ppm).

Cs: uranium concentration in standard sample (ppm).

px: track density of unknown sample (tracks/fim

Ps: track density of standard sample (tracksfinm
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350000

300000 -

250000 -

200000 1

H0000 -

10000 -

50000

Uranium concentration for standard samples ( ppm )

Fig.(3.6) The relation between track density and uranium
concentration (ppm) for standard geological soil samples.
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3.4.2. Experimental Procedurefor Water Samples

Water samples were taken from locations in Iraqi regiores
shown in Table (3-2) and Fig. (3.2) and (3.4) .

Measurement of alpha-emitters in the environmesudiace water
can be complicated by the presence of a mass @esdsd uranium
bearing particle[13]. The procedure is to place known volume atev
in the form of few drops (2 drops = 0.04 cc ) amazk detector materials
, water droplets are allowed to evaporate at roemperature , as
sketched in Fig. (3.7), this leaves a thin residafe non-volatile
constituents, the detector was then covered wiseand piece of the
detector. Subsequently exposure to (Am-Be) newtoanrce with flux of
thermal neutrons (>80 n/cnf.s) for (7 d). Fig. (3.5) presents the

irradiation of the detectors and the samples tothéron source.

The detectors base or cover were etched in (§.2980H
solution at temperature of 8C for (6 h) and washed by disttle water ,
dried and the number of fission tracks produced Wn counted by

using the optical microscope .

This procedure was done to all samples including standard

samples
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Water droplet "t—_L
! — detector

Evaporating water dropL%K
- I detector

Thin deposit of non-volatil
constituents \

| — detector

Fig. (3.7) Evaporation of the water droplet and the formation of a
thin deposit.

The uranium concentrations in the water samplesmesasured by
comparison between track densities of the watepkegsrand that of the
standard solutions from the equation (3.6).

The concentratior track density relationship for the present

standard samples are illustrated in Fig.(3.8) .
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120000

100000

80000 -

60000 |

Tracksdensity
( No. of tracks/ mm?)

40000 A

20000 -

0

6 g

b
L

Uranium concentration for standard samples ( ppm)

Fig.(3.8) The reation between track density and uranium
concentration (ppm) for standard water samples.
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3.5. Experimental Details for Radon Concentration

M easur ements

The radon concentrations in two types of samples@od water),

were measured using the natural exposure method .

3.5.1. Experimental Procedurefor Soils Samples

Soil samples were taken from locations in Iraqioag , shown in
Table (3-1) and Fig. (3.1),(3.3) and (3.4) .

Soil samples were dried and cleaned from the dogmgds by
using special sieve ( 0.27 mm in diameter ) . 10fgsoil samples were
placed in plastic can. The dimensions of the cammze the effect of
gas thoron. Pieces of (CR-39) track detectors \igeel under the cover
of plastic can , which contain the soil samplese Bxposure time was
(30 d) as shown in Fig. (3.9) .

After the exposure time, ( CR-39 ) detectors wéched in 6.25 N
( NaOH ) solution at temperature of 6C for (6 h) and washed by
disttel water , dried . The tracks density wereorded using the optical

microscope with magnification (404).
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7.1cm

Cov

CR-39
Detector
8.4 cm

5.3cm

Fig.(3.9) The apparatus of Radon gas (*?Rn) estimation by using
(CR-39) detector for soil sample .

At the same way in determination of the uraniumoemrations ,
radon gas {?Rn ) concentrations in the soil samples was medsuoen
the equation (3.6) by comparison between tracksities registed on the

detectors around the sample and that of the stdmpaniogical sample .

Fig. (3.10) shows the relation between the trackssdly and

radon concentration for the standard samples .
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10000 1

8000

6000 -

4000 |

200 40 60 80 100 120 140 160
Radon concentration for standard samples (Bg/m?)

Fig.(3.10) The relation between track density and radon
concentration (Bg/m°) for standard geological soil samples.

3.5.2. Experimental Procedurefor Water Samples
Water samples were taken from locations in Iragi regiores

shown in Table (3-2) and Fig. (3.2) and (3.4) .
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The method includes exposing the detectors tovidier samples
directly for certain period of time.

(250 ml) volume of water samples were placedlastx can at
room temperature . Pieces of (CR-39) track detsatoth dimensions
(1 x1 cm? ) were fixed under the cover of plastic can . EBxgosure
time were (30 days) and the detection geometry alm®st 4T and the
experimental set up is shown in Fig. (3.11).

After the exposure period, all the track detectoese etched in
(NaOH )solution with 6.25 N at 60C for (6 h). The detectors were then
washed in distilled water, dried and were scannedeu the optical

microscope to record the tracks density .

CoveL .
CR-39
Detector
14.4 cm
~. Water
— sample

11.2 cm

Fig.(3.11) Radon gas (*’Rn) estimation by using (CR-39) detector for

water sample.
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Radon gas *Rn ) concentrations were determined by comparing
mean track densities recorded in CR-39 detectomsadér samples and

with the standard samples from the equation (3.6) .
Fig. (3.12 ) shows the relation between the traamksty and radon

concentration (Bg/f) for standard sample .

40000

0000

2 4 ] 8 10 12 14 16
Radon concentration for standard samples( Bq/ m?)

Fig.(3.12) The relation between track density and radon
concentration (Bg/m?) for standard water samples.
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