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The main source of ra di a tion doses re ceived by hu mans from man-made sources of
ion iz ing ra di a tion in med i cine and in dus try co mes from X-rays. The ge netic risks of
ion iz ing ra di a tion ef fects on an in di vid ual who is oc cu pa tion ally ex posed largely de -
pend on the mag ni tude of the ra di a tion dose re ceived, pe riod of prac tice, work load
and ra dio log i cal pro ce dures in volved. In this work, us ing the lin ear non-thresh old
model, we have at tempted to as sess the level of ge netic risk of oc cu pa tion ally ex posed
in di vid u als in two med i cal and in dus trial es tab lish ments in Ni ge ria by es ti mat ing their 
ge net i cally sig nif i cant dose val ues. The es ti ma tion was based on con tin u ous per son nel
ra di a tion dose mon i tor ing data for the in di vid u als in each of the es tab lish ments over a
three year pe riod (1998-2001). The es ti mated ge net i cally sig nif i cant dose val ues in the 
years con sid ered were 12 mSv for the med i cal, and 29 mSv for the in dus trial per son -
nel. Ap pro pri ate ra di a tion pro tec tion pre cau tions should be taken by the per son nel to
ad here to stan dard op er a tional prac tices in or der to min i mize the ge net i cally sig nif i -
cant dose re sult ing from ra dio log i cal prac tices.
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IN TRO DUC TION

When ion iz ing ra di a tion passes through mat ter,
both ex ci ta tion and ion iza tion take place, thereby al -
ter ing the struc ture of the mol e cules it in ter acts with.
When the mol e cule af fected be longs to a liv ing cell,
the cell may be dam aged di rectly by the ra di a tion or in -
di rectly by the free rad i cals pro duced in ad ja cent mol -
e cules. Many forms of dam age can be in curred from
ra di a tion, but the most im por tant one is that done to the 
de oxy ri bo nu cleic acid (DNA). A dam age to DNA re -
sults in gene mu ta tion, chro mo somal ab er ra tion, and

break ages or cell death. More fre quently, re pair mech -
a nism can take place. If the re pair is not per fect, it may
re sult in a vi a ble but mod i fied cell. The oc cur rence and 
pro lif er a tion of a mod i fied cell can be in flu enced by
other changes in the cell caused ei ther be fore or af ter
the ex po sure to ra di a tion. If the cells in an or gan or tis -
sue are de stroyed or pre vented from re pro duc ing and
func tion ing nor mally, there will be loss of or gan func -
tion. A mod i fied germ cell, for in stance in the go nads
of an ex posed in di vid ual, may trans mit in cor rect he -
red i tary in for ma tion which may cause se vere he red i -
tary ef fects. These types of ef fects are re ferred to as ge -
netic ef fects. For so matic cells, the harm ful ef fect is
lim ited to the ex posed in di vid ual and such an ef fect is
known as a so matic ef fect. The amount of en ergy de -
pos ited or trans ferred to the ab sorber per unit track
length is called lin ear en ergy trans fer (LET) and ra di a -
tions are known as high-LET and low-LET ra di a tion,
de pend ing on the length and den sity of the ion iza tion
track they leave be hind. Al though low-LET ra di a tion
can cause dou ble stranded DNA breaks (DSBs), they
tend to in ter act with the DNA in di rectly, through the
dis so ci a tion of wa ter and by in flict ing ox i da tive dam -
age to DNA bases [1]. In creases in bi o log i cal ef fec -
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tive ness with de creas ing en ergy pho tons g (LET) have
long been ob served in radiobiological stud ies, es pe -
cially stud ies of dicentric chro mo some ab er ra tions in
hu man lym pho cytes [2].  On a quan ti ta tive ba sis, the
ge netic ef fects of ra di a tion are es ti mated by the dou -
bling-dose method (equi lib rium value af ter many gen -
er a tions of ex po sure) or the di rect method (val ues for
the first gen er a tion af ter ex po sure) [3]. Be cause of the
cu mu la tive na ture of the doses im parted to ge netic ma -
te ri als and its rel a tive sen si tiv ity, it has been con sid -
ered worth while to es ti mate the net av er age dose to the
ge netic pool of oc cu pa tion ally ex posed in di vid u als
aris ing from med i cal and in dus trial X-ray ex po sures in 
Ni ge ria, with the sole aim of as sess ing the ef fects of
the doses re ceived to their un born.

Meth ods of es ti mat ing ra di a tion risks from ex -
po sure to low-LET ra di a tion (pho tons and elec trons)
re quire as sump tions on the dose and dose-rate ef fec -
tive ness fac tor (DDREF) which take into ac count that
risks at low doses and low dose rates of these ra di a -
tions may be lower than the es ti mates based on the lin -
ear ex trap o la tions of ob served risks at higher acute
doses [4]. When ra di a tion pro tec tion and es ti mat ing
ra di a tion ef fects or risks to ex posed in di vid u als are
con cerned, DDREF for low-LET ra di a tions is gen er -
ally as sumed to be in de pend ent of en ergy. A lin ear
dose re sponse re la tion ship in which the prob a bil ity of
a sto chas tic ef fect is pro por tional to the ab sorbed dose
is as sumed in this work. It im plies that any ra di a tion
ex po sure, no mat ter how small, in volves some de gree
of risk. If each mem ber of a pop u la tion con sist ing of
in di vid u als of the same age and sex is ex posed to a
given dose of ion iz ing ra di a tion, the num ber of them
get ting ra di a tion-in duced ef fects will de pend on the
du ra tion of ex po sure to that ra di a tion. The lon ger the
dose is spread out, the lower the in ci dence of can cer.
This is due to the la tent pe riod for the de vel op ment of
the dis ease and the re duced num ber of per son-years
ex pe ri enced as the pop u la tion ages [5]. Es sen tially,
this does not de pend on the as sump tion of dose-rate
de pend ent mo lec u lar re pair mech a nisms [6, 7].

MA TE RI ALS AND METH ODS

Dosimetric data

The per son nel-mon i tor ing dosimetric data used
in this work was ob tained from the Fed eral Ra di a tion
Pro tec tion Ser vice (FRPS), De part ment of Phys ics of
the Uni ver sity of Ibadan, Ni ge ria. Typ i cal of the dif fi -
cul ties the FRPS has to deal with is the fact that it op er -
ated with out a law reg u lat ing is sues of ra di a tion pro -
tec tion in the coun try. How ever, in 1995, a nu clear
safety and ra di a tion pro tec tion law has been pro -
claimed by Act 19 of the Fed eral Re pub lic of Ni ge ria
[8]. The en act ment of this law brought about the es tab -
lish ment of a nu clear reg u la tory au thor ity known as

the Ni ge rian Nu clear Reg u la tory Au thor ity (NNRA).
As a com po nent of its op er a tion, the Act also rec og -
nized the es tab lish ment of a ra di a tion re search in sti -
tute. As such, the FRPS has now been up graded to the
sta tus of our in sti tute, known as The Na tional In sti tute
of Ra di a tion Pro tec tion and Re search (NIRPR).

The use of a more con ve nient, thermoluminiscent
do sim e try tech nique (TLD), was em ployed in mon i tor -
ing ef forts of the de funct FRPS. The FRPS is equipped
with a Salaro (Vinteen) Dual Chan nel TLD reader
(model 680). The reader has an in-built com puter sys -
tem unit to fa cil i tate ac cu rate dose as sess ment af ter ap -
pro pri ate cal i bra tion. It can also be pro grammed to au -
to mat i cally an neal TLD chips for fresh use and
main te nance of data files for each of the ra di a tion work -
ers. As said, the de tailed cal i bra tion pro ce dure and oc -
cu pa tional ra di a tion pro tec tion do sim e try adopted in
Ni ge ria has been well doc u mented else where [9]. In this 
work, the oc cu pa tional ef fec tive ra di a tion dose data for
per son nel in two ter tiary teach ing hos pi tals and in dus -
trial es tab lish ments over a three year pe riod
(1998-2001) were stud ied. The quan tity ef fec tive dose
de fined by the In ter na tional Com mis sion on Ra dio log i -
cal Pro tec tion (ICRP) ex clu sively for low doses and ra -
di a tion work ers, is a mea sure of the es ti mate of ra di a -
tion risk to the ex posed in di vid ual and the con se quent
ge netic risk to the prog eny for the next two gen er a tions
[10]. Con tin u ous ra di a tion dose mon i tor ing data per -
tain ing to this pe riod ex ist,  en abling a cor rect es ti ma -
tion of said ge netic ef fects. No at tempt in this re gard has 
been car ried out in our coun try.

A ge net i cally sig nif i cant dose 

A ge net i cally sig nif i cant dose (GSD) for a pop u -
la tion is de fined as the av er age of all in di vid ual equiv -
a lent doses to go nads (go nadal dose), each weighted
by their ex pected fu ture num ber of chil dren con ceived
af ter ex po sure. Equiv a lently, the prod uct of the GSD
and the num ber of per sons in the pop u la tion is ex -
pected to es ti mate the same in jury to the ge netic pool
of the pop u la tion as will be pro duced by the ac tual
doses re ceived by var i ous in di vid u als. Math e mat i -
cally, the GSD is ex pressed by the equa tion [3]
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where Nijk is the num ber of in di vid u als of sex type i,
age group j, and ex po sure type k; Nij is the num ber of
in di vid u als of sex type i, age group j; Dijk is the av er age 
go nadal dose to an in di vid ual of sex type i, age group j,
and ex po sure type k, and Pij is the ex pected av er age
num ber of chil dren con ceived af ter ex po sure by an in -
di vid ual of sex type i, age group j in the first gen er a -
tion. The sex in di ces (i = 1 or 2) de note males and fe -
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males, re spec tively, while the ex po sure in di ces (k = 1,
2, …) re fer to spe cific ex po sure types. Since one ex po -
sure type for only one or gan was con sid ered k =1, eq.
(1) can be sum ma rized as
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where (M) and (F) de note male and fe male, re spec -
tively.

Both the male and fe male go nad doses were
taken to be the ef fec tive dose val ues on the go nadal
level (trunk) or chest or gans of the work ers. In the case
of oc cu pa tion ally ex posed per sons  fo cused in this
study, as it is usu ally prac ticed, TLD badges were ei -
ther placed on the go nadal level (trunk) or on the chest. 
Un der pro tec tive de vices such as a lead apron they
were, equally, placed un der the lead apron. The ef fec -
tive dose cal cu lated from TLD re cords is as sumed to
rep re sent the go nadal dose. This as sump tion, how -
ever, is con sid ered to be the max i mum pos si ble dose
sce nario.

RE SULTS AND DIS CUS SION

The dis tinc tion be tween the per son nel ac cord ing
to sex in the two teach ing hos pi tals and in dus trial es tab -
lish ments con sid ered in this study is pre sented in tabs.
1-4. In the case of the med i cal es tab lish ments (tabs. 1
and 2), it per tains to per son nel in volved in three gen eral
pro ce dures that con sti tute sources of ex po sure: ra di og -
ra phy, flu o ros copy, and spe cial ex am i na tions. In the
sense it has been given here, ra di ol ogy re fers to gen eral
pur pose ra di og ra phy and interventional pro ce dures.
The cat e gory of oc cu pa tion ally ex posed per sons in the
in dus try (tabs. 2 and 4) in cludes those in volved in
non-de struc tive test ing, well log ging, luminizing,
thick ness, mois ture, den sity and level gaug ing, tracer
tech niques, fluoroscopic, and crys tal lo graphic anal y ses 
of ma te ri als.

The said per son nel in each of the es tab lish ments
were fur ther re-grouped ac cord ing to their age groups. The num ber of per son nel in each age group range per

sex type and to tal doses re ceived dur ing the pe ri ods
un der con sid er ation are also pre sented in tab. 1-4, for
all of the es tab lish ments. As could be ob served, to tal
doses for the med i cal per son nel, both male and fe male
(tabs. 1 and 2), were low in com par i son with those per -
tain ing to the in dus trial em ploy ees (tabs. 3 and 4). In -
di vid ual ra di a tion doses were all greater than 1 mSv
per year. It has also been ob served that the to tal doses
for both fe male and male re lat ing to the med i cal per -
son nel did not ap pear to sig nif i cantly dif fer in val ues
from one group range to an other and that they were all
less than 3 mSv per year. 

The age group of 51-55 years re corded high est
ra di a tion doses in com par i son with the lower age
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Ta ble 1. Sex, age, and dose dis tri bu tion of per son nel for
the Jos teach ing hos pi tal

Age
group

No. of personnel
per sex

Average dose
Dj[mSv]

Average no. of
expected children

Male Female Male Female Male Female

26-30 2 1 0.3 0.4 3 2

31-35 4 2 0.5 0.6 5 4

36-40 7 1 0.7 0.7 4 3

41-45 5 1 1.0 1.9 3 3

46-50 5 1 1.3 1.7 2 0

51-55 0 2 0 2.3 0 0

Ta ble 2. Sex, age, and dose dis tri bu tion of per son nel for
the University teach ing hos pi tal, Ibadan

Age
group

No. of personnel
per sex

Average dose
D [mSv]

Average no. of
expected children

Male Female Male Female Male Female

26-30 3 6 0.3 0.5 3 2

31-35 11 9 1.8 0.8 4 3

36-40 9 12 1.0 0.9 4 3

41-45 10 4 1.8 1.2 4 2

46-50 5 2 1.4 1.4 3 1

51-55 4 1 1.9 1.6 2 0

Ta ble 3. Sex, age, and dose dis tri bu tion of per son nel for
the OZMA company, Warri

Age
group

No. of personnel
per sex

Average dose
D [mSv]

Average no. of
expected children

Male Female Male Female Male Female

26-30 4 0 0.8 0 3 0

31-35 8 0 1.6 0 5 0

36-40 11 0 3.3 0 3 0

41-45 6 0 5.0 0 3 0

46-50 3 0 7.1 0 2 0

51-55 1 1 13.8 9.9 1 0

Ta ble 4. Sex, age, and dose dis tri bu tion of per son nel for
the BATEK company, Warri

Age
group

No. of personnel
per sex

Average dose
D [mSv]

Average no. of
expected children

Male Female Male Female Male Female

26-30 2 0 1.9 0 2 0

31-35 3 0 2.9 0 4 0

36-40 5 0 3.7 0 3 0

41-45 7 0 2.4 0 3 0

46-50 1 0 2.3 0 2 0

51-55 3 0 2.3 0 2 0



range groups. This may be due to the fact that those in -
di vid u als, be ing ex pe ri enced, could have de manded
and achieved in volve ment in more de mand ing and
chal leng ing ra dio log i cal pro ce dures, even though they 
con sti tuted a smaller per cent age of the pop u la tion in
each of the stud ied es tab lish ments. The ho mo ge ne ity
in ra di a tion dose value for each age range group per -
tain ing to the med i cal per son nel may also be an in di ca -
tion of sim i lar work en vi ron ment char ac ter is tics.

Also pre sented in tabs. 1-4, is the child birth rate
ex pec tancy for the per son nel (male and fe male) in
each of the es tab lish ments. The male fer til ity rate for a
given age group was as sumed to be the same as the fe -
male fer til ity rate in other es tab lish ments. Us ing eq.
(2) and data pre sented in tabs. 1-4, the GSD for each
es tab lish ment were es ti mated and the re sults pre sented 
in tab. 5. As for the med i cal es tab lish ments, the Jos
teach ing hos pi tal has a GSD of 11 mSv, while the Uni -
ver sity teaching hos pi tal in Ibadan was found to have a 
value of 13 mSv. In the case of the in dus trial per son -
nel, 42 mSv was ob tained for OZMA, while 16 mSv
was the re sult ob tained for BATEK. These es ti mates
are seen as rep re sent ing max i mum val ues and are not
ex pected to have any ge netic im pacts on the health of
the un born chil dren.

Al though the GSD es ti mate does not rep re sent a
sig nif i cant value when com pared to the ex treme ter res -

trial back ground ra di a tion dose value (~100 mSv per
year), in some coun tries in which no se ri ous health ef -
fects have been re ported [11-13], strong leg is la tive
man dates and other ap pro pri ate ac tion should be taken
in or der to en sure the ad her ence to stan dard op er a tional
prac tices, if GSD re sult ing from ra dio log i cal prac tices
is to be re duced.

CON CLU SION

In this paper, a ge net i cally sig nif i cant dose of oc -
cu pa tion ally ex posed per son nel in di ag nos tic ra di ol -
ogy and in dus trial ra di og ra phy has been es ti mated.
Age, sex, and ra di a tion dose dis tri bu tions were based
on dosimetric data of the oc cu pa tion ally ex posed per -
sons in two ter tiary and in dus trial es tab lish ments in the 

coun try, for the pe riod of 1998 to 2001. The es ti mated
GSD val ues dur ing the years con sid ered, in av er age,
amount to 12 mSv for the med i cal and up to 29 mSv for 
the in dus trial per son nel.
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Ta ble 5. Genetically significant doses (GSD) for each of
the establishments

Establishment
GSD
[mSv]

Contribution [%] 

Male Female

Jos teaching hospital 11 74 26

University teaching
hospital, Ibadan

13 55 45

OZMA company, Warri 42 97 3

BATEC company, Warri 16 100 0
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Namdi N. XIBIRI, Grejs T. OGUNTADE

PROCENA  GENETSKI  SIGNIFIKANTNIH  DOZA  TOKOM  RADIOGRAFIJE  ZA 
PROFESIONALNO  IZLO@ENA  LICA  U  NEKOLIKO  INDUSTRIJSKIH 

POSTROJEWA  I  MEDICINSKIH  USTANOVA  U  NIGERIJI

Najzna~ajniji doprinos izlagawu pojedinca od ve{ta~kih izvora zra~ewa poti~e od
primene rendgenskog zra~ewa u medicini i industriji. Genetski efekti izlagawa profesionalno
izlo`enih lica zavise od primqene doze, vremena izlagawa, radnog optere}ewa i karakteristika
radiolo{ke pro ce dure. Koriste}i model o linearnoj, bez praga, zavisnosti doze i efekta, procewen
je nivo genetskog rizika za profesionalno izlo`ena lica u dve medicinske ustanove i dva
industrijska postrojewa u Nigeriji. Na osnovu rezultata individualnog monitoringa u periodu
1998-2001 procewena je genetski signifikantna doza. Procewena vrednost bila je 12 mSv u
medicinskim ustanovama i 29 mSv u industrijskim postrojewima. Pravilna primena mera za{tite od 
zra~ewa predstavqa neophodan preduslov za o~uvawe dobre radiolo{ke  prakse i minimizaciju
genetski signifikantne doze.

Kqu~ne re~i: radijacioni rizik, genetska doza, radiografija, profesionalno izlagawe,
jjjjjjjjjjjjjjjjjjjjjjjNigerija


