pvrgl i

INTERNAL REPORT
PINSTECH/HPD-101 ,

CODE OF PRACTICE
AGAINST
RADIATION HAZARDS AT PINSTECH
(Revised 1982)

M.A. MUBARAK
M. JAVED
SHAKEEL AHMAD

Health Physics Division
Pakistan Institute of Nuclear Science and Technology
Nilore, Rawalpindi
October 1982



INTERNAL REPORT
PINSTECH/HPD - 101

CUDE OF PRACTICE
AGAINST
RADIATION HAZARDS AT PINSTECH
(Revised 1982)

M.A. MUBARAK
M. JAVED
SHAKZEL AHMAD

Health Physics Divisicn
PAKISTAN INSTITUTE OF NUCLEAR SCIENCE & TECHNOLOGY

P.O. NILORE, ISLAMABAD
(October 1982)




2.1

2.1.1
2.1,2
2.1.3
2.1.4
2.1.5

2.1.6

2,2
2.3
2.4
2.5

3.1 re

3.2

3.3
3.3.1
3.4
3.4.1
3.5
3.6

3.7
3.8

CONTENTS

INTRODUCTION -

ADMINISTRATION-GENERAL -

Responsibility

Director - PINSTECH .
Health Physics Division
Nuclear Safety Committee
Heads °if}31vlslms N
Laboratory Incharge/Sg.pervisor '
Individual Workez c ;
Approval end Registration of work =

oL

e

Approval and Grading of Laboratory
Medical Examination of Workers

* Medical Chsualty Secvices: 1 i+ .

RADIATION AND CCNTAMINATION CONTROL

Control of Extern2l Radiatton Hazards

Controi of Int~1al I-’ﬂzards .;nd Rad!oacﬂve
Contamination

Ectablishment of Conterclled Areas -
Controiled Axrcas :
F’rotective Clot hing

Routine Protective Cloth!ng

Incidents of Radicactive Contamination

Transportation of Radioactlve Matenals
Within Ingtitute |

Storage of Radioactive Materials

Normal Cleaning of Radioactive
Laboratories/Areas

NN N O e NN N

12
12

15
15

16

16
18
19



4.1
4.2
4.3
4.4
4.5
4.6
4.7

5.1
5.2
5.3
5.4

6.1
6.2
6.3
6.4
6.5

7.1
7.2
7.3
7.4

(it)

RADIOLOGICAL SURVEILLANCE

Radiatlda Monitoring/S:rveys
Surface Cantamination Monitoring
Airborne Radioactivity Monitoring
Personnel Monitoting

Bicassay ‘
Environmental Monitoﬁng
Effluent Monitoring

CLASSIFICATION OF RADIONUCLIDES AND
GRADING OF RADIOCHEMICAL LABORATORIES

Classification of Radionuclides
Grading of Laboratories ‘
Modifying Factors

Ventilation

MAXIMUM PERMISSIBLE LEVELS OF RADIATION

Dose Equivalent Limits

Quality Factors

Limits of Internal Contamination
External Radiation.Levels
Surface Contamination Levels

RADIOACTIVE WASTE

Nature and Classification of Radicactive Waste
General Precautions

Liquid Waste

Solid Waste

20

20
21
21
21
23
24
24

25

25
27
27
28

30

30
31
31
32

34

35
35
36



8.1

8.1.1
8.1,2
8.2

8.2.1
8.2.2
8.2.3
8.2.4

(iif)

DEC ONTA MINA TION

Decontamination of Personnel
Internal Contamination
External Contamination
Decontamination of Equipment
General Cmsideradon

Glass ware and Tools
Working Areas, Benches
Clothing and Similar Items

References

38
38

& & 8

[ -3
[

41
41

43



Sr. No.
‘ _T'zb el
"Table 2

1_',1"able'
Table:
T -ble:

= W

wn

Table: 6

Fgure: 1
Figure' 2

dv)

List of Table

o — e et ——

Chssiﬁmdm of !votop& A"cording to
F.elative Ra:iiotaxicity. e

Grading of L: boratories for Handling o

of Fa’ionucudes, SETRRERS

Urerational Factors to #. adify Tnble 2’

£ffective Dose Equivalefit Lmits. ‘_h

(::ality Factors for D fferent K{nds of

Rv‘amdm. . ., !A‘

- &

tdaxi~um Permisslble Lovels of Surface

Contamination ( /.IC!/Cm )

List of Figures

-

W-rning Sign for Radiation ..one
Warning S gn for Contamination zone

25

27

© 28

31

32

13



- 1 -
1. INTRCDUCTICN -

It ig, the radiation °afety policy cf PAFC/PIMSTECH that all radiation
orpoeuro s’muld be kept ag :low as reronably achievable (ALARA), A code’
of prar-tice aoamst radiation 'nzards at PINSTECH was written in 1072wh1ch'
rezulated the conduct of radiation work at PINSTECH. Since the radiation
work ét PINSTECH Ihec greatly increased, it was conmsidered necgssary to
revise the code so ac to incorporate the new concepts in this field as well
as to nglp mr.eet the precent requlremen__ts of radigticn protection.

“‘The procedures ‘séiforth in this code are ~i~ndatory and in ”no case
should any of them be deviated except under an emergency sntuation which

| my be ‘umdled according to procethres laid down in a separate manual
| "Emergency Procedures at PARR PleTECH" (PINSTECH/HP 19).

All those éupervléin_g or perforiblng any kind of mdiattm# work-are
required to study and adere to these procedures, Copy of this code should
be kepf in evefy radiation laboratory for ready reference. "

.y
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2. ADMINISTRATICN - GENERAL
2.1, R >cpomsibility.
2.1.1 Director - PINSTECH

L Beixig the highert authority of the institute, the Director PINSTECH
is retponsible tvensure that all operations at PINSTECH are so conducted

- that the

ealth and safety of the individuals inside or outside PINSTECH ar=

- adequately protected. To meet ‘thesz responcibilities. the Director should
“ensure that 'the following actions are taken-

i)
if)

ity

Safe u‘tqfking conditions ‘and equipmant appr'o;iriat’e to the degree
of radiglogical hazard should be provided.

Cnly persons who are medically suitable and adequately Erained
or experienced should be allowed to work with radicactive material.

Suitable medical casualty service siould be provided.

T-e Director will be acsisted in this regard by the Head, Health

Physics Division and the Nuclear Safety Committee,

2.1.2 = 'H=alth Puysics Division

Tve Healty Phycics Tivision would be Tacponsible to provide radio-
logical protection servicez to all radiation workers at PINSTECH. The
radiological protection szrvice would include t-e following

a)

b)

Radiation/~ontamination curvey of all potentially radioactive/
~ontaminated areas,

Poxrsonn=l ronitoriny, of all radiation workers, casual workers
working in radiation area and visitor:.

Ervironmontal monitoring of all working places where airborne
radioactivity ic likely to be gencrated.

Maint=nance of recordz pertaining to all kinds of monitoring,

Cafety evaluation of radiation facility or radiation work and
acces-ment of radiological ha-ards accociated with therr,



f)
o)

,Th)

B
k)

1)
m)

n)

2,1.3
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v

Approval of activitiec which involve actual or potential exposure
to radiation or release of radioactive r-aterial to envirorment,

Maintenance of inventory of sealed/unsealed- radiation sources

.and periodic incpection of thece.

'Specify the protective c<lothiny and equipment requir‘em‘eht for tne
work in contamination onz2,

bio-analysic for internal =xposure,
appropriate training and inctruction to radiation workers,
calibration of radiation monitoring instruments,

formulation of safety procedures with regard to safe handling
of radioaclive material, and-radiation facilities,

control over the rrovement of radioactive material to and from

" radiation area,

advice on matters related to radiation protection.

Nuclear Safety Commiitee

T"e MNuclear Safety Committee has been =stablished by the Director
to ac-ure and offer direction for the safe uce of radiation/radicactive
material at PINSTECH. The committce at presentis comprised of the
following members-

1. Head, NED - Chairman

2, Head, NCD - Merrber

3. Head, HPD - "

4. Head, NMD , "

S. Head, CNS - "

6. Head, ROG - " -

- 7. Head, Op. H,P.G. M2mber/Secremary
Additional members ray be zo-opted as and when considered

necer:ary.
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The Nuclear Safety Committee is the final authority on all matters
pertaining to radiation safety. The committee shall review all applications
for the use of radioactivity or radiation producing macaines at PINSTECH.
Any modification or irprovement, it deerrs necessary in the interest of
radiation -afety, shall be effected at the ecarliest possible time, In case
of non-compliance wit: the rules -et forth in this code, the committee hac
an authority to terrminate the authorisation for the use of radioactive matter/
radiation.

The committee ~hall normally mzet once in each quarter to discuss
new developr ents in radiological safety. However, the Chairman may call
a meeting whenever “e deemc nececsary, I-linutes of the meetings shall be
recorded and distributed to the all concerned.

Heads of Divisi

Te Heads of Divisions are responsible for conducting all activities
cafely. Their radiation safety recponsiblitiec Include the following :

i) Accume recponsibilitics for attinrmont of policy objectives
with regard to personnczl exposurz, personnel and environmental
contamination,

fi) I:form Healt: Physics of new facilities or facilitiez to be
cignificantly modified.

iv) Concult Heglth Physics in planainz all operations where exposure
to radiation or radioactive raterial migat occur. .

7) Irform Healts Physics, whenever, work requiring the presence
of 1ealth phyzicist, is to be nerformed.

vi) Initiate Radiation/-pecial work narrrits as required for operations
involving radioactive materials or radiation source.

#/il) Stop all work likely to result in (i) significant personnel
exposure (if) Spread of contamination (iii) environmental conta-
mination in working area unlecs it is judged for specific recasons
that the advantage of continuing the operation outweighs the
disadvantage.
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viii) Cooperate with Health Physics in acsessing radiation safety
through notification of unusual occurances or incidents involving
radiocactive contamrination, over-exposure or parsonal injury and
by providing access to and makine readily available, all relevant
information, .

x) Ar-sume respaonsibility. for the adequacy of employee training in

mdiatmn cafety.

zi)'lnform oromptly the Dlrector/C mairman NSCP or Head, Health
Physics of all personnel over =xpocure, unusual vomammauon
incident or excessive relea.,- of radioactivity  to environment,

xii) Ensure that work with radiation/radioactive material and ths
laboratory, if unsealed radioactive madterial are used, are
approved by NSCP.

xiii) Ensure that all persons working in laboratory are registered as
radiation workers and carry perconal monitoring devices appro-
priate to the work in hand.

xiv). Provide protoctive ciothing to his workers doing radiation work.

xv) Mainfain a record of all radiation sources and provide to Hcalth
P-ysicist.

xvi) Appoint a Divisional Radiation Sunervisor who may act on bzhalf
of Head of Pivizion in matter; relating to radiation safety.

Laboratory Incharge/Supervisor.

The supervisor of the laboratory in which work is carried out, must
ensure tha. the work is duly approved by thc committee and that the
laboratory alco is approved particularly if unsealed radicactive materials
are handled. He must also enzure that all personnel working in the labora-
tory carry appropriate perzonnel monitoring device.,. He is also responsible
for providing protective clothing to the worlmrr as recommended by Hesalth
Physicist.



2.1.6 The Individual worker

It is the responsibility of the individual worker to understand the
nature of hazards associated with the work which he undertakes and to
perform his work in a manner which is in accordance with the approved
procedures and which is safe for himself and for other persons. He
must report to his supervisor and radiological protection service of any
lncldent Or oocurance involving increased radiation risk.

2.2 . -'-'quroval and Registration of work.

. Prior approval of Health Physicist and/or NSCP shall invariably be
required for gll new radiation facilities: modification to existing facilities
and operating procedures: irradiation in the reactor, all waste -isposal
procedure-: productior, acquisition and dis posal of radioacnve materials;
alterations to and maintenance of radioactive facilities, experiements and
operations involving handling of radiation and radioactive materials, use
of radioactive materials by PINSTECH workers outside the limits of the
institute etc. Appropriate proposal to this regard shall be put up in
writting well in advance“to area Health Physicist who may approve them
by himself or submit them to the Nuclear Safety Committee ln consul -
tation with the Head Health Physics Division. :

T e write-ups to be prepared with repard to above must provide
the following informations :-

[) Namec of the supervisor of the operation and other workers,
i) Place and/or facility to be used for experiment/operation.

. ill) Description of the experiment/operation etc, including proce-'
durec to bz followed. :

iv) Type o‘fl radlatlon anrd/or quantity of radio-nuclides involved.

v) Estimated quantity and nature of radicactive wastes to be
produced, if any.

vi) Details of transfer operations, if any, and speclﬂcatlons of |
transfer/transport container '

. vil) "Deﬂnmon and ;evaluatlon of ha:ards involved in the operation
and measures to minimize such ha.ards.
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' An approved ‘work certificate is valid, unless specified, for two
years. from the date of authori-ation after which it will automatically
become void. A new application is required if the work is to be continued.

Health Physicist may recommend for the suspension of authorization
if he is not satisfied with the.procautions- in force or discover that the 4
safety rules are violated. An appeal to the safety committee for reassess-
ment may be filed by the concerned.

Approval and grading of laboratorizs

I aboratoriec in which unsealed radicactive materials are handled
shall be graded on the basis of finish, location and facilities provided:
the grade will get an upper lirrit to the' quantities of radioactive materials
which may be handled. Details of these quantities and outline :pecification
. for the grades are given in chapter VI, Work with unsealed radicactive
matenal' must be carried out in approved laboratories and the quantity
of unsealed radioactive materials mllSt not ﬂxceed the limit szt by
Health Physicist, :

Medical Examination of workers.

Pre-ﬂrrpIOyment and routinez medical examination of all radiation
workers shall be arranged by Administrator PINSTECH, who shall also
maintain record of such examinations,

The routine medical examination would be directed towards special
inve: -tigations of thosc organs and functions which are regarded as parti-
cularly vulnerable to radiation ha-ard in thz light of class of test under-
. taken. The routine exarnination should be carried out every twelve months
or a- and when required by H.P./NSCP.

Medical Casualty Service.

A madical casualty service should be availabe within PINSTECH
durlng all working 1ours on week-days as well as during shifts, First
aid equipment zhould be immedlately available throughout the working area,
Administrator PINSTECH chall be responsible to supply the necessary
medicines for the first aid boxes and replenish the depleted medicines.
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3. RADIATION AND CONTAIYINATION CONTROL

' The handling of radiation sources or radicactive material can give
rise to certain ha_ards which may be divided into two broad classes -

a) External ha-ards, and ,.:b),Int_ernal ha-ards.

By adopting appropriate safety measures, suitable precautions and
through careful planning of the work, thz handling of radiation sources

"~ may become a cafe operation and chances of exposure to external and

internal ha -ards may be minimised or reduced to a safe level.

_Control ‘of External Radiation Ha.ards,

~ External radiation ha_ards may arise from the radiation reaching
the body from exiernal sources. External radiation hazards can be
minimi- ed by reducing all external radiation levels to values which are
ac low as pmcur:able. This can be accomplished by adopting following

' meaeure., .

i) The actlvity of the source used should be as low anp0ssible.

11) The =nergy or penetrating power of the ermitted radiation should
. fot be greater than that necessary to accomphsh the tnsk with
' mmimum total exposure.

iti) If possible the radioactive material in the source should be of low
toxicity and in such chemical and physical form as to minimise
dispersion and ingestion in the event of container being broken,

'iv) Tre distance between the radiation source and the worker may

be kept the maximum, possible, Remot handlmg tongs may be
used. :

v) The time cpent in the vicinity of the source should be the
- rinimum necessary. Work with radiation sources should,
therefore be planned to limit exposure by limiting the working
time, Dummy runs should preferably be performed, if possible.



vi) Adequate shielding between t:e source and the worker may be
provided, Additional shiclding may be used to ensure that other
perzons in the vicinity or in adjoining area are appropriately
protected fromr radiation.

. vii) Radiation sources should be measured to permit individual
. -, indentification and to facilitate determination of the nawmre and
quantity of radwact_wlty without undue exposure of worker.
vii) . Sealed sources and/or appropriate containexfs- should be regularly
examined for contamination or leakage (smear test may be usea).

. ix). Radiation sources should always be handled in such a way that
proper location is possible at all time.

x) Tha loss of radiation source should be immedlatel_y notified to
Healt: P‘ﬁ.ysicist. :

xi) Sources should not be touched by hand, Appropriate tools chould
. be used,for instance, long-handled forceps with firm grip.

¥il) Radiation sources should be handled in such a way as to avoid
ha:ards to all personnel working in the adjacent area including
rooms above and below. Areas subject to high radiatlon levels
should he clearly marked and cordoned off. '

~ xiil) .Radiation field of 2.5 mrad/ar /0.023 mGy/hr) or nore in

‘ controlled areas must be marked. Heaith Physicist must be
notified of any changed: circumstanceg which may be expected to
alter. the fleld,

xiv) A plan of procedure must be prepared in consultation with Health
Pysicist for any work which may cause perconnel exposure of
.. .more than 100 mrad/per hour(l mGy/%r). Such work must be
performed in the presence of a maember of Health Piysics Staff.

3.2 Control of Internal Ha ards and Radioactive Cmtamlnation;

Radiation arising from radioactxve cubstances within the body
constitutes an Interrial ha ard, The radioag:tive substance may get entry
into the body by inhalation, ingestion or through wounds and broken skin.
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The radiocactive contamination may also result in internal radiation hazard.

Precautivos against internal radiation ha:ards and control of radio-
active contamrination include the following measures in addition to those
against the external ha ard.

5}

i)

i)

iv)

V)

vi)

vil)

viif)

ix)

Al operatxons with regard to ‘xandling of unsealed radioactive;
materials chould be planned to lirit the spread or dispersal
of radioactive material.

Unnecesvsary movement of personnel or material to and from
radioactive area should be restricted/avoided.

Equipment, 'glasswaré, tools and cleaning equipment for use
in active area chould not be used for work in inactive areas
and should be cuitably marked, -

All equipment, tools etc. must be ot monitored by Health

"ysics perconnel befoie takinz out of contaminated area.
Contaminated equipment etc. chould not be taken from controlled
area for repair until the level of activity has been reduced to
cafe limit set by Health Physicist.

ANl operations involving the production of vapour, spray, dust
or radioactive gas, should be carried out in a good fume
cumboard or in a glove box,

Extreme care should be excercised so that any radioactive
spill is confined to well defined areas.

To avoid the spread of contamination in the event of breakage
or spill, all work should be carried out in double containers

or over large trays of ctainlesz cteel or enamel. Such trays

should be lined with absorbent peper to restrlct the spread of
liquid.

No routh operations should be carried out in the laboratory,
Plpettes must be syringe or bulb operated.

Glass blowing should be avoided in the laboratory. Where such
work is =ssential, blowing by month is not permissible.



x)
o xi)
xit)

xiti)
xiv)

XxV)

“xvi)

xvii)

xviil)

| xix)
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Radioactive materials must not be manipulated with
unprotected bare hands.

Persons having open skin, wound (even if ptrotected
by bandage) must not work with radioactive materials.

The uée of containers, glassware, equipment etc. with
sharp cutting edge should be avoided.

Eating, drinking,' smoking or the application of cosmatics
are not permitted in any laboratory or room where
radioactive meterials are used or stored.

All persons shall monitor themselves for contarrination
before leaving a laboratory where loose radioactive
r-aterial is used or stored or suspected to be present,

Any injuries, however small, suctained in radiocactive
area must be reported to Health Paysics immediately.

If it ic essential to carry out work with radicactive
material after working hours, there should always be at
least two persons in the laboratory. :

‘Repairs to cinks or waste pipes should be carried out

only after the approval of Health Physicist,

Wacte bin for solid radiocactive waste i.e, filter paper,
tissue paper: etc. should be provided in the laboratory
by the supervisor of the laboraiory, A marked container
chould be provided for liquid waste of high activity,

On leaving the laboratory, every worker should wach his
hands thoroughly, preferably scrubbing gently with a nail
brush, ecpecially around the nails, Hands rhould be

r onitored to ensure that no contamination is present,
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3.3 E: tablishment_of Controlled Areas.

Area- in which potential radiological “a:ardc from radiation
or ~contamination are considered io be preszent, shall be designated as
controlled arear which shall be further clascified a-; radiation area,
contar ination area or both. Areac in which cealed radiation sources are
uced or ctored an< Tadiation producing machines are in operation shall
be cla<-ifed a~ radiation ones. Sirilarly area: in wrich open radioactive
material- are handled <-all be dezignated a- radiation or/and contami-
nation zoner,

All zontrolled area- shall be marked out and warning signs
po-ted a‘ appropriate at entrance and inside Tae warning cigns c<hall
dicplay the zymbol shown in fig 1 & fig 2 which indicates the precence
of ioni ing radiation or radioactive contamination or both.

Accers to the controlled areas ~hall bz restricted to regular
radiation worker- working in the area and to those who have special business
to conduct, All the persons entering the controlled areas are required to
wear radiation metering devicez such as film badge or dosimeterz and
protective clothinz,

3.3.1 Controlled Arzas

Following areas have been declared az controlled areas on
account of external and internal radiation ha:zards.

) Pase-l
(i) Reactor Hall Radiation area
(ii) Rabbit Room (in the Radiation-contamination
reactor nall) area

(ili) Sump Room (in the " "
Teactor hall)
(ivy Pump Room " "

(v) Radiation Source Radiation area
atorage room



DANGER  DANGER

RADIATION Zone Contamination Zone

T N R

ow : i
}
KEEP AWAY KEEP AWAY *
N CASE OF EMERGENCY NOTIFY ' . (N CASE OF EMERGENCY NOTIFY
OUTY HEALTH PHYSICIST - DUTY HEALTH PHYSICIST
. Figure ! _ Flimre < 2




II) The Nuclear Chemistry Building

(1) Radioisotopes Radiation-contamination
Production 1abs. on area,
1st floor.

(i1) RIPG Plant area in " "
the basement.

(ili) Nuclear Activation " "
Analysis Labs. on the

2nd floor.

(iv) Cobalt-60 .gamma Radiation area
- cell in. the basement.

3 III); Nuclear Miterlals' mﬁdl_ng

(_;)_"': All the labs. on the Contamination area
1st floor.

(ii) Basement  (SMG) " "

IV) Nuclear Engineering Building(Basement),

(i) Radiography Lab. Radiation area
(i) X-Ray Room " "

" "

(ifi) Radiation sources
storage Room,

In addition to above mentioned areas, the other areas shall
be designated as controlled areas by the area Health Physicist as and when
considered necessary.

The radiation workers shall be responzible to check themselves
thoroughly for radioactive contamination and perform decontamination opera- .
tions, if necessary, (in consultation with Health Physicist) before leaving the
contaminated areas, Similarly all materials i.e. equipments, glasc ware,
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papers, containers, waste materials, tools, protective clothings must be
checked for contamination before they are sent out of the controlled area.
Health Physics check posts have been ectablished for this purpose at
appropriate locations in each bu.lding of PINSTECH. Additional Health
Physics check posts may be prescribed and established by the Health
Phycics both within and 0ut31de various controlled areas as and when
considered n°cessary :

Protective Clothing

Protéctive clothing for radioactive work may be considered under
two headings-routine and emergency. The latter includes protective clothing
for purpose such as special maintenance and emergency operatinns.

Routine Protective Clbfhlgg

Routine protective clothing includes laboratory coats, overalls,
aprons, tubber gloves, rubber choes and overshoes. It is the responsibility
of lab, Incharge to arran-e in advance necessary protective clothing for his
workers to enable them to carry out radicactive works in a safe manner.

Protective clothing approoriate to the conditions shall be worn -
all tirec in the laboratory. In all cases gloves chall be the minimum
protection required.. Due to the risk of contaminating other work, this rule
applies even at very low levels of activity. In grade C laboratories and for
most work In grade B laboratories. a normal laboratory coat or overall
is sufficient, To prevent the transfer of contamination from the floor of -
Grade A laboratories, it is necessary to wear overshoes or separate
footwear. Rubber 7loves chould be worn for all work with unsealed radio-
active material. The surcicsl technique should alway be used when putting
on or removing gloves, to avoid contaminating the hands and inside surface
of the gloves. Gloves must alway be monitored before removal. All
protective clothing worn in active laboratories must be removed before
leaving and left in or irmediately cutside the laboratory.

Emergency proteciive clothings such as face mask, respirator etc.
may be recorrmended and provided by Health Physics to be used in various
active areas as and when considered necessary. .
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Incidents of -Radiocactive Contamination

Radioactive materials may be accidently released by a spill, by
a failure of =quipment or by rupture of sealed source. All such incidents
must be reported to Health Physics at once. No attempts should ever be
made to conce¥l such instances as they may create serious hazards to the
persons concerned as well as to other workers in the Instit'te. Health
Physlcs will advise about appropriate safety measures and decontamination
procedure to be adopted. The decontamination will be carried out by the
workers of tie concerned laboratory under the supervision of Health
Physics. -

- In certain cases where spill or release is of such a nature that
requires immediate action to be taken to contain the mraterial or limit the
release, such action may be taken by the individual concerned before
Health Physicist arrives, This may include the following :-

i) Persons directly contaminated by a wet spill should
immediately remove affected clothing and thoroughty -
wash the hands and other contaminated parts of the body.

i) If an lnhaladdn ha:ard exists, all persons not involved
in carrying out planned safety procedures should vacate
the contaminated area immediately.

ili) After evacuation of the affected area, all the persons
involved in the radioactive work should assemrble in the
clean area and should wait for the Health Physicist
who would advise for the suitable actions to tbe taken.

Transportation"'of Radiocactive Materials
within Institute,

During transportation, the radioactive material may accidently
be released to the environment and result in spread of radiation and
contamination ha:ard. A great deal of care chould, therefore, be exercised
while transporting radicactive. material.  The following specific measures

should be adopted while moving radicactive materials from one place to

an other within the institute,



i)

1i)

iit)

iv)

v)

vi)

vii)

viif)

ix)

x)
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No more radioactive rraterial should be moved than is
required,

Radiocactive material chould be transported in adequately
shielded and closed containers. The container should be
<0 designed and constructed as to prevent accidental
release of the cource material in case of upset.

Radioactive mater:ial in liquid, gas. powder or in other
dispersible solid form must be transported in suitable
vessels made of non-shatterable material (such as P.V,C,
or polyethylene etc.) or at least the outer containers
chould be of non-shatterable material.

For radioactive liquid, the outer containers should be
provided with absorbing material to retain all the liquid
in case of breakage.

The transport container must be marked with sign and in
transit, should bear a transportation teg showing informa-
tion necessary for safety, such as nature of contents,
physical condition, activity in curies (or Becquerel), dose
rate on the outer surface of the container and dose rate
at 1 m from the container.

In case of unsealed rzdioactive material, the outside of
the container chould be free from loose contamination.

All movement/transfer of radiocactive material to inactive/
~old areas must be effected after prior approval and clear-
ance fromr Hezalth Physics,

Radioactive material other than prepared samples should
not be taken into counting room,

Suitable trained workers chould be deputed for the trans-
portation of radicective material.

Any loss of radioactive material during transport should
at once be reported to Health Physics.
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xi)  Contaminated -vaste materi~l and the articles for
decontaminat: cn sheuld be transported in polythene bags
sealed -vith adhesive tape.

™

. Swwmen of Tp T~ re Materizls.

Radiocactive materizls must 2lvays be used and stored in
conditions which do not presert a kaczaid to persoans in the vicinity and
are reasanably secure ~giinst theit or unauthe-ized tampering. In general,
it is recommendecd that materials nct in :seguler use should be kept in a
locked storage assigned fo- inis purpose cnly, The authorised personnel
should be allowed to introduce or remove i~ndioactive materials into or
from the place of storege.

The place of stcrage should be adequately shielded, providea
with suitable mo2ns of exit th2t can bLe operzied from the inside and must
be posted with signs bearing th2 racicactive symbol and the words;
CAUTION-RADIOACTIVE MATERLIL., The Dlace of sterage sheuld be
inspected regularly arad checked for possible confaminaiion,

All radicactive materials or radiztion sources in the storage
should be clearly labelled, giving in{crm~:lon on the nature, activity and

physicial form and the ncme of the person responsible for the source
should be included,

Where red’saciive materiel is 1:ely to evolve a radio-active
gas or vapour the store must have sez>rate and adequate mechanical;
ventilation to the outside air. The fan must have operated for two minutes
before any person ent~r3 tae stcre,

Active residue ot twac2r lzve’ mey be stored in glass vessels
with polythene, rubber, o cork stoope:rs; plass or screw-on stoppers
chould not bz uced.

Thermally unstable soliticns cosiaining rodioactive materials
In nitric acid or nther oridiziag soli:ticas contain’s; traces of organic
material, peroxides, chlrrates e:c. cnd stable solutions with alpha
actlvity in excess cf +:aCi (18, 5x107 B} or beta-activity In excess of
50 mC1 (18.7 x 108 ™) should cizys be stored in vented vessels. Old
bottles of radicact.ve litouvs sheould be opened only in a fumehood,
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Containers usad te transfer radioactive material to and from
the stores should be designed to redice to a reasonable level the dose
received by person carrying them and snould be designed to avoid a spill
if they are dropved or upset.

Soluticns hiving an zlpha activity in excess of 1uCi/ml
(3.7 x 10* Bg/m1) shculd rot be stored in thin welled glass bottles, since
irradiation migit weakea thz glass. All glass vessels must be expected
to fail withaut apparert cause.

Botties contzining radio~ctive liquids should be placed with
absorbing material in the vessels large encugh to hold the emtire contents
of the bottles in case of breakage.

Recoxrds should be kept for all stored radicactive materials
which should give information on the type of material, activity time of
removal and return ard the name of person responsible for the material .
during its absence from the store. Such recerds should be checked to
provide adequate ccatrc!.

Inventories of all radcactive material should be taken every
6 months and provided to Health Physics Division.

Normal Clear!ng of Radicictive Liboratories/Areas.

Nermal cleaning of lzborztories or ~::2c in which work with
unsealed radioactive mcteriai is ca:ried cut must not be allowed except
under direct supervision of trained racdiation worker specially designated
for this purpose.

|
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4. FADIULUGICAL SURVEILLANCE

Radiological Gurveillance of the working environment, suxrounding
area and working personnel is an essential part of the effective radiological
protection programire to verify the safety ~eazures adopted, to ensure the
safe working conditions and render necessary advice, if needed, to improve
the protection level.

Radiological surveillance at the institute is accomplished by
performing monitoring of various kinds such ac

2) Area kadiation Monitoring

b) Surface contarination monitoring

¢) Air-borme Kadioactivity monitoring
d) Personnel Fadiation monitoring

e) «Vhnole body counting and bioassay
f) Environmental ~oritoring

3) Effluent inonitoring
‘adiation tonitoring/Surveys

i) Areas in which radiation sources are used or stored, neigh-
bouring areas, rcacter hall arnd neutron generator area when
in operation, shell be r:.onitored at regular intervals.

i) Radiation surveys shall be perfor--ed before starting a project
or using radiaticn sources, after any significant rodification
of set-up and also periodically curing operation.

iff)" T"e frequency of radiation surveys shall be detefffﬁ}ied by
© . area Health P ysicist dependin; on the nature and scale of
operations carried out in the area.

iv) A1l radjation Surveys shall b2 carried out and proper record
chall be -aintained by liealth ¥ ycics verconnel, The infor-
~ation co obtained may be used as a basis for planning in
respect of worker's safety,

v) T e laboratory/area supervisor is responsible to ensure that
the area under his control is bein» regularly monitored and
workers are aware of the radiation iazard involved in their
work.
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Surface Contamination M:onitoring

Areas in which unsealed radioactive r-aterials are used or stored
shall - be regularly monitored for surface contar:ination. Everything used
for work with radicactive raaterials may ke cubject to wide spread
contamination. This includes surface of worx place or working bench,
walls of fumehoods or slove boxes, -floors, walls of working room,
clothing, equipment, toois etc. and must be monitored for surface
contamination,

Sealed radiation sources should be cliecked at regular intervals, at
least once per year and whenever there is a suspicion of leakage, e.g.
after damage or suspected damage to the sour ce container. In addition
all parts around the targets of neutron generator should be monitored
before handling,

All equipment, tools ectc. to be taken qut of contaminated area and
personnel leaving such area shall be monitored for radiocactive contami-
nation. Level of contamination on floor of working area etc., exceeding
maximum permissible level of contamination as given in section VI, will
be reported to area Health Physicist and tae iaboratory supervisor, wao
will arrange to decontarcinate it.

Airborne Radioactivity Monitoring

Air borne radiocactive contamination can be one of the major risks
in the areas where radioactive aerosoles, jaces, powders or dust are
handled or produced, T:e air in such areas riust be monitored for
airborne radiocactivity as a routine.

Such monitoring chall be performed and record shall be maintained
by Health Physics personnel and may be uced to assess the internal
exposure and to improve the working conditions to safe level.

Personnel l.onitoring

The purpose of personne! monitoring is to assess the radiation
dose received by the individual working in the radioactive areas., Tais
programme is being carried out by the Health Piaysics Division at the
institute as well asgat national level, The instruction given here must be
followed with regard to personnel monitoring nrogramme and the use of
devices.
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All persons entering & radioactive area :must wear appropriate
nersonnel :-onitoring device. '

Suitable radiation dosz “easuriny Zevice such as film badze,
thermolun:inescent dosimeters, cosimeters for extremity
cosimetry, nockat dosimetor shail be cupplied by Health
Paysicist and istributed thrcugh: Civisional radiation supervisor
and/or Heads of [Civisions whao wculd be responsible to notify
the namres of workers and the rature of taeir wor« to Heaith
Physics.

Tae film badge should be worn on the trunk preferably:on the
lapel or waistband and outside any protective clctiing,
Additional film badge may be worn on the wrists or other
parts of the body if advised by Heclth Physicist.

When not in use personnel monitoring devices should be stored
in areas where they would be protected from radiation.

Personnel moritoring fi'm badge o thermoluminescent
dosimeter should not be worn during non-occupational exposure
such as medical X-ray.

The film badges are ncrmallv issued for a period of one
clendar month. Thc. radiaticn workerc must ensure that the
films in their badges zre chargca on the first working day of
every month, S

The film badges must not be left in 4 radioactive area and/or
carried out-side the p.emisa2z of tie Instiaute. The film badgc
should not be deliberately axposed to high temperature, chemicak
fumes, excessive rmoiswre or aigh radiation fields.

- The fllm inside the film badre ~ust never be tampered with

in any way, Puncturing of the film or the wrapper by any
means must be avoided,

The film badge must be retvrned to realth Paysics immediately
for evaluation if contemination of tie badge or excessive
exposure to rediation of th2 worker concerned is suspected,
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j) The film badges issued to individuals must be carried on
the person. Taey ~ust not be used to cieck radiation dose
in a fixed position (e. 3. at a bench); special film: badges
iray be obtained for this purpose from Healt: Fiysics.

k) Pocket dosimeters will be provided by Health Paysics for use
in addition to the film badges as an additional precaution if
high dose rates are probable. Taey must not be considered
as substitutes to the film badges. Such dosimeters should be
handled very carefully, They must not be cubjected to
dampness or mechanical shock,

Biocassay

The radiation workers performing operations with the radio-
active material in powder or gaseaus form are likely to get radioactivity
incorporated into their body by inhalation, and ingestion etc. The radiation
exposure due to internally deposited radionuclide will be determined
periodically by either whole body counting or monitoring of excreta such
as urine (Bicacsay) or by scanning a particular organ, Tie following
procedure should be adopted in the case of bicassay:

a) The names of the individuals whose urine sample would be
required for bioassay, shall be notified by tiie Health Physicist
through respactive divisional radiation supervicor and/or Head
of Division,

b) T-e individual concerned shall provide his twenty four hours
urine sample to Health Phaysics for analysis,

c) The bottles/containers assigned for thiz purpose shall be
collected by the individual frorn Health Physics check post.

d) After the 24 hours urine sample has been collected the
bottle shall be handed over to the same Health Faysics check
post.

e} These bottles must be stored in a clean area and should
not be taken in any potentially contaminated area or handled with
contaminated hands,
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In case of an incident resulting in widespreac contamination in
lab, environment, the workers shall be asked to provide urine samples
for immediate analysis.

In addition to above, all the workers handling radioactive
material in powder or gaseous form shall be required to undergo whole
body counting for gamma emitters and for actinides in the lungs at least
once a year or as and when deemed necessary from safety point of view,

Environmental Monitoring

Environmental monitoring programme shall include the measure-
ment and identification of radioactivity in various media such as air,
surface water, vegetation, rain water, soil, milk and various items of
human diet etc.

Continuous -nonitoring of the air shall be carried out to ensure
the effectiveness of safety measures taken to check release of radioactivity
either in the working areas or to the environment, '

Similarly surface water, vegetable, soil, r:ilk etc, shall be
periodically collected and analysed for radioactive contar:ination.

Avpropriate measures as recommended by riealth Physicist and/
or Muclear Safety Committee, PINSTECH, will be adopted whenever tiae
contarnination level in any of the sa:-pling media exceeuas the limits set
out in section VI,

Effluent I:onitoring

The gaseous radioactive effluent from reactor and N,C.D,
laboratories, after removing as muci particulate radioactivity as possible
shall ke discharged through the ctack where it will be - onitored before
discharging to atmosphere,

The radioactive liquid effluent from the reactor, NCDC and NMD
laboratories shall be collected in hold up tanks located in various areas of
the institute, Before discharging, the liquid effluent shall be monitored for
radioactive contamination and shall be stored in the storage tanks, if
contamination level exceeds the values given in section VI or otherwise
drained to seepage pits in radioactive waste disposal area,
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5. CLASSIFICATICN OF EADIUNUCLIDES AND

GRADING UF RADIOCHEMICAL LABURATOKIES

Precautions to be taken in the handling of unsealed radioactive
materials depend on the degree of radiotoxicity,” on the quantity of
substance being used, on the nature of the operation and 2 built-in safety
aspects of the facility in use. This section deals with the classification of
radionuclides and grading of laboratories froin safety point of view.

Classification of Radionuclide

Radiotoxicity refers to the potential of an isotope to cause

damage to living tissue by absorption of energy from the disintegration of

the radionuclide introduced into the body.

The radionuclides can be classified in one of the following four

groups of radiotaxicity per unit:activity :

Group -1 - Very high radiotoxicity
Group - 2 - High radiotoxicity
Group -3 - Modera.te radiotoxicity

Group - 4 - Low radiotoxicity

Table 1 : Provides the classification of radionuclides accofding to relative

radiotoxicity per unit activity.

TABLE ! Zlessificasi~ ~{ Isc:opes £ -cording to
Reative lavi torinity, B

Croup 1 (V=ry high Toxicity)

2287,

210pp  20p, 223Ra - 226ga 226p; 227, 227Th 230,
231p, 230y 232y 233y 234y 737N, 238py 239p,  240py
24lp, 242p, 24l 2485, 2425 M3cm 44cm  245cm  246C:-
249cs 2300 252cf

Group 2 (High Toxicity)

22N, 36c;  45ca  465c 54w S50,  60co 89, gy
Ny - 9zr 106z 110AgM 115cgd™ 114p;m 124gp  125gn  1277.m
1297em 1241 126  13] 1337 - 134g; 137c; 140 144¢,
152gu(13 yr)  154g, 160Fp - 170Tm  18lyg. 182Ta ' 1921y 20411
207gi 210Bi  21lAc  212pp  224Ka 2:8pc  230py 2347 236

249k
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Group 3 (Moderate Toxicity)
TBe 4c  I8F  Mng 38, 3l 32 3% 4L,
2 43¢ 47, 4Tsc 48y, 48y Slg Sy 56
2  S5p, 9, STco  S8g., 63y 65y g, 657,
695, 25, T3, T4y, .16A3 Thg 5%, 825  85/M
87gr 86y, 85, 9l 0y 92y 3y 975,  9BppM
BNp By, %p. g M. Mprc  Ru  103Ru 10Sgy
105, 103p, 109,, 1055, lllp, 109cq 11554 S;m 113gy
125, 122, 125 M 127y, 1297, 13l 1327, 1301 132
134 135, 135y, 131, 136c; 13lp 140, 4lo, 43¢,
42p, M3y 7y, 19y, M7p, MOy 1SLg . 153 152g,m(9.2h)
1555, 153gq 159gq 165p, 1665, 166y, 169y 17lp,
17, 17Syp 177, 181y . i85, 187w 183y 186, 188g,
185, 191, 193 _ 190, 194y, 19lp  193py  197p,  196py
198, =199y, 197, 197y ™ 203y, 2007y 20l 2027;  203p,
2065 22y 220y, 222y, 23lTy  233p, 239y
Group 4 (Low Toxicity)
3y 15, 37, S8c8™ 5% (95, lge 85xy  855m
87p, 9y™ S3ixr TN 56T 99 163Rhm 113;,m 129
131, M 133y, 134ggm 135, 147, 187g, 191,m 193pm 197pm
232, Th-Nat 235y 238,  U-Nat.

a From ICRP Publication 5 (1964).
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Grading of Laboratories

The various laboratories at tie institute chall be graded as one
of the following three types (i) Type A (ii) Type B, (iii) Type C» of which
"A" is the highest in terms of tinish and facilities required for safety.

The type of laboratory shall be cetermined by the Health Physicist
and/or Nuclear Safoty Commitiee. The Table 2 -ets out the amount of
unsealed radionuclide whici may be safely handled in a laboratory of a
given standard.

Table 2: Grading of Labovatories fecr Fandling
Jf Kadicnuciides.

Class of Type A Type B v Type C
Radionuciide High Leve! Radiocherrical Chemical
(Radiotoxicity) = Radiochemical  lakeratory. Laboratory
Laboratory. (Hood Uperation)

Very High . > 10wCi 10 Ci nex 10 pCi max
High ) ~ 100 - Ci 100 mCi -ax ' IOO/uCi raax
Moderate = 1 i 1 Ci max I mCi ax
Slight - W0 Ci 16 Gl w-ax 10 : Ci max

podifying Factors

T1ie queontitizs 2enticnad in Table 2, refer to normal wet chemical
operations which iriclude most cuzntiiitive ard gualititative analysis. Decause
physical form and ccmaplexity of the proceduras to be followed can either
increase or dccrease the degree of hazaxd in hardling unsealed radio-
isotopes, certiin modifying {actors -ust be applied to the values in Table 2,

Due regardv ‘nuet be paid to the ciccumstances affecting each
indlvidual case and Health Physicist must be consulted before increasing
the quantity of radicactivity t¢ be -andled.
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Table 3 : {perational Factors to i.odify Table 2

Type of C(peration Modifying Factor
(i) Storage (Stock colution) x 100
(it) Very Simple Wet Lreration x 10
(iii) Normal chemical operation K |

(iv) Complex wet operation with

risk of spills x 0.1
(v) Simple dry operation x 0.1
(vi) Dry and dusty operation x 0.01

Certain labelled organic compounds, particularly those cont@ining
hydrogen, carbon, sulphur, phosphorus and iodine may be metabolized in
a different way from the elemental radionuclides and may therefore present
a greater hazard, Arn additional modifying factor of ».1 should be applied
in respect of such compounds.

Ventilation

Proper ventilation is generally required for all kinds of chemical |
laboratories and particularly for radiocheriiical laboratories where unsealed
radioactive materials are handled.

The designing of ventilation systerr chould include the following
features

i) The ventilating air should be passed only once through the
radioactive area. The air intake and exhaust position should
he well ceparated to avoid any recirculation, The air flow
cshould always be from clean areas to contamimted areas.
Tie flow of air within radiocactive areas chould be from
areas ‘aving lecser contamination risk to areas of higher
contamination risk.
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il) Before ~ischarging to atmosphere, the =xnaustair should be
passed through a filter system 9,95 % =fficient to remove
narticles of > .3 vuicro and if necessary, it should be
filtered through charcoal filters.

iif) Control of ventilation system chall be located in an area
that will be readily accessible in the =vent of an accident.

iv) The number of alr changes in a radioactive laboratory shall
be :naintained at the rate of 10 ner :our. This figure may
be increased or “ecreased for some areas Jepending upon the
~ature of the operation to be carried aut.

v) The alr velocity across the front face of a2 fumehood with
the window in the iormal working position ~-ust be at least
75 Allnear m/izc (50 linear ft/:-in}

71) A negative pressure of 25 to 50 'm w.s. chall be maintained
in slove boxes and 1ot cells.

vil) In radioisotopes production plant area, the corridors shall be
ept at negative nressure of at least 10ram. w.g. with respect
to autside. The plant room shall be iiept at negative pressure
of 10 mm w.g. with respect to corridors. T:e 10t cell shall
be i:ept at regative pressure of 25 to 50 r'm with respect to
working area.
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6. MAXINMUN. PERIGISSIBLE LEVELS UF KADIATION
All the workerz in the institute using radio-nuclides or nuclear
radiation must comply with dose equivalent limits and radioactive contami-

nation limits set out in this Code of Practice,

€.1 Dosc Equivalent I imits

_ Table 4 present a summary of dose equivalent limits for individual
radiation worker,

Table 4: Effective Nose Equivalent limits.

Tissue or uUrgan | Arnual Limit
rer: (SV)
Woole Body v G (0. 05)
Gonads | 20 ©.2)
Breast 50 ©.3)
Red Marrow 40 0.4)
Lung 40 0.4 )
" Thywotd 50 (@.S)
" Bone (Endosteur) 50 | (.5 )
Remainder 50 ©.5)

Necessary arrangements should be made to ensure tiat the annual occu-
pational exposure of pregnant woment chould not exceed three-tenths of the
dose-equivalent limits,

Certain relaxations of the dose equivalent limits woutd be permitted
for men under conditions of a planned emergency, but these should be used
only under guidance from the Health Ptysicist,

6.2 Cuality Factor

Most of the H=alth Prysics instruments r:easure doses in 'rads”
which is a unit of absorbed dose. In order to convert the measured dose
in rads, into the biologically significant <ose equivalent in rems, it is
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necessary to multiply by the quaiity factor appropriate to the radiation.
Table 5 gives the quality factors for different kinds of radiation:

Table 5: C ality factors for ifferent kinds of radiation.

Radiation k . ., -Duality Factor
¥-rays, “:(’-rays, Electron . 1.0
and B particle. '
Neutrons(according to energy) 3 to 10
Protons (according to energy) 1 to3

Heavy recoll nuclei, fission
fragments and heavy particles 20
from accelerator

Alpha particles 20

Limits of Internal Contamination

Internal contarination may result frorr inhalation or ingestion of
radioactive material or in some cases fror direct absorption through
skin, Special attention must be paid to prevent the spread of radiocactive
contamination in the working environment and to limit the internal conta-
rination so that maximum permissible doses are not exceeded.

Tie derived air concentration (DAC) and derived ingestion
concentration (DIC),, of radionuclides should not exceed the limits .Jet
forth by ICRP, Values of DAC var enormously, ranging from 10~ 12
Cl/Cm3 for Plutoniur=-23¢ to 10~ Ci/C'“ for certain lesser toxic
radionuclides. The Health Paysicist r-ay be consulted for DAC and(DIC),,
of any 1. Yionuclides, if needed.

External Fadiation I =vels

(a) Working Areas

The external radiation levels in all working areas shall be
kept minimum possible and shall not norrally exceed the following
‘limits:

e -
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Controlled areas 2.5 mrad/.x (25 pGy/hr)
Uncontrolled areas 0. 25mrad/br (2.5 ,.IGy/hr)

The areas having a radiation field of 2.5 mrad/hr
(25 }le/hr) to 25 mrad/hr (250 /uGy/hr) chall be restricted for
entry and a special work perrit from Health Physics shail be
needed for work to be carried out. The areas having radiation
level more than 25 _rr.rad/hrs (230 PGy/hr) shall be barricated
and locked., Entrance shall be allowed only on emergency basis,

(b) - Transfer/Transport Containers

The rimnximum radiation levels with respectfo all transfer/
transport containers, packages, bags, items of equipment etc. to
be removed from radioactive areas should not exceed the following
limits: -

200 mrad per ‘iour (2 mby/hr) at the surface of the pakage

10 mrad per aoaur (10 PGy/hr) at one meter from the centre
of the ‘package.

Surface Contar:ination Levels

(a) Controlled Areac

The maxi“:.um permissible levels of loose contamination
permitted in controlled areas shall be as follows:: h

Table 6. 1-aximwur Permissible 1 avele of Surface
Contamination (/uCi/cmz) .

Alpha emitters Beta emitters
Surface Class-1 Clags Hto IV E nax = |E max<
: 5, 2viev § 0, 2Mev
" Floors, | -5 ,
Walls, celling, 10 1074 104 4073
inanimate
objects
Skin 1073 1075 104 103
-4 -3 -2

Clothing 10 10 10° 10
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(b) Uncontrolled Areas:

T:e ilevel of contzmination in non-active areas or om parts
of body, perscaal clothing, personal effects and all items of
furniture etc., to be taken out of radicactive zreas shall not
excead the foliowingz limitc:

Alpta contzmination _ -
(Transferable) o . Nil -

Alpha contamination - . -
_with Group-1 alpha 107 uCi/em?(... 37 B4/Cm?)
emitters (Fibed) : ) L . :

- Alpha contamination - “ :
with Group-2 tc 4 alpha 10 )JCi/cmz(& 7 Bq/cmz)
- ermtter (Fixed) .t :

- .Bem:g:'.;mma ccatt mi- , :
~ nadon’’ 1074 uCifem? (3. 7 By/em?)

C.ntaminatic levels may be averaged over 0.1 ;)nz (1000 cm?)
for floor, walis cnd cc’hing oxr (.03 m* (300 cm”) for. other.
inanimz®e cbiects. 'TFur skip contraination, levels may be
averaged over the whole of oae 1and /"aken 12 be 300 cm®) or
0.01 m? ca the ottex varts of the body. Contamination levels
mside totl or partisl eaclosures (i, e. fumehceds, glove boxes)
within a ccuzolled =zess =ray exceed those above, but should be
kept as low s vecscnably achievable. .
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7. RADICACTIVE WASTE

Kadioactive wastes can give rise to a serious source of
internal and external radiation hazards if they are not properly h- ndled.
Adequate arrangements should therefore be ;nade for the proper collection
and safe disposal of all xinds of radicactive wastes generated at the
institute, |

7.1 Natre and Classification of kadioactive Waste,

Tae radiocactive waste produced in various processes involving
radioactive material can, on the basis of physical form, be of three types,
(a) liquid wastes (b) solid waste, (c) zaseous wastes,

Keeping In view the facilities available at PINSTECH, the
liquid wastes can be classified into three categories according to the
following activity levels,

S uC1/em?

i) Category 1: Low Level Waste - iess than 10°
(0,37 Bg/cmd)
if) Category 2: i/edium Level - 10"5to0 10"3,001/cm3
Waste (0. 37 to 37 Bq,34m)
ili) Category'd: High Level Waste - 1078 10 107} ,uCi/cm3
(37 to 3. 7x103 Bg/cm3)

The solid wastes can be divided into the following four
categories on the basis of radiation dose at the surface and the type of
actlvity present,

i) Category 1: L[ /.10 . .r/hr Contaminated with
(100 pGy/r) B- Yemitters only
if) Category 2 L4200 =r/ur
( 2 ~Gy/ar) = (iQ -=
iil) Category 3. D.-200 :or/ir
( ¢ mGy/hr) --do --
iv) Category ¢ 102 uCi/em? Contaminated with

(. 7% 102Bq/cm3) =/ -emitters,
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Gaseaus cffluents, the concentrauon of which is aigher than
10710 uCi/em? (3.7 x 107€ Bg/cmd) would be treated as zaseous radio-
active waste,

Tre following measures should be adopted to safely handle the |
problems of radioactive waste cisposal.

General Frecautions

a) An estimate of the quantity and radioactive content of all
radioactive wastes expected to be generated during an operation
should be made and nlans for handling and disposal of such
wastes should be rrepared in advance in consulvation with
Health Physics. .

b) All radioactive wastes should be secured and/or disposed
off as soon after zeneration as practicable.

c¢) The wastes chould always be labelled and xept at a place
reserved in the working area for this purpose alone.

d) The wastes containing short-lived radicnuclides :~ay be
stored within a radioactive area so that they . ay iecay to a
.afe level before they are disposed off, Such storage :hculd
however be practiced in accordance with the usual require-
mernts for containment.

¢) The wastes chould not be removed from a radioactive area
2xcept after notification to Health Paysics.

f) No radioactive wastes should be disposed off with non-
radioactive drains without the perrnission of ijealth Physics,

Liquid WVastes

Radloactive lquid wastes of various activity-levels are produced
ln th~ regeneration of primary demineralizer, in the processing of radio-
active —amples, radioisotopes and radiocactive material carried out in NCD
and NMD laboratories,
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Solid waste will be comprised of every contaminated thing
which comes under the “efini tion of .olid. T.e following . easures should
be adopted for the collection and Zisposal of such wastes.

a)

b)

c)

f)

Suitable ~ans :hall be provided in all working places where
radivcactive wastes may originate.

‘All type of contaminated wastes such as zloves, tissue

napers, ragc <tc. shall be deposited in the radioactive
waste bins lined with removable polythene bags to
facilitate removal of the waste without contamination.

Items .aving sharp points or cutting cdges such as needles,
oins, bladec, broken pieces of glass etc, chould not be
disposed off in such containers.

These chould instead, be completely wrapped in papers
and collectec in separate polythene bags which aust be

marked accordingly.

The polythene bags should be sealed with adaesive tape
before they are removed from radioactive area.

T-e external contamination on all paci:agec/bags of waste
to be removed from a radioactive area should be lower
than the levels given in section-VI of this code of practice.
All such sackages chould bear labels ziving the names,
approximate quantity of radionuclide contained in them and
“ose rate at the surface of package.

Container/nackages/bags of radioactive waste to be .tored
or placed within a working area chould be czhielded, if
irecessary, in such a way that the radiation level at the

" .urface of container, or package does not exceed 10

rrad/ar (100 uGy/ir) and the level in the working area
is less than :pecified in section VI of this code of
nractice, '
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The contaminated items, waste waterial and unprocessed
irradiated ca nples of radioactive material .aving long
lived radionuclides and .radiation level in excess of 200
~rad/ar (2 mGy/ar) shall be fixed in cerent and packed
in containers made of 'rild steel/stainless steel. Suca
containers shall be burried in the pits located in Burial
Ground.

Appropriate records of tue waste disposed off and stored,
shall be kept by Health Physics.
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DECGNTAMINATION

The personnel, their clothing, equipr-ent and work places ray
become contarninated with radioactive -raterials during routine operations
in a radioactive area. It is the responsibility of the concerned radiation
workers to ensure tiat decontamination operations in accordance with the
following instructions are perfor :ed so as to reduce contamination at
least to the levels specified in Section VI of this Code of Practice.

Each Laboratory Supervisor siiould have the following iterms
available in his laboratory :-

a)
b)
c)
d)
e)

Sheets of filter papers,

Tissue papers,

Sanitory gauze, cotton, bandages,
Soft and hard brushes,

Soap solution

Decontainination of Personnel

Internal Contamination

Internal contamination of personnel r:ust imirediately be

reported to Health Physics. The following ~ieasures should
nevertheless be taken by the worker concerned i mediately
(in the first seconds or ~inutes) before the Health Physicist
arrives.

a)

b)

In the cvent of probable in-take of radicactive material
through the nose or the mouth, the worker should try to
eliminate radioactive —aterial which r ight still be
reraining in the nose and the ..outh by blowing, coughing
and gurgling. Vomiting .ay alsc be induced, if possible,
to eliminate radioactive r-aterial which r-ay have been
swallowed.

In case of contaminated s:-all open wounds, cuts,
punctures etc. the wound should be immediately washed
under running water and bleeding should be encouraged
for a short time.
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Decontaisination of the cyes oaould be done by irrigation
sf the eyes with a copious armount of water.

Chemical or medical preparations of any kind rmust not be
used under any circur:stances for the above purposes except under medical

supervision,

External Contamination

Decontarcination of external parts of the body should be

~one as quickly as possible by washing (repeatedly if
necessary) with soap and water available in change rooms/
monitor lobbies, The following points may be borne in mind
in this connection. '

a)

b)

c)

d)

e)

f)

g)

h)

The washing may be helped by scrubbing with a soft

~ brush only in such way as not to abrade the skin.

The washings should not be repeated if there is an
indication of damage to the skin

The use of organic solvents; acid or alkaline solutions
-hould be avoided.

Special attention should be paid to creases, folds, hair
and such parts of the hands as fingers, nails, inter-
finger space and the outer edges of the hands.

While decontaminating the face, special care should be
taken not to contaminate the eyes or lips.

Care schould be taken tc avoid the spread of contamination
to uncontaminated parts of the body and to avoid internal
contamination,

Contaraination which resists washing and which is more
than the levels specified in Section VI of this Code of
Practice should be reported to Health Physics.

Contaminated personnel :-ay be required to take baths if
considered necessary by Hzalth Physics.
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3.2 Decontamination of Equipment

8.2.1 General Considerations

a) A decision to decontaminate . aterial mrust take intQ account
the continuing value of the material compared with the cost of
decontamination.

b) Where tie half-life of the contaninant is short the material
should be sealed in polythene bags suitably marked and stored
for decay of activity rather than attempting any decontamination,

c) Tae contammated naterial -wust be smled in polythene bags
and/or contained in suitable vessels whenever it is to be taken
out of an active area.

d) Cleaning tools and materials used in the area in which decontan:i-
nation operations are performed should not be removed or used
elsewhere without careful decontanination and monitoring.

e) The object of decontamination operations should be to achieve
the safe levels of contamination specified in Section VI of
this Code of Practice. If thesc levels cannot be achieved the
material chould not be re-used and should be regarded as
radioactive waste.

8.2,2 Giassware and Tools

a) The cleaning of contaminated glassware and tools should be
done as soon a3 possible after their use (so as to prevent the
contarmmination fror getting fixed). A well ventilated place or
hood set side preferably within a radioactive 4rea should bg used
for this purpose.

b) Glassware miay be cleaned by normal chemical agents such as
chromic acid ;olution, concentrated nitric acid , ammonium
citrate, penta sodium triphosphate and ammonium bifluoride,

c) Uptake of radioactive substances by zlassware may be reduced
by a preliminary treatment with corresponding inactive material,
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Metal tools and similar equip-~ent ."ay be washed with a
detergent with brisk brushing to cislodge trapped contamination,

Ir-mersion of equipment in solutions of the non-radiocactive
isotopes of the contaminant :.ay also be tried although this
is a clow “rocedure.

The solution arising from decontarrination should be regarded
as radioactive waste.

Working Areas, Benches, otc.

Wet inethods of cleaning should be used as far as practicable
as the use of dry methods ;~ay create a dust hazard. For
porous materials however, vacuum cleaning with proper
filteration of the rejected air ray be attempted.

Paint work may be cleaned with soap and water or, in extreme
cases, removed with paint remn.over,

Stainless steel may be treated with culphuric acid or, as a
last resort, by hydrochloric acid.

The radiation and/or contamination from surfaces having fixed
contarnination rnay be controlled by painting particularly when
alpha or soft-beta -emitters are involved.

If after attempted decontamination, cafe levels as specified in
Section VI of this Code of Practice cannot be achieved and/or
adequate protection cannot be assured the contaminated pre~
riises should be abandoned and nosted with suitable warning

cigns,

Clothing and Similar Items

Contaminated clothing should not be released to public laundry
without the approval of Health Physics,

In the case of short-lived radioactive contamination, the item
should be sealed in polythene bags suitably marked and stored
for decay of activity,
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Clothing and similar iterrs as ctated above which cannot be
djecontaivinated to a safe ievel will be regarded as radio-
active waste.

Contarrinated clothings should t= cegregated into batches
of differing degree of contamination to avoid cross-conta:i-
nation.

If the clotiing etc. cannot be -econtaminated to a safe level
it should ke treated as —-adioactive waste.
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