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Abstract

The medical use of I~-rays represents a major source of popul-—
atlon radiation exposure. A special comnsideratlon is given to ass~
ess the genetically significant dose due to dlagnostic radiology.

411 medical institutions, hospitals, private physicians and
dentists in Iraq, were visited bo record: the nuuiber and type of
Z-pey wnlits, the frequency and Tind of I-ray diagnostic examinabions
and nu-ber of worikers in such unitse In addition the protectiocn of
the workers from the radiation and the services of personnel
nonitoring were also observed.

1t vas found that, up to the end of I972, there are 407 A-ray
units, all over the Republic used for whole body medical roentgen-
odiggnosis and I46 Z-ray units for dental radiography, carrying

out wore than 4 x I0, and I5 x IQL’L examinations per year,respectively.

The study sives a clear nmep of Tthe disgtribubtion of the E-ray
unilts in the different parts of the country and can be used ag
a suide for future radiological health programs. It might also serve
as a model for radiatiocn survey and insPection. ilso , the figures
could be useful in Tthe estimation of the snnual genetically
significant dose received by the IO million Iragis from ewposure
to diagnostlc X-rayse

‘ Introduction

L-ray disgnosis M the application must be used only when
highly specifically indicated. The radiation dose received on an
individual ground varies with the exanination used, the nurber of
exposures during Ghelr reproductive perlod of life and the
technlgues uged.

Diagnostic X-rays started to be used for medical purposes in
Trag since I917/ I /. Ho sclentlfic measures, concerning protection
of persomnel and patients were balken until THY2 when a highly
snecialimed comltbes was osbadlished 5o o - unds sweoblemns
B L lezalized regulations wele %Ssueg‘by Cefilalis coiioitbee apply-—
ing what bthe ICRP sugzested for radiological protection and
pernigsible doses / 2-3 /.

Therefore in respons to the need of radiological health
program for an effective method of surveying of all radiation
sources, bthe Radiation Control Board requested all medical ingtit-
ubions and hospitals, to reglster radiation sources and give full
details of thier usese.

The survey covered approxinately 99% of the radiation
.?gchines, which congtitute the subject of this peper for The year
- .
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Materials and llethod

: Regulations were issued restricting the sale and import of
- giagnostic d-ray films or any spare parts without permission.Such
permisgsion i1s now gilven only after a visit to the i-ray machine
%n order wo record the nuwmber and type of the unit, the frequency
ond type of l-ray examinations performed, oubput measurenents ab
various tube voltages and the different age groups of the patients
of both sexegs 1D addi?ion,the protection of the workers from the
radiation and the services of personnel monitoring were also observeds
‘ Tith regard to the dose measurements, skin dose estination
either of the critical orgons was made directly on patients during
ifferent types of X-ray examinsgbions. Fillm badges type LaRsFe 30
plack Spot,such as personnel monitoring film badge with kodak
radiation-monitoring films were used for these measurements for
practical reasons and availability.The contribution of radlography
to gonadal dose is a complex function of applied peak kilovoltage,
tube traget to skin distance,volume of the Uissue in the prinary
peamythe sex and age of the patienty / 4 /.

The dose received by gonads in 70 patients exposed to radia-
tion fTor dlagnostic purposeés was calculated. The genetically
significant dose was obbained from the following formula / 5/ :
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where
D -=€annual) genetically significant dose.
Njk: dnnual) nurber of individuals of age-class k, subJected to
7 class J exposure.
W = toval number of individuals of age-class k.
W= Tuture nuriber of children expected by an exposed individual
> of age-class kt subsequent to a class J exposure.

Y. = fubure nuuber of children expected by an average individual

= of age-class x.

= gonad CGose per class J exposure of an individual of age-class k.

(F) and (1) denote "female' and "maléd respectively".
RDesults
L, IMuzmber of machines and areca disbtribution :

A total number of 55% il~ray machinesg were used in Irag for
diagnostic purposes (Table I), 407 conventional X-ray units are
used for general diagnosbtic medical purposes, the remaining I46
wits sre used only for dental purposes. Some Of these machines
are quite old (since I924). . _ .

30.?% of the conveniional X-ray nachines are found in private
¢clinics,vhile in the case of dental X-ray machines the number of
the machines in the private clinics were higher than the governun-
ental machines (53.3%% of the total dental machines ).

Tith regard to the area distribution,Bashdad(tie capital )
has the higher nuxber ot machines;Basrah came the next and Hineva
came the third. Other provinces are more or less similar in the
number of the X-ray machines used.

: Teble 2, shows the different firms of both conventionagl and
dental machines used in Irag.fince there are approximatly I¢millions
inhgbitants in Iraq ab the end of I972 /6/, it means that the
averezge is I medical dlagnostic H-ray machine for each 25 x 10”7
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inhabitents and I5 dental Z-~roy machines for each million
inhabitantss _ |
Table I.Distribution of I-ray wmachines by Goveronarates
( Muhafadha ).

Inhabit=- Diagnostic Dental
Muhatfadha ants 5 Tublic ~T.Lv<auo ToTal TUplic Privace TOTEX

Duholk II.T 4 - 4 I - ;
ineua 18 9 27 6 5 IT
Arbil 445 12 2 I4 T - I
Kirkul 5.9 1% 6 19 2 3 5
gulaimaniye 4.7 II 3 4 ) - p)
Diyala LoB 9 I 10 I - I
Baghdad 2565 107 79 186 29 5% 82
Al~Anbax %49 1T I 12 2 - 2
Pabylon 567 1T 2 1% I 2 %
Karbalsa L2 IT & 15 4 Z) 7
Al-Tadisiye 5,8 9 2 IT I I 2
Al——; outhans 5 I 6 T - I
Wasub fe2 7 2 9 2 - 2
Thecare 6.l S I I0 L 3 i
Heasan Lo 12 I I3 3 I 4
Dasrah Bel Al I0 ndy 2 7 T4
Total T00 283 T24 407 58 78 TUG
ctalt 69,505  30.5% T00.G0 4640 5.4t TO0%

Table Ze Distribubion of i-ray machines in Irag by manufactures

e D1lanosvic Dental
manuracturer Puplic Frivabte Totbtal Public DIrivate Tobal
Sienens 57 45 2455 2
Thilips ik %0 38 i 3 g Ig 5’
General Llectric 29 10 39 I0 1T - II 8
Generay 8% - &% 20 - - ~
Tatson %0 3 9 - - -
Tur 29 g ég 9 - - -
Tmplor - - - - 29 29 20
Kavo - - - 24 - 24. 6
Honda - - - IT - I 8
Ritter - - - I 5 6 4
Other Types 8 1> 22 6 o 25 5L 21
Unimovym 5 IO I3 3 S 5 I 9
Total o 285 124 407 68 78 T46

% 69.5 0.5  T00 4G40 5%.,4 TOC

B. HMuiber of X-ray bLxaminations

In the estimstion the number of r(hd:Log;r wphs taken during
fluoroscoplc examinations were included in the 1ist under radlogr-
aphy and one examinabtion means one exposure.fll types of e::amina‘c—
ion concerning rad.ionraphy and Tluoroscopy were classified to IO
forms as shown in Table ),whlch also illustrates detalls regarding
the age,sex and area exemined in a total number of one mlouoand
patients examined in different diagnostic Z-ray machines except
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nass minlature radiographies and dental,because i% was difficult
o Imow the sex of pabtients in these last two bypes of examinabions.
Table 3. Frequency in thousand of diasgnostic examinations by
agg/ gex and tyne exariination.

Tyne of ‘ aLH
iégmengtion v 5) 16-20 21“90 ST~45 46“90
ll‘l ! Il l"‘ uI E B If. :[? T‘

!
=i

H
—a

5o y Total

i T ju r 70

e

——

Hands I2 5 5 I I5 3 3 3 %3 I I 3 %9 I6 5.5
Headddleck I2 25 I0 12 3727 Iz 22 3 7 81I7 87 I6 IG.
Feet 7 %2 7 757 7 35 1 I I 27 22 1,9
Chest 25 25 5 32 27 35 23 37 15 10 32 8 I27 I47 27.4
VerbebralCol.? 3 3% I0 22 7 I7 7 5 7 I2 7 62 4T I0.3
Gall Blader I I I I 5 % I 5 1 5 1 I 8 16 2.4
gromach I I % I5 3225 2522 7 B81I2 5 80 76 I5.6
Urinary Tre I5 2 8 I0 TI7 I8 II I3 2II 3 6 56 60 IT.6
Belvis 3 3T 3 I 5 I I I I 2 I "9 T4 2.3
Jregnancy - =~ = 5 =« 5 = I = = - -« = TII I.I
79 38 I59 .1 &= 72 49T T000
Total 7 68 96 I35 IT4 47 49 509
¢ T4e7 I3el4 2944  2I,5 8.9 TI.I  49.I 50.9 T00%

2745 of the botal examination in Table 3 were performed for
chegt I~-ray examination, while Tthe head and neck I-ray examination
cane to be second in freguency(I8.9%), stomach and the surroundln
organs(gall bladder and 1iver§ constitubted about I8% of the total
X~ray examination done.Pelvis X-roy diagnosis constituted about?.u4
of the total ;—“ay testss The urinary tract Z-roy diagnostic tests
constituted II% of the total examinations.

- With regard to age grouping, Table % shows that I4.7%5 of the test

were done on patients under the az e of 15 years of both sexes.Vhile
I3.4% of the tests were done on patients bebtween I6-20 years 0ld .
The age group 2I-45 years which constitute the active reprod-
uction age specially in women,reached 51.9% of the total number
exanined in this table +7ith respect to the other older age groups,
it appears that a relawlve vy small percentage of patlents vere
examined. Regarding the total male to female ratio of the one
thousand patlients exanmined in this work,the ratic was nearly one.
The officlial census of the populabtion indicates that there are
5.075,600 males and 5,000,600 fenales in Irag at the end of I972/6/.

The botal nuiber of radiographic exaninations wag 4.2 x I0
dlagnosvic cxaminationse. Hearly 2I% them were mass miniature
radlobranhlcs. hile the a;nual total nuber of dental Z-ray exsmin-
atlon wus about I50 x 102 examinations.The astimation shows that
the patients oer¢ormed in average 2.2 examinations each visit.
Therefore il apoeared that uhefreﬂlancy is 2 persons from IO
inhabitants were undergone diagnestic examinations yearly.liorever,
about I5 persons out of IOC0 had oeabal Z-ray examinations annually.

Table 4a showes Tthe total number of l-ray examinations done
on difterent parts of uhe body of both sexes and the gonad dose
heasured from each particular examinaltion.

The wman-rad/year received, was the highest in performing the

dbdonination,vhich is in the range of 7.8 x lOS nan~rad/year.The
tass chest X-ray miniabture constituted the second man—“ad/Jear
recelved. Other clinicel examinatbions L,ave a slgnificant decresa
in nman~rad/year dose in comparison with the ubove nentioned
dagnostic tests.The botal man-rad/year for all types of
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examinabions 8 x I0° nan-rad/year.
Table 4a. Totael gonad dose in nan-rad due to examinations of
both sexes (Figures are btaken I000 exme.per year).

Type of liale Female Total
Examination Hoeexme gmonad  Hoeenmegondd — HO. cxme gonad dose
dose dose man - rad
h’%ﬁf\-ﬁmﬁ! man- Rag
Mass miniature 820 24700
Imtrenitles 22 0.220 I29 0.I%0 354 04350
Headl: Ilecl 282 0,280 %60 04260 642 0.040
Chest 423 0,860 500 T.000 9%2 T.860
Abdomen 75T 229 LN 44.5 T472 7'g&
Tso
Dental I50 0.500
Total Gonadal dose 779.85 x IO5 nan-rad/year.

Teble 4~b represents Tthe genevically significant dose recei-
ved by both sexes of the Iragi population.It is apparent that the
dose received from the use of Tthe dental zachines is significantly
analler than the dose recelved from the conventional X~r§y
diagnostic procedure.The o;lculation of the annual genetically
significant dose resulted in a value of 52 m rad for I972. ]

The accuracy of this result is probably of the order of G0%,.
mhe nuwiber and technical data for measurements are reported by
the author in a separate paper/7/.

Discusgsion Table 4be Genetically signigicant dose by

uasadisdudmbds

. 3™ T e s fad b Yl
There is no seneral gex (mred/person per year).

standard system to Type of exalls Total -
25 stpibube b T Sex - o 5
distribube the I-ray |» Diagnos. Dembtal CeSele g
machines over the mrad /year nrad/year
different parts of e -
Irage.Dut one can make flale 25.62  0.I5 25.72 49,65
his ovm conclusion Famale 26.0%3  0.I5 26,18 5035
trom table I,which ot =

s otal I.6 0450 I I00
reflects the relation i’ 21+65 * 2195 h

between the density distribubion of +the population and the ¥-r
units.The relatively high number units of (45,7% and 56,I%)of the
total conventional diagnostic and dental units respectivly in
Baghdad area is due to the number of its inhapitants (25.5% of the
total population of the counbtry) and the same situation is true in
Basrah and Nineva.inother reason for this distribution may be
atbrimted to the preference of mogt doctors to live and work in
large c¢lties.One the other hand,wherever the official numbers of
units are high,the nurber of private units are hightoo.This may
be due to the permission is given only to specialist doctors in
radiological fields to possess X-ray units in private clinics.
This permission is given to any dentisteIt is found that the
private specialists in medical radiclogy themselves are mainly
the officlal ones.Somebtimes specialists with high qualification
in other fields might be granted a permission o0,

A total number of 407 conventional X-ray machines performing
an annual frequency of 420 X-ray examinabtions per I000 persons.
This figure of examinabions is similar to the figures obtained in
many other countries which had carried out comprehensive gurvey
/5/ while our number of instalations per I000 of total populations
are less.from Table 2 it is shown that there are only © firms
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vhich supplied aboud 90% of the conventonal units and ? fin@s
supplied about 705% of the dental X-ray nachines.This situation
makeg it easy for detestimation of the dose recelved from all
nachines. The average operating peak kilovolbages has peen found
+to be 70 KVP in conventional machines and_(50:bO).RVP in dentale

Data of Table 7 included: sex categories by sex and age .Zach
category encompassed the types of examinations.It seams thet 205
of the total patients are less than 30 years old,The 1as?_perc§n—’
tage of patlent 1s to be considered when discussing genebic effects.

The abdominal (stomch,vertebral column,gall bladder and
urinary btract)examinations vhich comprised 3%.7% of a1l ?he Ay —
inatlons,sive exposure values representing about 99%.of'phe
average gonadal exposure as shown_in.Tgble LageIn egtlmaylon Qf
genetically significant dose,the 1nd1v1dugl gona@’aosehls We%ghed
with a factor taking in to account the fgvure nwiber of children
expected.However the total gonadal dose 1ls about 780 x I0-
man~-rad/year,the genetially significant dose resulbed is 52
nrad/year which is a high figure in comparison ‘o that of other
countries having frequencies between 8 and 44 nrad/year/44,5,8,9/«
However,this dose is still below the dose recommended by ICRP,
which is 5 rem over a period of 30 years.

Conclugions

I.The study gives a clear piclture of the X-ray uni? distribution
in different parts of Irag,which ig somewvhat satisfactory. N
2+The annual number of radiographic examinations is expected o

be soon more than 5 x 106, It is thought advisable to start
a local filn production.As long as films are,for the time beeing,
imported,this study will help very much in the estination of
the annual need of these films.

%+8ince the genetically sipgnificant dose (52 wrad/year)is higher
than that in other countries,beside that we have no data for
the past years about the number of diagnostic X-ray examinations
per year,it seé&mg Lthal there is an urgent need for the reduction
of the annual gemetically significant dose fronm I-ray
examinations, although very few people are being exposed.

References

I, Hinistry of Health,Irag-Unpublished Observations.

2+ Rocommendations of the ICRP.ICRP publicantion Ho I pergamon
Press,0xford (I959).

5 Recommendations of the ICRP.ICRP-publication Iio.8 Pergamon
Press (I962).

4e Joel OsLubenauyebs.alsResults of the pennsylvania department of
health dental X-ray survey programedl, Ph¥sevol.I9,15I(I968),

S5e Report of the United Nabtions Scientific Comriltee on the Iffects
of Atomic Radiation,Uli,No.I6(4/5216), New York (I962).

6. Eoso Ueda-Report on revised projections of population in Irag
by sex and age group from I957-I280.Baghdad I9V0,

7+ liousa S. Lbbas-ipproximately calculabion to the genetically
signeficant dose of the Iragi population in I972 from the
medical X-ray diagnostic examinations.To be published.

8s Kunz,I,et,al~Studies of the exposure of the population in
Gzechozlov a kia to ionizing radiation.Peaceful uses of abonic
energy Ilo ITe. IAIR-vienna I972,,

9+ EashilmE,Yset al: Genetically significant dose from diagnostic
medical X-ray examinations in Japan, I969.Health Physics,
Volume 23 No 6, 1972,

1155



