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Banaras Hindu Uni ver sity and Bharathiar Uni ver sity con ducted a study to as sess oc cu pa -
tional ra di a tion doses among non-med i cal work ers in X-ray dif frac tion anal y sis work en vi -
ron ments at sci ence de part ments. A to tal of five non-med i cal ra di a tion work ers were mon i -
tored to de ter mine their av er age an nual ef fec tive dose. Thermoluminescent do sim e ters were
is sued to five X-ray dif frac tion anal y sis tech nol o gist to re cord their dose for a month. Dose
rate mea sure ments were re corded us ing sur vey me ters. The av er age monthly dose for work ers 
was 0.35 mSv. Av er age am bi ent dose rate val ues were 0.45 Svh–1 for Bharathiar Uni ver sity,
and 5.08 Svh–1 for Banaras Hindu Uni ver sity. Con clu sions dose lev els are be low the lim its
rec om mended by the In ter na tional Com mis sion on Ra dio log i cal Pro tec tion. The study
found the yearly av er age ef fec tive doses for five tech nol o gist work ers to be 3197.4 Sv,
2847.0 Sv, 2978.4 Sv, 3328.8 Sv, and 3547.8 Sv. Im por tantly, these mea sured doses
were sig nif i cantly be low the in ter na tional rec om mended dose limit of 50 mSv.
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IN TRO DUC TION

In Banaras Hindu Uni ver sity and Bharathiar Uni -
ver sity, X-ray dif frac tion (XRD) anal y sis work en vi -
ron ments in the sci ence de part ment stands as the pri -
mary field uti liz ing ion iz ing ra di a tion. De spite join ing
the In ter na tional Atomic En ergy Agency (IAEA) in
2006 and en act ing the Atomic En ergy Act and Reg u la -
tions in 2011 and 2012, re spec tively, the reg u la tory
body re spon si ble for en sur ing com pli ance with ra di a -
tion safety laws has not been es tab lished yet. The in tro -
duc tion to a dis cus sion on oc cu pa tional ra di a tion dose
eval u a tion in XRD lab o ra tory work en vi ron ments pro -
vides a con tex tual over view of the topic, set ting the
stage for fur ther ex plo ra tion. The XRD tech niques play
a piv otal role in var i ous sci en tific and in dus trial ap pli -
ca tions, rang ing from ma te rial char ac ter iza tion to phar -
ma ceu ti cal re search [1, 2]. The abil ity to an a lyze the
struc ture of crys tal line ma te ri als us ing X-rays has rev o -
lu tion ized many fields, fa cil i tat ing ad vance ments in
ma te ri als sci ence, chem is try, bi ol ogy, and be yond.
How ever, the use of ion iz ing ra di a tion in XRD ex per i -
ments ne ces si tates a com pre hen sive un der stand ing and

man age ment of po ten tial health risks, par tic u larly for
lab o ra tory per son nel [3-7].

Oc cu pa tional ex po sure to ion iz ing ra di a tion is a
pri mary con cern in XRD lab o ra tory en vi ron ments,
where tech nol o gists and re search ers rou tinely in ter act
with X-ray equip ment and sam ples. While XRD pro -
ce dures of fer in valu able in sights into the prop er ties of
ma te ri als, they also en tail in her ent ra di a tion haz ards
that must be care fully as sessed and mit i gated to en sure 
the safety and well-be ing of per son nel. This dis cus -
sion aims to delve into the eval u a tion of oc cu pa tional
ra di a tion doses in XRD lab o ra tory work en vi ron -
ments, high light ing the im por tance of mon i tor ing and
man ag ing ra di a tion ex po sure lev els. By ex am in ing
cur rent prac tices, reg u la tory guide lines, and emerg ing
trends in ra di a tion safety, we seek to en hance aware -
ness and pro mote ef fec tive strat e gies for safe guard ing
the health of lab o ra tory per son nel [7-9]. Through out
this dis cus sion, we will ex plore var i ous as pects of oc -
cu pa tional ra di a tion dose eval u a tion, in clud ing mea -
sure ment tech niques, ex po sure lim its, risk as sess ment
meth od ol o gies, and best prac tices for ra di a tion pro tec -
tion. By fos ter ing a deeper un der stand ing of these is -
sues, we en deavor to em power XRD lab o ra tory stake -
holders to proactively ad dress ra di a tion safety

P. Venkatraman, et al., Oc cu pa tional Ra di a tion Dose Eval u a tion in X-Ray ...
Nuclear Tech nol ogy & Ra di a tion Pro tec tion: Year 2024, Vol. 39, No. 2, pp. 167-171 167

* Cor re spond ing au thor, e-mail: venkat00108@gmail.com



chal lenges and cul ti vate a cul ture of safety and re spon -
si bil ity in their work environment.

This study aims to gauge the ra di a tion doses re -
ceived by oc cu pa tion ally ex posed work ers in ra di ol -
ogy de part ments and com pare them against the In ter -
na tional Com mis sion on Ra dio log i cal Pro tec tion
(ICRP) rec om mended lim its. Ex po sure to ion iz ing ra -
di a tion leads to two main ef fects on hu mans: de ter min -
is tic and sto chas tic. De ter min is tic ef fects, such as
acute ra di a tion syn drome, skin burns, ste ril ity, and cat -
a racts, re sult from high doses over a short pe riod. Con -
versely, sto chas tic ef fects, in clud ing ra di a tion-in -
duced can cer and he red i tary ef fects, oc cur with out a
thresh old dose and are pro por tional to dose lev els over 
pro longed ex po sure pe ri ods. Op ti mi za tion, cen tral to
ra di a tion pro tec tion, in volves min i miz ing the num ber
of in di vid u als ex posed, the like li hood of ex po sure,
and the mag ni tude of ex po sure, keep ing them as low
as rea son ably achiev able (ALARA) [10]. Dose as sess -
ment plays a cru cial role in ad her ing to the dose lim i ta -
tion prin ci ple of ra di a tion pro tec tion. Mon i tor ing the
doses re ceived by ex posed in di vid u als en sures they re -
main within rec om mended lim its [11-15]. This study
eval u ates ALARA prac tices and ad her ence to dose
lim i ta tion prin ci ples in se lect uni ver si ties across India.

MA TE RI ALS AND METH ODS

The study uti lized thermoluminescent do sim e ters
(TLD) com prised of cards hous ing Harshaw de tec tor
crys tals of LiF: Ti, Mg (TLD-100) to mea sure both skin
and deep doses. Work ers wore these badges ap pro pri -
ately dur ing their tasks, with em pha sis on place ment over 
the up per-left side of the chest, as this area typ i cally ex -
pe ri ences the high est ra di a tion ex po sure. Cal i bra tion and 
qual ity con trol were con ducted us ing a 90Sr/90Y in ter nal
irradiator 18.5 MBq. The cal i bra tion pro cess was fully
au to mated in the reader to stream line ef fi ciency and re -
duce costs [1-3]. Sub se quently, the do sim e ters were re -
turned to the do sim e ter com pany for eval u a tion us ing a
Model 6600 TLD Reader with ac com pa ny ing com puter

soft ware [16, 17]. The do sim e ter read ings for the pe riod
of 2023 to 2024 were ob tained from the do sim e ter com -
pany da ta base, fo cus ing on whole-body dose (ef fec tive
dose) Hp (10) and skin dose Hp (0.07). The In ter na tional
Com mis sion on Ra di a tion Units and Mea sure ments'
1993 re port guided the re port ing of whole-body doses in
terms of per sonal dose equiv a lent, Hp (10), which pro -
vides a con ser va tive es ti mate of ef fec tive dose for in ci -
dents in volv ing ra di a tion ex po sure to the front of the
body.

The TLD as signed to per son nel were col lected
quar terly for the as sess ment of per son nel dose equiv a -
lents, with back ground ra di a tion doses mea sured us -
ing five non-ir ra di ated TLD of the same type. The
mea sured back ground ra di a tion dose was sub tracted
from the mea sured dose val ues. Each TLD card fea -
tured a bar-coded num ber, wearer name, and in sti tu -
tion. Cal i bra tion of the TLD took place at both do sim -
e ter com pa nies. Rec om men da tions in cluded the use of 
a sin gle TLD badge for work ers wear ing lead aprons,
ex cept for nu clear med i cine work ers who were ad -
vised to use mul ti ple badges. Preg nant work ers were
is sued a sup ple men tary badge to be worn in side the
apron at waist level to mon i tor fe tal dose.

RE SULTS AND DIS CUS SION

The XRD room lay out and room sur vey

We can sur vey the ra di a tion level of the XRD
lab o ra tory at dif fer ent places like win dows, doors, and 
work ing ar eas, fig. 1. In this mea sure ment, we are us -
ing an ion cham ber-based sur vey me ter. From win dow 
1 and win dow 2, the door, and work ing area ra di a tion
lev els are 0.53 µSv, 0.61 µSv, 0. 41 µSv, and 0.81 µSv.
The care ful con sid er ation of XRD room lay out and
reg u lar room sur veys are es sen tial for en sur ing the
safety, ef fi ciency, and reg u la tory com pli ance of lab o -
ra tory en vi ron ments. By im ple ment ing ap pro pri ate
de sign prin ci ples, con duct ing thor ough sur veys, and
fos ter ing a cul ture of con tin u ous im prove ment and
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Fig ure 1. Lay out of
the XRD lab o ra tory



train ing, XRD fa cil i ties can ef fec tively mit i gate ra di a -
tion ex po sure risks and cre ate a safer work ing en vi ron -
ment for all per son nel in volved in X-ray dif frac tion re -
search and anal y sis.

Oc cu pa tional doses at the
XRD lab tech nol o gist

The unit of mea sure ment for X-ray in ten sity in IS
is the Sievert cor re spond ing to the ab sorp tion of one
joule in one ki lo gram of bi o log i cal mat ter, tak ing into ac -
count the qual ity fac tor and other mod i fy ing fac tors. The
ra di a tion mon i tors mea sure the ra di a tion in terms of rate
– Svh–1. The nor mal back ground ra di a tion level in our
XRD lab is on the or der of 0.65-0.81 Svh–1. At this rate,
one would ex pect to re ceive a max i mum of 0.81 Sv of
ex po sure per day or 0.81  12  365 = 3.55 mSv per year
shown in tab. 1.

Stan dard lim its of ef fec tive dose are 20 mSv per
year for oc cu pa tional and 1 mSv per year for the gen -
eral pub lic. Al though the stan dard pre scribes lim its on
an an nual ba sis, it is use ful to en sure that doses re -
ceived do not ex ceed 1 mSv per week. It should be
noted that nat u ral back ground ra di a tion to which ev -
ery body is ex posed from the en vi ron ment is in an or -
der of 2 mSv per year.

The XRD tech niques in volve the use of ion iz ing
ra di a tion, which can pose health haz ards if proper pre -
cau tions are not taken. Tech nol o gists work ing in XRD
labs are ex posed to ra di a tion pri mar ily through the op -
er a tion of X-ray equip ment and the han dling of sam -
ples. The mea sure ment of ra di a tion in ten sity in mi -
cro-sieverts per hour helps quan tify their ex po sure
lev els. Nor mal back ground ra di a tion lev els in XRD
labs typ i cally range from 0.65 to 0.81 Svh–1, re sult ing
in an nual ex po sure lev els of ap prox i mately 3.55 mSv
men tioned in fig. 2(a)-2(c).

How ever, it's es sen tial to con sider that oc cu pa -
tional ex po sure lim its are set to en sure the safety of
work ers. The  stan dard  ef fec tive dose lim its, such as 20
mSv per year for oc cu pa tional ex po sure, guide ac cept -
able lev els of ra di a tion ex po sure. Ad di tion ally, the limit 
of 1 mSv per year for the gen eral pub lic serves as a
bench mark for pro tect ing in di vid u als who may have in -
ci den tal ex po sure to ra di a tion from XRD ac tiv i ties. To
man age oc cu pa tional doses ef fec tively, XRD lab tech -
nol o gists should un dergo proper train ing on ra di a tion
safety pro to cols, in clud ing the use of per sonal pro tec -

tive equip ment and ad her ence to ex po sure mon i tor ing
pro ce dures. Reg u lar mon i tor ing of ra di a tion doses and
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Ta ble 1. Oc cu pa tional work ers' ef fec tive dose mea sure ment us ing thermoluminescence

Oc cu pa tional work ers Ef fec tive dose at 12 h [µSv] Ef fec tive dose per week [Sv] Ef fec tive dose per year [Sv]
Worker 1 0.73 5.11 3197.4
Worker 2 0.65 4.55 2847.0
Worker 3 0.68 4.76 2978.4
Worker 4 0.76 5.32 3328.8
Worker 5 0.81 5.67 3547.8

Fig ure 2. Oc cu pa tional work ers' ef fec tive dose
mea sure ment (in Sv) us ing thermoluminescence;
12 hour (a), per week (b), and per year (c)



im ple ment ing dose op ti mi za tion strat e gies are es sen tial
to min i mize the risk of ad verse health ef fects.

Col lab o ra tion be tween ra di a tion safety of fi cers,
health phys i cists, and XRD lab per son nel is cru cial for
de vel op ing and im ple ment ing ef fec tive ra di a tion pro -
tec tion pro grams. This col lab o ra tion can in volve con -
duct ing reg u lar risk as sess ments, im ple ment ing en gi -
neer ing con trols to min i mize ex po sure, and pro vid ing
on go ing ed u ca tion and train ing on ra di a tion safety
prac tices. By ac tively ad dress ing oc cu pa tional doses
in XRD lab en vi ron ments, tech nol o gists can work
con fi dently and safely while min i miz ing their risk of
ra di a tion-re lated health is sues.

CON CLU SION

Nor mal back ground ra di a tion lev els in XRD labs
typ i cally range from 0.65 Svh–1 to 0.81 Svh–1, re sult -
ing in a max i mum ex pected daily ex po sure of 0.81 Sv
and an an nual ex po sure of 3.55 mSv. While these lev els
are gen er ally within ac cept able lim its, it's es sen tial to
ad here to stan dard ef fec tive dose guide lines. The stan -
dard ef fec tive dose lim its set at 20 mSv per year for oc -
cu pa tional ex po sure and 1 mSv per year for the gen eral
pub lic serve as im por tant benchmarks. Ad di tion ally,
mon i tor ing weekly doses to en sure they do not ex ceed 1 
mSv is pru dent. It is worth not ing that nat u ral back -
ground ra di a tion, which av er ages around 2 mSv per
year, con trib utes to over all ex po sure lev els. By ac tively
mon i tor ing ra di a tion doses and ad her ing to safety pro -
to cols, XRD lab o ra tory work ers can min i mize their risk 
of ra di a tion-re lated health is sues and en sure a safe
work ing en vi ron ment.
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PROCENA  DOZE  PROFESIONALNOG  ZRA^EWA  U  RADNOM  OKRU@EWU
LABORATORIJE  ZA  DIFRAKCIJU  RENDGENSKIH  ZRAKA

Banaras Hindu univerzitet i Baratiar univerzitet sproveli su studiju za procenu
profesionalnih doza zra~ewa me|u nemedicinskim radnicima u radnim okru`ewima za analizu
rendgenske difrakcije na nau~nim odeqewima. Pra}eno je ukupno pet nemedicinskih radijacionih 
radnika da bi se utvrdila wihova prose~na godi{wa efektivna doza. Termoluminiscentni
dozimetri izdati su petorici tehnologa rendgenske difrakcijske analize da bi se zabele`ile
wihove doze tokom mesec dana. Merewa ja~ina doza registrovano je kori{}ewem anketnih mera~a.
Prose~na mese~na doza za radnike bila je 0.35 . Prose~ne vrednosti ja~ine ambijentalne doze
bile su 0.45  za Baratiar univerzitet i 5.08  za Banaras Hindu univerzitet. Nivoi doza
su ispod granica koje preporu~uje Me|unarodna komisija za radiolo{ku za{titu. Studija je
pokazala da su godi{we prose~ne efektivne doze za pet radnika tehnologa 3197.4  , 2847.0  ,
2978.4  , 3328.8  i Va`no je da su ove izmerene doze bile zna~ajno ispod me|unarodne 
preporu~ene granice doze od 50 .

Kqu~ne re~i: efektivna doza, Me|unarodna komisija za radiolo{ku za{titu


