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Sealed ra di a tion sources are com monly used in dif fer ent re search in sti tutes, in dus -
tries, and hos pi tals. The sources of var i ous strengths are man u fac tured in dif fer ent
sizes and shapes. It is a reg u la tory re quire ment that these sources must be mon i tored
fre quently for their in teg rity and to avoid any ra dio log i cal con tam i na tion haz ard.
Mainly, a wipe test is rec om mended for the con tam i na tion de tec tion due to the leak age 
of sealed radiation sources. A ra di a tion pro tec tion as sis tant ro bot has been fab ri cated
to ex e cute dif fer ent tasks in a haz ard ous ra di a tion en vi ron ment. In this study, the ro -
bot was used to con duct the wipe test of five sealed ra di a tion sources. The sealed ra di a -
tion sources were tested safely and se curely with out giv ing any ra di a tion dose to the
ra di a tion worker. The ra di a tion doses re ceived by the ro bot grip per and waist dur ing
the wipe test were 3.4 Gy and 208.9 mGy, re spec tively.
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IN TRO DUC TION

Now a days, the de mand of sealed ra di a tion

sources (SRS) has in creased due to their ex ten sive ap -

pli ca tion in high qual ity mass pro duc tions in dus try and

other fields of bio and med i cal sci ences. In in dus try, the

main ap pli ca tion of SRS is the non-de struc tive and fast

qual ity con trol and ma te rial in spec tion. In nu clear med -

i cal cen ters and hos pi tals, SRS are used for dis in fec tion

and ster il iza tion of sur gi cal and med i cal in stru ments,

ra dio-im ag ing, and ra dio ther apy. The SRS are also in -

ten sively used for ra di a tion ster il iza tion of a va ri ety of

food stock items. Due to the va ri ety of uses, SRS are

avail able in dif fer ent makes, types and ac tiv i ties. Be -

cause all types of SRS are ra dio ac tive ma te ri als, fre -

quent and strive mon i tor ing for leak age/con tam i na tion

is nec es sary dur ing their use. The In ter na tional Or ga ni -

za tion for Stan dard iza tion (ISO) has clas si fied stan dard

pro ce dures [1, 2] for check ing the leak age and/or pres -

ence of loose ra dio ac tive con tam i na tion.

The stan dard leak test fre quency ranges from six

months to sev eral years de pend ing on the type and fre -

quency of use. The SRS used for in dus trial ra di og ra -

phy and other qual ity con trol and food stock ster il iza -

tion pro cesses are of higher ra di a tion strength; their

leak test is rec om mended af ter six months [3]. Some

SRS are used for small level ster il iza tion in hos pi tal

and their leak test is rec om mended an nu ally. The low

strength SRS are used in level mon i tor ing, mois ture,

soil, and align ment gauges. For such SRS, the leak test

is rec om mended af ter ev ery 2 years. An in teg rity or

leak test is not car ried out for sealed source con tain ing

a radionuclide with a half-life of less than 30 days, liq -

uid or gas eous radionuclide(s) or radionuclide with

beta ac tiv ity less than 185 MBq and/or gamma emit -

ting ma te rial or not more than 185 kBq of al pha emit -

ting ma te rial [3]. Sealed gas eous radionuclides are ex -

empted from in teg rity test ing be cause of the rapid

es cape of gases. The gas eous and liq uid sealed ra dio -

ac tive sources are treated as ra dio ac tive ma te ri als [4].

The SRS used in smoke de tec tors and elec tron cap ture

de tec tors, and un sealed sources are not sub jected to

the leak test. Sim i larly, elec tro plated sources are not

tested with the wipe test pro ce dure. Fur ther more, an

in di ca tion of leak age is also ob tained by check ing the

stor age con tainer for ra dio ac tiv ity [5].

The wipe test is only sug gested for long half-life

gamma emit ter radionuclide SRS. The wipe test equip -
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ment should be ca pa ble of de tect ing as low as 185 Bq of

ra dio ac tive ma te rial on the test sam ple. Only the re cord

keep ing is rec om mended when the wipe test in di cates

less than 200 Bq on SRS sur face or 20 Bq on an equiv a -

lent sur face of a con tainer [6]. When the wipe test re -

veals the pres ence of leak age, the SRS is in stantly with -

drawn from the ser vices and stored in a sep a rate

shield ing con tainer in a se cure in terim stor age. This is

nec es sary to pre vent the spread of ra dio log i cal con tam i -

na tion. More over, due to ra dio ac tiv ity the SRS han -

dling rep re sents a risk; hence spe cially de signed hot

cell, mas ter-slave ma nip u la tors, spe cial tools and

equipments are re quired for the SRS wipe tests.

In this study a spe cially de signed and lo cally fab ri -

cated ra di a tion pro tec tion as sis tant ro bot (RPAR) has

been uti lized for the wipe test ing. A to tal of five cy lin dri -

cal SRS were sub jected to the wipe test. The ra di a tion

doses taken by RPAR were also mea sured as if it is a ra di -

a tion worker con duct ing the test. By us ing a ro botic arm,

there is no need to fol low the leak test pro ce dures given

by [7]. The wipe tests were car ried out by us ing isopropyl 

al co hol and dou ble-dis tilled de-ion ized wa ter.

MA TE RIAL AND METH ODS

The RPAR has a 4-de gree-of-free dom (DOF) ar -

tic u lated ro botic arm (fig. 1). The RPAR has been de -

signed and con structed to as sist ra di a tion work ers in

haz ard ous ra di a tion en vi ron ments [8]. It can be con -

trolled man u ally through a re mote consol or au to mat i -

cally through a task programme. The RPAR was used

with out any me chan i cal al ter ation or amend ment in

the pres ent study. The RPAR picked and placed SRS

di rectly from the shield ing with the help of the re mote

consol. The re main ing pro ce dure of the wipe test, i. e.

press ing and roll ing over a wet cot ton swab was car -

ried out au to mat i cally with the help of a press and roll

task programme. This programme is suf fi cient to wipe

off thor oughly the ex ter nal sur face of SRS. When the

pro grammed wipe test rou tine ended, the SRS was

stored back in the shield ing with the re mote con sole.

The whole op er a tion was car ried out in a hot cell with

the help of an onboard RPAR’s web cam (fig. 2), and a

cam era fit ted in side the ex per i men tal room (fig. 3).

The swab holder mech a nism con sists of two

perspex sheets with a poly sty rene sheet, 3 mm thick, in

be tween. The base tray has di men sions 110 × 60 × 5 mm.

The swab holder sheet (80 × 60 × 16 mm) has a 1.5 mil li -

me ter deep cav ity at the top to hold a dou ble folded wet

cot ton swab (20 × 20 mm). The poly sty rene sheet pro -

vides the nec es sary flex i bil ity to the swab holder sheet

dur ing test ing. A list of the SRS used for the wipe test ing

is given in tab. 1.

Wipe test with isopropyl al co hol. Five cot ton

swabs were pre pared, one for each SRS. For each wipe

test ex per i ment the swab was moist ened with an a lyt i cal

grade isopropyl al co hol (E. Merck, Ger many), as the

isopropyl al co hol moisten swab was found 100 times
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Fig ure 1. Ra di a tion pro tec tion as sis tant ro bot (RPAR)

Fig ure 2. View from onboard RPAR’s web cam

Fig ure 3. View from the cam era fit ted in side the

ex per i men tal room



more ef fi cient to wipe off the loose ra dio ac tive con tam i -

na tion com pared to a dry swab [9]. The wet cot ton swab

was placed in the cav ity of the perspex tray. With the help

of the re mote con sole of the RPAR a SRS was picked out

of the shield ing and was brought to a pre de fined po si tion

over the tray cav ity. Af ter ad just ing a proper po si tion of

the RPAR grip per with the grabbed SRS, the press and

roll task programme was started. This programme wiped

the SRS five times over the wet cot ton swab and ro tated

through 185 deg at the same time. Each stroke con sisted

of two half strokes. In first half, the wip ing started from

one side of the swab and con tin ued to wards the end with

the rub bing ac tion. Then the sub jected SRS was flipped

over and the sec ond half was wiped in a sim i lar way. The

press and roll of SRS over the cot ton swab is il lus trated in 

fig. 4. Af ter the com ple tion of the task programme for ten 

strokes, the wet cot ton wipe was al lowed to dry in the

open air. The dried smear was in serted and sealed in a

small poly sty rene sam ple count ing vial with the help of

the for ceps.

Wipe test with dou ble dis tilled de-ion ized wa ter.

The wipe test pro ce dure was re peated with dou ble dis -

tilled de-ion ized wa ter in a way sim i lar to that of the wipe

test ex per i ment with isopropyl al co hol. The wipes were

al lowed to evap o rate till com pletely dry and then in serted 

in a small poly sty rene count ing vial.

MEA SURE MENT OF RA DIO AC TIV ITY

The mea sure ment of leak age (ra dio ac tiv ity) was

per formed with a HPGe de tec tor (Can berra Model

AL-30) con nected to a PC-based intertechnique mul ti -

chan nel an a lyzer (MCA). Intergamma, ver sion 5.03

was used for data ac qui si tion. The sys tem has the res o -

lu tion of 1.9 keV at 1332.5 keV peak of 60Co and peak

to Compton ra tio of 40:1. The data files, con tain ing

g-spec tra were then used by our in digen ously de vel -

oped com puter programme for ac tiv ity cal cu la tions. In 

the cal cu la tion step back ground sub trac tion was ap -

plied for each swab.

RA DI A TION EX PO SURE

RE CEIVED BY RPAR

Each scrub bing stroke com pleted in 3 sec onds.

The RPAR con ducted a sin gle wipe test in about four

min utes. To mea sure the ra di a tion dose re ceived by the 

RPAR, four thermoluminous do sim e ters were used.

Two do sim e ters were mounted on the grip per and two

were mounted on the waist seg ment.

RE SULTS AND DIS CUS SION

Each swab was sub jected to gamma spec trom e -

try for one hour. The spec trum shows only the back -

ground peaks. All the gamma spec tra con tained

radionuclides orig i nat ing from238 U and 232Th se ries,

and from 40K. No radionuclide from any SRS was ob -

served. The re sults in di cate that all the wipe-tested

SRS have no sur face con tam i na tion and that the

sources are leak tight and in tact.

For all the SRS, the grip per and waist of RPAR

re ceived a to tal dose of 3.4 Gy and 208.9 mGy, re spec -

tively. The wipe test ing was car ried out in a hot cell.

Dur ing this test, the op er a tor re motely con trolled the

RPAR; there fore, he did not re ceive any ra di a tion

dose. The per for mance of the RPAR has been found

sat is fac tory in high ra di a tion en vi ron ment.

CON CLU SION

A ro bot hav ing four de gree of free dom ar tic u lated 

ro botic arm can per form the wipe test on sealed ra di a -

tion sources. The wipe test ing is more con ve nient with a 

ro bot as com pared to a mas ter-slave ma nip u la tor in side

a hot cell. The mas ter-slave ma nip u la tor has lim ited

range and ac ces si bil ity as com pared to a mo bile ma nip -

u la tor. The tech nique will pro tect the ra di a tion work ers

from get ting avertable ion iz ing ra di a tion dose.
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Fig ure 4. Press and roll of SRS over the cot ton swab

Ta ble 1. Lists of sealed ra di a tion sources

S. No SRS Physical form Activity [MBq]

1 60Co Cylindrical 87.4

2 137Cs Cylindrical 4080

3 137Cs Cylindrical 3140

4 226Ra Cylindrical 1760

5 226Ra Cylindrical 1660
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TESTIRAWE  BRISOM  ZAPE^A]ENIH  RADIOAKTIVNIH  IZVORA 
KORI[]EWEM  POMO]NOG  ROBOTA

Zape~a}eni radioaktivni izvori obi~no se koriste u razli~itim istra`iva~kim
institutima, industriji i bolnicama. Izvori razli~itih ja~ina proizvode se u raznovrsnim
oblicima i veli~ini. Propisima se nala`e ~esta kontrola izvora u pogledu wihove celovitosti, a
radi izbegavawa ma kakvog rizika od radiolo{kog zaga|ewa. Za detekciju zaga|ewa zape~a}enih
radioaktivnih izvora uglavnom se preporu~uje testirawe brisom. Za obavqawe razli~itih zadataka 
u rizi~nom radijacionom okru`ewu proizveden je pomo}ni ro bot. U prikazanom ispitivawu, ro bot
je kori{}en da obavi testirawe brisom pet zape~a}enih radioaktivnih izvora. Izvori su testirani
pouzdano i sigurno, bez ikakve primqene doze zra~ewa od strane radnika. Doze zra~ewa
registrovane tokom testa brisom na hvataqci i pojasu robota bile su 3.4 Gy i 208.9 mGy,
respektivno.

Kqu~ne re~i: testirawe brisom, zra~ewe, ro bot
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