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FOREWORD

To meet the growing need for electric power in the country, the Government of India has planned to increase the
installed nuclear power generation capacity to 10,000 MWe by the turn of the century. It is planned to augment
the associated fuel cycle facilities correspondingly. We have achieved a commendable self-sufficiency in radioisotope
production and success in devclopment of their applications in medicine, industry, agriculture & food and other fields.
In view of the multiplier effects of these applications on our economy, health care and the safety and quality of our
industrial products, one may visualize anincreased scale and varicty of radiation applications in our country in the

years to come.

Extreme care is taken to ensure radiation safety in all these applications of nuclear technology by a regulatory
programme which encompasses availability of trained personnel, properly designed installations with engineered

- safety features, and adoption of safe operating procedures. While we may justifiably be proud of our safety record

in comparison with several countries where nuclear technology has been introduced on a large scale, we should have
proper emergency response plans to cope with any radiation accidents, including the medical management of persons

involved in such accidents.

The Atomic Energy Regulatory Board has prepared a guide on this subject. The guide was prepared by a
committee consisting of the following members from the Atomic Energy Regulatory Board (AERB) and the Bhabha

Atomic Research Centre (BARC) :

Shri S. Somasundaram - Radiation Safety Division, AERB.
(Chairman)

Dr. GX. Iyer - Medical Division, BARC.

Dr.P.S. Iyer - - Division of Radiological Protection, BARC.

Shri S. Krishnamony - Health Physics Division, BARC.

Dr. B.J. Shankar - o Medical Division, BARC.

Shri Masood Ahmad - Radiation Safety Division, AERB.

(Member-Secretary)

In addition, the following members were coopted by the main committee:-

Dr. S.H. Advani : - Tata Memorial Hospital, Bombay
Shri V.B. Menon - Health Physics Division, BARC
Dr. B.S.Rao . - Division of Radiological Protection, BARC

The draft of this guide was circulated amongst a large number of medical and radiation protection experts both
within and outside the country and their comments and suggestions were laken into consideration while finalising the
guide. The comments received from Drs. A. Barabanova and A. Gouskova (USSR), J.C. Nenot (France) and G.L.
Voelz (USA) were especially useful. ‘

It is hoped that this guide would provide a useful reference for medical and para-medical personnel as well as
those responsible for emergency response planning in radiation installations.

195
; (S.D. Soman)

Chairman,
Atomic Energy Regulatory Board
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CHAPTER 1

GENERAL CONSIDERATIONS

1.1 INTRODUCTION

~ Soon after independence, the Government of India sct up the Department of Atomic Energy (DAE) to develop
and promote the peaceful applications of nuclcar technology. The country has made rapid progress and achieved
self-reliance and self-sufficiency in this field. Nuclcar power stations arc already in operation  at Tarapur
(Maharashtra), Kota (Rajasthan) and Kalpakkam (Tamil Nadu). The first unit of Narora Atomic Power Project,
(NAPP) in Uttar Pradcsh has becn commissioned and the second unit is expected to go critical during 1991. Work has
commenced on similar units at Kakrapar (Gujarat), Kaiga (Karnataka) and units 3 & 4 at Rawatbhata. The nuclear
power generation capacity in the country, based on Pressuriscd Heavy Water Reactors (PHWR), is expected toreach
10,000 (MWe) by the turn of the century. It is planned to set up two pressurised water rcactors of VVER - 1000 design
at Kudangulam in Tamilnadu. To support the nuclear power programme, DAE has established full-fledged nuclear
fuel cycle facilitiesand R & D centres. The fuel cycle facilities encompass cxploration of atomic minerals, mining, .
milling, fuel fabrication, heavy water production, fuel reprocessing and radioactive wastc management. Fig. 1.1shows
the location of these facilities.

A large variety of radioisotopes in sealed and unscaled forms are produced in quantities ranging from a few
millicuries to several kilocuries and are {inding increasing application in industry, medicinc, agriculture and research.
Thesc uses will diversify and expand further in the coming years. The major industrial applications include industrial
radiography, sterilisation of medical supplics, wood polymerisation, food preservation and sewage trcatment. Tablc
1.1 shows data on the distribution of industrial radiography camcras-and large industrial irradiators in the country. In
medicine, besides the diagnostic usc of X-rays and radioisotopes, telethcrapy and brachytherapy units incorporating
sealed radioisotopes, high voltage X-ray machines and high cnergy accelerators are used for treatment of cancer.
Radioisotopes in unsealed form are also used for trcatment of matignant and benign discascs. Table 1.2 summarises
data on medical applications of radiation in the country. Radioactive sources and nuclear fuels (fresh and spent) are
transported by suitable means - air, rail, road and water transportation.

An estimated 33,000 persons employcd as radiation workers - about 12,500 in DAE installations and about 20,500
persons in othcr organisations - arc covered by the personncl monitoring programmce of Division of Radiological
Protection (DRP), BARC. The rate of growth of radiation workers is about 880 persons per year in DAE installations
and about 650 persons per year in other organisations, bascd on 1980-1988 data.

1.2 RADIATION ACCIDENTS - INDIAN AND WORLDWIDE EXPERIENCE

1.2.1 INDIAN EXPERIENCE - ) 4

The radiation safety rccord in the country has been good. About 25 accidents have been reported during the
period 1980-1985, associated with 192 and ©Co industrial radiography sourccs. Fifty-six persons were cxposed 1o
radiation in these accidents, among them four persons received significantly high doses to the skin, leading to radiation
burn which required medical treatmentand surgical intervention. Eight incidents have been reported during the period
1967-1988 in medical applications. Six of these incidents were associated with teletherapy units; 24 persons received

‘low radiation doscs and one person reccived a high dosc on hand, requiring amputation, Two incidents were associated

with X-ray fluoroscopy, during cardiac catheterisation in one case and paccmaker insertion in the other; the two patients
received very high doses to the skin of their back.

1.2.2 WORLD-WIDE EXPERIENCE

Detailed information is available on radiation accidents whichhave occurred in other countrics. There have been
three major accidents in nuclear power and plutonium production reactors - Windscale, UK (1957); T hree Mile Island,
USA (1979) and Chernobyl, USSR (1986). In the first two accidents there were no [atalitics; in Chernobyl reactor
accident 237 persons werc hospitaliscd for acute radiation sickness and 29 persons dicd. During the period 1945-

' 1988 thirtcen nuclear criticality accidents have been reported from Argentina, Belgium, USA, USSR and Yogoslavia

--3 in experimental critical assemblies, 6 in research reactors and 4 in chemical processing plants. 46 persons were
exposed to radiationin these accidents and 9 persons dicd. Twenty cightincidents have been rcported during the period
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TABLE 1.1:DATA ON APPLICATIONS OF RADIATION IN INDUSTRIAL
RADIOGRAPHY/IRRADIATION IN INDIA

A. Number of institutions, equipment and sites authorised

Region Institutions - Radiography ‘Radiography
Equipment Sites
Eastern 57 132 76
Northern 45 ' 93 51
Southern 93 227 120
Western 121 390 183
Total 316 ' 842 430
B. Personnel
Total number of sitc-in-charge personncl : 1656
Total number of certified radiographers : 1438

C. Equipment (Radiography)
Radiography cameras using '**Ir

upto a strength of 20 Ci (0.74 TBq) 567
. Radiography cameras using **?Ir_,

of a strength of 50 Ci (1.8 TBq) o 180

(remotcly operated)

Radiography equipment using *'Cs

upto 10 Ci (0.37 TBq) 9
Radiography cquipment using “Co
- 5-30Ci (0.18 - 10.01 TBq) 84
- 1000 Ci (37 TBq) -3
Radiography equipment using X-rays , 150

Radiography equipment using linear.
accelcrators (X-rays) 3

D. %Co Irradiation equipment

Gamma shine units upto,1000 Ci (37 TBg) -2
Gamma cells/chambers upto 5000 Ci (185 TBq) 89
Gamma irradiators - upto 106,000 Ci (3.7PBy)’ | 6
Sterilisation plants-upto 1 MCi (37PBq) | 3 |



TABLE 1.2 : DATA ON MEDICAL APPLICATIONS OF RADIATIONS IN INDIA

A. Estimated number of diagnostic X-ray machines . 35,000
B. Nuclear Medicine-Diagnosis & Therapy
Number of nuclear medicine centres

- Minor ‘ 62

- Major 30
~ Total 92
Number of gamma cameras 35

C. Brachytherapy

Number of brachytherapy centres ' 85

Number of remote afterloading applicators 27

Number’ of tubes and needles (about) 2000
- Amount of radium (estimate) S
- Amount of cobalt-60 . 3.0Ci(111.0GBg)
- Amount of cesium-137 4.0 Ci (148.0 GBq)

- D. Beam therapy
Number of teletherapy centres 98

Number of teletherapy units

-Telegamma units 150
-Accclerators 9
-Treatment planning systems 20

TABLE 1.3 : SERIOUS RADIATION ACCIDENTS REPORTED (1945-1989)@

Type of facility No.of events Over exposures Deaths
Nuclear facilities 27 . 272 35
Non-Nuclear facilitics _
Industry 44 87 21
Research 7 10 -
Medical 4 62 4
82 431 60




TABLE 1.4 : FATAL RADIATION ACCIDENTS REPORTED (1945-1989)®

Year Location Radiation Source Fatalitics®
Worker Public

1945 Los Alamos, USA Critical assembly 1

1946 Los Alamos; USA Critical assembly 1.

1958 Vinca, Yugoslavia Experimental Reactor 1

1958 Los Alamos, USA Critical assembly 1

1961 Switzerland Tritiated paint 1

1962 Mexico City,Mexico Lost radiography source 4

1963 China Seed irradiator 2

1964 Germany,FRG. Tritiated paint 1 |

1964 Rhode Island, USA Uranium recovery plant 1

1975 . Brescia, Italy Food irradiator 1

1978 - Algeria Lost mdiography source 1

1981 Oklahoma, USA Industrial radiography 1

1982 Norway Instrument sterilizer 1

1983 . Cons;ituyenles,

Argentina Rescarch reactor 1 y

A 1984 Morocco Los£ radiography source 8

1986 - - Chernobyl, USSR Nuclear power plant 29

1987 Goiania, Brazii Tclctherapy source 4

1989 San Salvador,

El'Salvador Irradiator 1
Toal 41 19

@Tn nuclear facilities and non-nuclear industry,

rescarch and medicine (excluding patient related events).



1954-1988 from Algeria, Argentina, Brazil, Bulgaria, China, France, Italy, Japan, Mexico, Morocco, Norway, South
Africa, UK, USA and USSR, in which 64 persons received acute wholc-body radiation from different sources such
as ¥Cs teletherapy source, '%2Ir and Co radiography sources, ¥Co industrial irradiators, Klystron and Van de Graaf
accelerator; 22 persons died. During the period 1945-83, 171 cases of serious localised irradiation have been reported
from several countrics; 50 cases required surgical intcrvention. Three persons received radiation injuries in an industrial
irradiation facility in ElSalvadorin 1989 and onc of them died subscquently. Table 1.3 lists serious radiation accidents
reported during 1935-1989. Table 1.4 shows the fatal radiation accidents reported during the same period.

From the above, it is clear that radiation accidents are comparatively infrequent. Apart from radiation
workers, even members of the public may be inadvertently exposed to radiation - for example, a child or an unsuspecting
person, picking up a lost radiography source pencil. Ionising radiations are not detected by our senses and in certain cases
the exposed person may not be aware of his radiation exposure. Thereisoftenalatent period between radiation exposure
and the manifestation of clinical symptoms; the smaller the dose, the longer is this latent period. The prodromal
symptoms which persons develop after radiation exposure - €.g. nausea, vomiting and erythema are not specific to
radiation and the examining general practitioner may attribute them to other, more familiar causes. If the radiation dose
islow, the patient can recover from radiation illness spontaneously. However, for persons receiving radiation
dose within a certain range, correct diagnosis and proper medical management can influence the outcome, These
aspects should be kept in mind while planning and organising facilitics for medical management of persons involved in
radiation accidents.

1.3 CLASSIFICATION OF RADIATION ACCIDENTS

Accidents involving radiation sources and radioactive materials can be generally classified as those resulting in*
(a) external irradiation and (b) radioactive contamination. External irradiation can result in whole body exposure,
partial body exposure or localised exposure of skin (radiation burn). Whole-body exposure occurs when the entire body
is irradiated in uniform or non uniform manner, Partial body exposure occurs when a large part of the body is irradiated.

Radioactive contamination may be of two types (a) external or (b) intcrnal. External contamination can occur
asa result of spillage of radioactive material on skin or hands coming in contact with loose radioactive material.
It can causc irradiation of the skin and underlying tissucs as well as providca potential for the material to cnter the
body subsequently. This possibility is high if the integrity of the skin is lost due to wounds, abrasions or chemicals.

Internal contamination occurs most often as a result of inhalation of radioactive materials in finely divided
form. Asmentioped above, it may also occur when contamination present on the .skin penetrates the outer layer and
enters  systemic circulation. Internal contamination can also occur as a result of eating with contaminated hands or
consuming contaminated water or food; such instances are, however, relatively uncommon,

It is important to note that the facilities and protocols for dealing with external irradiation (whole body, partial
and localised) and radioactive contamination (external, internal or both) are somewhat diffcrent. In the case of
external irradiation, first aid is not required unless.it is accompanied by traumatic injury and there is usually time
available for sending the cxposed person for medical care to a hospital properly equipped to deal with such cases.
Highly specialised facilities and procedures which are expensive and specially trained personnel are required, if the
dose received by the person is around or exceeds the median lethal range LDy Inthe case of radioactive
contamination, there is usually no immediate rigk tolife. However, in order to minimise long-term scquclae in tissues
ororgans from biologically incorporated radioactive material, it is prudent to block or minimise systemic uptake and
hasten the biological elimination of the contaminant. First aid, if administerced to the person within a short period
(generally within the first half-an-hour even in cases of suspected intake) . at a place near the place of accident,
is effective and usually adequate for this purpose.

1.4 POTENTIAL FOR DIFFERENT TYPES OF ACCIDENTS

Table 1.5 indicates the potential for different types of accidents, outlined above, in the operation of various
nuclear fucl cycle facilities and in industrial and medical applications of radiation sources and radioisotopes. This
information may be helpful in planning and organisation of facilities for medical management of different types of
radiation accidents, :
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TABLE 1.5: POTENTIAL FOR DIFFERENT CATEGORIES OF RADIATION
EXPOSURE REQUIRING MEDICAL INTERVENTION

1. DAE FACILITIES

Facility External .Contamination’
Irradiation
Remarks
Acute whole | Partial body | External Internal
body irra- irradiation
diation and radiation
: burns
1.Uranium mine - - - - On account of low concentration of radioac-
tivity in the ore, radiation accidents involyv-
ing signifacant internal/external exposure are
not likely.
2.Uranium mill - + + '
3.Uranium . _ -+ + Internal exposure from inhalation of UF, isa
refining and C . special problem.
fuel fabrica- -
tion plants
" 4, Plutonium + + + ++  External acute wholebody or partial body
fuel fabri- exposure from accidental criticality excur-
cation sions.
5.Nuclear + + + ++  Internal exposures from:'*' Iand HTO
reactor _are likely. o
6. Irradiated + ++ +H+ +++  External whole body or partial body irradia-
fuel tian from gamma rays and neutrons, possible
reprocessing in the event of-criticality accident. Radiation
plants burns possible as a result of inadvertent ’
handling of intensely radioactive sources and
highly contaminated components. External ir-
radiation from beta radiation likely in the
event of close approach to sources such as
spilled process solutions or fuel debris.
Severe external contamination of skin/cloth-
ing likely as a result of spillage of corrosive
_ or chemically reactive solutions containing
high concentrations of fission products or
plutonium; this can be accomipanied by
chemical, burns. Internal exposure from
inhalation of fission products and plutonium
aerosols likely. )
7. Radioisotope + ++ + ++ -
production
8. Radio-active
waste management
low level = - - + +
-Highlevel - - ++ =+



(TABLE 1.5 CONTINUED)

Pacility Exicrmal " Contamination
Irradiation
Remarks
Acute whole | Partial body | External " Internal
body irra- irradiation
diation and radiation
burns
9.High energy + + + External exposure to fast neutrons and gam -
particle rnas, emitted by targets, can occur in
accclerators aceelerstor vaults due to human error. Ex -
ternal contamination can result during
handling of irradiatcd targets cspecially tian~
suranics. Internal contamination can result
from transfer of cxternal contamination.
2.INDUSTRIAL APPLICATIONS
Facility External Contamination
Irradiation
Remarks
Acute whole | Partial body | External Internal
body irra- irradiation
diation and radiation
“bums
1. Industrial
radiography - + - - Commonly used sources are r-and %Co,
Radiation burns and/or partial body irradiation
can oceur if hands/parts of body are directly
exposed to beam or if sources are handled or
picked up by hand.
2. Industrial
irradiators + - - -
3. Nucleonic guages - + - -
4. Radiotracers - + +
3. MEDICAL APPLICATIONS
Facility External Contamination
Irradiation
Remarks
Acute whole | Partial body | External Internal
body irra- irradiation
diation and radiation
burns
1. Diagnostic - + - - Direet exposute to beam can cause irradiation/
radiation bumns,
2. Radio-therapy
Teletherapy - + - - Direct exposure to source can result in severe
partial body irradiation or radiation burns.
_ Brachytherapy - ++ + - Broken or lost sources can cause irradiation;
3. Nuclear Medicine - - + + Mostly short-lived nuclides are used. Of special

importance is *!] in therapeutic doses.

Note : g
e

-+

indicates high potential
indicates moderate potential
indicates low potential
indicates not applicable,



1.5 PLANNING AND ORGANISATION OF MEDICAL FACILITIES

The considerations discusscd above suggest organisation of medical facilities at four levels, as given in
Table 1.6

TABLE 1.6 : LEVELS OF MEDICAL FACILITIES

Medical Facility ' ~ Function

A.  First-aid Post : -Simple cases of external decontamination.
-Blocking/minimising systemic uptake in cases of
internal contamination, including suspected intakes.
-Prcliminary screening of persons in cases of external
irradiation.

B. . Personnel Decontamination Centre -Treatment of persistent and difficult cases of external
contamination, including those accompanicd by traumatic injury.
- Internal decontamination, including minor surgery where required.

C. Site Hospital - Medical management of cases of radioactive contamination
' accompanicd by life-threatening injuries.

- Treatment of cases of localised and partial body irradiation.

- Mcdical management of cascs receiving low doses of whole-body
external radiation,

- Medical management of cases receiving median-lethal low doses
of wholc-body external radiation,prior to transfer to specialised
centre.

~ -Terminal care of cases receiving extrcmely high doses of whole-
body external radiation.

D. Specialised Centre ’ -Medical mahagement of cases receiving high doses of whole-body
‘ external radiation, transferred from sitc hospitals.

1.6 OBJECTIVES AND SCOPE :

The present guide has been prepared in order to provide guidance to medical and para-medical personnel
regarding medical management of the different types of radiation accidents. Chapter 2 discusses briefly the physical
" aspects and biological effects of radiation, for the benefit of those who have not specialiscd in radiation medicine.
The later sections of the chapter deal in detail with diagnosis, mecdical management and follow-up of personsinvolved
in different types- of radiation accidents. The implementation of the procedures described in this chapter calls for
organisation of appropriate facilities and provision of requisite equipment as well as education and training of the
 staff. These aspects are addressed in chapters 3 and 4 of the guide. Itis emphasised that major radiation accidents
are rare events and the multi-disciplinary naturc of the response required to deal with them calls for proper planning and
continuous liaison among plant management, radiation protection personnel, first-aid assistants and medical &
paramedical staff. The organisation and conduct of cmergency drills may help in maintaining preparedness of the
medical facilities for efficient management of radiation casualties. .

Fig. 1.2 shows a {low chart of actions to be taken in differcnt types of radiation accidents. Fig. 1.3 showsa form
indicating particulars to be furnished by the.plantto the personnel dccontamination centre or the site hospital. Figl.4
shows an identity tag which is to be attached to the rad iation casualty at the first-aid post before transferring the casualty
to the site hospital.
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ACCIDENT INFORMATION FORM
(To be filled by health physicist/person reporting)

1. Identification of informer :
2. Number and condition of uncontaminatcd paticnts:
a 3, Number and condition of contaminated patients:
4, Location of accident:
S. Nature of accident:
(a) Irradiation condition:-

Source -

Distance-

Time -

Dose cstimated -

(b) Contamination (external) :-
Radioactive nuclides involved -

Activity level -
Body area involved -

(c) Contamination (internal):-
Ingestion- :

Inhalation-
(d) Contaminated wound -
(e) Whether initial decontamination done -

6. Expected time of arrival of patients at the directed place-
(Hospital to direct the informer where to deliver the paticnt)

Date: (Sighatu:c)

FIG.1.3 : SPECIMEN FOR ACCIDENT INFORMATION FORM

11



IDENTITY TAG
(FIRST-AID POST)

NAME :
DEPT: DIVN,
CONTAMINATION i YIN

SITE OF CONTAMINATION ¢ ‘
INJURY : YIN

SITE OF INJURY :
OVEREXPOSURE T YIN

NAUSEA : Y/ N , VOMITING: Y/ N
PRELIMINARY ACTIONS TAKEN :

TREATMENT ;
FIRST AID :

DECONTAMINATION @

TO: PERSONNEL DECONTAMINATION POSTERIOR ANTERIOR
CENTRE /SITE HOSPITAL | (MARK THE LOCATIONS OF THE

CONTAMINATION / INJURY )

Fig. 1.4 FRONT AND BACK VIEW OF THE IDENTITY TAG

Note: - Contamination level should be expressed in dpm/100 cm? or over the affected area if less than 100 cm?
Both alpha and beta contamination levels sliould be presented. If beta-gamma contamination levels
are high,the level may be given in UGy h?! (mrad/hr) measured with a side window G.M. probe with open
window. An estimate of the total contamination should be given wherever possible. Both the initial
level of contamination and the level of contamination while referring to Personuel Decontamination
Centre/Site Hospital, should be given.

12
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CHAPTER 2

DIAGNOSIS AND MANAGEMENT

SECTION 1

Radiation Physics

This section is intended to provide a basic understanding of the physical aspects of ionising radiations to those
who have not specialised in radiation medicine.

2.1.1 IONISING RADIATION

" Soon after the discovery of X-rays by W.C. Roentgen in 1895 and the discovery of the phenomenon of
radioactivity (i.e. spontaneous emission of radiation by certain substances) by A.H. Becquerel in 1896, it was realised
that biological damage is produced by absorption of energy {rom these radiations in living organisms. This energy
absorption results in production of positively and negatively charged particles (called ions) incells, causing disruption
in the physico-chemical status of the cells. Other forms of radiation, e.g. visible light, heat etc., also affect the cell by
exciting its constituent atoms. The term ‘ionising radiation’ is used when the transfer of energy from radiation to matter
causes the ejection of clectrons from the constitucnt atoms. Ionising radiations may be electromagnetic or particulate

in nature.

X-rays and gamma-rays- are electromagnetic radiations and are highly penctrating. The penetration depends

" on the wavelength. Gamma-rays in general have shorter wavelength than X-rays and are therefore more penctrating.

The attenuation of X- and gamma-rays is exponential in nature. About 20 cm of concrete will significantly attenuate the
intensity of X- or gamma-rays.

Beta-rays consist of very light particles, namely, electrons (about 1/2000th of mass of hydrogen atom) and carry
a ncgative charge. Because of their electric charge, they do not penctrate tissue to the same extent as X- or gamma-rays.
Even very highencrgy beta particles are stopped by a few millimetres of tissuc. They dissipate their energy in a much
smaller thickness of tissue and thercfore cause greater superficial damage on skin. A thin sheet of aluminium or 1cm
of plastic will complctely stop even the most cnergetic beta particles emitted by radioisotopes.

Alpha-rays are hcavy particles (about4 times the mass of hydrogen atom) and carry a positive charge. Alpha
particles are emitted by heavy radionuclides such as#°Po,?Ra, 22Th, #5U and #°Pu. Due to their hcavy mass and strong
electric charge, alpha particles are casily stopped cven by a thin shect of paper. They do not penetrate the outer horny
layer of skin and do not therefore pose any external radiation problem. However, if alpha emitting radioisotopes are
incorporated in tissues, they can cause great damage because of their ability to cause intense ionisation.

Neutrons are uncharged particles having approximatcly thc same mass as hydrogen atom. They arc more
penetrating than alpha- or beta-rays. They do not causc ionisation dircctly, but do so indirectly through the charged
particles which they release upon interaction with the atomic nuclei. All the types of radiation (alpha, beta and gamma)
are produced by interaction of ncutrons with atomic nuclei.

2.1.2 RADIATION DOSIMETRY .

As mentioned earlier, radiation causes excitation and ionisation of atoms in matter. These processes lead to
transfer of energy from radiation to the matter with which it interacts. The unit of radiation dose is therefore defined
in terms of energy absorption per unit mass of matter with which radiation intcracts. The SI unit of absorbed
dosc is called gray (Gy) which corresponds to 100 rad, the carlier unjt.®
13 -
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Exposurc to X- and gamma-rays is mecasured in terms of a quantity called air kerma. The earlicr unit, used for
measurement of exposure, was based on jonisation produced in air and was called the roentgen (R), which
approximately corresponds to 1 ¢Gy (1 rad) in tissue.

Different radiations vary in their effectivencss to canse biological damage. To describe the equivalence of
different types of radiation with reference to a biological end point (e.g. cell killing or transformation, chromosomal
damage) radiobiologists make use of a quantity called Relative Biological Elfcctiveness (RBE). Experimentally
determined RBE values for a wide variety of cells, for various energies of different types of radiation and for different
biological end points, are reported in the literature. For purposes of radiation protection (mainly limitation of
carcinogenic and mutagenic effects), the Intcrnational Commission on Radiological Protection (ICRP) has
recommended the use of a quantity called ‘‘Quality Factor’’ (Q), to achieve the same degree of protection for different
types of radiation”. ICRP has recommended the use of the following values of Q for protection purposes®(Table
2.1.1):

TABLE 2.1.1 : QUALITY FACTORS OF DIFFERENT RADIATIONS

Radiation Type Q
X-rays, gamma-rays, beta-rays 1
Neutrons 10*
Alpha-rays ' 20

* In astatement issucd after Paris (1985) meeting, ICRP has recommended the use of a value of 20 for Q for fast ncutrons®,

The dose-equivalent (H) is a quantity obtained as the product of dose and quality factor, i.ccH=D.Q. The SI
unit of dose equivalent is called sicvert(Sv), which is equal to 100 rem, the carlier unit.

ICRP has considered the risks when tissues or organs are selectively irradiatcd by ingested or inhaled
radionuclides and has introduced a quantity called ‘“Weighting Factor”’ (W,)¥ which is based on radiation-induction
of fatal cancers in the exposed individual and serious hereditary disorders in the first two generations of offspring of
the exposed individual. The values of W, recommended by ICRP, for different tissues and organs arc given in Table
2.1.2 '

TABLE 2.1.2 : TISSUE WEIGHTING FACTORS®

Tissuc/Organ (T) W,
Gonads 0.25
Breast 0.15
Red bone marrow 0.12
Lung ‘ : 0.12
" Bone surface ’ 0.03
Thyroid _ ' 0.03
Remainder(5 tissues/organs) 0.30

" The sumofthe products of dose-cquivalent H, intissuc (T) and its weighting factor (W) is called Effective Dose
Equivalent H=2W H|. The earlier unit of effective dose-equivalent is rem; its SI unit is sievert (Sv)®

It should be noted that in the case of acute radiation injurics (with which we are concerned in this guide), it is
customary to use the quantity dosc (in rad or Gy) and specify scparatcly the other parameters, ¢.g. type and cnergy of
radiation, dose-rate, dose distribution. Thc use of factors such asQ, W + (rccommended by ICRP for purposes of radiation
protection) is inappropriate for evaluation of acute radiation injurics. '
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The quantity called “‘activity’’ is used to define the strength of a radioactive source. Activity is the rate of
transformation of the radioactive source from one atomic species into another. The earlicr unit of activity is called
curie. 1 curie (Ci) (originally the activity of 1 g of radium -226) corresponds 103.7 x 10'° transformations/sec. The
SI unit of activity is called becquerel (Bg). 1 Bq = 1 transformation/sec. 1 Ci= 3.7 x 10" Bg; 1 Bg=2.7 x 10! Ci,

The multiples and fractions of the above radiation protection units, which arc commonly used, are asshown in
Table 2.1.3.

TABLE 2.1.3: FRACTIONS AND MULTIPLES FOR STUNITS

Fraction Multiple

Femto () =10 Kilo (k) = 10°
Pico (p) = 1012 Mega(M) = 106
Nano(n) = 10° Giga (G) = 10°
Micro () = 10° Tera (T) = 102
Milli (m) = 107 Peta (P) = 10¥%
Centi (c) = 10? Exa (E) = 10

- Since 1/100th of Gy or Sv equals 1 rad or rem respectively, the {raction “‘centi’’ is also used in radiation
protection and radiobiology literature.
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SECTION 2
Biological Effects of Radiation

As mentioned earlier, radiation causcs ionisation in matter with which it interacts. This ionisation produces
lesions in the biological macromolecules; this is known as the direct action of radiation. Biological materials contain
alarge proportion of water and radiation produces certain extremely reactive chemical species, called free radicals,
upon interaction with water molecules; these (ree radicals in turn react with the biological macromolecules; this is
known as.the indirect action of radiation®,

Among the biological macromolecules, effects produced on deoxyribonucleic acid (DNA) are considered
to be the mostcritical. The lesions produced in DNA molecule may be repaired either error free or error prone. The;
erroneous repair of the lesions leads in turn to changes in gencs (transformation or mutation) and in chromosomes
(aberrations and anomalies) and ultimately results in functional impairment or non-viability of cells.

Several factors -- physical, chemical and biological -- modify the effects of radiation, expressed at the cellular
level. These include type and energy of radiation, dose, dose-rate, dosc fractionation, temperature, presence of
sensitising or protective chemicals, degree of oxygenation of cell and in the case of proliferating cells, the phase of
cell cycle and cell maturation or differentiation.

A substantial loss of cells through cell killing caused by radiation leads to loss of tissue function. The tissues
vary greatly in therates at which the constitutent cell types are replaced; the production/division, differentiation, aging
and loss of cells in a tissue are determined by tissue kinctics. Tissues, therefore, vary widely in their sensitivity to
radiation. Tissues composed essentially of rapidly proliferating cclls, such as epidermis, epithelium of intestinal
mucosa, germinal epithelium and bonc marrow are very sensitive.

The effects of radiation, cxpressed mainly through cell killing and loss of tissue function, are classified as non-
stochastic effects®?, These cffects have adose threshold, below which they are not obscrved and the severity increases
with dose.These eflects arc discussed further in this chapter in relation to diagnosis and management of accidental rad-
iation injury.

Cell transformation or mutation leads to another class of elfects, called stochastic effects, which arc expressed
in the exposed individual aftera considerable lapse of time or in his descendan(s®, The stochastic effects are believed
to have no dose threshold and the probability of induction of the effect (rather than the severity) is a function of the
dose. The most important stochastic c(fects of radiation are induction of cancer and hereditary cffects.

Directevidence ofradiation induction of cancer in human beings has come from anumber of radioepidemiological -
studies, notably on the survivors of atomic bombing of Hiroshima and Nagasaki, persons exposed to radiation from
nuclear weapons testing (military obscrvers as well as populations in the vicinity of test sites), occupational groups
such as pionecr radiologists, uranium mincrs, radium dial painters, and workers in nuclear industry, and patients
exposed to radiation for diagnosis, mainly detection of breast cancer and for treatment of cancer and certain benign
diseases. The data from these studies have beenreviewed by national and international bodies such as the Committee
on Biological Effccts of Ionising Radiations (BEIR) of US National Academy of Sciences?, United Nations Scientific
Committce on the Effects of Atomic Radiation (UNSCEAR)“? and the International Commission on Radiological
Protection (ICRP) and lifetime risk cocfficicnts have been derived for radiation induction of different types of cancer,
averaged for the two sexes and over diffcrent age and population groups. The risk cocfficients, assumed by the ICRP
in Publication 45 (1984)"® for purposes of radiation protection, are shown in Table 2.2.1

¢
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TABLE 2.2.1: FATAL CANCER RISK COEFFICIENTS

Organ/tissuc ’ - Risk of Fatal Cancer
induction (102Sv*")

Brcast ‘ 0.25
Bone marrow o 0.20
Lung - - - 020
Thyroid S s
Bonc S 0.05
Skin 0.01
Other organs/tissues 0.50
Total - | 1.26

There is no conclusive cvidence of radiation induction of genetic damage in human beings, even though it has been
demonstrated in insects and laboratory animals. UNSCEAR (1988)"? has derived risk coefficients for different types
of genetic damages on the basis of induction of specific locus mutations and dominant mutations for cataract and

skeletal defects. These are shown in Table 2.2.2.

TABLE 2.2.2 :INCIDENCE OF GENETIC DISEASE AT EQUILIBRIUM FROM PARENTAL
EXPOSURE"?

Disease Incidence, 102Gy (Low LET)
Classification ' :

Chromosomal - ‘ 0.04

anomalies

Dominant and 1.0

X-linked

Recessive : 0.15

Multifactorial ' .

Total : 1.19

ICRP has used a risk coefficicnt of 0.40 x 102 Sv! for radiation - induced hercditary effects in the first
two generations of the offspring of the exposed individual®'®. Itis concluded that among the stochastic effects,
radiation-induction of cancer is of greater concern.

The system of dose limitation for radiation protcction, recommended by the ICRP®, aims at prevention
of the non-stochastic effects and limitation of the stochastic effccts induced by radiation. It consists of the following
three components.
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(8) Justification of practice : No practice (cntailing exposure of ipdividuals to radiation) shall be adopted unless its
introduction produces a positive net benefit,

(b) Optimisation of protection: All exposures (to radialiéﬁ) shall be kept aslow as reasonably achijevable(ALARA),
economic and social factors being taken into account.

(c) Dose limits: The dose-equivalent to individuals shall notexceed the limits recommended for the appropriate
circumstances by the Commission. ‘

For occupationally exposed persons, the annual dose-cquivalent limit H; for uniform whole-body exposure is
S0 mSv (5 rem). Where individual tissues or organs are selectively irradiated, the annual dose equivalent H,. in any
tissue or organ (other than eye lens) shall not exceed 500 mSv (50 rem), and in the eye lensit shall not exceed 150 mSv
(15 rem) provided that the annual effective dose equivalent (Hg=ZW_H,) does notexceed SO0 mSv (Srem). Doses from
both external radiation and internal radioactive contamination are included in these dose limits. Exposure from
natural radiation and medical exposures (meaning intentional exposure of patients for diagnostic or therapeutic
purposes) and exposures resulting from the artificial replacement of body organs or function (e.g. by heart pumps and
cardiac pacemakers) are not included in the above dose limits. In the case of women of reproductive capacity the
Commission belicves that occupational exposure at an approximately regular rate will provide appropriate protection,
including during the period when pregnancy may notbe diagnosed; the Commission recommends that when pregnancy
has been diagnosed; arrangements should be made to ensure that the woman can continue to work in such conditions
that it is most unlikely that the annual exposure will exceed three-tenths of the dose-equivalent limit for uniform whole-
body exposure (i.e. 15mSv or1.5rem), For further explanationsregarding the ICRP system of dose limitation, reference
should be made to ICRP publication 26®. The annual limits of intake through ingestion and inhalation are given in ICRP
publication 30 for several radionuclides®?.
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SECTION 3

Localised and Partial Body Irradiation

2.3.1 GENERAL

Much of the information on effects from localised exposure (o radiation has been derived from radiotherapy. In
radiotherapy of cancer, normal tissues are unavoidably included in the treatment volume. The damaging cffectsin these
normal tissues set the limits to the dose which can be tolerated. The tolerance dose is usually defined as the dose that
will produce a small but detectable increase in complications resulting from radiation effects on normal tissues.
Transient early damage or detectable but non-life-threatening damage are not considered to be dose-limiting in
radiotherapy. It should be noted that the tolerance dosc ‘is not to be taken as a threshold dose which is concerned with
long-term effects which alter significantly the quality or duration of a patient’s life. The estimates of approximate
threshold doses for clinically detrimental non-stochastic effects in various tissues, based on responses of patients
to conventionally fractionated therapeutic X or gamma irradiation are age and organ dependent. The main non-stoch-
astic effects due to acute exposures are shown in Table 2.3.1.

TABLE 2.3.1 MAIN NON-STOCHASTIC EFFECTS AND RELATED DOSES

(acute exposures)®

Organ Effect D,(Gy) D, (Gy)
‘Whole-body ' ~ Vomiting 0.5 2

Bone marrow Aplasia ! 35
Lung Pneumonitis 6 9
Thyroid Hypothyroidism* 10 300
Skin Erythema 3 6

Eye Cataract 1 3
Gonads - Transient Sterility 0.15 0.85
Embryo(2 wks) . Death 0.5 1.2

*After intake of I-131

2.3.2 SKIN @617

Skin is vulnerable to external radiation exposure, particularly radiation from hard beta-ray emitting contaminants
deposited on the epidermis. Damage to varying extent can be seen, following radiation therapy and accidents involving
high level exposure to X- and gamma-ray sources. Skin reaction isrelated to absorbed dose, which in turn is dependent
on the type (particulate or clectromagnetic) and encrgy of radiation. Beta particles deposit their energy within a short
range and hence are more damaging. Among electromagnetic radiations, low-encrgy X-rays are more damaging than
high-energy gamma-rays for the same reason. '

There may be a history of exposure due to handling of aradioactive source or working with X-ray machines,
or accelerator beams. Sometimes, there may be no history of exposure and the patient may complain of burn-like
symptoms without any apparent cause. Radiation effects on skin develop slowly and blister formation occurs usually
in about 2-4 weeks. The shorter the latent period, the more severe is the radiation burn.

The earliest damage seen is the transient erythema which develops immediately after exposure and is due to.
dilation of capillaries caused by histamine-like substances relcased by injured epithelial cclls. This is followed
2-4 weeks later by fixed erythema which may come inwavesand is much deeper and more prolonged than the transient
erythema. Erythema may not be casily recognised in pigmented or exposed arcas of skin. If the dose is more than
30 Gy (3000 rad), epilation, dry and moist desquamation and ultimately necrosis of the epidcrmis result. Long-term
sequelae are pigmentation, atrophy of dermis, sweat glands, sebaccous glands and hair follicles, ibrosis of dermisand
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increased susceptibility to trauma and chronic ulceration, Damage to germinal cells in the basal layer is critical in the
pathogonesis of erythema and desquamation. Itis the dosc to these cells that determincs the severity of skin damage,

Transient erythema : This appcars within 2-3 hours of the accident, following moderate exposure at high dose-
rates. The patient may complain of a sensation of warmth in the affected area. At very high dose (50 Gy or 5000 rad),
the symptoms miay be severe pain and a feeling that the affected part is on fire. This transient erythcma lasts for a short
time ~- hours to days.

Fixed erythema: The transient erythema is followed 1-4 wecks later by fixed erythema, which is similar to
that of a first degree thermal burn. At moderate doses (of the order of several Gy or hundreds of rad) the effect does
not progress beyond the crythema stage. Photograph 1 in Plate-I shows the erythema on the palm of aworker, exposed
to a dose exceeding 6 Gy (600 rad) of *°Co gamma-rays.

Desquamation; These reactions, produced by radiation at doses exceeding 12 Gy (1200 rad), are primarily due
to killing of cells in the basal layer and the associated appendages. The severity of the reactions depends on several
factors such as anatomical location, vascularity and oxygenation of skin, genctic background, age and hormonal status
of the exposed individual. The degrec of desquamation depends markedly on the area of skin irradiated. Moist
desquamation is produced within 2-3 wecks in 50% of individuals after a dose of about 20 Gy (2000 rad) to an area
35-50 cm?.of skin, Photograph 2 in Plate-I shows a casc of moist desquamation i.e. ulceration of thumb.

Transepidermal burn: This is similar to sccond degree thermal bums with a latent period of 1-2 weeks. Radia-
tion bums arc sometimes deceptive on superficial appearance since damage to important organs in subcutaneous tissue,
viz. nerve endings, hair follicles, sweat glands, endothelium of blood vessels, may not be obvious. Among these, injury
to the'endothelium of blood vessels is the most scrious. It produces endartritis obliterans, leading to necrosis of overlying
tissues, which continues to progress for several months. The severity of the burn depends on the dose and at doses of 20
Gy (2000 rad) or above, blistering and skin loss may take place. In such.cases, besides subcutaneous tissue, other
structures are affected and may give risc to radiation nccrosis of bone, muscle and other internal organs, Initial
symptoms are crythema, pain, swelling, itching or tingling.

"Photograph 3 in Plate -1 shows the development of radionecrosis in the thigh of a person exposed to a dose of
about 25 Gy from an 'Ir industrial radiography source.

Full thickness radiation burn: This is similar o third degrec thermal burns and amore serious version of
transcpidermal injury. This injury extends into the dermis and produces prompt and severe pain. In case of damage to
circulation, the healing will take a long time and surgical intervention may be required.

Pain is an important feature of the exposure of skin, particularly in the cxtremities, tohigh doses of radiation.
This pain is maximum with the appearance of vascular lesions. The pain is experienced during the first few days,
lasting sevcral hours and it may last for long periods.

Epilation: Loss of hair occurs after exposurc to doses in excess of 3-5 Gy (300-500 rad), whichis seen 2-3 weeks
after the exposure. With doses upto 7 Gy (700 rad), the hair will regrow eventually, Butat higher doses the hair follicles
are destroyed and the hair docs not grow again. Hair on the scalp is more sensitive than face or body hair.

Table 2.3.2 summarises the threshold doses of X- or gamma-rays for the different effects on skin.

TABLE 2.3.2 :THRESHOLD DOSES FOR SKIN EFFECTS.

Effect T ’ Threshold dosc Gy(rad) of X- or gamma-rays
Erythema 3 Gy (300 rad) (100 keV x-rays)
: o ' 6-10Gy (600-1000 rad) (1000 keV x-rays)
" Desquamation - 15Gy (1500 rad)
Ulceration C . 20Gy (2000 rad) -
Radionccrosis 25Gy (2500 rad) ®
" Gangrene = . - 30Gy (3000 rad) '

- Dose to skin due to the beta components of radionuclides must be cstimated very carcfully. Low-encrgy beta
‘contamination of skin may present spcciéxl preblems when estimating the dose to basalcell layers, which is the relevant
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tissue. The reason is that much attcnuation takes place in the outer layers cven when the'beta energy is upto 200-300
keV. The same holds true for low cnery photons of 10-15 keV whose effect on the skin is akin to that of beta rays.
However, photons of more than 50 keV cnergy can affect deeper layers of skin.

_MANAGEMENT OF RADIATIONBURNS . -

History
The patient may come withany of the stages or symptoms described above. The following information should

be obtained for management of the casc :

1. Name of the patient :
Sex: Age:
2. Details of the accident:
Date Time
Nature of accident
Type of radiation and encrgy
Possibility of whole-body exposure (anorexia, nausea, vomiting, diarrhoea)
Possibility of radioactive contamination:
3. History of transicnt erythema:

4. Presence of fixed erythcma, epilation, oedema or evidence of burns.

In certain casés, the patient may not be aware of irradiation and the dose may not be known. In these instances the
time at which transicnt erythema occurred, along with any other symptoms, will enable the physician to come to a rough
conclusion regarding the dose and the ultimate prognosis, with the development of fixed erythema.

Investigations
The following investigations are reccommended:

Completc Blood Count

Blood lymphocyte culture and chromosomal analysis
Sperm count

Culture and antibiotic sensitivity test (AST).
Estimatiorr-of radionuclides in urine and stools, (if needed)
Serial colour photography

Thermography

Non-invasive vascular studies

. Radioisotope scintigraphy

10. Slit lamp examination of eye (for cataract)

11. Physical dosimetry

R N

Samples should be taken immediately for items 1-5 in the above list. Concurrently photographs should be taken
and the dosimeters sent for evaluation of dose. Scintigraphy may be done before slit cxamination in view of blood
contamination with **™Tc,

Even after the area of the burm becomes apparcnt, the underlying damage cannot be observed with accuracy
clinicaly. Thermography [Photograph4(a) in Platc-I] and scintigraphy [Photograph 4(b) in Plate -I] offer a means of
detecting areas affected significantly by localised irradiation, and the functional status of the organ. This information
is helpful in planning any surgical intervention without waiting for the clinical symptoms to unfold fully. It will obviate
much of the needless suffering to which the patient is subjected to.
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If there is leukopenia in the first week, it is suggestive of whole-body exposure. There is danger of infection
which should be treated vigorously, Surgical intervention.should be kept to the minimum during this phase of bone
marrow dcpression which usually lasts about 4-8 weeks., .

'

Surgery ‘
Decision for amputation and reconstructive surgery depends on the following detcrminants:

a, Intractable pain

b. Size and location of injury

c. Degree of control over infection

d. Degree to which vascular damage can be estimated
e. Value of the part.

Photograph'5 in Plate -II shows gangrene of thumb and index finger of both the hands of a worker exposed to
gamma-rays from an '2[r industrial radiography source. Photograph 6 in Plate -II shows the case after amputation of
the affectcd fingers. .

Specific Treatment :
Mild Erythema

The skin may become dry and start itching after 3-4 weeks. A bland lotion or steroid ointment should be applied
locally. Clothing should not be worn tight over the affected part.

Transepidermal Burn

Pain should be relieved by analgesics, and drugs like phenylbutazone, which cause bone marrow depression
should not be used. Sterile protective dressings should be used. Systemic antibiotics should be given for prevention
of infection. Usually the burn will heal without skin grafting in the absence of infection.

Full Thickness Radiation Burn

Here, the burns may progress from initial blistering to skin loss and deep tissue necrosis, giving rise to severe pain,
tissue loss and infections. This will require surgical intervention, the timing of which will be difficult to decide
due to slow progression of burn. Bone marrow depression may further complicate the condition. In case there
is leukopenia at 2-6 weeks; surgical treatment should be kept at minimum until haematopoietic recovery takes place
(usually in about 6-8 weeks). In case the involved arcais more thana few sq.cm (2-3 cm?), skin grafting will be required.
Larger arcas involving nccrosis and gangrenc (Photograph 7 in Plate-II) of distal portions of fingers or extremities
will requirc excision and amputation. In beta-ray burns, early excision and skin grafting may spare the patient much
pain. Follow up of such cascs is important because healed radiation burns may result in weak atrophic skin thatis subject
to chronic and recurrent ulceration.

Chronic Radiodermatitis

Dry atrophic, hairless skin with numcrous telangicctatic areas is more prone to squamous cell or basal cell
carcinoma which develops after 10-20 ycars. The doscs required to produce late skin sequelae are likely to be in excess
of 10 Gy (1000 rads). If the dose is protracted overa period of more than 30 days, chronic sequelae can occur without
acute skin reaction or development of chronic dermatitis.

2.3.3 EYES®® .

The eye lens is generally considered to be the most radiosensitive structure in the cye. Radiation causes
damage to the dividing cclls in the anterior cpithelium located in the equatorial region of the lens. The lens does not
have blood supply and thercfore has no mechanism for cell removal. The damaged cells are translucent and if an
adequate number of damaged cellsare accumulated, they become an opthalmologically detectable opacity. At low
doses (lessthan 3-5Gy, or 300-500 rad:;of low-LET radiation), the opacities may take scveral yearsto develop, remain
microscopic and do not causc any significant impairment of vision. At high doses of low-LET radiation, the opacities
(cataract) develop within months, progress rapidly and cloud the lens completely. Fast ncutrons have a lower threshold
for induction of catiract as compared. to low-LET radiation; available experimental data seem to imply-an RBE
of 2-3 for neutrons for cataractinduction as compared to low-LET radiation. For protracted exposures, much higher doses
(>8Gy) arc required before the cffects are noted. A latent period of scveral months to several years is present before
the initial opacities are observed-in the Iens.- Radmuon cataracts do not necessarily progress to cause complete loss
of vision. ! , :
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2.3.4 GONADS

The ovary'containsa limited number of germ cells, approximately about 400,000 follicles in a young girl (12-16y)
and declines to about 8,300 follicles in a woman (40-44y), which are not replaced if they are depleted®®. The killing
of these germ cells by radiation can, therefore, impair fertility. The mature oocyte is the most radiosensitive among
the various maturation stages of the germ cell® . An acute exposure of both ovaries to a dose in excess of 0.65-1.5 Gy
(65-150 rad) may cause reduced fertility or temporary sterility. At doses below 2-3 Gy (200-300 rad) large enough
number of immature oocytes may survive to restore fertility eventually. A single dose above these levels may cause
permanent sterility. The threshold for pcrmanent sterility decreascs with age, presumably due to loss of oocytes
through aging and ovulation, without any replenishment.

In the testes, spermatogonia, inearly stage of stem cell differentiation, are more radiosensitive than germ
cells of earlier or later maturation stages, including spermatocytes, spermatids and spermatozoa, the last being most
resistant®. In man, an acute exposure of both testes to a dose as low as 0.15 Gy (15 rad) cancause a significant depression
of the sperm count. This depression may take place after several weeks when the more mature germ cell stages are
eliminated from the spermatogonic cycle. Fertility is restored if enough stem ‘‘spermatogonia’’ survive to repopulate
the seminiferous tubules. The recovery may take several years after a high dose. If the dose to the testes exceeds 3-5
Gy (300-500 rad) few stem cells will survive and permanent sterility may result since repopulation is slow -and

incomplete.

2.3.5 IN-UTERO IRRADIATION® 22

Development of human being in utero may be divided roughly into three periods: (a) Pre-implantation, extending
from fertilisation to settling of the embryo in the uterine wall (0-8 days post-conception), (b) major organogenesis
(9-60 days p.c),characterised by formation of the main body structure and (c) foetal period (60-270 days p.c.) during
which growth of the structures already formed takesplace. Death of the embryo is consideredto be the mostconspicuous
effect of radiation in the pre-implantation period. The acute median lethal dose (LD,) for the human embryo is
considered to be about 1 Gy (100 rad). Induction of malformations is considered to be the most characteristic

- type of damage produced by radiation during the period of major organogenesis. Although radiation induced

malformations in different body structures have been observed in experimental animals, those involving the central
nervous system have been more common in human beings. A study of about 1600 children exposed in utero at
Hiroshima and Nagasaki to various doses and at different stages of gestation showed that 30 children had severe
mental retardation. Severe mentalretardation was defined as inability of the individual to perform simple calculations,
to make simple conversation, to take care of oneself and requiring institutional care. The observed incidence of severe
mental retardation was far higher than what could be normally expected in such a group. Correlation with the stage of
gestation suggests that the period 8-15th week p.c. may be the most vulnerable. The rateof increase with dose, of
severe mental retardation in children irradiated during this period, is calculated to be 0.4 Gy?. The rate of increase
for those irradiated during the period of 16-25th week p.c. was0.1 Gy There is no evidenceof radiation related mental
retardation, either in the interval from fertilisation upto the 7th week or after the 25th week pc. The effects of radiation
during the foetal period are considered to be an increased incidence of childhood malignancies. The acute median
lethal dose (LD,,) for radiation during the foetal period is considered to be about 3-4 Gy (300-400 rad). UNSCEAR!®
has attempted to quantify the risk for a number of radiation induced effects in utero, including mortality, induction of
malformations, mental retardation, and malignancies. It is concluded that for small doses likely to be encounteredin
practice the overall risk isrelatively small (no more than 2 x 102 per liveborn per cGy) in relation to the naturalincidence
of malformations in non-irradiated individuals (6 x 10 per liveborn).
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SECTION 4

Whole Body Irradiation

2.4.1 ACUTE RADIATION SYNDROME

This is a relatively rare event caused by exposure of whole body to moderately high to very high doses of
penetrating radiations. About 300 persons, all overthe world, have received such exposure in radiation accidents,
including about 237 persons in the Chernobyl power reactor accidentin USSR . The clinical effects in such accidents
depend upon:

Nature of radiation

Duration of exposure

Total dose

Dose rate

Dose distribution in the body (spatial and tcmporal)

NhwN -

Accidents in nuclear installations generally may involve all types of radiations including neutrons. In criticality
accidents there is a sudden release of large amounts of radiation encrgy, which occurs when a sufficient mass of fissile
material such as *U, #Pu are assembled in a configuration so as to cause an uncontrolled nuclear fission chain reaction.
The radiation dose is dclivered in a short timeand produces severe biological damage. Complications may arise
because of any concomitant injury, e.g. thermal burns and high levels of radioactive contamination or exposure
to high concentrations of high energy beta-emitting radioactive noble gases resulting in severe damage to skin and
mucosa, as was experienced in Chemoby! power reactor accident®, In contrast to this, if the dosc is reccived over a
longer period, such as in accidents .involving radioisotope sources, the clinical ffects are less for the same dose. In
radiotherapy, protraction of dose is utilised to sparc the patient from unduc damage to surrounding normal tissues/
organs, eventhough high doses of radiation are given to specific tissues in which malignancy is present.

Acuteradiation syndrome represents the clinical manifestation of damage to many important organs and systems.
Those organs in which the cells are continuously replaced are more radiosensitive, e.g. skin, haematopoietic
‘and gastroinlestirfal,systems;atvcry high doses, symptoms pertaining to the central nervous system appear. The clinical
manifestations of acute radiation syndrome unfolds in four stages®. :

1. Prodromal phase
2. Lalent period

3. Munifest illness
4. Recovery phase

Prodromal Mhase
The signs and symptoms during this phase are:

- Headache ' - Irritability
- Angexia - Perspiration
- Nausea - Erythema
- Voniting - Conjunctivitis
- Diarhoca - Fever
- Weikness - Respiratory distress
- Apahy - Tremors
- Prosration _ - Hyper excitability
- Atlaxia

The time period involved is usually 3-4 days.
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Latent Period
There are few clinical symptoms during the latent period. This period lasts usually 2-3 weeks. At high doses
there may not be any latent period and the paticnt deteriorates rapidly towards the phasc of manifest illness.

Manifest lliness
The following signs and symptoms arc scen during this phasc:

- Anorcxia - Erythema

- Nausea - Epilation

- Vomiting - Aspermia

- Diarrhoca ' - Shock

- Fever ‘- Disorientation
- Weight loss - Convulsions

- Infection - Coma

- Haemorrhage

Clinical Syndromes

Four types of clinical syndromes are associated with acute irradiation®:-

1. Neurovegetative syndrome
2. Haematological syndrome
3. Gastrointestinal syndrome
4. Neurological syndrome

-

2.42 NEUROVEGETATIVE SYNDROME
It appears at doses of 1 Gy (100 rad). The main symptoms are:

1. Vomiting in 5% of cases
2. Minimal changes in blood picture
3. Chromosomal changes above 0.1 Gy (10 rad)

2.43 HAEMATOLOGICAL SYNDROME

In the dosc range 1-10 Gy (100-1000 rad) it is the haematopoictic system which suffers amajor damage. Vomiting
is seen after 3 hours in 50% of cases with a dosc of 2 Gy (200 rad) and in 1 hour in 100% of cases with a dose in excess
of 5 Gy (500 rad.). Atthe pcak of the manifest illncss, the subject may haemorrhage from skin, mucous surfaces or
internal organs, and will also -be susceptible to infection. Blood examination will reveal leukopenia,
lymphopenia,thrombocytopenia and anaemia after initial increase of polymorphs. Skin will show transienterythema
after 2-3 hours, fixed erythema after 2-3 wecks and transient epilation after 3 weeks.

Critical period : 2-6 weeks v
Death occurs due 1o hacmorrhage and infection within 2 months. The median lethal dose for acute whole-

body irradiation is coiisidered to be around 4-6 Gy (400-600 rad) for adult human beings, if no medical treatment
is given. However, with conventional treatment, LD,y will be around 5 Gy (500 rad).

2.4.4 GASTROINTESTINAL SYNDROME ‘

The general sequence of cvents after whole-body exposure to doses around 8-10 Gy (800-1000 rad) is as follows:
Initially the symptoms during the prodromal phase arc nausea, vomiting and at higher doses, diarrhoea. The onset
of these symptoms will depend on the dose reccived. The appearance of symptoms within two hours of exposure
is indicative of high doscs. At doses in the range 10-20 Gy (1000-2000 rad) symptoms appear inless than an hour.
Besides anorcxia, nausca and vomiting, diarrhoca is scen, followed by shock with electrolyte imbalance and
haemorrhages from skin and GI tract. Skin shows erythema, sub-epidermal injury and permancnt epilation. The
characteristic findings in blood arc rapid [all of lymphocytes with absolute counts coming down to less than 100 cells/ -
mm? within 48 to 72 hours. '

The prodromal phase may be followed by a latent period during which there may be no symptoms. The latent
period may last a few weeks. With doses in excess of LD i.e. in excess of 4-6 Gy (400-600 rad) the latent period may
be reduced to 6-8 days. At high doses the clinical phases may merge altogether. .
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The third phase of the syndrome starts with vomiting, diarrhoca, severe fluid and clectrolyte loss, followed by
intestinal ulcerations and hacmorrhage. The severe gastrointestinal upset merges with the hacmatological syndrome and
is associated with hacmorrhage from scrous surface and bacterial infections due to severc bone marrow depression,

Critical period : 1-2 weeks
Dcath occurs due to circulatory collapse within 2 weeks.

Note: Following thc expericnce in medical management of the radiation casualties in Chemnobyl accident, mention
is made of oro-pharyngeal syndrome, characterised by radiation mucositis in buccal cavity, vestibule of the larynx
and the nasopharynx. This results in accumulation of enormous quantities of rubbery mucous in these sites.

NEUROLOGICAL SYNDROME .
. Atdoses of 50 Gy (5000 rad) and above, vomiting occurs immcdiately after exposure, followed by tremors,
ataxia, convulsions and coma. Blodd shows disappearance of lymphocytes altogether.

Critical period : 0-2 days ,
Death occurs due to cercbral oedema -and respiratory failure within 2-3 days.

Note:A classification of the radiation casualties in the Chernobyl accident was made into four groups on the
basis of degree of severity of prodromal symptoms. ‘

Fourth degree (Extremely Severe)
Pronounced early (in the [irst half-an-hour) primary reaction (vomiting, headache, rise in body temperature)

short latent period (6-8 days). Doscs were in excess of 6 Gy (600 rad), estimated to be upto 12-15 Gy (1200-1600
rad) whole-body dose.

Third degree (Severe) ;
Development  within - 30 minutes to 1 hour of primary reaction (vomiting, headache, sub-febrile body

temperature, transient erythema). Duration of latent period: 8-17 days. Doses were estimated (o be in the range 4-6
Gy (400-600 rad). :

Second degree : (Iligh)
Devclopment of primary reaction in 1-2 hours, Duration of latent period : 15-25 days. Doses were estimated to
be in the range 2-4 Gy (200-400 rad).

First degree : (Moderate) s
Primary reaction after 2 hours post irradiation. Absence of general skin reaction. Latent period longer than
1 month. Doses were estimated to be in the range 1-2 Gy (100-200 rad).

2.2.5 INITIAL MEDICAL MANAGEMENT
General Principles ‘

Exposures associated with severe injuries and radioactive contamination : Life-saving measures will have
precedence over decontamination. ’

" Radioactive contamination : Reasonable measurcs (e.g. discarding of contaminated clothing at the site of
accident), for removal/reduction of external/internal contamination as much aspossible, should be:taken at the first-
aid centre of the plant, before the patient issentto the site hospital, The sitehospital should have facilities to receive,
treat and care contaminated patient in the casualty ward. '

Accident History : -

This is very important. Even atthe slightest suspicion of the symptoms (nausca, vomiting, etc.) being attributable
toradiation exposure, the patient should be sentat once to the sitc hospital so that investigations and medical surveillance
arc started promptly. The particulars mentionied in the Radiation Incident Reporting Form (Fig. 1.3) should be
completed and given to the sitc hospital. ‘ : ’
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Clinical Examination

Physical cxamination of the paticnt should be conductcd as soon as possible after the patient is received at the
site hospital. The examination should be comprehensive. Normal and abnormal findings should be rccorded. The
lapseof time between the accident and the examination should be noted and a watch should bckepton the clinical pattern
which will unfold later on. The findings from physical dosimetry (if readily available) should be recorded.

The prodromal symptoms which arc readily detected, are of greatvalue for a preliminary assessment of the dosc
and thus helpful for prognosis. The carlicr the appearance of the prodromal symptoms and the more severe and
sustained they arc, the higher is the dosc to the individual and the morc difficult is his chance of recovery (cf Table
2.4.1) Psychosomatic factors in the tow dosc range and fractionation (and protraction) of the dosc in high range influence
the appearance and severity of the prodromal symptoms.

Laboratory Investigations

The laboratory investigations provide further corroboration of the preliminary dose asscssment made on the basis
of clinical symptomatology. It is emphasised that the required specimens, viz. blood, urine, stool should be obtained
as early as possible after the accident to obtain base-line data and for dosimetric measurements. Depending upon the

Blood .
The haematopoietic system is at the greatest risk from radiation and changes occur in peripheral blood within

hours of the accident, and provide areliable measure of the severity of radiation exposure. The most uscful indicator
is the lymphocyte count. A fall to less than 1000 cells mm? in 24 hours signifies a serious exposure with grave

- consequences. The rate of fall of the lymphocytc count provides a measure of the dose; the faster the [all the greater

is the dose. Completcblood count (CBC) should be done three-to six-hourly during the first 48 hours. Apart from CBC,
blood grouping and lymphocyte typing should also be done in case bone-marrow transplant is contemplated.

Cytogenetic Examination
Analysis of chromosome aberrations in blood lymphocytes may beused forestimating the equivalent whole body

" dose. Radiation causes break$ in chromosomes and the broken ends can rejoin in a number of ways resulting in the

formation of dicentrics, acentric rings and fragments. These aberrations are scored in about 100-500 cells. From these
scores, particularly of dicentrics, a fairly good estimate of the equivalent whole-body dose can be obtained.

The application of hacmatological and cytogenetic techniques for biological dosimetry and for prognosis is
discussed in detail in Chapter 3. '

Biochemistry _
Routine investigations help in management of shock and {luid loss and include:

- Fasting and post prandial blood sugar (F.B.S. and P.P.S.)

- Estimation of clectrolytes (Na*, K*, C1)

- Blood: CBC, platelet count, blood group, Rh, HLA type

- Urine: routine, microscopic and estimation of radionuclides
- Stool: gstimation of radionuclides

- Liver function test

- Renal function test

Bacteriology .
Culture and antibiotic sensitivity tests from aly septic foci, and also culture from body cavities should be taken,

alongwith cultures from sputum, stools and urine.

Electroencephalogram (EEG) ‘

Neurological changes are scen in EEG with changes in the vigilance wave, that is, appcarance of slow waves
(4-6Hz) which occur in burst and may be distributed uniformly or non aniformly over thecercbral spheres. These waves
appear, if the dose to the head is in excess of 4-5 Gy (400-500 rad). The changes are persistent particularly in cascs
of high doses. For doses of the order of LDy, these EEG patterns take several years to disappear. Atlower doscs
the interpretation is very difficult.

The results of various investigations must be recorded carcfully in the Sitc Hospital in an appropriate form such
as given in Fig. 2.4.1.
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FIG.2.4.1 SPECIMEN FOR MEDICAL INFORMATION FORM

MEDICAL INFORMATION FORM

1. IDENTIFICATION OF THE PATIENT:

Full Name
(In Block Letters)

Age : Sex :
2. IDENTIFICATION OF THE INDIVIDUAL WHO FILLS THE FORM
Name
Designation
Affiliation
Date and hour of FORM FILLING
Date: Hour:
3. DATE AND TIME OF ACCIDENT:
Date of exposure: Presumed hour:
" 4. EXPOSURF, CONDITIONS
DURATION /[ [ [ |

If possible, time beginning; / / / / /
end : / / / / /

Position of; the patient
Nature of work of the patient

4.1 DOSIMETRY INFORMATION

The patient had a dosimeter yes no
Dosimeter recovercd yes no

If yes: Dosimeter No. / / / / / / / /

4.2 RESPIRATORY PROTECTION : yes no

4.3 CONTAMINATION OF CLOTHES (If detected) : yes no

Continued on next page
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5. FIRST SYMPTOMS
5.1 CLINICAL STATE OF THE PATIENT
(Indicate time of appearance, number or duration, as applicablc)
Nausea Y / / /  (timc)
Vomiting
Wound
Trauma
Bum

5.2 MEDICAL FINDINGS (to be filled by the physician)

Name of physician:

(In Block Letters)

Name of Patient: ’

(In Block Letters)

Date of examination ' Hour: / / / / /

asthenia: yes no

headache: yes no

nausea : yes no  / / / / /

(time of appearance)

vomiting: yes - no number :

diarrhoea: yes " 1o quantity :

temperature: / /] / / /

“pulse;

blood pressure:

consciousness: normal abnormal:  agitation
delirium
sleepiness
coma

equilibrium disturbance: yes no

co-ordination disturbance: ycs no

skin and mucosa:

oedema: yes no
erythema: yes no
other:

Continued on next page
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6. TREATMENT AND INVESTIGATIONS

6.1 MEASURES TAKEN

Undressing: yes no
Decontamination: yes no
DTPA administration: yes no

If yes, administration pathway:  *acrosol
*bathing

*intravenous

Stable iodine administration: yes no

6.2 LABORATORY TESTS
BLOOD SAMPLES

*First sample (If possible, before the third hour)

Date / / / / / Hour / /

* Blood cell count,platelets: yes no
* Cytogenetic (10 ml): yes no
* Sample for spectrometry: ycs no

* Second sample(If possible,2 hours after the first one)

Hour / /
* Blood cell count,platelets: yes no
% HLA typing: yes no
URINE SAMPLES: ' yes no
(If possible, for gamma spectrometry)
Is it the first urination :
after the accident ? yes no

7. DESTINATION OF THE PATIENT (IF SENT FOR FURTHER TREATMENT)

8. PHYSICIAN’S CONCLUSIONS:

Date:

(Signature)
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2.4.6 THERAPY
General Principles :

If the dose is less than 5 Gy (500 rad) time is usually available, to await the results from biological and
-physical dosimetric investigations and to confirm the prognosis made on the basis of prodromal symptoms. Therapy
can be planned accordingly. A latent period usually exists between the prodromal phase and the appearance of
manifest illness and the need for therapy. This latent period is variable, depending upon the severity of exposure. Cases
which are or are suspected to be in the low dose range (1 Gy or 100 rad) do not usually call for hospitalisation. Cases
in the median lethal dose range, around 4-6 Gy (400-600 rad) should be put in isolation with sterile facility. Follow
up in the form of therapy would be case-specific and special forms of therapy may be required in these cases such
as packed red cell transfusions and platelet transfusion. Bone marrow transplantation isindicated in those cases where
the exposure is uniform and the doses are around 10 Gy (1000 rad). Those patients who had received a dose in excess
of 15 Gy (1500rad) are likely torequire terminal care only. In thesecases gastrointestinal symptoms will predominate.
Besides maintcnance of fluid and electrolyte balance, the treatment should be directed towards reducing the symptoms
and making the patient as comfortable as possible. .

Symptoms Control
The initial symptoms of nausea and vomiting should be controlled with 4 mg of dexamethasone i.v.or 100 mg

of hydrocortisonc hemisuccinate i.v. six hourly along with chlorpromazine 25 mg or metaclopromide 10 mg. i.m. Apart
from this, in early stages of illness adequate rest, sedation and maintenance of morale are needed.

For anorexia and dryness of mouth zinc supplcments are suggested alongwith minerals and vitamins.
»

Diarrhoea is controlled with codcine phosphate, kaolin and imodium,

For radiation dryness of skin,daily application of soft white vﬁseline or petroleum jelly is recommended.

Isolation Facility

If infections are to be prevented or treated properly, some kind of isolation facility will be required. Single room
with sterile precautions and with a laminar air flow is best. Another method is life island bed in completely encloscd
plastic unit with separate ducts/ports for ultravoilet irradiated filtered air with separate venting ports and gloves for
examination of the patient and manipulation of instruments. Where these facilities do not exist, the patient can be
isolated in a single room with reverse barrier nursing and room air sterilised by ultravoilet lamps. To minimise the risk
of infection all supplics entering the room should be sterilised. Visitors should berestricted and those going into the room
should wear masks, clean gowns and plastic aprons. :

Prevention and Treatment of Infections
Antibiotics should be administercd at an carly stage. These can be prophylacuc and specific antibiotics. Fever

should be treated promptly,

For bacterial infections a combination of newer pencillins, like piperacillin and mezlocillin, gives good results.
Gentamycin can be combined with one of the cephalosporins. Trimethoprim can be used for the sterilisation of the gut.

Particular problems could arise due to viral and fungal infections. Viralinfections e.g. due to herpes simplex
virus should be treated with acyclovir. Fungal infection should be initially- treated with nystatin or new agents like
miconazole and ketoconazole. Cases not responding to this therapy should be given- amphotericin B. Any other
associated infection should be treated with specific drugs. Fever not respondingto all this antibiotic therapy should
be given gamma globulin in high doses,
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Haematologic Support

The haematopoictic system is mainly involved in the median lethal dose range. Haematopoicsis should be
supportcd until spontancous bone marrow recovery occurs which can be expected between 4-6 weeks post irradiation.
Support isusually requircd around 3 weeks post exposure, and should be given in the form of packed red cell and platelet
transfusions. '

Above 10 Gy (1000 rad) bonc marrow transplant (BMT) should be considered. BMT may be needed in the first
week to counteract bone marrow aplasia. Allogenic matched bone marrow transplant from a family donor, ideally
a twin or a male sibling, is dome. It is nccessary to have the donor matched with the recipient at the major
histocompatibility complex. The success of BMT is limited by various complications including graft rejection,
infection (bacterial, fungal and viral), acute or chronic graft versus host discase (GVHD). The hazards of this procedure
would have to be compared with the risks from bone marrow failure before taking a decision.

* Use of Experimental Drug Granulocyte Macrophage Colony Stimulating Factor (GMCSF) in Goiania,Brazil®

In Goiania, eight patients were given granulocyte macrophage colony stimulating factor (GMCSF) following
whole-body exposure to Caesium-137 radiation. Out of them 4 patients who had received radiation doses in the
range 4-6 Gy (400-600rad) died as a result of complications (haemorrhage and infection). The four surviving patients
treated with GMCSF had lower cstimated doses of 2.5-4.4 Gy (250-450 rad). Two patients, who received higher doscs
of 6.5-7.1 Gy and cxhibited severe bonc marrow depression, but who did not reccive GMCSF, survived. The role of
GMSCF in the revival of bone marrow, aficr irreversible myelodepression, was not established. However, San
Salvador experience® is suggestive of a positive response.

Nutrition and Nursing Care®"

Food is preparcd in a separate sterilc kitchen, No uncooked food is supplicd to the patient. Bread is rebaked and
butter and chocolate are autoclaved. Frozen food, adequately stored and cooked, is satisfactory. Sterile waterisnecded.
Drinks in cans do not usually require further sterilisation.

The nursing care of the irradiated person should be of the highest order. Intravenous feeding and drug
administration casts a heavy burden on the nursing staff. All supplics entering the paticnt's room should be sterilised
by heat or irradiation. Linen, blankets and all personal belongings of the patient should be sterile.

2.4.7 FOLLOW UP ,

Plans should be made for rehabilitation of the patient, following successful treatment and discharge of the patient
from the hospital. These should include plans for his future employment including engagement in radiation work.
Medical follow up (frequently in the first year aftcr discharge from the hospital and half-ycarly or annually later on)
should also be done to look for late scquelae and long-term cffects, described in Section 2 of this Chapter. Proper medical
records of the history of investigations done, with their results, trcatnents provided and results of follow up study
should be maintained for medico-legal purposes as well as for use in biomedical research of such cases.

SUMMARY
Table 2.4.1 gives a schematic classification of dose-ranges of whole-body exposure, symptoms, therapy and
probable outcome. , -
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SECTION 5

Radioactive Contamination: External

2.5.1 GENERAL CONSIDERATIONS

Minor skin contaminations occur from time to time in laboratories, facilities and installations where
radioactive materials are handled in open form. The potential for and the magnitude of external contamination depend
upon the amount ofradioactive material handled, the nature of the operationsconducted and-the handling facilitics
provided, including the safcty features in the design and the equipment and tools used for the operations. Gencrally,
the workers are trained in the safe handling of radioactive materials and are required to wear appropriate protective
clothing, such as apron, coverall, rubber gloves, plastic suits and respirators (where necessary) while engaging in
radioactive operations and to monitor themselves for radioactive contamination using suitable instruments such as
frisker, hand, clothing and shoc ntonitor before lcaving the radioactive zone. Nevertheless, incidents resulting in
external contamination, particularly clothing, hands, face, eyes, hair and scalp, may occur due to cquipment failure and
more frequently duc to operator error.

Radiation Effects

External contamination is usually not attended with serious medical management problems. Some
radioisotopes, notably tritium and iodine, are casily absorbed through the intact skin. Injury may be caused by the
chemicals (acids, alkalis or organic solvents) which may facilitate absorption of the radioactive matcrial through
the skin or due to fire or explosion. Depending upon the severity, such injury must promptly receive first-aid and medical
attention,

The cffects of radioactive contamination on the skin depend upon the type and energy of the radiation emitted
by the radioactive material. Alphaparticles do not penctrate the horny outer layer of skin (epidennis). Themain problem
associated with alphaemitters is the possibility of tansfcr into the body by absorption through intact or broken skin,
inhalation or ingestion (c.g. cating with contaminated hands). On the other hand, beta particles penetrate the epidermis
and causc intense irradiation of the tissues and structures beneath the epidermis and arc therefore a major hazard.
Some Japancsce fishermen were accidentally exposed Lo radicactive lallout fromnuclcar weapons testing in 1954, Duc
to intense beta radiation emitted by the [ission products, the {ishermen developed skin itching followed by radiation
burns and epilation. Healing of the radiation burn took placce after some time and the hair grew again after a few months.
During the recent Chernobyl power reactor accident too, workers inside the reactor building developed radiation injury
of the skin duc to beta rays [rom short-lived [ission products deposited on the skin. Electromagnetic radiation (X-
and gammarays) can also cause damagc but becausc of their greater penctration they deposit less energy locally
than beta rays. Low energy rays cause more biological damage superficially than gamma rays.

The objectives of skin decontamination arc to remove as much of the radionuclide from the skin as possiblc to
reduce the surface dose rate and to avert internal contamination,

The following maximum permissible levels have been specified by Health Physics Division, BARC for fixed
contamination on the skin:

'

Alpha emilters ; 0.4 Bq. cm?
Beta emitlers : 4.0 Bq. cm?

‘ In the majority of cases of external contamination, theradioactive material canbe removed using the simple
general procedure described below. Such decontamination is best done_in a first-aid post within the laboratory, facility
or installation. The location and design of the first-aid post as well as the facilities and supplics which should be
available therc arc described in Chapter 3. Cascs of skin contamination concomitant with traumatic injury or suspected
intakes through inhalation and cases where the contaminant isnot removed by the general procedures described below
should be promptly referrcd to adecontamination centre where the patient can receive (urtheratiention from properly
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traincd medical staff. The decontamination centre is discussed in Chapter 3.

Precautions
The patient should be monitored carcfully to detecrmine the nature, extent and degree of contamination. The

complete body should be monitored. If the clothing is contaminated, it should be removed carcfully so that the
contaminant does not become airborne; the contaminatcd clothing should be placed ina large impervious (e.g. plastic)
bag and the bag scaled carcfully. Arcas of the body surface showing contamination should be demarcated. Hands
and [lace are the arcas most likcly to be contaminated. During monitoring, search should be made for any abrasions,
or wounds on the skin, since radioisotopes can be easily absorbed through such openings. Such openings in the skin
should be masked with the aid of waterproof dressings. :

If the contamination is limited to a small area, e.g. hands or face, it is usually adequatc for thc decontamination
attendant to wear an apron and surgical gloves. If the contamination is widcspread and heavy, complete surgical
clothing and mask should be worn. Heavy contamination to a degree sufficient to cause a radiological risk to the
examining physician and mcdical attendants is, however, an extremely rare event; such a contamination took
place in a nuclear reactor accident once and radiation shielding and other precautions were taken by the examining
physician to" protect himsell against the high intensity of external radiation emitted by the casualties. In the
vast majority of cases, thc levels of contamination will be far less than those reported in the above accident, and the risk
may be, the transfer of contamination through handling of the patient or through inhalation of radioactive material which
might become airborne. Treating the patient as though he is infccted and adopting the standard barrier nursing
techniques will help to minimise the radiological risks to the decontamination personnel. It should be ensured that no
one other than authorised persons is allowed into the paticnt decontamination room.

2.5.2 DECONTAMINATION PROCEDURES -- GENERAL®
' A schematic of medical management of external contamination is shown in Fig. 2.5.1. The dccontamination
procedure should be gentle and all care should be taken to avoidiinjuring the skin which can facilitate uptake by blood
and systemic absorption of the contaminant. Contamination should be removed first from body orifices, particularly
around nose, by dry wiping with paper towels, followed by dry wiping of other areas and then wet wiping of all areas.
All wipes should be preserved for radioactivity measurcments by the health physicist.

Decontamination should always be carried out starting from the periphery of the contaminated area and working
towards the centre. Decontamination is simple in the casc of loosc superficial contamination on normal healthy
skin. The radioactive material is usually trapped in the thin film of oil which covers the epidermis. The decontamination
procedure aims at removal of this oil film by means of acid soap or mild detergent and water. Washing with soap/
detergent should be continued for 2-3 minutes. The area is then dried and monitored.

Decontamination is more difficult if the paticnt has thick dry horny and cracked skin or if the contaminant is
decply ingrained. If soap/detcrgent and water fails to remove the contaminant, 1% cctrimide solution can be used
in the same manner assoap/detergent and water. A uscful decontaminating agentis 5% sodium hypochlorite which
should be used full strength on the skin except in case of arcas around eyes and on the face where a 5:1 dilution with
water is usually made before use. If the contaminant is notrecmoved by the procedurcs described above, apply gently
asaturated solution of KMnO, + 0.2N H,SO, to the contaminated arca of the skin. After drying, wash the skin with water.
The stains on the skin left by KMnO, can be removed by applying a solution of 5% NaHSO,. Carc should be taken that
the solution does not reniain in contact with the skin for more than two minutes. Wash the skin, dry and monitor.
Alternatively, the skin may be carcfully scrubbed with cetrimide solution after local anacsthesia with 4% xylocaine or
lignocaine. If erythema develops, the decontamination procedure should be stopped and the involved area covered with
a lanolin containing cream and dressing. Next day, if the condition of the skin is improved, {urther attempts at
decontamination may be made. It should be noted that the cpidermis renews itsell in 12-15 days and sometimes
the contaminant which is very difficult to remove by physical or chemical means, will be shed along with the dead
cells on the epidermis.

If the above metliods fail and the contamination level remains extremely high, the contaminant. may have
to, be removed surgically. Split skin removal may serve the purpose. In rare cases full thickness skin may have to
be removed, followed by skin grafting. :

Hair and scalp: 1f hair and scalp arc contaminated, 4% cetrimide solution can be used for shampooing the hair,
followed by rinsing with water. Carc should be taken while rinsing, to cnsure that the contaminant does not get into the
eyes, nose or mouth. In some cases the hair may have to be clipped to remove the contaminant.
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Eyes: Decontamination of eyes is best done in the first-aid post within the laboratory, facility or installation,
A properly designed eye fountain should be available for washing the eyes. The eyes should be irrigated profusely with
water,

Nose: The patient may be asked to nose blow by compressing his nose on to a tissue paperheld close to the
nostrils or the nostrils can be cleancd by nasal swabs. The nose can then be washed with isotonic saline. The nasal
swabs or tissue samples should be kept for radioactivity measurcments by the health physicist. Nasal irrigation
is possible only after hospitalisation of the patient.

2.5.3 DECONTAMINATION OF BURNS AND WOUNDS
Cases of chemical/thermal burns and wounds must be referred promptly to the decontamination centre wherc
they can receive medical attention from properly trained medical personnel.

Chemical and thermal burns may facilitate the entry of the contaminant into the body, although systemic
absorption of the radioactive material is not so likely as in the casc of open wounds. Decontamination should be as
gentle as possible so asnot to cause further breakdown of the skin. Pain during the decontamination can be alleviated
by application of topical anaesthetics. In the case of nitric acid burn, the contaminant gets incorporated into the scab
and decontamination becomes extremely difficult. In such circumstances it is probably best to cover the area with an
impervious dressing with the hopc that the contaminant would ultimately come off with the scab.

In the case of burns produced by Na or Na-K, liquid para(fin must be poured immediately over the affected part
soas to cover the whole area, Visible picces of metal may be removed by wiping gently with cotton wool or gauze.
Splashes on the faces should be wiped away from the cyes, nose and mouth. If the patient is wearing protective goggles,
they should be held tightly until the face is clcan; the paticnt should close his eyes-while the goggles are being removed.
If a splash enters the eyc, the eye should be irrigated promptly with liquid paraffin. The eyes may have to be held open
by a third person since the patient will be unable to keep them open because of intense pain in the eyes. First aid given
promptly is more valuable than prolonged irrigation later onbecause the damage to the eye increases with every minute
of contact of the strong alkali with the cye.

Wounds: The wound should be monitored carcfully to determine the nature and quantity of radioactive material
in the wound. The nccessity for surgical intervention will depend upon the nature-and quantity of radioactive
contaminant, '

If the material is soluble, il may be taken by blood rapidly and may enter systemic circulation. Measures are
required to block systemic absorption and to hasten the elimination of the radionuclide from the body. Ifthe material
is insoluble, it may migrate along the Iymph channel into the regional lymph node, the contaminant may then move on
into the thoracic duct and enter systemic circulation. Treatment of internal contamination, including mcasures for
blocking systemic absorption and hastening climination of the contaminant from the body, are discussed in Scction 6
of this Chapter.

All loosc material around the wound should be removed. The contaminated wound should be isolated from
clean skin by plastic drapes. Irrigate the wound with sterile water or saline and encourage bleeding by occluding the
venous return to the arca with a tourniquet. It may be necessary to enlarge the wound for more cffective irrigation. If
this treatment is not successful, a block of tissue containing as much of the contaminant as possible may have to be
removed. The wound sitc and any tissucs removed from it should be carefully monitored. It should be borne in mind
that the objective of the decontamination is to minimisce the long-term radiological risks to the patient, Care should
therefore be exercised not to mutilate the anatomical structures. It is better to preserve [unction and cosmetic
appearance than to ensure that all contamination is removed.

Metallic contaminants embedded in the skinmay be reinoved by surgical excision. All the surgical instruments
used for the decontamination of burns/wounds should be monitored and cleaned to ensure that they arc frec of residual
contamination before they are uscd on other persons. Nosc blow or nasal swab samples,tissues used for dry/wet
wiping of skin surfaces, dressings, biological samples (exudate, blood, biopsy, scab) should be handed over to the
health physicist for radioactivity mecasurements. The patient should be asked to submit urine/stool samples or refcrred
to whole-body radioactivity monitoring, for assessment of internal contamination. The personnéldecontamination
room should be monitored and cleaned up.
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2.5.4, DECONTAMINATION PROCEDURES: SPECIFIC
Uraniurg: The contaminated arca of skin may be washed with NalICO, solution,

Alkalies and Alkaline Earths: Washing with water should remove the contaminant in most cases. In the casc of
Sr, an attcmpt may be made by dabbing polassium rhodizonate crystals over the affected part. This renders Sr soluble
which can then be washed away casily. (Note: The solution of potassium rhodizonate in water is unstable even if it
'is kept in & refrigerator).

Fission Products, Rare Earths, Plutonium and Transplutonics: Wash the skin with 1% DTPA solution (pH 3-5).

‘Rub gently starting from the centre of the contaminated area and working towards the periphery. If DTPA is not

‘available, EDTA or aqucous HC1 solution (pH~1) can bc uscd. Repcat as many times as requircd but stop if there

is hyperaemia of the skin. (Note: Incase of wound contamination with Pu or transplutonics, administration of DTPA

‘i,v, has been recommended belore irrigation of the wound with DTPA. The palicnt may get a burning sensation when
DTPA is applied to the wound; this pain can be alleviated with topical anaesthetics).

Iodine: Todine is rapidly absorbed through the skin. Give the patient “potassium iodide (130 mg) in a little water,
This will help to block thyroidal uptake of radioactive iodine. The blocking is more effective ifitis given promptly
after the contamination,

2.5.5 AMPUTATION

In very rare instances where an cxtremity is scverely contaminated and adequate decontamination is not
achieved, thesurgecon may [ace the issuc of whether or not to amputate the part. Unless the part is so severely injured
that functional recovery is unlikely or extensive and severe radiation induced necrosis can be expected, amputation
is seldom indicated.-Conscrvative treatment should be tried first and the decision regardmg amputation of the part
must be postponed until the radiological risks arc clearly defined.
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SECTION 6

Radioactive Contamination : Internal

2.6.1 GENERAL

Internal contamination may occur due to accidental intake of radioisotope(s) through (a) inhalation, (b)
injection, (c)ingestion or (d) absorption through intact or broken skin. Theradiological risks to the patient depend upon
(i) the amount of radioisotope, (ii) the mode of intake and (iii) the physical propertics (c.g. physical state, type and
energy of radiations emitted) and chemical form of the radicactive material which influence its biological behaviour
within the body. Thec'elimination of the radionuclide is defined by “‘effective half life’” of the radionuclide in the
body. The cffective half life (T, depends on the radioactive half-lifc (T) of the radionyclide and the biological
half life (T,) of the radionuclide in the body.

If the two half lives differ very much, T is approximately equal to T, or T, whichever is less. If the cffective
half life of aradionuclide is very small (minutes-hours), the radiation doses to the tissues and the radiological risks to
the patient would be correspondingly very small. In such cases, it may not generally be necessary to consider internal

'decontamination measures. It should be notcd that the behaviour of aradionuclide, particularly its dissolution in

body fluids, may be influcnced by the bulk matrix in which it is present.

Only in very rarc instances such as accidents in nuclear reactors, fucl reprocessing plants or high level waste
treatment [acilitics, where the inventory of radioactive materials is very large, or through therapeutic administration, a
large amount of activity (> 10 MBq) may be taken into the body. In such cascs non-stochastic effects (described in
Section 2 of this Chapter) may be produced in the tissucs, particularly along the route of entry (lungs, GI tract). Itis
most unlikely that intcrnal contamination will poscany immediate threat to the patient’slife. In the majority of cases
of internal contamination the amount of intake may be generally low (< MBq) and carcinogenesis is considered to be
the major radiological risk to the patient. The objective of internal decontamination is to reduce the risk of such late

effects.

Inhalation is the most common modc of accidental intake. Injection, i.c. through puncture wounds may
occur while manipulating radioactive substances with sharp cdged tools, particularly in radiochemical laboratories
and advanced [ucl fabrication facilitics. Ingestion may take place duc to non-obscrvance of safcty procedures, €.g.
mouth pipetting of radioactive liquids instead of using pro-pipettes, failure to check contamination of hands while
leaving from active arcas. Radioactive vapourse.g. tritiated water vapour in pressurised heavy watcr reactors (PHWRs)
and radioiodine are absorbed through the intact skin, even if protective clothing ¢.g. plastic suit is worn, if the duration
of exposurc is long (hours).

Internal contamination involves four successive stages®

(a) Deposition along the routc of cntry.

(b) Translocation, i.e. movement from the site of deposition to blood or lymph.

(c) Uptake in organ or tissuc.

(d) Clearance [rom the body.

The routes of entry of radioactive material into the body include respiratory tract, gastro-intcstinal ract mucosa,
skin and wounds. Of these the respiratory tract is most common and important route for radioactive aerosols. The
deposition in the respiratory tract depends on the particle size of the acrosol. For particles of larger size deposition is
most likely to occur in the ciliated airways of nasopharynx and the large bronchi. Ciliary action removes the majority
of the inhaled particulates to the pharynx from where it is subscquently transferred to the intestinal tract. The ratc of
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clearance depends on the site of deposition. Clearance from the trachea takes only a few minutes compared to scveral
hours from the smaller distal airways. During this period of clearance the radioactive component of soluble particlcs
may dissolve and translocatc to blood through the airway epithelium, Insoluble particles reach the throat and mouth
esscntially unchanged and arc subscquently swallowed.

For particles of smaller size, deposition takes place in the lung parenchyma. Soluble material deposited in this
region dissolves in the lung surfactant, while insoluble particles are rapidly cngulfed by alvcolar macrophages.
Clearance of this insoluble material depends on two processes: (a) dissolution of the particles in the intracellular
fluids of the macrophages, thereleased fraction being transferred to blood, and (b) mechanical clearance of the particle-
laden macrophages by muco-ciliary mechanism once they reach the ciliated epithelium of the airways.

The radioactive component of soluble compounds quickly translocates from the pulmonary region to blood
but it takes several tensand hundreds of daysrespectively for this process to occur with modcrately soluble and insoluble
compounds. Some portion of the radioactive matcrial which remains in the lung parcnchyma is translocated along
the lymphoid channels to the regional lymph nodes in the mediastinum.,

Fig 2.6.1 shows a representation of the compartment model adopted by ICRP to describe the deposition of
inhaled radioactive acrosols and clearance from diffcrent sections of the respiratory system. Table 2.6.1 gives the
deposition fractions for the diffcrent compartments and the half-times for clearance from these compartments by
diffcrent processcs (represented as sub-compartments in Fig, 2.6.1).

Ingestion of radioactive matcrials is relatively rarc as a primary mode of intake but in all cases of inhalation
there is a secondary component duc to the muco-ciliary transport mechanism and subsequent swallowing of the
radioactive material. Fig, 2.6.2 shows the model of gastro-intestinal tract and Table 2.6.2 shows the clearance half-
times of ingested radioactive material through different sections of the gastro-intestinal tract, according to the model
of the digestive system adopted by ICRP.

Allradioactive materials can be roughly classificd on the basisof their biological behaviour into two categories:
(a) ransportable and (b) non:transportable®®, This classification is highly schematic and the division between different
compounds of a radioactive element is more apparent than real. The radioactive materials that are described as
*‘transportable’” are solublc in biological matcrial and are able to diffuse throughout the organism; the cntire deposit may
pass fairly rapidly through the metabolic pathways, leading to deposition in target tissue(s)/organ(s). They arc usually
present in the organism in the physiological form cither with a stable isotope (e.g. iodinc) or a chemical analogue (e.g.
cacsium-potassium, strontium-calcium complex). Thesc are capable of passing through the digestive tract.

The clements which arc described as ““non-transportable’ (i.e. *do not diffuse through the body) either because
they are “‘insoluble’’ at all PH levels or are soluble only at acidic PIL In the latter case, they are hydrolysed as the pH
rises, producing hydroxides which are polynerised on the spot. A small quantity of the contaminant is then absorbed
depending on the degradation of the polymer which is a slow process. For such clements the important target tissucs are
liver and the bone surface. In the organism theyare present in acomplex which is stable and soluble. Theyare chelatable
and can be redirccted during their passage in blood towards climination through the kidneys, thercby avoiding prolonged
deposition in liver or bone surface,

It should be noted that ‘solubility” is relative; the pH and redox pofential of the medium vary, depending on
the tissue., Thus an inhaled material may be insoluble in lung but absorbable in stomach if itdissolves in the stomach
acid. Converscly a soluble material may be made completely insoluble in the digestive system by alkalinization
in duodenum, leading 10 formation of insoluble hydroxides.

40



INHALATION

2|
B |le— a }E{b G
0 o !
D ]
Y
i T
U R
| —_ A
D {0 C
S fa— C Pt d p—d T
) = an
I
e 1 ~1 f
i [ 2
1~ |
j Q.-————h=o:9‘—‘
[}
LYMPH
NODE S
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TABLE 2.6.1 DEPOSITION FRACTIONS AND CLEARANCE HALF TIMES

(Respiratory System)
Class
D W Y

Compart- T T T ,
Region ment day F day F day F
N-p a 0.01 0.50 0.01 0.1 0.01 0.01
(Dy;=0.30) b 0.01 0.50 0.40 0.9 0.40 0.99
T-B c 0.01 0.95 0.01 0.5 0.01 0.01
(D,,=0.08) d 0.20 "~ 0.05 0.20 0.5 0.20 0.99

e 0.5 0.80 50 0.15 500 0.05
P f n.a. n.a. 1.0 0.40 1.0 0.40
(D,=025) g n.a. n.a. 50 0.40 500 0.40

h 0.5 0.2 50 0.05 500 0.15
L i 0.5 1.0 50 1.0 1000 0.9

j n.a. n.a. n.a. n.a. Infinite 0.1

The values for the removal half-times, T,, and compartmental fractions, F_, are given in the Table foreach

of the thrce classes of retained materials, The values given for D,

N-p?

D, and D, (left column) arc the rcgional

depositions for an aerosol with an AMAD of 1um. The schematic drawing in Fig 2.6.1 identifies the various clearance
pathways from compartments a-i in the four respiratory regions, N-P, T-B, P and L. The radionuclides are grouped into
three classes, viz D,W or Y depending on whether their clearance from the respiratory system takes place within days,

or weeks or years,

(Gastro-inics_tinal System)

TABLE 2.6.2 CLEARANCE HALF-TIMES

Mass of Mass of Mean resi- A
: walls* contents* dence time

Section of GI tract ® ® (day) day*
Stomach (ST) 150 250 1/24 24
Small Intestine (SI) 640 400 4/24 6
UpperLarge

Intestine (ULI) 210 220 13/24 1.8
LowerLarge

Intestine (ILLI) 160 135 24/24 1

*From ICRP Publication 23(1975).
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There are two distinct mechanisms for clearance, cither dircetly by excretion of the radionuclide in the blood
through the kidneys or indircctly when radionuclide in tissue is reabsorbed into blood after reversal of target tissue/
blood concentration ratio. Since there is a balance between blood and the excreta, it is possible for the radionuclide
to be eliminated from the organism. These two mechanisms may coexist o a variable degree, depending on the
radioactive element.

Theoretically treatment can be aimed atany of the four stages mentioned earlier. However, the two most effective
methods of treatment are blockage of tissuec uptake,cither fixing the radionuclide at the site of entry [stage (a)] or
by trapping itin blood during translocation [stage (b)] and re-routing it towards a natural excretory mechanism. Action
at stage (c) is possible in the specific case of radioactive iodine and thyroid gland. Action at stage (d) is generally
ineffective, except for tritium which can be flushed from the body by administration of cxcess fluids.

From the foregoing it will be abundantly clear that treatment of internal contamination, if it is to be effective, must
be given promptly, preferably in a first-aid post attached to the plant, facility or laboratory. The effectivencss of
on-the-spot treatment decreascs rapidly with time, It is all the more important to deal with the contaminant at the point
ofentry into the body, particularly in the case of those clements for which therapy isnot effective once they are absorbed
in the system. Deposition commences in the target tissue(s) as soon as the radionuclide is translocated to blood and
every moment wasted increases the tissue deposition almost irrevocably, Therefore, the urgency of treatment is
applicable cven in the case ofradinactive elements which arc amenable to treatment at blood level [stage (b)] or by
preliminary blocking of deposition in the target organ [stage (c)].

First aid to persons involved in a radiation accident should be given merely onthe presumption of contamination.
First aid, even without definite diagnosis is preferable to no first aid atall, provided that it docs not involve undie hazard.
In cascs of internal contamination accompanicd by traumatic injury, the first aim must be to save the life and preserve the
vital functions of the paticnt. Trcatment of the contamination comes only second. The medicaments used for first aid
should be administered at non-toxic doscs, as preplanned by the physician in charge of the facility. To expedite the
treatment, it is desirable for the contaminated person to sclf-administer the first aid. For example, administration
of stable iodinc to block the thyroid or local application of chelating agent such as DTPA to a wound contaminated
with plutonium or transplutonics. The mode of application should be simpleand confined to local application, ingestion
or inhalation of acrosol, ‘

Medico-legal problems may arise regarding sclf-administration of first-aid by the contaminated person. These
difficulties can be overcome in several ways:

1. Using simple products for external application wherever possible.

2. By entrusting the responsibility to persons trained in first-aid procedures, and who can assess the seriousness
of the radioactive contamination.

3. By limiting the amounts of drugs available for internal usc (¢.g. 50 mg of acrosol DTPA ready for use instcad
of the usually prescribed 1g).

After administration of first-aid at the plant, laboratory or facility, the patient shbuld be promptly referred to
the site decontamination centre, where he can receive further medical attention from trained medical staff.

At the site decontamination centre, the paticnt should be given first-aid treatment in casc it has been omitted at
the plant, laboratory or facility (e.g. because of traumatic injury). The samples required for a definite diagnosis of the
contamination (e.g. mucous [rom nose, blood, urine, stool) as well as other appropriate samples for later clinical
examination should be collected. The patient should then be checked for oxternal contamination and if any is
detected, he should be decontaminated. The patient may then be referred for monitoring of internal contamination,
Treatment may be continued or modified, if found necessary.

2.6.2 EXCISION OF CONTAMINATED WOUNDS

Cases with contaminated wounds should be referred promptly to the site decontamination centre. The severily of
the injury and the degree and type of contamination should be kept in mind. Treatment of the radioactive
contamination depends on whether the contaminant is transportable or not. If it is transportable it should be made
insoluble at the wound site, if possible, to prevent systemic uptake. It may be necessary to consider surgical excision
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ata later stage if monitoring with a suilable wound probe indicatcs a high level of residual fixed contamination.
Treatment of injury takec precedence over treatment of internal contamination. The paticat should be then referred
for monitoring of internal contamination and decisions should be made regarding continuance of medical treatment
bascd on the results of such monitoring.

If the contamination is non-transportable, the injury can be treated with a topical therapeutic agent (¢.g. chelating
agent), before considering surgery. In casc of radioactive metallic objects or solid particles, surgery may be the only
way to remove the contaminant. Surgery is usually noturgent and can waituntil the surgical team is organiscd. During
surgery, it is nccessary to monitor the residual contamination in the wound at (requent intervals and to check
contamination of gloves and surgical tools using a suitable wound probe. The surgical instruments and possibly
the gloves, may nced to be changed to avoid spreading of contamination. These requirements may tend to delay the
operation. Such delays become important when the surgery involves a tourniquet, for which there is always a time

limit,

A conventional operating room is suitable provided it is not too cluttered and can accommodate the staff and
monitoring equipment and can be easily monitored. The operating table, other tables, floor etc. should be covered with

disposable plastic.

The normal arrangements for ascpsis arc adequate for protection of the staff against radioactive contamination,
Provision should be made for a large-area detector within the reach of the surgeon so that his gloves and surgical
instruments can be continuously monitored. In casc of alpha contamination, personncl monitoring badges are not
required. If the contamination is very high it may be necessary for the surgical team to wear respirators.

There is generally no risk of contamination of anacsthcsia and breathing equipmenteven in cases of patient with
contamination of lungs. It is only the components that come in dircct contact with the respiratory passages that may
become contaminated. The mucous extractor may be fitted with a protective container which can be passcd on later for

radiochemical analysis.

The equipment required for surgery would be the same as in conditions where therc is no radioactive
contamination, but may be-arranged atlcast in triplicate. If the wound is to be washed, it is usclul to add one ampoule
of DTPA per 100 ml of washing solution. Ifanacsthesia requires perfusion an ampoule of DTPA may be added.

A suitable detector should be provided to monitor excised tissue. The tissuc samples may then be kept in plastic
bags for more exact measuremcnts later on. There should be adequate supply of compresses and plastic bags.

Surgery should be conducted with frequent monitoring of the wound site and a dccision should be made when 10
stop further surgery in consultation with the health physicist. Mutilation from extensive surgery should be avoided.

Amputation should not be carricd out purely on the radiobiological considerations during initial surgery.
The consideration of sccondary surgery and possibly amputation should await detailed consultation on dose commitment
and long-term radiological consequences from contaminated tissuc.

All contaminated plastic sheets and other disposable supplics should be placed in impervious, water-proof bags-
and sent for disposal. Non-disposable-items such as surgical tools and instruments should be decontaminated and
monitored before returning them for reuse.

2.6.3 DECONTAMINATION OF RESPIRATORY SYSTEM

It is generally difficult to evaluatc intakes of radioactive material through inhalation. The first aid treatment
should be given even in cases of slightest suspicion of intake through inhalation. In the case of radioactive noble gases
(particularly short-lived beta emitters) first-aid therapy may not be of any valuc -sincc the gases causc external
irradiation of the epithelium in the airways. In the casc of radioiodine, thyroidal uptake should be blocked by
oral administration of stablc iodine. In case of plutonium and transplutonics, DTPA acrosol should be administered
by means of an acrosol inhalation system [cf Photograph 8 in Plate-II] or a‘‘spinhaler’” [cf Photograph 9 in Plate - I1].
Nasal swabs or nosc blow samples should be collected from the patient to obtain an initial estimate of the extent of
contamination through inhalation. The paticnt should be monitored for external contamination, decontaminated il
required, and referred to the decontamination centee [or attention by traincd personnel,

Upon arrival at the decontamination centre, the paticnt should be given firstaid treatment in case it was omitted
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at the place of accident. If the nose blow or nasal swab samples do not indicate serious contamination the paticnt should
be referred for lung counting. He should be asked to submit urine/stool samples for radiochemical analysis, It should
be borne in mind that the lung normally clears inhaled products to varying degrees and one of the pathways of clearance
is the digestive tract. Clearance through the digestive tract may in fact involve a large fraction of the total amount of
the contaminant--particularly of the larger sized particles. Thercfore, there may be secondary absorption from the
digestive tract, It is thus essential after an accident involving high degree of contamination of lungs by a radionuclide
which is also absorbable in the digestive system to render it insoluble in the gastrointestinal tract. In the case of beta
emitters irradiation of the mucosa can be rcduced by administration ofa fastacting laxative or aphosphosoda cnema,
Based on the results of internal-contamination - monitoring decision may be made regarding follow-up medical
treatment,

Pulmonary Lavage .

In case of non-transportable radioactive material, particularly plutonium, pulmonary lavage is the only possible
treatment. It has been used once in a human case for reducing the amount of #PuQ, in the respiratory system. This
is a highly specialised and complex procedure and it carries a certain amount of risk to the patient, The decision to try
out this procedure must be made by a qualified specialist after weighing the pros and cons, The indication for the
procedure depends on the lung burdenand the age of the patient. Since the main risk from contamination is lung cancer
with a latent period of possibly several decades, it may be prudent not to consider this treatment for older patients. In
the case of young patients, considering the uncertainties involved in estimation of lung burdens, it is difficult to
establish indications for this treatment except in very extreme cases. Although some workers have suggested an
intervention level of 50 MPLB (Maximum Permissible Lung Burden) for paticnts under the age of 30 years, a more
cautious approach would be to consider the procedure atalevel of 100 MPLB or more. The clinical indication for
the procedure should be clearly established based on the lung picture by the physician, surgeon and anaesthetist.
Besides the contamination level the age of the patient should be taken into consideration.

The initial lavage can be carried out after the second or third day. It can then be repcated twice a week for two
weeks and then once a week upto atotal of ten lavages. If possible, the lungs should be washed within an hour. Additional
lavages of both lungs may be done at intervals of 3-4 days.

An intubation equipment (e.g. Carlen's probe) is required. Normal physiological salinc (9g NaCl/litre) is used
as the washing fluid. DTPA (lg/litre) can be added to the washing fluid.

The normal lung volume is 0.5 litre. One lung is filled with the washing fluid toa pressure between 20-25 ¢cm H,0.
This can be done with asyringe fitted with amanometer or witha container placed higher than the patient. The washing
fluid is then drawn out of the lung with a syringe or allowed to drain out by gravity; in the latter case the operation
is facilitated if the patient’s head is kept in an inclined position.

The optimum number of irrigations is about six. The duration of irrigation is about3 minutes. Thé washing {luids
should beretained for histological and radiotoxical testing. The different washings should be properly identificd.

No rigorous guidance can be given regarding termination of the trials but the contamination level,
effectiveness of decontamination, loss of effectiveness with time, physical and psychological tolerance of the patient
are.all taken into account.

2.6.4 DECONTAMINATION OF GI TRACT

Radioactive material may enter the G.I. tract directly through swallowing from mouth and indirectly through
transport from respiratory system by muco-ciliary clearance to pharynx and subsequent swallowing. If the material
is non-transportable and insoluble in gastro-intestinal tract, only a small fraction would be absorbed into the system and
the major portion would be eliminated through feces. The small fraction that is absorbed may not usually require
treatment. If the material istransportable and absorbable in the digestive tract, absorption takes place with subsequent
deposition in other tissues. Attempt should be made torender it insoluble and prevent systemic absorption, In some
cases (e.g. Sr-90, Ca-45, Cs-137) the material inay remain in the intestinal epithelium which would be irradiated. The
irradiation will be greater if intestinal stasis is present,

If the patient is suspected to-have swallowed radioactive material, he should be referred immediately to
the site decontamination centre. Atthe.sitc decontamination centre, decontamination should be doneas soon as
possible without waiting for internal contamination monitoring procedure which can be conducted later, Immediate
general treatment may be carried out along the following lincs:
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(1) If much time has not elapsed after ingestion, the stomach can be emptied or an emetic can be given to the patient. '
The stomach washings or vomitus should be collected in asuitable receptacle to avoid contamination of surfaces and

equipment.
(2) A catharsis should be given to cause bowel movement and reduce irradiation of intestinal epithelium.

(3) The patient may be given a large amount of stable isotope of the same radionuclide or a chemically analogous
element which would compete with the radionuclide and reduce:- its absorption in the intestines.

(4) Specific therapeutic agents such as ion exchange resins, insolubilising agents, gels and antacids may be useful
in reducing intestinal absorption of the radioactive material and thus reducing the irradiation of intestinal epithelium.

Table 2.6.3 gives guidance on internal decontamination for different radionuclides using specific pharmaceuticals.
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TABLE 2.6.3: SPECIFIC TREATMENTS USED FOR ACCELERATING THE REMOVAL OF SOLUBLE

RADIONULIDES®!
Material Mode of Mode of Element Effective- Comments
’ action administration ness

Ammonium chloride

Alginate
Barium- sulphate.

Chlorihalidone

Desferrioxamine B

Dimercaprol

Diethylenetriamine
Benta acetic acid,

TPA (as Ca or Zn
salt)

Releases H™* in renal
tubules, favouring the
formation of alkaline
earth metal ions

- Forms 4 viscous insoluble

gel in which metallic
elements are gbsorbed.

Forms insoluble sulphate
with alkaline earth
metals,

Acts as a diuretic
preventing reabsorption of
Na* in renal tubules

Chelates the radionuclide
as a soluble complex that
is excreted in the urine.
Has a marked affinity for
iron in the ferric (tri-
valent) state

Chelates the radionuclide
as a soluble complex that
is excreted in the urine.
The radionuclide

"molecule attaches

preferentially to the metal
through an -SH group.

Chelates the radionuclide
as a soluble complex that
is excreted in the urine.
The radionuclide
molecule attaches to the
metal through O-or -
N-groups

2 g three times a day
orally for 6 consecutive
days with meals

10 g once or twice a day
orally, reducing to 4 g a
day.

300 g orally in aqueous
suspension

100 mg a day orally
reducing to 50 mg a day

1 g intravenously in .
istotonic saline or glucose
(slowly), 8 g orally

2.5 mg kg™ ! or less
administered
intramuscularly at
4-hourly intervals during
the first 2 days, twice on
the third day and once

_ daily for 5-10 days.

0.25-1 g intravenously to
be repeated daily as
required; or 1 g of
aerosolised or inhaled
microfine power
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Sr

Sr
Sr, Ra

H, Na, K
Ru

Mn, Fe, Co

Po, Au, As,
Pb, Hg, Cr,
Ni, Bi

Transuranics -

Lanthanides
Mn, Co, Zr,
Ru.

*++

May cause gastric
irritation and vomiting,.
Contra-indicated in
patients with liver
disease and renal
disease. Must correct
acidosis in cases of over
dosage.

May cause constipation

May cause constipation

May cause dehydration,
electrolyte imbalance,
headache, gastric
disturbances, skin
rashes. Contra-indicated
in persons sensitive to
sulphonamides and in
renal and hepatic
insufficiency. -

May cause tachycardia,
hypotension, skin rashes;
gastric disturbances,
vertigo, convulsions.
Contra-indicated in
pregnancy (it has been
shown to be teratogenic
in experimental

" animals).

May cause
hypertension,
techycardia, sickness,
conjunctivitis.
Deposition of metals in
the kidney tubules has
been reported.

May cause diarrhoea.
Contra-indicated in renal
diseases and where there
is evidence of
leucopenia.
Contra-indicated for
uranium unless given
with sodium bicarbonate
which prevents. the
deposition of insoluble
uranium compounds in

the kidney.



(TABLE 2.6.3 CONTINUED)

Effective-

Material Mode of Modec of Element Comments
action administration ncss

Frusemide Acts as a diuretic; 40-80) mg a day orally Na, K, *H * As for chlorthalidone
prevents reabsorption of
Na in the loop of Henle

Iodine and/or The stable element acts as 130-300 mg potassium I C++ After prolonged

potassium a blocking agent jiodide orally immediately, exposure, may cause

iodide /iodate - repeated for 7-14 days: or swollen neck glands,
1 ml Lugol’s iodine rhinitis, conjunctivitis,
(50 mg iodine + 100 mg headache, skin rashes is
potassium iodide) orally a small percentage of
per day for 7 days; or sensitive individuals. KIO,
KIO, 160 mg bd -~ has long (3yrs) shelf-life.

Magnesium: sulphate  Acts as a laxative,forms  10-15 g orally per day Sr, Ra * Contraindicated in renal

) insoluble sulphates with disease, bile duct
Sr and Ra obstruction and
. inflammation of the
colon.
‘Metal gluconates The stable elements act as Calcium salt 2.5 g in Ca, Sr, Ba, ¥ May cause
' isotopic diluting agents 500 ml glucose Saline ~ Ra hypercalcaemia,
intravenously; 6-10 g 3 vomiting and
times a day orally with . dehydration.
meals. Contraindicated in
patients with renal
disease and patients
receiving digitalis.
trontium salt 0.6 g in Sr * Ny ‘

500 ml isotonic glucose No known toxicity

saline intravenously,

0.15-1.5 g a day orally

with meals.

Cobalt Salt 0.9 mg a day Co *

intramuscular or orally to

be repeated as required.

Penicillamine Forms a soluble amino 0.25 g orally four times a Cu, Fe, Hg, * May cause
acid chelate that is . day between meals . Pb, Au hyper-sensitivity
excreted in the urine. reactions.

Prussian blue Acts as an ion exchanger 1 g (preferably in Rb, Cs, TI ++ May cause constipation.
for some monovalent colloidal form) three’.. : Dosages of upto 10 g
ions, thereby preventing  times a day orally to be per day in-3 divided
their intestinal absorption repeated for a few weeks doses have been used in

as required. ' case of Goiania, Brazil
casualties®®

Sodiunr bicarbonate - Forins a soluble complex 3.5 g in 250 ml of U + May cause metabolic

with uranyl ion
(UO5(CO3)3)*~) which is
excreted in the urine

isotonic saline
intravenously

alkalosis and respiratory
depression leading to
pulmonary oedema. .
Contraindicated if
electrolyte-imbalance is
already present.

iEffectiveness

*  marginal

+  effective if given soon after intake
+ + very effective if given soon after intake.
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CHAPTER 3

FACILITIES, EQUIPMENT AND TECHNIQUES

13

SECTION 1

Facilities

3.1 INTRODUCTION

"Essential facilitics and equipment must be provided for prompt asscssment of radiation doses/contamination
and for immediate care of persons involved in radiation accidents. Therefore, “First-aid Post” is needed at each
installation and "Decontamination Centre" ateach site. Depending on the size of the installation more than one First-
aid Post may be required. :

3.1.1 FIRST-AID POST .

First-aid is required only in the case of contamination since the irradiation casualty will not generally require any
emergency treatment. The governing principlein the administration of first-aid for internal contamination is that
the first-aid treatment should be given merely on the presumption of contamination and that aid, even without
sure diagnosis, is preferable to no aid at all, provided that it does not involve undue hazard. This underlying principle
calls for implementation of this treatment, if possible, by the exposcd person himself in order to reduce to the minimum
the time between contamination and treatment. Inany case, the treatmentshould be available at the first-aid post attached
to the facility and the first-aid assistant or health physicist should be able to provide the first-aid.

FIRST-AID ROOM

A scparate room, preferably close to the change room of the plant, should be designated for administering first-
aid in the case of internal or external contamination. If possible, this room may be separatc from the first-aid room
for conventional injurics, not involving radioactive contamination, The room should have a minimum {loor arca of
Sm x 5m. There should be a separate shower cubicle, wash basin supplicd with cold and hot water and a hand drier.

The f{loor and walls of the room should be painted with epoxy paint, The room should be equipped with the following:

(1) Protective equipment kit, (2) Instrument kit, (3) Skin decontamination kit, and (4) Internal deccontamination kit.
The kits can be in the form of cupboards with glass front pancls with the contents in each cupboard displayed outside
in the form of 4 list, g '

Proteclive Equipment Kit

It should consistof: (1) four numbers of overall or laboratory coats,(2) six plastic aprons,(3) ten pairs of surgical
hand gloves, (4) four picces of skull caps (5) four pairs of cotton or plastic overshocs, (6) 10 numbers of plastic bags, and
(7) 1 roll of polythene sheet. :

Instrument Kit

It should consist of: (1) Bauery-operated end-window G.M. contamination monitor - 2 Nos. Range up to 500
~ kepm; (2) Battery- operated alpha  scintillation monitor - 2 Nos. Range upto 500 kepm; (3) Batlery-operated
contamination monitor with low energy gamma scintillator probe - 1 No; (4) Portable G.M. Survey mecter with side-
window probe and beta shicld (0-20 mR/hr) -2 Nos; (5) General purpose radiation monitor (0-SR/hr); (6) Check sources,
both alpha and beta-gamma, for testing of instruments; and- (7) spare batterics.

’
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.- Skin Decontamination Kit

It should contain:

1. Cotton applicators for nasal swabs

2. Surgical cotton rolls

3. Masking tape '

4, Felt pens for marking contaminated spots

5. Brushcs with soft bristle

6. Triangular bandages, sterile == 12 Nos.

7. Eyepads,sterile e 10 "

8. Melolin non-adhcrent absorbant .
dressings --large —)} )

9. Paraflfin gauze dressings ~ =weemee- 10 : .

10. Swabs 7.5cm x 7.5cm-pack of 200  ---eeee- 1 .

11. Crepe bandages 7.5cm x 4.5cm . QRS 12 "

12. Nail brushes ~ mmeeses- 5 .

13. Nasal catheters — meeseees 2 "

14, Sterile water

15. Sterile eye-wash solution

16. Clippers with razors, shaving soap and brush

17. Detergents

18. Acid soap

19. 5% sodium hypochlorite solution (2 litres)

20 Saturated solution of potassium permanganate (1 litrc)
21. 0.2N H2S0, (llitrc)

22. 5% NaHSO, solution (1 litre)

23. HC1 solution pH 1 (1 litre)

24. Sodium bicarbonate solution (1 litre) for Uranium

25. DTPA ampoules (50 ampoules) for Pu and transplutonics
26. Sample collection vials

27. Adhesive labels.

Internal Decontamination Kit

Ten separate kits, each comprising of : (1) 130 mg of K1 for 1311; (2) ten capsules of micronized powder of DTPA;
(3) a simple acrosol generator for inhaling the contents of DTPA powder capsules (e.g. spinhaler) for Pu and
transplutonics; (4) colloidal Prussian blue (1 g) now commercially available as Radiogardase for **’Cs; (5) colloidal
alginate for *Sr, 2°Ra (10 g) for alkaline carths, (6) potassium rliodizonate (1 g) for alkaline earth elements; (7) clear’
printed instructions for use of the above medicaments, and (8) blank forms of health physics report.

3.12 DECONTAMINATION CENTRE :

The decontamination centre should be located at or near the "Site Hospital". It should be equipped to receive
and treat, if required on inpaticnt basis, persons with persistent external or internal contamination. The area should
be segregated from the restof the hospital but should be self-sufficientin terms of carrying out minor surgery and other
life-saving procedurcs. The layout of a typical facility of this type is shown in Fig.3.1. The functions of the different
areas are explained in the diagram. Such a facility should be established in consultation with a qualificd health
physicist. The facility should be capable of treating atleast ten affccted persons on inpaticnt basis.

There should be separate entrances for the stalf and the patients requiring attention, Patients may arrive cither in
ambulance or ona stretcher, if non-ambulatory, The stafl enters through a change room. There is a separale office
for the radiological safety officer and/or nurse. The clean side of the change room is equipped with lockers and
cupboards containing protective cquipment. The protective equipment includes sterilised surgical gowns, caps, masks,
coveralls, surgical handgloves, cotton or plastic overshoes. The arca has facility for keeping dosimeters. After changing,
the stalf cnter the personal decontamination room, The contaminated side of the change room has reccptacles for
discarding contaminated clothing etc., showers and wash basin facilities, a barricr and radiation monitoring instru- -
ments both for alpha and beta radiations. There is a separate room for equipment and supplies. These arc (i) skin
decontamination supplics, (ii) internal decontamination supplics, (iii) radiation instruments and (iv) gencral drugs and
medical supplies like dressings, splints ctc. Insofar as skin decontamination and internal dccontamination supplics
are concerned, the provisions required inthe fi irst-aid post should be duplicated at the site decontamination facility. In
addition, the following items should be added : (i) ten ampoules of DTPA (or 10 self-injecting syringes) conlaining
1 g per ampoule (4'ml), (ii)a box containing adequate quantitics of material for nasal sampling, (iii) blood sampling

tubes and sample bottles/pouches for urine/lueces and (iv)sampling backup supplics for continued treatment (can ‘be

51



ALITIOVA NOLLVNINVINOO3QA 31IS 40 1NOAVY1 '€ 'Oid

IN3INT443 JALLDOVOIAavA

JINVL

&=

AWV JFHDLTALS/ IINV INEWVY
VIAY ONIAIIDTA ALTVNSVYD

A¥ADANS A

HNOOoda -

NOLLVYNIWYINODIQ

TYNOSHAd

7

Y3dv DNIAT0OH

v g

ava

S411ddns
AVOIAIn
ANV
SONAa
IVIINTD

WOO INaWdiNO3
ANy SF11ddNsS

SATOLLAY ANY DNIHLOTO
JALVNINVINOD 304 ATOVIddDdd |

SA1ddNS

NOLL¥NIWYLNODAQA
TYNUALINI

SAI'ddNS

LNIKNALSNI
NOLLVIAV I

SdI1ddNS

NOLLYNIWVYINODIA
NINS

SNISVAHSVY A
SHOLINOW P mmm_,ao:w
NOILLYNIWVINOD
® NOLLYIAvd
S¥aLawasoq |
. ddaraiavd
[7
\\ JOHS
/ SADIDO1
Z ,
7/
/]
INIWJINOTA
® ONIHLIOTD ASANN/ TIADI440

JALLDALOdd ALd4YS NOLLVIAvd

52



drawn from the hospital’s main store). The personal decontamination room should be cquipped with ashower cubicle,
wash basin and an operating table with drain (acilitics and flexible shower head for washing non-ambulatory patient.
The surgery and ward are tobe used exclusively for contaminated patients. There should be a sump where contaminated
effluents can be collected.

3.13 SITE HOSPITAL
The sitc hospital should have a separate ward or wing for medical care of radiation casualtles It will be ideal if

this ward/wing has an adequate number of single rooms which can be quickly converted into isolation rooms. The
rooms should be provided with ultraviolet light for sterilisation of air. At the entrance to the room antiseptic door mats
should be placed. A separatekitchen should be available (or supply of sterile (ood to the irradiated paticnt. The hospital
should have a blood bank and facilitics to separate the different components such asRBC, platelets. The hospital should
liaise with a laboratory for carrying outcytogenctic studies and with a BMT facility for HLA Lyping. The hospital
should have all the drugs, mentioned in Chapter 2, for treatment of the irradiated patients and for radioactive
decontamination. Adequate number of the nursing staff should be well trained in nursing care of irradiated patients.



SECTION 2

Clinical and Biological Dosimetry

3.2.1 GENERAL

An estimation of dose can be made on the basis of clinical observations as well as laboratory investigations
of the exposed individuals. The latter includes haematological, cytogenetic, biochemical and neurophysiological
examinations®?, A combination of a variety of these clinical and biological dosimetric methods can provide reliable
information regarding absorbed dose, dose distribution, time span of dose delivery, biological damageete, Even though
many biological indicators may be only qualitative or semi-quantitative, they are of considerable prognostic value.
In view of the variation in the dose response among individuals and the presence of confounding factors such as
intercurrent diseascs, it is necessary to depend on a variety of biological endpoints to assess the functional impairment
of individual organs and to evaluate the prognosis.

3.2.2 PRODROMAL EFFECTS :

Following whole-body exposure,the prodromal response appears during the first 48 hours. These reactions
result from the irritation of the upper intestines, causing anorcxia, nausea, vomiting, diarrhoea, intestinal cramps,
salivation, dchydration and ncuromuscular reactions, resulting in fatigue, apathy, sweating, headachc and
hypotension®*9, The frequency of incidence of prodromal symptoms, the time course of their appearance and their
persistence arc dose-dependent. Whole body exposure to a dose of approximately 2 Gy results in 50% of the exposed
individuals showing prodromal effects with an average latent period of 3 hours, Even though the individual variation
in the latent period can be between 1-24 hours in the doserange 1 - 2 Gy, athigher doscs above 4 Gy, the prodromal
symptoms manifest within an hour following cxposure. Further details of the kinetics of the dose dependence of
prodromal symptoms, based on Chernobyl experienco, are summarised in Table 3.2.1, Inspite of some uncertaintics, .
the prodromal symptoms (particularly vomiting) serve as the earliest biological indicators of dose and hence are
very uscful for triage of the exposcd individuals.

TABLE‘ 3.2.1: SUMMARY OF CLINICAL FINDINGS AND PROGNOSIS IN MAN .
+ AFTER WHOLE BODY IRRADIATION '
(Based on Chernobyl Findings) ®%

Apprqx. c_lose Gy 0.25-0.75 0.5-2 2.1-4_ ' .{4.'1-6 . 6.1-15 15.1-50 > 50'
Time of onset of 0 2:24h 1-48h 0.5-1h 0.5h " 0-05h  Immediate
prodromal syndrome . _ '
. Frequency of 0 20-70 10-80 90-100 100 100 100
nausea and '
vomiting %
. Blood picture v , ,
Lymphocytes/wL  1500-3000 .- 600-.1900 300-600 100-500 - <100 ' —_ —_
Granulocytes/wL — 1500-2000  >600-1500 < 1000(8-20d) <500(7-9d) — —_
" Platelets/pL .
(and nadir) —_ 40000-60000 40000 <40000 <40000 _ _
' (25-28d) (17-24d)  (10-16d) (8-10d)
Latent period e 20-30d 15-25d - 8-17d 6-8d 0-2d 0
Time of recovery 3-6w 6-10w 6-12m 5-15m 15-24m — —
Prognosis excellent excellent guarded guarded poor poor poor

&
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3.2.3 HAEMATOLOGICAL DOSIMETRY®#?
Changes in the peripheral blood cell counts are one of the most reliable indicators of absorbed dosc. The

depletion of lymphocytes occurs rapidly following exposure and the cell count rcaches the nadir between the second
and third day following cxposure; most of the decreasc occurs during the first 24 hours. The kinetics of lymphocyte
depletion and the absolutc Iymphocyte counts at the end of 48 hours serve as a rcliable indicator of dose and prognosis.
The granulocytes show an carly rise during the first 48 hours and then fall to » lower level by the 10th day. Thereafter
an abortive rise occurs between the 10th and 15th day. This is followed by a steady fall in granulocytes, reaching a
nadir around the 30th day. In the dosc range of 2-5 Gy, granulocytopenia has been shown to be a reliable indicator of
dose. The kinctics of deplction of ncutrophil counts can be correlated with the dose during the sccond depletion
maximum of granulocyte counts. For absorbed dose of 6 Gy, the second depletion maximum occurs around the 12th
- 14th day and for 2 Gy, around the 30th day.

Thrombocytopenia also follows a time course similar to granulocytes without the phase ol abortive rise. A
fall below 3-5 x 10* counts/mm? is associated with bleeding. The fall in crythrocyte counts occurs very slowly and
cannot serve as abiological indicator of dose. Further details of the variation of diffcrent blood cell counts with time
after exposure are shown in Figs. 3.2.1 and 3.2.2.

In addition to the cell count depletion mentioned above, there are scveral other hacmatological indicators of

biological damage which may have some dosimetric and prognostic valuc:
(a) Decrcase in the uptake of tritiated thymidine in PHA stimulated lymphocytes in the dose range 1-8 Gy.

(b) Various immunological changes such as surface markers, mitogen and antigen responscs and cytotoxic
functions, which may persist fora period of 10 years, have a potential to scrve as biological indicators of radiation

dose.

(c) Severe monocytopenia immcdiately after irradiation suggests the exposure of a large portion of the bonc
marrow. The absence of monocytopenia or a less scvere monocytopenia suggestsa partial body exposurc.
Similarly, a rapid fall in reticulocyte counts signals carly [atality.

(d) Doses higher than 1 Gy result in a reduction in mitotic index of the cclls in the bone marrow. The recovery
of the mitotic index occurs in about 8 days. Whole-body cxposure in the range of 2-4 Gy hasbecn found to result
in completc absence of mitotic activity in the bone marrow.

() Following cxposure, the mobilisation of granulocytes from bonc marrow to the blood strcam by injecting
ethiocholanolon serves as an indicator of the activity of medullary production of granulocyes.

(f) Bone marrow scans for erythropoiesis as well as cultures of mixed cell colonies and granulocyte/macrophage
colonics can serve as a useful indicator of bonc marrow dose (and survivors of precursor cells in bone marrow).

(g) In addition to the above, changes in lymphocytes such as nuclear abnormalities and electrophoretic mobility,
serum glycoprotein, presence of immature granulocytes and erythroblasts do suggest radiation exposure.
However, these changes are not useful for biological dosimetry.

3.2.4 CYTOGENETIC DOSIMETRY®43"
General

Cytogenctic dosimetry, based on the analysis of chromosome aberrations in peripheralblood ymphocytes,
constitutesa very reliable biological indicator of absorbed dose, Evaluation ol'the dose is done by the help of appropriate
calibration curvesand the knowledge of exposure conditions. Larger doses of the order of 1 Gyacute exposure can
be evaluated with reasonable accuracy whereas lower doses involve considerable uncertainties. Information rcgarding
the radiation dose can be obtained within 3-4 days of cxposurc. .

Structure of Chromosomes :

Chromosomes carry the genetic information in the cells. They arc nucleoproteins built {ram dcoxyribonucleic
acid (DNA) and the basic proteins called histones. The chromosomes are not visible in non-dividing (resting) cell
population. However, when dividing cellsenter into mitotic phase, condensation broughitout by [oldin g or supercoiling
increases the thickness of the chromosomes to 1 um and renders them visible. Metaphase chromosomes which
are clearly visible under the microscope appear as two chromatids attached to each other at the centromere.
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Fig. 3.2.1 PATTERNS OF EARLY LYMPHOCYTE .
RESPONSE IN RELATION TO WHOLE
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Types of aberrations: Classification

Chromosome aberrations can be induced by DNA damaging agents ljke radiations and chemicals. When the
exposure to radiation occurs in either G, orearly S phase, chromosome-type aberrations involving both the chromatjds
occur; on the other hand exposure during late S or G, phase results largely in chromatid type aberrations. Lesions
on chromosomes can lead directly to simple delctions which can occur very frequently. Lesions on the same
chromosomes or two independent chromosomes can intcract resulting in intrachange or interchange respeclively (Cf. Fig.
3.2.3). - .

Radiation induced single strand breaks (SSB), double strand breaks (DSB) and base damage appear to be the
important kinds of DNA damage lcading to chromosome aberrations. Dicentrics, rings and deletions (Fig. 3.2.3) can
be clearly identified in the metaphasc under the microscope. Symmetric aberrations like translocations and inversions
can be detectcd by chromosome banding technique. Many of the asymmetric aberrations disappear after a few cell
divisions as a result of the mechanical dilficultics created by these aberrations during mitosis. Syminctrical
aberrations are stable and can be transmitted indefinitely. Hence, it is important that chromosome aberrations should
be scored during the first post-irradiation metaphase. In lymphocytes this corresponds to 48 hours of culturing.

Peripheral lymphocytes have a diameter of around 6um. The average lymphocyte count in an adult is around
2500 mm™ (1000-4800 mm), T-lymphocytes constitute approximately 70-80% and the rest arc B-type. About 80% of
the total lymphocytes belong to the redistribution pool and pass through spleen, lymph nodes, lymphatic tissue, tonsils
etc. Atany timeonly 2 % of the total lymphocytes (10'° cells) are in circulation and the redistribution (recirculation)
time is approximately 12 hours. Hence, lymphocytcs in any pool (in any part of the body) will be scen in peripheral
blood withina few hours. Lymphocytes have variable life span. Approximately 90% of the lymphocytes have anaverage
halflife of 3 years; rest of the cells have half - lives in the range of 1-10 days. A very small fraction of the lymphocytes
may last for sevcral decades. :

Method
Collection of Blood Sample

In the case of partial body exposures a blood sample of 10 mlshould be collected after 24 hours of the exposure.
This time gap helps the cquilibrium 1o be attained between the circulating Iymphocytcs with those in different pools.
Samples should be collected ideally within 2-4 weeks of exposure o reduce the uncertainty in dose estimation. In
the case of serious accidents involving exposure o several Gy, blood samples should be collected beforc the
commencement of blood transfusion or any other treatment. In such situation it is also necessary lo take samples ‘at
frequent intervals 1o monitor the changes in blood counts. Sterile glass or plastic containers containing appropriate
amount of anticoagulant lithium heparin arc idcal for sample collection. The samples can be preserved under cold
condition for 2-3 daysbeforc culturing, thus cnabling the transport of samples to the laboratory from distant places.

Culturing .

Blood samples are cultured in a suitable medium (F-10, RPMI-1640, TC-199 or MEM), supplemented with
inactivated serum (newborn, foetal calf or human AB scrum). Blood is mixed with 0.1 - 0.15 ml of phytohaemag-
glutinin (PHA) and then transferred into the vials containing the culture medium. Antibiotics such as penicillin (100
IU/ml) and streptomycin (100 pg/ml) are used 1o avoid contamination. After 45 hours of culturing at 37°C +0.5°C,
0.1 ml of colchicine or colcemide solution (25 pg/ml) is added to arrest the cells at metaphase, After a further
incubation for 3 hours, the cells are suspended in hypotonic solution (0.075 MKC1) for 10 - 20 minutes at 37°C. After
removal of the hypotonic solution, the cells are suspended in 3:1 methanol acetic acid for fixation. The cells arc
spreadon the slides and stained by orccin or Giemsa staining, The details of lymphocyte culturing are shown in Fig 3.2.4.
Slides are scanned for metaphases withamicroscopeata magnification of x 100, and scoring of metaphase cells isdone
at x 1000, ‘

Calibration Curve : )

Every laboratory should gencrate its own calibration curves for diffcrent types of radiations such as beta-rays,
X- or gamma-rays, and neutrons. The calibration curve should have atleast 10 dose points in the dose range desired (25-
100 cGy or 25-500 c¢Gy). It is ideal to score 100 dicentrics per dose point. Since it is very difficult o do so for lower
doses, an attempt should be made to scorc a few thousand metaphases f_'or eagh dose point. Calibration curves for
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differcnt radiations under different cxposure conditions arc shown in Fig.3.2.5. For low LET radiations the dose
responsc curve can be described by lincar quadratic relationship.

Y = 0.0005 + oD + pD? | i

where Y= ‘th,e number of dicentrics per cell, 0.'6005= the spontancous background frequency of dicentrics,
o= 1.64 x 104, B = 4.92x 10°and D = dosc in cGy. ’

For neutrons a linear responsc is obtaincd:
Y =0.0005 + a'D
where o' =8.32 x 103,

Partial Body or Non-Uniform Exposure . : -
When the exposurc is restricted (o a part of the body, the dlCCl‘lU‘lCS obscrved arise from the irradiated part of

the body. Cells which contain no damage arc from (i) uncxposcd part of the body and (ii) undamagcd irradiated cells
(c” of Poisson serics). With the knowledge. of the dlsmbutlon of dicentrics among damaged cclls, it is possible to
arrive at the mcan yicld Y as follows: .

3

o

1000

Total number of (ﬁells scored (N) =
-Total number of cells containing
dicentrics, rings and dcletions (N) = 99

Number of cells comammg acentric
fragments S =

Total number of dicentrics (Xj =

Number of cells frcc of dnccnmcs
(N) : v = 932. -

(Number of cells with 1,2,3,4 and 5 dicentrics per cell are 56,9, 1,1 and 1 respectively)
The cstimatc for mean yield of dicentrics, Y can be derived from the following relationship:

Yy -+ X

[l-exp(-Y)] N-N_
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NORMAL METAPHASE . ‘ i ‘

CHROMOSOME
DELETIONS GAP
(BREAKS)
; ! !Z -
~ /'(
DICENTRICS RING TRANSLOCATION

- PERICENTRIC
, INVERSIONS
TRIRADIALS PARACENTRIC
- INVERSIONS

- Fig. {3.2.3. TYP‘ES OF CHROMOSOME ABERRATIONS
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Collect blood sample 24 hours after the
accident, in vials containing preservative free
lithium heparin '

Culture the lymphocytes in growth medium
containing antibiotics and phytohaemagglutinin
for 48 hours at 37°C

“After 45 hours of culturing add colchicine/colcemid
(2.5 pg/ml) to arrest the cells in
metaphase.

Incubate for 3 hours

Centrifuge the culture and resuspend the
cells in 0.075 M KCI for 10 minutes
(hypotonic treatment)

Resuspend in fixative 3:1 methanol acetic
acid. Repeat two times

Prepare slides

|

Stain with FPG

l

Analysis of frequency of aberrations:
Dicentrics, rings & deletions

In vitro calibration ——p

Estimation of biological dose

Fig. 3.2.4: CHROMOSOME ABERRATION ANALYSIS
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Fig. 3.2.5 INDUCTION OF DICENTRIC
CHROMOSOMES IN HUMAN
LYMPHOCYTES IRRADIATED
IN VITRO (UNSCEAR 1988)
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From the value of the mean yicld Y, the dose can be read out from the calibration curve.

Alternatively, with the knowledge of the dosc response curves for both (i) dicentrics + rings and (ii) acentrics.

Ydlcentrlu+rlngl = alD + BIDZ
acentrics = aZD * B 2D2
the dose D can be estimated by:
X Yd+r

N,  1-exp-[(a, +0,) D+ (B, +PB)D?]

The mean yield Y can be uscd to calculate the fraction (£) of the cclls exposed by the following equation.

No. of dicentrics
Y.f = X/N = mrememecamamnomarnenncnans

No. of cells scored

With the knowledge of dose ‘D’, the fraction ‘p’ of cells which reach metaphase can be estimated using the
survival response curve for lymphocytes (D ~ 270 cGy). The fraction of the body (F) exposed is related to fand p
by the following relationship: -

1-f+(p

Protracted and Fractionated Exposure

Low LET radiation exposure, when protracted over a period of several hours or fractionated, may produce a
lower yield of chromosome aberrations, thus resulting in an under-estimation of dose. This is a consequence of repair
of radiation damage under low dose-rale exposure conditions, decreasing the contribution of 8 component of response.
Decrease in the frequency of aberrations follows an exponential function with a mean time of two hours. Lea and

Catchside have suggested a modified response equation:
Y = aD+BGEX)D?

2
where G(X) = =mmmemmmeme- (x-1+e°*)
. x2
where X=t/t_is the ratio of the total duration of exposure(t) to the mean time of repair (t, =2 hours).

Correction for Delayed Sampling . .
Experience suggests that the frequency of dicentrics remains constant during the first4-5 weeks after exposure.

This is followed by a second phase where the yield of dicentrics falls rapidly to half the value during the next 10-
15 weeks. For periods beyond a year, the decrease is exponential with a half life" of approximately 3 years
(corresponding to T, , of lymphocytes). Since the decrease in the yield of dicentrics is not consistent in different cases,
exact guidelines cannot be provided for correcting the data. In one of the cases multiplying the dicentric yield
by 2 for 100 days’ delay and 3 for 200 days’ delay, has yiclded results consistent with physical dosimetry. Aftera lapse
‘of several years, itis possible to score stable aberrations like inversions and translocations by G-banding. Ankylosing
spondilitis and atomic bomb survivors have been ipvestigated by this technique. -

Internal Contamination Dose _
Meaningful estimation of dosc cannot be done by chromosome aberration analysis in the case of most

radionuclides due to non-uniformity and many confounding factors. However, exposure to tritium can be assessed with
reliability using the standard curve obtained for 250 kV X-rays (Y =C+5x 10 D).

63



Uncertainty in Dose Estimation

Uncertaintics arise from two sources: (i) The Poisson distribution in the yield of aberrations, and (ii)
The uncertainty of calibration curve. The standard error due to theyicld of dicentrics on the basis of ‘a’ dicentrics among
‘b’ cells scored is a?/b). If the standard error from the calibration curve be ‘C’, then the total standard error is;

S.E. = # [C?+ (a'?/b)?)”
If the yicld of dicentrics is X,the doses corresponding to X+1.96xS.E. and X-1.96xS E., provide the 95% confidence

limits for the estimate. Table 3.2.2 shown below provides the 95% confidence limits associated with the estimatcs.

TABLE 3.2.2 :VARIATION OF 95% CONFIDENCE LIMITS WITH DOSE AND TIIE
NUMBER OF METAPHASES SCORED

Dose estimate (cGy) Confidence Limits

Nuinber of cells scored

200 500 1000
10 - 34-<0.5 25-<0.5
25 61-3 50-10 40-12
50 87-19 71-30 64 -36
100 135 - 69 121 - 81 113 -85

Criticality Accidents
In criticality accidents, persons arc exposed to mixed neutrons and gamma-rays, The calibration curves for both
neutrons and gamma-rays arc used. For cxample,
Y oo = 0.0005 +8.32 x 10 D,
- o . 2
Yorm = 0.0005 + 1.§4 X IO‘Dl +4.92x10¢ D,
where D, is the neutron dosc and D, is the gamma-ray dose, both doses in cGy.

Following steps are involved in estimation of neutron and gamma doses:

1. Assume that the entire yicld of dicentrics is due 1o neutrons and calculate D, by using the calibration curve
for neutrons.

2. With the knowledge of n:g (from physical mcasurements) calculate the gamma-ray dose.

3. Calculate the 'yield of dicentrics expected, for this dose by using the gamma-ray calibration curve.

4. Subtract the result from step (3) from the total yield of dicentrics to obtain the neutron contribution,

5. From the result of step (4), calculate the neutron dose.

6. Repeat these steps until consistent estimates of doscs arc arrived at.

Application in Goiania Acéiderit @ .

Chromosome aberrations analysis was performedin 110 pcople who were suspected to be exposed to doses higher
than 0.1 Gy in the Goiania accident in Brazil. The dosimetry was based on the frequency of dicentric ringsand acentric
fragments, using a standard curve available for *'Cs gamma-rays at a dose-ratc of 0.12 Gy/minute. For the highly
exposed persons the dosimetry was based on the counts of 100 metaphascs whereas for those exposed to lower doses,

200-300 metaphases were scored. The estimated doses were in excess of 1 Gy for 21 people; 4 Gy for 8 people. The
maximum exposurc was 7 Gy. People with non-uniform exposure, as confirmed by severe localised damage (with whole
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body doses of 0.5 Gy, 0.6 Gy, 0.7 Gy, 1.3 Gy, 2.7 Gy and 4.5 Gy) showed deviation from Poisson distribution of
dicentric chromosomes in lymphocytes, Even though many other individuals were suspected to have undergone non-
uniform cxposure, the distribution of dicentrics was consistent with Poisson distribution, Among the four casualtics
which occurred within four weeks of admission to the hospital, cytogenetic dosimetry yiclded doses in the range 4,5
. 6 Gy. This is consistent with the present cstimates of LDy, values for human beings. Thesc obscrvations confirm
the reliability of chromosome aberrations analysis in accidental exposures.

Scoring of Micronuclei in Cytokinesis Blocked Lymphocytes84®

Chromosome breaks frequently lead to acentric fragments which tend to remain in the cytoplasm and
subscquently appear as micronuclei. Scoring of micronuclei in cultured lymphocytes is done by blocking the
cytokinesis using cytochalasin B. The micronuclei are scored in binucleated lymphocytes. By this method a dose
as low ‘as 2 ¢Gy can be detected in vitro by scoring 9000 binucleated cells. Fig. 3.2.6 shows the dose-responsc curves
in the range 0-4 Gy, bascd on the results reported by Kormos & Koteles (1988), using 200 kV x-rays (1 mm Cu filter)
ata dose-rate of 0.287 Gy. min? and Sreedevi Balakrishnan and Bharati Bhatt (1989), using cobalt-60 gamma-rays
ata dose-ratc of 0.5 Gy. min?. Thesc data suggest a linear-quadratic relationship in this dose range. The method
is sensitive enough to detect an exposurc of 0.25 Gy in vivo. Even though this method may be less specific and less
scnsitive compared to chromosome abcerration analysis, simplicity, ease and speed of scoring and the possibility of
automatic analysis with pattern recognition devices can render this technique to be extremely useful as a biological
dosimeter in accidents involving a large number of individuals. An additional advantage of this technique is that the
scoring of the micronuclei docs not necd highly specialized technicians as in the casc of chromosome aberrations
analysis; scveral thousand micronucleated cells can be scored ina person-day as compared to about 100 metaphases in
the case of chromosome aberrations analysis. However, many parameters such as dosc-rate effect, kinetics of decay and
many other aspects of this technique nced to be perfected and standardised to achieve higher reliability.

3.2.5 BIOCHEMICAL INDICATORS OF DOSE®"

Analysis of biochcmical parametcrs in blood and urinc may serve as useful indicators of dose. None of the
biochemical parameters such as hyperglycacmia followed by hypoglycacmia (0.5 g/L) by 3rd day and inhibition of
135]JdR uptake following cxposure canscrve as rcliable dosimeters. Increase in salivary amylasc following exposurc
to doses higher than 0.6 Gy, to a maximum by the firstday and returning to normal by 3rd day would suggest exposure
of the salivary glands.

Urinary excretion of 17-ketosteroids, various amino acids and variation in the creatine/creatining ratio are useful
indicators of exposure during the first few days and their levels return to normal by the end of the first weck. Excretion
of amino acids such as taurine, B amino isobutyric acid (BAIBA), glutamic acid, aspartic acid, histidine, lysine and
glycine increascs upon irradiation. Following whole body exposure, 3-5 times increasc in the excretion of BAIBA has
been reported. The experience with other nucleic  acid metabolite, deoxycytidine (DOC), is too limited to consider
it as a useful indicator of dose.

Creatine excretion is an indicator of muscle damage as a_result of -cxposurc to radiation. The inability to
metabolise creatine results in an increase in the creatine/creatinine ratio in urinc. Even though creatinurea cannot be
exactly corrclated with dose, it is a sure indication of whole body exposure: In accidents involving whole-body
irradiation the creatine/creatininie ratio showed an incrcase whereas partial body exposures did not result in any
significant change in this ratio.

3.2.6 OTHER DOSIMETRY METHODS
Neutron Activation Analysis ¥

Neutron activation resulting in the formation of »*Na and **P can scrve as a useful indicator of dose in the casc
of persons exposed to neutron fields in accidents. The activity can be measured in biological samples such as blood,
urine, hair, finger nails or in extrancous objects such as clothing, coins, jewellery, wristwatch and other metallic
objccts carricd by the individual.

Electron Spin Resonance (ESR) Studies ***¥

ESR studics on biological samplcs such as bone, tecth, hair and skin, following irradiation can detcct doscs as
low as 0.3 Gy. The intensity of the ESR signal is proportional to the dose and can be used to detect lethal as well as
sub-lethal doses. The intensity of the ESR signal is greater for photons of lowerenergy and very poor for ncutrons.
Since the signal persists very long, it can be a uscful method for accidents in which the dosimelry is donc after a long
period. '
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Cell Death in Hair Follicles*’
Cell death in hair follicles is dosc dependent in the range 0.1 - 1 Gy. The decrcasc in hair width resulting from
the death of hair follicles can be correlated with dose in the range 1-10 Gy. This mcthod is yet to be devcloped as a

biological dosimeter.

Sperm Analysis (*®

Sperm analysis provides a biological dosimetry technique, thanks to the sensitivity of certain stages of
spermatogenesis (spermatogonia B). Exposure to low doses (1 Gy) can result in the drastic reduction in sperm counts
by around 60 days after exposure to radiation. A rapid fall in sperm counts can occur between the 40th and 60th day
post-exposure. It is important that the first sperm sample should be collected within 40 days after exposure and the
second after the 60th day of exposure. An important limitation of this tcchnique is that the information on the dose can
be obtained only after 2 months, Fractionated or protracted cxposures result in as much depression in sperm counts as
acute exposure. Sperm analysis can servcasa very useful prognostic indicator of the functional impairment of the
reproductive system. Generally, doses of 0.5 Gy lead to oligospermia which results in temporary sterility. Severe
oligospermia (1.0 Gy) or azoospermia (>2Gy) leads to a prolonged sterility.

" Neurophysiological Dosimetry®?
Irradiation causes changes in many chemical mediators associated with central nervous system function.

These include acetylcholine - cholinestcrase balance, aspartic acid, adrcnergic amines, gamma aminobutyric acid,
membrane permeability and acid-base balance. These could resultin changes in the cerebralelectrical activity. These
changes appear immediately after irradiation. Modification of the electrical activity of the brain is reflected as changes
in the electroencephalograph (EEG). The response can be observed for doses above 0.25 Gy. It is an excellent dosimetry
tool in situations where it is not possible to resort to cytogenetic methods because of blood transfusion or when the

dosimetry is done long after the exposure.
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SECTION 3
Physical Dosimetry : External Radiation

3.3.1 INTRODUCTION .

All radiation workers (unless otherwise exempted because of low dose-rates or because of the low penetration
of radiations to which they are exposed in the work place) wear a personnel monitoring dosimeter while working
in controlled areas. Such dosimeters can help to evaluate the dose equivalents received by a person in a radiation
accident, Criticality accident dosimeters can also be used to rapidly screen exposed persons. '

Where doses in the body in general and in the bone marrow in particular can be determnined with sufficient
precision, it is possible to make a relatively accurate prognosis. The intensive treatment which is given to exposed
individuals may completely change the prognosis. Dosimetry is most valuable in the case of very high doses because
whatever the possible error, one can be reasonably sure whether the doses are in the non-lethal (0.5-1 Gy) or lethal range
(> 6 Gy).

A personnel monitoring dosimeter must estimate with reasonable accuracy the dose equivalent received by
the workers from diffcrent radiations of differcnt energies and at different dose -rates. It must be small, rugged and
cheap. The choice of dosimeter(s) will depend on the types of radiations and the dose equivalent levels to be monitored.

3.3.2 TYPES OF DOSIMETERS ,
The diffcrent types of personnel monitoring dosimeters which could be of use to estimatc dose equivalents for
the purposc of medical management of radiation accidents include :

1. Film dosimeter,®®

2. Thermoluminescent dosimeter,“?
3. Criticality badges,*®

4, Glass dosimeter,®?

5. Chemical dosimeter.®?

The personnel dosimeters, most commonly used in India, are shown in Photographs 10(a) to 10(d) in plate-III.

3.3.3 LOCATION OF DOSIMETER
If only one dosimeter is used, it is worn on the body in a position where it is representative of the most highly
exposed part of the trunk, i.e. at the chest level.

3.3.4 COMPARISON OF DIFFERENT DOSIMETERS

Photographic film is useful for monitoring in medical centres and industrial radiography installations. This
dosimeter provides a permanent record and may give information regarding work habits. The pattern on the film may
also help in the case of high doses recorded to determine genuineness of the dose. In controlled areas where a health
physicist assists in evaluating radiation doses, thermolumincscent and glass dosimeters provide the best choice on the
basis of their better precision of dosc measurcments.

Chemical dosimeter is relatively insensitive and therefore not useful in evaluating low doses, but may be used
for evaluating high doses in accidents. ‘ :

A special dosimeter, or special components in a general purpose dosimeter, may be necessary to meet specific
requircments, for example, criticality accident dosimeters.

A comparison of the different personncl monitoring dosimeters is given in Table 3.3.1.
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3.3.5 X-, GAMMA, BETA AND THERMAL NEUTRONS

(a) Film Badges :
X-rays, gamma rays, beta particles and thermal ncutron doses can be evaluated using a film similar to

photographic/X-ray film, mounted in an appropriatc holder {sce photograph-10(a) in plate-III] . Such a holder will

have a number of metallic filters, opcn window and a plastic filter. The blackenings in the film under the different

regions help to discriminate the nature of radiation, detcrminc the energy in casc of X-rays and evaluate the doses. A

cadmium filter helps in the evaluation of the thermal neutron doses.

(b) TL Dosimeters :
The thermoluminescent phosphors used for personnel dosimetry include lithium fluoride, lithium borate and

calcium sulphate. The phosphor in the form of powder or discs is kept in a multifilter dosimeter badge. [see
photograph 10(b)in plate - III ] This arrangement helps to discriminate the nature and energy of radiations and evaluate
the doses. Commercially available LiF-600 and LiF-700 are used in the evaluation of thcrmal neutron doses.

3.3.6 FAST NEUTRON MONITORING

(a) Film Dosimeter .
Normally special films (e.g. Kodak NTA) are used to record recoil proton tracks for fast neutron monitoring®?,

[see photograph 10(c) in plate-III] . The application of such a dosimeter is some what limited because of its high
neutron energy threshold and the response dependence on neutron energy.

(b) Albedo dosimeter™®
Albedo dosimeter is primarily based on the principle that high encrgy neutrons leave the body as thermal and

intermediate neutrons after having been scattercd in the body. They are detected at the surface of the body by means
of a detector for thermal neutrons. They have limitation of severe energy dependent response.

3.3.7 DOSIMETRY IN RADIATION ACCIDENTS
For radiation accidents such as thosc in industry and medicine, dosimetric methods used routinely for personnel

monitoring are usually adequate for prcliminary assessment of dose.

Nuclear accident dosimctry generally refers to criticality accident dosimetry and provides, in cases of
accidents, quick evaluation of doscs for appropriate mcdical management. Such a dosimetry system is generally based
on a combination of personnel and area monitors and measurements of induced activity in the exposed persons.

Criticality Dosimeter
Criticality dosimeter badge for neutron and gamma monitoring is used by personnel working in nuclear fuel

processing plants, fuel storage facilitics, critical asscmblies and other areas in -a nuclear reactor where there is a
possibility of cxposure in case of accidental or uncontrolled criticality. The detector foils used include gold, copper,
indium and sulphur to evaluate doses at various neutron energy intcrvals. Calcium sulphate embedded teflon disc in
atinbox isused for gamma dosc mcasurement {sce photograph 10 (d) in plate-III]. The ncutron dosc can be cstimated
within an accuracy of +50% within 24 hours if the dose is greater than 25 cGy (rad), and of + 25% within one weck.
Accuracy of gamma dosc estimation is + 20%. The lower limit of detection is 10 cGy (rad).

Reconstruction of Dosimetry in Radiation Accidents
Doses to irradiated organs have to be estimated with accuracy and minimal delay to facilitate the mcdical
management including ( i) initial screcning , (ii) sclection of individuals who would benefit from medical treatment

and (iii) guidance in the choice of treatment mcthods.

(a) Screening
This refers to the collection of any information or samplcs for dose cstimation that permits segregation of

personnel into irradiation groups at diffesent dose leveis. This includes :

(i). Collection and cvaluation of personnel dosimeters;

(ii). Collection of all information concerning the dosimeters, such as location of dosimicters on the
individuals and the locations of the individuals in the facility at the time of the accident, duration of irradiation

clc.
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%a case the dosimeter contains foils such as indivm (fora quick indication of neutron exposures), appropriate readings
are taken with a GM probe.®

Further, supplementary information is obtained by:
(). Measurements of radiation levels at the place ‘where persons received exposure, wherever [casible;

(ii). Discussion with the persons involved to establish the duration of the exposure. This helps to estimate the
doses and segregate the exposed workers with respect to their doses.

(b) Decision v

. On the basis of the information collected, screened persons must be sent to appropriate treatment facilities
with precise instructions. A reference level of 250 mSv (25 rem) of gamma dose (or lcss for neutron dose) may be
used to categorise the irradiated persons,

(c) Reconstruction
Here the rough dose estimated by the earlier screening process must be confirmed. This involves;
(1) Estimation of the field composition. This includes evaluation of quality and energy/spectra of incident
radiation;

(ii) Estimation of the irradiation geometry, such aslocations of persons and the dosimeters in the radiation
field, field dimensions etc.,

(iif) Dose measurements simulating the irradiation conditions:* Accurate and properly calibrated dosimeters
should be used for this purpose, along with appropriate phantoms [See Photograph 11 in Plate-III] .A phantom
is a tissue-equivalent material of the same size as the irradiated person and which will absorb and scatter the
radiation to the same extent as the human body. Reconstruction procedures will also help to estimate doses for
persons who were not wearing dosimeters at the time of the accident. »

(d) Computation of Dose Distribution®® :

“In accidents involving exposure to a large number of persons itmay not be feasible to measure the doses of every
individual immediately. Computer codes can be used for evaluation of energy spectra of the incident radiation and to
obtain the quality and spatial distribution of the dose equivalent in the irradiated volume. A few of the computed doses
may be verified with actual measurcments.

(e) Spatial Distribution of Doses

Another important element in the prognosis is the spatial distribution of dose. In the case of accidents,
irradiation is never homogeneous. Therefore, the concept of average dose in the bone marrow, while useful in
establishing the dose to an order of magnitude, is insufficient as a basis for prognosis. Relatively small volumes of bone
marrow which have escaped exposure or have been only slightly irradiated, according to the geometry of the exposure,
are sufficient to repopulate sterilised haemopoietic areas through cell mlgrauon so long as the marrow stroma has not
been damaged.
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TABLE 3.3.1: COMPARISON OF PERSONNEL MONITORING DOSIMETERS

humidity and
chemicals,,

2. aging of film,

N

. Exposure pattern

cannot be seen,

contamination with
dirt, grease etc.

. Extensive cleaning

procedure before
every read out.

Dosimeter  Film TLD Glass Chemical Criticality
Badge dosimeters dosimeters badges

Material Photographic film  CaSO,:Dy;CaF,: Dy; Silver activated meta- FBX (typical) 0.20 mM Badge containing

' specially made for  LiF as phosphate glass/ fluoride ferrous ammonium activation detector
personnel TLD-100, glass (Radiophotolu- sulphate, 50 mM foils (gold, copper,
monitoring use. TLD-600 TLD-700: minescence) (spectral benzoic acid and 0.20 indium) and TLD

" (e.g. Kodak Type  Li;B,07: Mn; absorption) cobalt boro- mM Xylenol orange in  disk.
II) Mg,SG4: Tb silicate glass. 0.05 N. aqueous
sulphuric acid.

Principle Radiation dosc ° Thermoluminescent 1. Radiophoto- Ferrous ions oxidised to 1. Neutron dose is
produces film malterial material luminiscence; ferric ions which form a estimated by
blackening which is when heated re- exposed glass when  complex with xylenol activation
proportional to leases light prop- stimulated by ultra-  orange having maximal methods, thermal
dose. ortional to previous violent or near visible absorption at 540 nm. and intermediate

radiation dose. light gives luminisc- neutrons by
. ence proportional to cadmium
the radiation dose. difference methoc
and fast neutrons
by the threshold
detector method.
2. Special absorption 2. Gamma dose is
changes, proportion estimated by the
to the radiation dose. TL dosimeter.
Dose Fraction of mSv to  Fraction of mSvto 1. Few p Svto 10* Sv. 1 mSv to 50Sv. Few mSv to 10 Sv
range 100 Sv. 1000 Sv. 2. 10 Sv to 10° Sv. for neutrons, 100
mSv to 100 Sv for
gamma rays.

Advantages 1. Permanent dose 1. Accurate 1. Longterm integration 1. Tissue equivalent. Accurate dosimetry.

- record. dosimetry, capability.
2. Contamination 2. Wide measurable 2. Wide measurable 2. Accurate-dosimetry,
pattern on film dose range. dose range.
identified. _
3. Exposure field/ 3. Stable dose 3. Good storage stability.
direction pattern - information (no
can be seen. fading). .
4. Versatile 4. Reusable.
dosimeter shapes
and sizes.
5. Reusable.

Disadvan-  Dose information is 1. No permanent I. Sensitive to surface  Solution stable only for 1. Interpretation of

tages affected by record of " defects and surface  two weeks, dose distribution
1) temperature, radiation. defects and is cumbersome.

2. Should be
measured within :
few days
otherwise
activation
information will
be lost.
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SECTION 4

Physical Dosimetry Techniques : Radioactive Contamination

3.4.1 EXTERNAL CONTAMINATION

The initial measurements made after an accident determine possible external or surface contamination. The
presence of radioactive contaminants indicates a possibility of internal uptake of these contaminants and also possible
spread of the contaminants. These measurements are usually made in terms of gross beta-gamma or alpha emitters,
or both, rather than for specific radionuclides,

Alpha Contamination Monitoring

Surveys for alpha contamination are made to assess the level of external contamination that subsequently could
be assimilated into the body by inhalation, ingestion or by absorption through wounds, but rarely through intact skin.
The low penctrating power of alpha particles imposes a restriction that there should be no absorbing material between
the detector and alpha source. The probe window must be very thin--about one mg/cm? thickness only. ZnS(Ag)
scintillation type probe with a photo-multiplier assembly is generally used for measurement of alpha particles [see
Photograph 12(a) in Plate IV]. If there isa pinhole on the probe window there will be a noise due to leakage of light.
Asan alternative, very thin-walled (0.5-1.0 mg/cm?) end window GM probes can also be used for measuring alpha
contamination provided the associated beta emission is not very high or there is very little beta contamination,
The first measurement with the end window probe gives both alpha and beta contamination together. A second
measurement with a thin paper introduced between the probc and the surface gives beta contamination only.
Subtracting the second measurement from the first gives a measure of alpha contamination,

Difficulties and Precautions in Alpha Monitoring
1. Monitoring for alpha contamination should be done as close to the surface as possible., so that absorption
of alpha particles by air is minimum.

2. Inthis process, extreme care should be exercised to avoid contamination of the probe,
3. If the probe is scintillation type, it should be light tight (without any pinholes).
4. Alpha contamination may be highly localised; hence the probe should be moved over the surface very slowly.

5. The contaminated surface should not have water or accumulated dirt which might absorb the alpha
particles resulting in lower estimates.

6. In the absence of specific information, a conversion factorof 4 is recommended for converting counts per
minute to disintegrations per minute. However, the efficiency of the alpha detector system should be accurately
estimated with a standard source to obtain correct values. ALSCIN probes manufactured by ECIL Hyderabad
or PLA Electro Appliances, Bombay are suitable instruments for such measurements.

Beta-Gamma Contamination Monitoring . :

Beta and gamma radiations are emitted simultaneously by many radionuclides. The techniques and
instrumentation employed for their detection are the same. Under most situations, an end-window or side window
Geiger Muller (GM) probe [see Photograph 12(b) in Plate-1V] is used for beta gainma contamination measurements,
The efficiency of the counting system should be evaluated in advance with the help of a standard beta gamma source,
Some GM instruments like “Teletector’” arcalso designed for higherlevel dose rate measurements, GM instruments
can be saturated by high radiation Ievels 50 that false readings or even zerg readings are possible in the presence of a
high radiation field. Photographs12(c) and 12(d) in Plate-1V sliow two sensitive GM-type radiation field measuring survey
meters.
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Discrimination between beta and gamnia radiations is made by using the window shutter which acts as a shicld
agamst beta radiation. The reading with the window closed with the shutter gives the gamma componcnl.' The
difference between the readings with the window open and window closed gives an estimate of the beta component

Simplc general conversions from cpm to dpm can be made by multiplying the counts by 10, in case the GM
counter is not calibrated with a standard sourcc.

Hand Monitors :

- Alpha and beta-gamma hand monitors are used to measure the level of contamination on hands. The alpha hand
monitor has a scintillation ZnS(Ag) detector with a photomultiplier assembly. The detection efficiency is about 25
per cent. The beta-gamma hand monitor has an array of thin walled (30 mg/cm?) GM tubes with a detection efficiency
of about 10 per cent. Both types of hand monitors have audiovisual alarm systems incorporated into them. Following
precautions should be taken while checking the hands :

(i) Bands should be washed with soap/mild detergent and dried before checking;
(ii) Metal rings and wrist watches should be removed while checking hands for contamination;

(iii) Periodic cleaning and calibration of the monitors with a standard source are absolutely necessary for its
officient functioning. Beta-gamma hand monitors of type PBM-183-A and alpha hand monitor of type-183-C
manufactured by PLA Electro Appliances, Bombay are examplcs of instruments of this type.

A beta-gamma hand monitor is shown in Photograph 12(e) in Plate-IV. The sketch of a hand and foot monitor is
also shown in the same plate [see Photograph12(f)]. Anarray of GM tubes is present below the position of the feetin the
equipment to detect any contamination present on the feet.

Surface Contamination monitor ‘

A contamination monitor with a thin walled (30 mg/cm? GM counter is used for checking beta-gamama
contamination on clothing. The contamination monitor has audiovisual indications and the level of contamination in
counts per second can be read ona countrate meter. The same monitor canbe used for measuring alpha contamination
on body and clothing by replacing the GM probe with a scintillation type alpha probe (Type PSP 649 No0.004 made by

PLA Electro Appliances).

Contamination monitor of ECIL model No.4552 or PLA lypes CM 928 and CM 927-D (for beta gamma and
alpha contamination respectively) can be used for contamination monitoring of body and clothing. :

Wound Monitors .

The degree of difficulty encountered in measuring contamination in wounds depends upon' the nature of
contamination. Measurement of beta-gamma contamination can be done fairly accurately with the help of a thin
walled GM detector connccied to acontamination monitor. The problem associated with beta gamma contamination
monitoring in wounds is the inability to locate minute radioactive particles inside the wound. A small ‘end-window
detector, about 1 cm in diameter, placed over the wound surface works almost like a special wound probe. The window
is usually covered with a thin piece of plastic to prevent contamination of the probe. The sensitivity of the end-window
detector is very good and its small size is good enough to locate the radioactive particles. Alpha emitting radionuclides
are difficult to monitor in wounds. A thin film of moisture from dccontamination solutions, blood or any overlying
tissues will absorb alpha radiations and effectively shield the source. For cxample, aplutonium particle deposited
inatiny scratch can easily be missed by an alpha probe unless there is associated surface contramination in the region
* of the wound. Hence wound probes to detect alpha radiations are not practical. But certain alpha emitters- have
accompanying penetrating radiations which are easicr to detect than alpha radiations. For example, plutonium-239
can be detected by counting the 17 keV, L, X-rays of the uranium daughter. Another technique for detecting alpha
emitters depends on counting an associated radionuclide which has emission characteristics more favourable for counting.
Plutonium 239, for example, nearly always contains a small percentage of Americium-241 as contaminant. The 60keV
gammarays emitted by Americium are morc penctrating and more easily measured than 17 keV X-rays from Plutonium.

The most practical and least expensive instrument is a small Nal (TI) scintillation detector (2.5 cm dia. and 1.0

mm thick Nal (TI) crystal) that does nothave to beintroduced into the wound. By using collimation to locate thé activity
first in the horizontal plane and then in a vertical plane, the depth of contamination can be estimated.
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The minimum detectable amount with such an instrument is about 0.37 Bq (.01 nCi) on the surface and 3.7 Bq
(0.1nCi)at 1 cm depth. The desirable counting time is about 10 minutes. One of the drawbacks of this counter is the
background counting ratc which can be reduced by 5 to 10 cm lead shiclding. Instruments of this type should be
calibrated in advance so that count rate can be properly interpreted in terms of activity deposited in the wound.

.3.4.2 INTERNAL CONTAMINATION
Nasal swabs

Nose blow samples or nasal swabs are taken from a contaminated person prior to showering. The sample is
collected on a moist, clean, cotton tipped applicator or on moistened filter paper on swab stick. Separate applicators
should be used for each nostril and should be taken by a health physicist or nurse in order to avoid cross contamination.
Care should be exercised to prevent the nasal swabs getling contaminated from facial contamination. Applicators
intended for counting alpha contamination must bedried since a film of water givesenoughshielding to prevent reliable
detection of alpha contamination.

The presence of contamination in the nose, particularly if thercading is similar from both the nostrils, is a
positive indication of inhalation of the contaminant, A low amount or abscence of contamination in the nose must not
be regarded as evidence of minimal internal contamination, Only the nosc blow samiples or the nasal swabs, taken
immediately after suspected inhalation at the site before showering, can be a useful guide.

A rule of thumb generally used in the case of plutonium inhaldtion is that a valuc greater than 500 dpm
indicates apossible serious exposure, while results less than 500 dpm indicate a low order exposure. Contamination
ofahigh value inone nostril and a lower value or no contamination in the other nostril indicates contamination by means
other than inhalation, Nasal swabs are extremely useful because of their early availability but they should always
be followed by more definitive in-vivo measurements. : :

In vivo Measurements _
Bioassay techniques and whole body counting are employed to asscss internal contamination.

Bioassay Techniques®™”
Any radioactive material entering the body becomes an internal emitter. It will contintie to irradiate the tissues
until it is either excreted through urine or stool or it becomes a stable isotope by radioactive decay.

Urine and stool samples are therefore collected from sub jectssuspected of internal contamination. These samples
are subjected to radiochemical analysis and from the excreted amount of activity, the quantity of activity originally
deposited inside the body is arrived at using standard equations. -

The radiochemical methods for scparation of the radionuclides from urine/facces are described in Ref.58
and 59. The interpretation of results of bioassay monitoring is discussed in detail in Refererice 60.

Whole Body Counting .

Whole body counters are used to detect beta gamma radiations that are energetic enough to escape from the body. .
Highly sensitive detectors are employed to detect and measure the internal contamination. [see Photograph 13(a)
in Plate-V]. ‘Whole-body counting is usually carried out in a heavily shielded room that provides the necessary low
radiation background, Sometimes the high sensitivity of the detection system may become a limiting factor in case
of high level internal contamination, The whole body counting system is designed to assess low levels of internal
contamination only. The detection system should be used at greater distances or suitable absorbers around the detector
should be used in cases of high level accidental exposures. The shadow shield whole body counter [sece Photograph
13(b) in Plate-V] is a special light weight transportable counter that incorporates the principles of a room type whole
body counter but without the massive shielding associated with it.®® The shadow shicld whole body counter uses a Nal
(TI) crystal (10.16 cm x 7.62 cm) as the detector with a total shield weight of only two tonnes. A few thousandth part
of the maximum permissible body burden in total body (370 Bq or 10 nCi) for various gamma emitting isotopes could
be detected within an error of less than 20 percent for a counting time of one hour. - '

Whole body counting is not feasible for alpha emitting radionuclides unless.they also emit penctrating X-
Tays or gammarays. Forexample, plutonium-239 is an alpha emitter and is of considerable importance in view of
its inhalation hazards. Internal contamination due to plutonium-239 cannot be measured by an ordinary whole body
counter. Since inhalation is the predominant mode of intake of plutonium, the measurement of plutonium in the
lungs is all the more important. The 17 keV X-rays einitted by plutonium is advantageously used for measuring
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plutonium lung burdens. The whole body counting setup at thc basementof BARC Hospital [see Photographs 13 (a)
to 13(h) in Plates - V & VI] has a phoswich detector for in-vivo measurements of plutonium®®, The phoswich detector
assembly consists of a20 cm dia x 3 mm thick Nal (TI), crystalanda 20cm dia. x 5 cm thick CsI(TI) crystal. Reduction
in background of the primary detector by a factor of 5 (in the 14-25 keV range) has been achieved by employing a
modified rise-time to pulse-height converter which-operates the secondary detector in anti-coincidence with the
primary detector. Plutonium counting in-vivo involves considcrable error because of the physical limitations of
counting both at low count rates and at low photon energies. Minimum detectable activity over the chest isapprox.1.1
kBq (30 nCi) or higher for plutonium-239 and 11 Bq (0.3 nCi) for Americium-241, in a single count of 30 minute
counting period. Repeated counts over extended periods of time will increase the reliability of the data and improve the
detection limits. Further guidance on design of programme and interpretation of results for internal contamination

may be found in references (62) and (63).
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CHAPTER 4

PLANNING, ORGANISATION AND PREPAREDNESS

4.1 PLANNING & ORGANISATION

The different types of radiation accidents and their biological consequences in the exposed persons have been
described in detail in Chapters 1 and 2. Chapter 2 describes also the triage, prognosis and medical management &f
radiation casualties. In Chapter 3 the biological and physical dosimetry techniques and the instrumentation used for
the assessment of tissue doses and diagnostic evaluation have also been described. For prompt diagnosis and proper
treatment of the different types of casualties, it has been recommended that the medical facilities should be planned
at four different levels as follows:

First-aid post.

Personnel Decontamination Centre,
Site Hospital,

Specialised Treatment Centre

PP

‘The functions of each type of faoility and the equipment and staff to be provided at each facility have also been described
in Chapter 3.
4.1.1 FIRST-AID POST

The first-aid-post in major nuclear installations (e.g. nuclear power station, fuel reprocessing plant, advanced fuel
fabrication plant, high-level radioactive waste management plant) should be manned by a properly trained para-medical
assistant.The first-aid post has an important role in triage, particularly when a large number of casualties are involved after
an accident. Forexample, in the Chernobyl power reactor accident, out of about 24,000 persons suspected to have been
exposed to radiation, 203 persons were identified as having reccived high doses and requiring hospitalisation. The
triage was done essentially on the basis of the prodromal symptoms. The different types of prodromal symptoms,
particularly vomiting and diarrhoea, and their use in prognosis, based on onset, intensity and duration of the symptoms,
have been discussed in Chapter 3. Suitable criteria should be established and the first-aid assistant should be familiar
with these criteria. Other first-aid measures required are attending to life-threatening injury, administration of anti-
¢metic and symptomatic (sedative, cardiotonic) drugs, administration of prophylactics suchas KI tablets, DTPA aerosol
etc., simple personal decontamination procedures and proper transportation of thecasualties to the site hospital. There
should be proper liaison between plant management, particularly the Plant Emergency Director and the Medical
Superintendent_of the Site Hospital, '

4.1.2 SITE-HOSPITAL : :

The Site Hospital has an important rols in recciving and temporary care of the casualties, particularly those
showing severe hazmatopoietic syndrome, pending arrangements for their transportation to the specialised treatment
centre, The usefulness of haematological dosimetry, particularly lymphocyte counts, for prognosis of the casualties
was discussed in Chapter 3. In the Chernobyl power reactor accident, the Site Hospital conducted about 1000 blood
tests (minimum of 2-3 tests for each casualty) during the first 36 hours of their admission at the Site Hospital to confirm
the prognosis made at the first-aid post on the basis of prodromal symptoms. The criteria should be established for
classification of the casualties on the basis of the hacmatological findings and the medical personnel responsible for the
care of the radiation casualties should be familiar with these criteria. The Site Hospital staff should be familiar with
these criteria. The Medical Superintendent of the Site Hospital should also eslal?li‘sh suitable arrangements with a
cytogenetic laboratory for proper collection of peripheral blood samples from the casualties and their despatch to the
cytogenetic laboratory for chromosomal aberrations analysis. It is cssential that suitable equipment and facilitics and
properly trained physicists are available at the Site Hospital to carry out physical dosimetry measurements (ex.2rnal
radiation, radioactive contamination), described in Chapter3. The Site Iospital should also have facility and trained
medical and para-medical personnel for the care of casualties showing mild haematopoietic syndrome and severe
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intestinal or neurological syndromes. The Site Hospital should establish suitable liaison with other hospitals in the
neighbourhood to draw additional medical and para-medical personnel or for any assistance (c.g. blood transfusions,
drugs, medical supplies) which may be required for medical management of the casualties. It is essential that all these
arrangements are formalised and written down in a manual in which the responsibilities of different persons are
clearly defined; the manual should also contain the names, addresses and telephone numbers of the persons who arc
to be contacted in a radiation emergency. Guidance for preparation of such a manual, may be obtained from Ref.64.
The manual should be updated periodically. '

4.1.3 SPECIALISED TREATMENT CENTRE

Several facilitics, equipped with sophisticated instruments and specially trained persons arc required for the
medical management of casualties showing moderate to severe haematopoietic syndrome or mild intestinal syndrome.
These include: (a) Clinical laboratory, cytologic, haematological, biochemical, pathological, neurophysiological
tests, as - well as medical imaging (radiological as well as non-radiological) procedures for diagnosis, (b) special
treatment procedures such as platelet transfusion, bonc marrow or foetal liver transfusion, with associated facilities
for tissue typing, and (c) post-treatment care of the highest quality including prevention and control of infection, reverse
‘barrier nursing, preparation and supply of sterilised food and drinks, parenteral nutrition ctc. The centre should have a
pancl of medical specialists. It should preferably be a part of an advanced cancer trcatment centre, wherc patients of
leukemia and aplastic anemia arc treated regularly. Such specialised treatment ccntres have been established in
Medical Division of Oak Ridge Institute of Nuclear Studies, Oak Ridge, USA. International Centre for Radiopathology
at Curie Foudation, Paris (WHO Collaborating Centre) and Hospital No.6, Moscow, USSR, aswellasina few other
countries. The organisation of the specialised treatment centre at Oak Ridge is shown in Fig. 4.1. The organisation,
facilities and services availablc at the International Centre for Radiopathology have been described in Ref. (63 ).

4.2 EDUCATION & TRAINING
Physicians, physicists, nurses and paramedical staff, duly trained in occupational radiation medicine are
essential for proper management of radiation accidentsas well as routine medical surveillance of the radiation workers.
Their training must include not only basic nuclcar phiysics, radiation physics, radiobiology and clinical aspects of
management of partial and whole body irradiation as well as internal and external radioactive contamination but
also practical training or demonstrations in respect of the diagnostic techniques and therapy measures employed
for the management of radiation casualties. The technical contents of the training course are given in Appendix-L.
The course may be modified suitably for the different categories of personnel and training in various subjects may be
imparted either at ‘Basic level’ or ‘Advanced Level’. Table 4.1 shows the recommended scope and level of training
_in various subjects for the physician, physicists and nursing/paramedical staff. Itis essential that all the staff undergo
refresher courses periodically in order to maintain the desired level of professional competence on a long term basis.

4.3 PREPAREDNESS :

As was mentioned in Chapter 1, radiation accidents are relatively rave occurrences. However, when an accident
does happen, the staff at the medical facilities (first-aid post, personnel decontamination centre and the site hospital) -
should quickly mobilise themselves for proper medical management of the casualties. Itis thus essential that the
staff of the medical facilities are prepared to handle radiation casualties at all times.

Participation of the medical and para-medical personnel in radiation emergency drills and exercises may be
helpful to ensure such preparedness.
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10.

11.

Syllabus of the Certificate Course on

Appendix-I

RADIATION PROTECTION & OCCUPATIONAL HEALTH

. Subject

Basic nuclear physics : Atomic structure; isotopes; radio-activity - natural &
artificial; nuclear reactions - activation; fission ; fusion.

Basic radiological physics : Nuclear radiation and their properties; inter-
action of radiation with matter - charged particles, X- and gamma rays, neutrons;

Principles of radiation detection : Methods of detecting alpha, beta, gamma and
neutrons; measuring instruments for dosimetry & survey; whole body counter.

Radiation quantities & units Activity; half-life; Dose/absorbed dose, RBE/QF,
dose equivalent, weighting factor, effective dose-equivalent;.committed
dose-equivalent; collective dose.

Sources and characteristics of radiation exposure (a) Natural sources; tech-
nologically enhanced natural sources; radioactive fallout; (b) nuclear fuel
cycle; (c) radiation applications in medicine, industry and other fields.
Radiation protection in uses of radiation sources.Normal &

accidental exposures.

Basic radiation biology : Direct & indirecteffects; cffect of radiation quality;
radiation effects on DNA; damage and repair mechanisms; effects on genes
and chromosomes; methods of study. Biological dosimetry: Dosimetry
based on chromosome aberrations and its application; radiation effects

on cell organelles.

Radiation effects at cellular level : Factors affecting cellular response to
radiation: cell division & cell cycle; cell differentiation; Law of

Bergonie & Tribondeau; oxygen effect; radioprotective and radiosensitizing
agents; other factors; cell killing; cell transformation/mutation.

Radiation effects on tissue: Factors affecting tissue response: composition,
repair mechanism, effects of dose-rate and dose fractionation; non-stochastic
effécts of radiation on skin, bone-marrow, GI tract, gonads, eycs,

thyroid, lungs, CNS.

Localised irradiation: Diagnosis and management of localised skin
irradiation; radiation burns; Experiencc of BARC Hospital: surgical
intervention. )

Acute whole-body irradiation: Radiation syndromes-neurovegetative,
haematological, gastro-intestinal, neurological; diagnosis
and management of acute whole-body irradiation; case studies. Bone
marrow transplant: Experience in Tata Memorial Hospital, Bombay.

Effects o f prenatal irradiation: Pre-implanation phase; organogencsis
phase; fetal development phase; effect of radiation on CNS in embryo
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12,

13.

14,

15'

16‘

17.

18.

19.
20,
21.

and fetus; peri-natal effects. Guidelines oh irradiation of women of
reptoductive capacity and pregnant women,

Normal incidence of cancer: Morbidity and mortality patterns; classifi-
cation & staging; etiological factors; human database. Radiation
Carcinogenesis: high doses at high-dose-rates; low doses at low dose-
rates; dose and effect probability relationships; theories & models;

risk estimation; probability of radiation causation of cancer; epidemiolo-
gical studies and problems. Absolute & relative risk estimates. Cancer
risk estimates by UNSCEAR, ICRP and BEIR; Role of radiation

in management of ¢ancer.

Radiation induced hereditary effects: Classification of hereditary disorders.
Incidence & prevalence: Data from surveys; data from animal models.
Concept of doubling dose and its application to risk estimation.
Alternative approaches to risk estimation, Estimates of hereditary
detriment due to radiation: UNSCEAR, ICRP, BEIR.

Metabolism & toxicity of radionuclides: Modes of intake; uptake, distribution
and turnover; assessment of internal contamination; human data on internal
radiation: radon, uranium, thorium, plutonium & americium, tritium, iodine,
cesium, strontium,

Medical management of contamination; External decontamination; decorpo-
ration of internai contamination,

Occupational health surveillance of radiation workers: Uranium mines; other
nuclear fuel cycle facilities; data from medical surveillance of radiation
workers: US, UK; ‘‘healthy worker effect’’. Regulatory aspects of
medical surveillance, Epidemiological studies of radiation workers,

Radiation protection standards; ICRP system of dose limitation; dose limits
for workers and the public; derived and secondary limits; external &
internal exposure; levels for use in planning for management of

radiation accidents.

Index of harm: Concept, considerations, derivation; comparison of risks in
radiation and other industries,

Industrial Medicine :
Health surveillance for toxic materials in nuclear industry: Be, H,S and HF

Emergency response: Planning and preparedness

Practicals & Clinics

—

Use of radiation survey meters and simple counting instruments.
Simple experiments in radiation dosimetry,

Demonstration of techniques used for assessment of injury from partial body
irradiation: thermography, non-invasive vascular studies, plethysmography,
radioisotope scintigraphy.

Biological dosimetry and biochemical studies related to acute whole body
irradiation - laboratory discussion.

Bone marrow transplant facilities - clinic
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6. Uptake of radionuclides and bioassay prpcedures.,

7. Clinics - localised irradiation (2 hrs.)

8. Case studies - whole body exposure (2 cases)

‘Visits (Health physics surveillance & Medical surveillance facilities)

1. Laboratories of Health Physics Division & Division of Radiological Protection. (BARC)

2. Radiation Medicine Centre, Tata Memorial Hospital, Cancer Research Institute & Indian Cancer Registry,
Bombay

3. Decontamination Centre (BARC).
4, BARC-Hospital.

5. Radiation processing plants and hot cclls (BARC); radioisotope laboratories and radio pharmaceutical
plants (BRIT). '

6. Research reactors and nuclear power reactor.
7. ‘Beryllium plants.

Audio-visual Education (Films & video cassettes)
1. | -Living with radiation

2. Nuclear fuel cycle.

3. Radiation protection - 3 parts.

4.  Safe handling of radioisotopes: plutonium
5. Safe Transport of radioactive materials.
6. Medical management of radiation accidents.
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TABLE 4.1: SCOPE AND LEVEL OF TRAINING FOR MEDICAL AND PARAMEDICAL
PERSONNEL FOR RADIATION EMERGENCIES

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21,
22,
23.
24,

25.

Subject , Physician  Physicist Paramedical
staff
. Basic atomic & nuclear physics + - +
Basic radiation physics - + - +
Radiation detectors + ++ +
Radiation quantities & units + ++ +
Sour::es of radiation exposure (normal & accidental) + ++ +
Radiation dosimetry + ++ +
Basic physiology & anatomy - + -
Basic radiation biology ++ + +
Radiation effects at cellular & tissue levels ++ + +
Non-stochastic effects  of radiation 4 + +
Diagnosis & management of skin and partial body irradiation. ++ ) + ++
Diagnosis & management of acute whole-body irradiation, ++ + ++
Effects of prenatal irradiation ++ + +
Metabolism & toxicity of radionuclides + + +
Diagnosis & management of external & internal contamination ++ + ++
Stochastic effects of radiation + +:~ +
Radiation protection standards + e+ +
Rehabilitation & longterm medical follow-up ++ + ++
Medico-legal aspects & Record keeping ++ + +
Practical on radiation detcction & measurement + ++ +
Practical on radiation  dosimetry + ++ +
Practical on bioassay & whole body counting + ++ .
Clinical investigations on irradiated persons. ++ - +
Cytological & radiopathological studies. ++ - ++
Nursing & Nutrition of irradiated persons. + - ++

Note: The signs used in the Table denote the follwing :-

- Not applicable + Basic level
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10.

1.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.
23.

24,

25.

26.
21.

28.

29.
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10.

11.

12.

13.

14.
15.

16.
17.

18.
19.

20.

21.

Absorbed dose

Active Area
Activity
Allele
Ancuploidy
Ataxia

Autosome

Becquerel (Bq)

Collective effective :

dose equivalent

Competent
Authority

Contamination

Counting
or Measurement
Curie (Ci)

Cytogenetics
Decontamination

Deletion
Depilation
(epilation)
Deterministic
Diploid

Direct cffect
of radiation
Disposal

GLOSSARY OF TERMS

Energy imparted by radiation to unit mass of material. The basic unit is gray
(Gy). 1 Gy=1 Joule per kilogram. (Former unit was rad which is equal to 100
ergs per gm.) 1 Gy = 100 rad

Area inwhich, under normal working conditions,surface contamination
or air contamination is likely to exist;

The number of disintegrations of a radioactive material per second (see Curie
and Becquerel).

Alternative forms of a gene found at the same locus on homologous chromo-
somes.

A chromosome number different from the normal number.

Defective muscular control resulting in irregular and jerky movements.

Any chromosome other than the sex chromosome. In human beings there are
22 pairs of autosomes.

The special name for the unit of activity. One becquerel corresponds to one
disintegration per second of any radionuclide.

Effective dosc equivalent to a group of people from a source of radiation.
Product of the average cffective dose equivalent and the number of persons
exposed to the given doses. (The unit of collective doseequivalent is

. Person-sievert).

Ahy officer or authority appointedby the Central Government by
notification under the Radiation Protection Rules, 1971. At present, Chairman
Atomic Energy Regulatory Board is the Competent Authority.

Undesirable  presence of radioactivity in quantities that may

be specified asexcessive by the competent authority by notification.
Mecasurement  of  activity, either in asampleor in an individual,
using appropriate measuring or monitoring devices.

A radionuclide is said to have an activity of 1 Ci if it is transformed at a ratc of
3.7 x 10°disintegrations per second. 1Bq=0.27 x 10"°Ci. '
Branch of genetics concerning the study of chromosomes.
Removal of unwanted activity from personn’el, surfaces, equipment,
etc. to render the alfected area safe;

A loss of a part of chromosome.

Loss of hair  *

Which is sure to occur under appropriate conditions.
Cells which contain two sets of chromosomes as in the case of human somatic

cells.
Damage caused by direct absorption of energy by g:ritical targets in the cell.

Release of any material tothe environmentin a manner leading to
loss of control over the future disposition of radionuclides ~ contained
therein, '
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22, Dominant

23. Dominant
lethal mutation
24.  Dose

25. Dose Equivalent -:

26.  Dosimetry

27. Doubling dose

28.  Effective
dose equivalent

29.. Electron volt
30.  Fission products

31.  Fixed erythema
32.  Freeradical

33. Gamma ray
34. Gene

35.  Genetic disorders

36.  Genetic equilibrium :

37. Half Life

38.  Haploid
39. Hcmizygous

40.  Heritability

41.  Heterozygote

A trait which is expressed in individuals who are heterozygous for a particular
gene,
A genetic alteration in germ cells which renders the conceplus non-viable,

Encrgy absorbed in matter from ionising radiation per unitmass of the
material at the place of interst. The special name of SIunitof dose is
gray (Gy). 1 Gray = 1 Joule per kilogram.,

The quantity obtained on multiplying the absorbed dosein tissue
by appropriate weighting factorsto correct and/or normalise for variation
in the degree of biological  effect producedby the same dose of
different  jonising radiations or under different irradiation conditions.
The dose equivalentis used for radiation protection purposesonly. The
unit of doseequivalent is sievert (Sv)when the absorbed dose

is expressed in gray., However, see Addendum for equivalent dose.
Operations and measurements performed in connection  with (a) the
determination of radiation dosc,(b) dose distribution in the irradiated
volume and (c) measurements related to operational limits,

The dose which induces the same number of mutations as spontaneous
mutations, v .

Quantity obtained by multiplying the dose equivalent to a tissue by the
appropriate risk weighting factor for that tissne expressed in sievert. However,
see Addendum for effective dose.

Quantity of energy equivalent to 1.6 x 10° J.

Nuclides orradionuclides generated by the splitting of a fissionable material as
aresult of nuclear fission (*¥Cs, %Sr,13'], 85K r etc)

Reddening of skin which appears after 2-3 wecks of exposure to large doses
of radiation, caused riainly by failure of arterioles.

An atom or group of atoms which have unpaired electrons and hence have
very high chemical reactivity (c.g. I, O, HO®, RO®, etc.)
Electromagnetic radiation cmitted by radionuclides (*Co, ¥'Cs, “¥2Ir etc.)
Apartof the DNA molecule which codes for a specific polypeptide chain.
A unit of inheritance. . -
Diseascs, anomalies and mal-formations caused by mutations in the germecells,
A state where the rate of induction of mutation and rate of elimination becomes

. same, Generally takes 5-10 generations after exposure to a specific agent.

Time in which the activity of a particular  radionuclide reduces 1o half
the original level. *‘Biological hal( life” is the time required  to
eliminate . half the activity from the human body through excretion proc-
esses. ‘‘Physical half life”” is the time in which activity decays to half
its.  value due to disintegration of radiomuclides. The combined effect
of both processes is measured as ‘‘effective half life’ in an organ,
Cells with one sct-of chromosomes (23 in human gemete),

A term uscd to describe the genotype of a male with regard to X linked trait,
since males have only one chromosome.

The proportion of the total variation of a character attributable to genetic as
oproscd to environmental factors,

An individual who possesscs two different allcles at one particular locus on a
pair of homologous chromosomes.(Homozygote has the same alleles)
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42,

43,

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54..

55.

56.
57.

58.

59.

60.

High LET radiations:

Indirect effects
(of radiation)
Ionisation

Isoiope

Karyotype

Latent period

Kerma

LD 50(60) dose

Low LET

radiation
Meiosis

Mental
retardation

Mitosis

Multifactorial

Monitoring

Mutagen

Mutation

Mutation rate

Non-disjunction

Non-stochastic

effects

Radiations which arc densely ionizing c.g.alpha rays and accelerated heavy
charged particlc bcams.

Damage causcd by the absorption of radition in the vicinity of a critical site. (In
cells,indircct effect is brought about by free radicals and molecular products)
A process whereby a neutral atom or a group of atoms acquires an electri-
cal charge leading to the production of ions.

Nuclide with the same number of protons - but dlffercnl in the number
of ncutrons.
The number, size and shape of the chromosomes of a somatic cell. A

photomicrograph of an individual’s chromosomes arranged in a standard

manner.
The period between the exposure toa disease causing agent or process and the

appearance of symptoms, e.g. the period ‘after prodromal symptoms of high
radiation doses and appearance of acute radiation syndrome or a later date

malignancy etc.
The energy, per unit mass, transferred by gamma rays, X-rays or neu-

trons in the form of kinctic encrgy of secondary charged particles at the point
of interestin an irradiated medium.If the irradiated medium isair, the
corresponding kerma is  called air kerma.

Radiation dose (acute) which induces lethality among _50% of the exposed
individuals within 60 days, (for human beings the best estimate is 4-5 Gy).
Gamma rays, X-rays or beta rays.

Cell division process which occurs during gametogenesis resulting in the

formation of haploid gamctes (also called reduction division).

Reduced intelligence resulting in inability 1o form simple sentences, solve
simplc arithmatic problems, take care of oncsclf,dependent and requiring
institutionalization. IQ generally below 70(KOGA)score. '

Type of cell division which occurs in somatic cells.

Inheritance controlled by many genes with small additive cffects (polygeni)
plus the effects of the environment.

Periodic or continuous determination of the amount of radiation or
contamination, for the purpose of health protection. For this purpose,
determination of the exposure ratc in an area is called"arca monitoring" and
determination of the dosc rcceived by aperson is called * personal
monitoring’’.

Agents which inducc mutations €.g. chemicals, radiation,heat, ctc.

A change in the genetic material, either of a single gene (point mutation) or in
the number or structure of chromosomes. When a mutation occurs in the
gametes it is inherited.

The nuhber of mutations at.anyone particular locus which occurs per gamete
per generation.

The failure of twomembers of a chromosome 10 scpa_ratc during cell division
resulting in both chromosomes going to the same daughter cell. This leads to
aneuploidy. Such numerical mutations in germ cells cause diseases like
Down’s Syndrome, Pateau’s Syndroime and Edsward's Syndrome.

Those effects which occur above a certain threshold dose. These cffects are

detcrmlmsue with an increasing severity with dose. However, sce Addendum
for. deterministic cffects.
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62.

63.

65.

66!

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

Nucleus
Operator gene

Phenotype

Point mutation
Pre-implantation
period

Pre- meiotic

cells

Prodromal syndromes:

Rad :

Protective barrier

or Shielding

Radical

scavenger

Radiation :
protection survey

or Survey

Recessive

Radioactive Waste :

Radiological

Safety Officer (R.S.0.)
or Health Physicist
Regulator gene

Relative :
biological effective-
ness (RBE)

Rem

Reproductive death
Sister :
chromatid exchange
Somatic effects

of radiation.

Stem cells

Stochastic effects

Teratogen

A part of the ccll which contains the chromosomes.

A gene which switches on adjacent structural genes.

(Operator gene+structuralgenes= operon).

The appearance (physical, biochemical and physiological) of an individual
which results from the interaction of the environment and his genotype.
Involves a change in very small part of DNA molecule.

First few days of conception until the implantation of embryo on the uterine
wall (gencrally 6-8 days in human beings).

Spermatogonia, oocytes.

Sickness which preceeds later effects. Following acute exposure to radiation
doses above 1 Gy, prodromal syndrome is characterised by nausea, vomiting,
diarrhoea, fatigue, fever, headache etc. which manifests within the first 1-6
hours following exposure.

Unit of absorbed dose, equivalent to an cnergy absorption of 102 J kg (or
100 ergs/gm). Now rad is replaced by the unit gray. 1 gray = 100 rad.

A barrier of radiation aftcnuating material used to reduce radiation levels.

Substance which reduces the indirect effects of radiation by removing the free
radicals e.g. SH compounds. )
An evaluation of safety using appropriate radiation measuring instruments.

A trait which is expressed in individuals who are homozygous for a particular
gene but not in those who are heterozygous for the gene.

Any wastc material containing radionuclides in a concentration Whlcll
prohibits its disposal as ordinary waste.

Aphysicist whois sodesignated and who is qualified to discharge the functions
related to radiation protection.

Aregulatory gene  synthesizes a repressor substance which inhibits the action
of a specific operator gene.

It is a factor expressing the relative effectiveness of radiations, with diffcring
linear energy transfer (LET) values, in producing a given biological effect.
It is used in radiobiology.

Unit of dose equivalence, since replaced by the sieveri, -1Sv=100 rem

The loss of indefinite proliferative ability of cells of dividing cell systems,
Exchange of genetic material between two chromatids of any particular
Cromosomes. , )

Damage that is apparent during the life-time of the organism.

(Precursor cells) Izast differentiated cells with indefinite capacity to proli-

ferate. Present in organs where the cell renewal takes place continuously e.g.
skin, bonc marrow, testis,intestinal crypt ctc.
Those eflccts which are probabilistic in nature and occur without a threshold
dose. The probability of incidence increases with dose. (c.g. cancer and genctic

diszascs).
An agent belicved to causc congenital abnormalities.
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Tinea capitis
Translocation
Trisomy

X-linked
Unsealed source

Weighting Factor

Zygote

Ring worm of the head.

The transfer of genetic matcrial from one chromosome to another.

A chromosome additional to normal complement, such thatone chromosome
is represented thrice in a somatic cell. '
Genes carried on X-chromosomes.

A source which is likely to produce contamination under normal conditions
of use. '

The factor which represents the proportion of risk resulting from irradiation of
the tissue under consideration to the total risk when the whole body is irradiated
uniformly to the same dose. Individual organ doses are multiplied with their
respective weighting factors and added to assess ‘‘effective whole body dose
equivalent’’, However, see Addendum for tissue weighting factor .
Fertilized egg.
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ADDENDUM

When the present Guide was being printed,

mission on Radiological Protection’ were published, a

replaces ICRP’s carlier ‘Recommendations’ contained in its Pu
Guide, the following changes made by ICRP are important; (a) Ch.
ties, (b) Change in quantities related to radiation quality and tissue weighting factors

the latest ‘Recommendations of the International Com-

s ICRP Publication - 60 (199 1). This publication now

for stochastic effects, and (d) The dose limits recommended for both radiation workers and members of the
public. The new recommendations of ICRP will soon be adopted in the practice of radiation protection. The

present guide will accordingly require certain changes,
therefore, provided in this Addendum, which should

1. The quantity ‘dose equivalent’ is now called equivalent dose ;

sievert(Sv) as before.

2. The quantity ‘effective dose equivalent’ is now called effe

sievert (Sv) as before.

3. The quality factor, Q, is now called radiation weighting factor; the new values of various radiation
weighting factors, Wy, given in Table-A below replace the values of Q given in Table 2.1.1 in this Guide.

4. The ‘non-stochastic effects’ of radiation are now

2.3.1 in the Guidc).

5. The term ‘weighting factor’ W, is now called tissue weighting factor; the new tissue weighting
factors, W, for various organs given in Table-B below replace the values given in Table 2.1.2 in this Guide.

6. The nominal probability coefficients for fatal can

in the Guide) have been modified as givenin T

7. The dose limits for occupational exposure and for exposure of the public (see last paragraph of Section

mainly in Chapter 2. The following information is,
be referred appropriately:

able-C below.

2 in Chapter 2 of the Guide) have been revised as given in Table-D below.

TABLE - A : RADIATION WEIGHTING FACTORS

blication-26 (1977). In so far as it concems this
ange in the names of several dosimetric quanti-
«(c) Probability-coefficients

the unit of equivalent dose remains

ctive dose; the unit of effective dose remains

called deterministic effects of radiation. (See Table

cers and hereditary effects (See Tables 2.2.1 and 2.2.2

Type and energy range Radiation weighting factor, W,
Photons, all energies 1
Electrons and muons, all energies 1
Neutrons, energy < 10 keV 5
10 keV to 100 keV 10
> 100 keV t0 2 MeV 20
>2 MeV t0 20 MeV 10
>20MeV 5
Protons, other than recoil protons, energy >2 MeV 5
Alpha particles, fission fragments, heavy nuclei 20
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TABLE - B: TISSUE WEIGHTING FACTORS

Tissue or organ Tissue weighting factor, W,
Gonads . 0.2
Bone marrow (red). 0.12
Colon ‘ ' ' 0.12
Lung ‘ 0.12
Stomach 0.12
Bladder 0.05
Breast . 0.05
Liver 0.05
Oesophagus } 0.05
Thyroid ' 0.05
Skin A 0.01 |
Bone surface 0.01
Remainder* _ 0.05

* The remainder is composed of: adrenals, brain, small intestines, kidney, muscle, pancreas, spleen, thymus and unterus
i.e. the organs that are likely to be sclectively irradiated. When a single one of the femainder tissues or organs receives an
_ equivalent dose in excess of thehighestdose in any of the twelve organs for which weighting factors are specificd, a weighting
factor of 0.025 is applied to that tissue or organ and a weithting factor of 0.025 to the average dosc in the rest of the remainder.

TABLE-C : NOMINAL PROBABILITY COEFFICIENTS FOR STOCHASTIC EFFECTS

Biological effect ‘ Exposed population Probability coefficient
. . (10%Sv1)
Fatal cancer ' Adult workers 4.0
Fatal cancer Whole population 5.0
Serious hereditary Adult workers 0.6
effects (weighted) -
Whole population 1.0
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TABLE -D : DOSE LIMITS OF ICRP (1991)

Application

Dose Limit***

Occupational

Public

Effective dose

Annual equivalent dose in :
(a) the lens of the eye
(b) the skin

(c) the hands and feet

20 mSv per year
(averaged over a period of 5 years)*

150 mSv
500 mSv

500 mSv

1mSv per year**

15 mSv

50 mSv

* Effective dose should not exceed 50 mSv in any single yearand 100 mSv in 5 years. However, abdomen of a
pregnant woman should not receive a surface dose of more than 2 mSv, after the pregnancy has been declared.

** Effective dose higher than 1 mSv in a year is permitted in special circumstances, provided average over 5 years

does not exceed 1 mSv per year,

*¥* To prevent deterministic effects in the case of localised exposures, a limit of 500 mSv, averaged over an area
of not more than 1 cm?, regardless of the area exposed, is recommended for annual occupational exposure. For
members of the public a reduction factor of 10 is recommended.
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1. Erythema of the palm after exposure to Co-60
radiography source (dose about 6 Gy)

2. Ulceration of thumb after exposure to Co—.60‘
radiography source (dose about.20 Gy) ’
3. Radionecrosis of thigh after exposure to Ir-192
radiography source (dose above 25 Gy) :
4(a) Plate thermography: localised irradiation of the
extremities . '
4(b) Scintillation camera: evaluation of vascular-and-bone’
-changes ‘

_Plate-l"




Aerosol spray
for Inhalation

5 gma oot
Yonen Packed

bt it Sam .
[ e 2 NIRRT TS O

T roen o i ek i
Ca STANS e L4
et Rl ad
lw-dbt
WESTAR HOME PROGUCTS
Raewra g I Primeses Labay PO Frster
Loty Bovoey X0

Gangrene of thumb and index finger of both the hands,
following exposure to ir-192 radiography source, before
treatment

Hands of the patient, shown in photograph 5, after
amputation of the affected fingers.

Gangrene of index finger after exposure to Ir-192
radiography source (dose about 30 Gy)

Aerosol generation/inhalation system of Bhabha Atomic
Research Centre

DTPA aerosol inhaler
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10. Different types of dosimeters used for personnel
monitoring (see section 3.3.2 to 3.3.7)

(a) Film badge with holders, (b) TLD badges (parts and
assembled),(c) Neutron badges and holders, (d) Criticality
dosimeter.

P

11. . Use of phantom for reconstruction of an acute irradiation
accident (see section 3.3.7)
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12 Various types of contamination monitors. (see section 3.4.1)

(a) Alpha contamination monitor . (d) Portable beta-gamma survey meter
(b) Beta-gamma contamination monitor k} : (é) Beta-gamma hand monitor
(c) Portable gamma field monitor . - (f) Beta-gamma hand and foot monitor

s - Plate-IV



13. Monitoring.for internal contamination

(a) A worker being monitored for radibactive
contamination inside his body -

(b) A worker being linearly scanned to locate
any radioactive nuclide in his body.

(c) Monitoring for uranium contamination in
respiratory system. .

(d) Monitoring for Pu/Am contamination in the
lungs of a female worker. ’ :

" (Continued on next plate)
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13 Monitoring for internal contamination
(Continued from previous plate)

(e) Thyroid monitoring for 1-125 dontamination,

(f) Thoron breath monitoring for thorium
contamination in the lungs.

(g) Equipment in a direct in-vivo radio-activity
counting laboratory. '

(h) A phantom used for calibration of in-vivo
counters.
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