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60 Abstract: Whole body counting and bioassay measurement are carried out for estimation of
radioactivity content in the whole body or in a particular organ/tissue of interest. These
measurements are routinely carried out for occupational workers at nuclear power plants,
reprocessing plants, radiochemical laboratories, radioisotope laboratories and radioactive waste
management facilities to evaluate individual internal dose due to H-3, Co-60, Sr-90, Cs-137,
transuranics and other isotopes of interest. This manual is prepared to provide guidelines for
computation of Intake, Committed Equivalent Dose and Committed Effective Dose from direct
measurement of tissue and/or body content of radioactivity for Co-60, 1-131 and Cs-137
employing in-vivo monitoring procedures and/or bioassay measurements only. Bioassay
measurements are used for determination of Sr-90 in the body since it is a pure beta emitter.
This manual can be used as a ready reckoner for assessment of radiation dose due to internal
contamination of occupational workers as estimated using above techniques in the middle
and back-end of the nuclear fuel cycle operations. The methodology used in computation of
dose is based on the principles and biokinetic models given by ICRP. Recording level
recommended in the manual is 0.6 mSv for both, routine as well as special monitoring, which
is lower than 1 mSv recommended by ICRP (ICRP-75,1997) for individual routine monitoring
and 0.66 mSv for special monitoring. The Annual Limit on Intake is taken equivalent to
Annual Effective Dose Limit of 20 mSv as prescribed by the Atomic Energy Regulatory Board
(AERB), India.
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1. INTRODUCTION '. Measurement of internally deposited radioactivity was initiated in

India in late fifties along with the inception of nuclear fuel cycle operations. Initially

measurement were made using bioassay techniques and later on, in early sixties, by Whole Body

Counting (WBC) to measure the in-vivo body content. As per the then accepted procedure,

internal radioactivity was reported in terms of deposited body content expressed as fraction of

Maximum Permissible Body Burden (MPBB). Derived daily urinary excretions for relevant

radionuclides were computed and used for routine monitoring and control purposes ( Kamath and

Soman,1961). Acute internal exposures provide opportunities to generate biokinetic data for the

individuals, which could be used for realistic dose assessment, instead of applying the reference

man data published by ICRP. Thus, such cases are subjected to multiple bioassay analysis and

WBC to determine in the body / tissue the radionuclide content , biological half-life and time

and duration of intake which then helps to generate the biokinetic parameters applicable under

Indian conditions. Thus, the measurement of internal contamination serves the twin purpose of

calculating the realistic dose and also helps to generate a data base for the Indian occupational

workers.

Concept of expressing internal dose as " Committed Dose Equivalent" (CDE) and " Committed

Effective Dose Equivalent" (CEDE) was introduced by ICRP in its publication no.30 (1978). In

case of acute exposures, the practice of reporting body / tissue content corresponding to the time

of exposure was modified to reporting " Committed Dose Equivalent " (CDE) and " Committed



Effective Dose Equivalent" (CEDE), whereas, in case of chronic internal exposures the reporting

in terms of fraction of MPBB was , however, retained till the publication of ICRP-54 (1988).

The present manual is the result of a concerted effort to bring out a uniform methodology,

applicable to all nuclear facilities in the middle and back-end of the fuel cycle, for computation

of internal dose from bioassay and body activity measurements. This manual deals with the

internal dosimetry of the predominant radionuclides such as Co-60, Sr-90, 1-131 and Cs-137.

The procedures presented can be followed easily to report the Committed Effective Dose (CED)

from urinary excretion and body content measurements, in line with the current ICRP

methodology.

Procedures for dose estimation for H-3 has already been summarised using biokinetic parameters

applicable to Indian conditions and ICRP methodology ( S.Thampan et a l , 1974, B.M.L.Sah et

al, 1976, 1980,1983, Kamala Rudran et al, 1992 ). Dose assessment procedure for internal

exposure to transuranics is under preparation.

2. MONITORING AND ITS ASSOCIATED PARAMETERS :

Monitoring means the measurement of the concentration of radionuclides in the working

atmosphere in a plant or a laboratory as well in the body of an occupational radiation worker and

also the interpretation of the observed measurements. The various parameters associated with the

monitoring of radionuclides are explained in brief as follows,

2.1 Routes of Intake

Intake of radioactivity can take place during normal work or can be caused by accidents or

during planned operations. Different routes of intake are as follows :

a) Inhalation;

b) Ingestion;

c) Injection; and

d) Absorption through skin.



Inhalation is the main route of intake under normal operations and in case of tritiated water,

additionally, absorption through skin takes place. Exposure through ingestion are not common.

Similarly exposure by injection i.e. through cuts or wounds can occur only under special

circumstances and is normally not encountered. The experience also, is that the most common

route of intake for occupational radiation workers is inhalation. The present manual, thus, deals

only with this mode of intake for dose assessment.

To understand the behaviour of a radionuclide once it enters the respiratory tract, ICRP has

developed a lung model which is given in its publication 30 (1978). This model explains in detail

the behaviour of a radionuclide in lungs which depends both on the size of the aerosol particle

and its chemical solubility. Further to this ICRP has also given a metabolic model for each

element which describes how it gets deposited in various body organs and then excreted out.

Some aspects of the ICRP model are described below.

According to ICRP-30 publication, lung is differentiated into three main regions , (Fig.l) viz;

i). Nasopharyngeal region (N-P region);

ii). Tracheobronchial region (T-B region);

iii).Pulmonary Parenchyma (P region); and additionally it has got

Lymphatic system (L)

Each of the above mentioned regions are further sub-divided as :

N-P region is divided into two compartments V and 'b' .

T-B region is divided into two compartments 'c ' and 'd ' .

P region is divided into four compartments 'e ', 'f', 'g ' and ' h ' .

Lymphatic system is divided into two compartments T and ' j ' .

Each of these compartments is associated with a particular pathway of clearance. Thus,

compartment a , c and e are associated with the absorption process whereas b , d, f and g are

associated with the particle transport process and go to G I tract and from which the fraction f,



(gastrointestinal absorption factor) is absorbed in transfer compartment and the rest is excreted

out in feces.

The pulmonary lymphatic system (L) also helps to remove dust from the lungs. It is associated

with the compartment 'h' in the P-region of the lungs from which material is translocated to

compartment ' i ' and ' j ' in the pulmonary lymph nodes. Material in compartment ' i ' is

translocated to body fluids but that in compartment ' j ' is assumed to be retained there

indefinitely.

2.2 Chemical nature of the inhaled aerosol.

The clearance of radioactive aerosols from lungs depends on the chemical form of the inhaled

aerosol. The solubility of the aerosol in the body fluids decides the rate of translocation of the

aerosol into the Transfer Compartment (body fluids) from the lungs. To describe the clearance of

inhaled radioactive material from the lungs (P-region) tq the body fluids, materials are classified

as follows.

Class D clearance half-time less than 10 days

Class W clearance half-time is between 10 - 100 days

Class Y clearance half-time greater than 100 days

Classification refers to their retention time in the P-region.

Table 1 gives the values for the clearances T (a->j) (days) and compartmental fractions, F(a-»j)

for each of the three classes of retained materials.



TABLE 1
Class

D W Y

Region
N-P

T-B

Compartment
a
b
c
d

Tday
0.01
0.01
0.01
0.20

F
0.5
0.5
0.95

• 0.05

Tday
0.01
0.40
0.01
0.20

F
0.1
0.9
0.5
0.5

Tday
0.01
0.40
0.01
0.20

F
0.01
0.99
0.01
0.99

P e 0.5 0.8 50 0.15 500 0.05
f n.a. n.a. 1.0 0.4 1.0 0.4
g n.a. n.a. 50 0.4 500 0.4
h 0.5 0.2 50 0.05 500 0.15

I i o3 To 50 To fooo 6~9
j n.a. n.a. n.a. n.a. oo 0.1

n.a. = not applicable y

2.3 Particle Size

The particle size of the inhaled aerosol determines the sites of deposition in the respiratory

system. The particle size is defined in the terms of Activity Median Aerodynamic Diameter

(AMAD) and is the ' diameter of a unit density sphere that has the same terminal settling

velocity in air as the particle of interest. 50 % of the activity in the aerosol is associated with the

particles of aerodynamic diameter greater than the AMAD '. Therefore, the word activity median

is used.

If a log normal plot of distribution of the diameters of the aerosols is plotted against their

cumulative percentage probability of activity, then at 50 % cumulative percentage particle

AMAD is obtained. As the AMAD increases the deposition in N-P region increases and that in

P-region decreases whereas, deposition in T-B region remains unaffected with change in

AMAD.

The intake computations by ICRP-54 are based on the particle size of lfim AMAD. In most of

the Indian nuclear installations covering the middle and back-end of the fuel cycle, particle size



is observed in the range of 5 ^m AMAD. It is, therefore, necessary that changes in computation

of dose for different classes of radioactive compounds need to be incorporated.

As per the ICRP-30 (1978) lung model the deposition percentage of inhaled aerosols of 1 um and

5 jam AMAD in different regions of the lung are as follows.

Regions

N-P

T-B

P

Exhaled out

AMAD (%)

30

8

25

37

5 nm AMAD (%)

74

8

9

9

In case of D, W and Y class compounds, the percentage distribution of inhaled aerosols in

different compartments of these regions for 1 jxm and 5 urn AMAD are given in Table 2.

TABLE 2
Glass

D W Y

Region 1 jam 5 um 1 jam 5 um 1 \xm 5 um
_ _ _ _ _ _ _ _ .

b 15 37 27 67 30 73

_ _ _

e

f

g

h

8

0

20

0

0

5

8

0

7

0

0

2

4

10

10

1

1.5

3.5

3.5

0.5

1

10

10

4

0.5

3.5

3.5

1.5



The activity deposited in the lungs gets cleared to the Transfer Compartment (T.C.) and the

G.I.tract., and from G.I. tract fraction f, is absorbed again in the T.C. Thus, the total percentage

fractions transferred to the T.C. for 1 um and 5 jam AMAD particles are as follows:

Class

Class

Class

D

W

Y

1 urn

48 +

12 +

5 +

AMAD

15 f,

51 f,

58 f.

5 jam AMAD

54 + 37 f,

13 + 78 f,

3 + 88 f,

(2.3a)

(2.3b)

(2.3c)

2.4 Relation between assimilated fraction (f3), Retention at time t, (Rt,(ab50rbed) ^ P e r u n '*

uptake and Retention at time t, (R,,(al)sorbej) ) per assimilated fraction (f,,) , following an

intake.

The assimilated fraction (Q for Co-60, Sr-90,1-131 and Cs-137 are calculated as follows using

equations (2.3a), (2.3b) and (2.3c) and their respective G.I. absorption fraction (f,) ;

Radionuclide

Co-60

Sr-90

1-131

Cs-137

Class

Y

D

D

D

f>

0.05

0.3

1.0

1.0

fa

0.074

0.651

0.91

0.91

Mathematically relation between R, (absorbed) per unit uptake and R, (absorbed) per assimilated

fraction(f a) is as follows.

*\, (absorbed) ~ *a *N, (absorbed per unit uptake) C^'4 3 )

Ri. (absorbed per unit uptake) equations for the concerned radionuclides have been adopted from ICRP - 54

(1988).



2.5 Monitoring Programme

Programmes for routine monitoring and details for internal dose calculation as recommended by

ICRP-35 (1982) and ICRP-54 (1988) respectively, have been adopted here.

For the purpose of monitoring, the radiation workers are classified as,

a. Occupational workers.

b. Contract / casual workers who are employed for a short job-based tenure and are

always monitored on completion of work , and additionally following an incidence, if any.

Monitoring programmes are of two types :

1. Routine monitoring (R): It is carried out regularly at a predetermined frequency with the

assumption that intake of radioactivity is at the midpoint of monitoring period. The monitoring

frequency is chosen such that the error in underestimation of the computed dose is not greater

than a factor of three due to uncertainity in the time of intake.

2. Special monitoring (S) : It is carried out following suspected / known accidental exposure or

planned operation for occupational workers and in case of contract / casual workers who are

always monitored on completion of work and additionally following an incidence, if any.

2.6 Monitoring techniques.

The monitoring techniques followed for measurement are

a) Air concentration measurements : It is made regularly in the working environment to estimate

the probable intakes, if any. It also helps to decide whether any type of protective equipment

need to be provided.

b) Individual monitoring :

i) external counting of whole body or tissue in case of gamma and photon emitters ; and /

or

ii) urinary excretion analysis in case of alpha and beta emitters.

8



In rare cases, when monitoring shows an unexpected high quantity of radioactivity in the body ,

the above monitoring is repeated to confirm the findings and to decide the follow-up action. This

opportunity is also utilized to study biokinetic parameters by carrying out additional

investigations using other techniques like analysis of nasal swab, fecal and blood. In case of an

injury, wound monitoring is also an useful technique.

2.7 Dose Limits

Annual dose limit for occupational workers recommended by ICRP-60 (1990) and ICRP-61

(1990), and adopted by AERB (AERB, 1996) is 20 mSv (100 mSv averaged over a period of 5

years). Corresponding annual limit on intake (ALI) for different radionuclide are also prescribed.

In addition to the regular employees, contractors' personnel and casual workers are occasionally

assigned work in the nuclear industry. AERB has prescribed an annual dose limit of 15 mSv

and corresponding annual limit on intake equivalent to 0.75 of the ALI for occupational workers

for this category of workers.

2.8 Dose Conversion Factors (Sv / Bq)

The Dose Conversion Factors (DCFs) (Sv /Bq) given in ICRP-54 (1988), for the relevant

radionuclide are based on metabolic model for a specific radionuclide ; and tissue weighting

factors and on quality factors (radiation weighting factors) as recommended in ICRP-26. From

the period of publication of ICRP-54 (1988) to ICRP-61 (1990) the radiation weighting factors

for relevant radiations and so also the metabolic models for various radionuclides have not

changed. The tissue weighting factors have , however, changed. New tissue weighting factors

have been applied to obtain new values for DCFs (Sv per Bq) and are given in the tabulation for

each radionuclide (Section 3).



2.9 Annual Limit on Intake (ALI)

It is the secondary limit and is defined as the intake by inhalation, ingestion or through the skin

of a given radionuclide in a year by the reference man which would result in a committed

effective dose equal to the relevant dose limit set by the Commission (ICRP).

The ALI (Bq) for any one radionuclide can be obtained by dividing the annual average effective

dose limit (20 mSv) by the DCF (Sv/Bq).

ALI (Bq) = 0.02 Sv
Dose Conversion Factors (DCF) Sv / Bq (2.9a)

ALI for 5 um AMAD particle size can be derived from ALI for 1 um AMAD as follows:

As the Annual Limit on Intake, ALI (1 um) and ALI (5 (am) will be in the inverse proportion of

their assimilated percentage fraction of inhaled activity, for the same internal exposure of 20

mSv/y, hence, ALI (5 um ) for Class D, W and Y is evaluated as follows,( c.f. para 2.3)

Class D ALI (5 um) = (48+ 15 f, 't * ALI (1 um ) (2.9b)
(54 + 3717)

Class W ALI(5um) = (12 + 51 f, ) * A L I ( l u m ) — (2.9c)
7 8 ^ )

Class Y ALI (5 um) = (5 + 58 f,) * ALI (1 um) (2.9d)
(3 + 88 f")

2.10 Reference Levels

(A) Basic Reference Levels.

As per the monitoring principles out-lined in its publications no. 35 (1982) and no. 54 (1988),

ICRP has recommended the following reference levels in terms of ALI corresponding to

reference dose levels.

10



Basically a reference level is not a limit. It is used to determine the course of action to be taken

when a measured body content or urinary excretion exceeds or has the probability to exceed the

reference level. The various reference levels used are :

a) Recording level (RL) : It is a defined value of committed effective dose or corresponding

intake above which a result from a monitoring programme is of sufficient interest to require

inclusion in a dose record.

i) Recording Levels(RL) recommended in ICRP-54 (1988) for Routine (R) and Special (S)

monitorings are as follows

RL(R) = _L_ALI
10 N —(2.10a)

where N is number of monitorings per year

RL(s) = _ l _ ALI
30 —(2.10b)

Based on the dose limits recommended by ICRP publication no.60 (1990), the RL(R) and RL(S)

are as follows

RL (R)=2mSv/y — (2.10c)

and
RL(S) =0.66mSv

-(2.10d)

According to the ICRP-75 (1997) the recording level has been changed from 2 mSv/y to 1

mSv/y.

ii) In the present manual, the dose recording level used is 0.6mSv, for total internal exposure

due to intake of different radionuclides, for routine and special monitoring for regular workers

and special monitoring for contract / casual worker.

1) Regular worker

RL(R) = 0.6 mSv/y = 0.03 ALI / N (2. lOe)

where N is number of monitorings per year , and

11



RL(S) = 0.6 mSv = 0.03 ALI — (2.1 Of)

2) Contract / casual workers

The same RL(S) as that for regular worker are adopted for contract / casual workers .

RL(S) = 0.04 (0.75 ALI) (2.10g)

RL(S) = 0.6 mSv (2.1 Oh)

b) Investigation level : It is a defined value of committed effective dose or the corresponding

intake above which a result from a monitoring programme is sufficiently important to justify

further examination of the cause or the implications of the results from an exposure.

Investigation Levels (IL) recommended by ICRP (ICRP-54,1988) for Routine (R) and

Special (S) monitorings are as follows and the same have been adopted in this manual for regular

and contract / casual workers.

IL<R) = 3 ALI
10 N (2.10g)

N = number of monitorings per year.

IL(S) = 1 ALI
10 (2.1 Oh)

Based on the dose limits recommended by ICRP publication no.60 (1990), the IL(R) and IL(S) are

as follows

IL(R) =6mSv/y (2.10 i)

and

IL(S) =2 mSv (2.10 j )

c) Intervention Level: It has the value of annual dose limit and if the sum of internal and external

exposures exceed the limit, the worker is to be removed from further radiation work and a

detailed exposure investigation has to be undertaken.

Derived Reference Levels

Derived Reference Levels Derived Recording Levels (DRL) and Derived Investigation Levels

(DIL) are measured values of radioactivity in the whole body / tissue or in urine due to an intake

equal to one reference level.

Calculation of Derived Reference Levels require the following assumptions:

12



a) time and pattern of intake; and

b) the use of models of intake, deposition , metabolism and retention.

a) Time and pattern of intake

The individual measurements for dose evaluation are carried out at a predefined periodicity by

whole body / tissue counting or bioassay technique. Under normal working conditions, however,

exposures are likely to be at irregular intervals, arising from minor events of inhalation. In case

of routine monitoring, the pattern of intake assumed for dose computation by ICRP is of a single

intake at the mid-point of the monitoring period and the same is adopted here.

In special monitoring, the time of intake for the purpose of estimation of dose is fairly known.

b) Use of models of intake, deposition , metabolism and retention.

In India, physiological parameters like compartment size and biological half-life have been

studied following the accidental exposures for Co-60 (Raghavendra et al, 1978, Hegde, 1988),

Cs-137 (Raghavendra et al, 1978, Rudran, 1985, Hegde et al, 1995) and 1-131 (Raghavendra et

al, 1978, Hegde, 1995). The case studies show that physiological parameters differ from that

reported by ICRP for a Caucasian man. These studies for individual radionuclides are only

for 20 cases and hence not sufficiently large to derive any conclusion. Thus the parameters as

recommended by the ICRP are only used for routine evaluations. The retention and excretion

functions used in the manual (Section 3) for computation of intake are the same as given in

ICRP - 54 (1988).

New ICRP lung model has been published recently (ICRP-66). New dose conversion factors

based on the model have also been published and corresponding ALIs can be worked out for 20

mSv dose limit (SS No. 115, IAEA,1996). ALIs, so worked out, are some what different from

those given by ICRP-61, but are not used in the present manual because generic functions for

conversion of measured values to intake in line with the new ICRP lung model are not available.

The use of generic functions (ICRP-54) based on the old lung model (ICRP-30) along with

the ALIs of new lung model (ICRP-66) can lead to significant errors in the computed

intake and dose. It may be noted in this context that change in the ALI and DCF is only due to

13



change in the model. ALI and Dose Conversion Factors (DCFs) in line with new ICRP lung

model and 5um AM AD can be applied when new generic functions for retention and excretion

are worked out.

2.11 Correction to obtain net body content.

In case of radionuclide with long effective half-life, its fraction remains in the body giving rise to

residual body contents from one monitoring to subsequent monitorings carried out later on.

Therefore corrections are required to be made in the observed body content to obtain the net

value of body content corresponding to intake of radionuclide during the period of monitoring.

The correction could be significant depending on the effective half-time of the radionuclide and

monitoring interval. Method for calculation of net body content for the subjects who are having

history of past intake of Co-60 and Cs-137 are given for each of the radionuclides separately.

Net body content x corresponding to intake of radionuclide during the period of monitoring is

given by

X — X<) R54OM ~ ^900*2 *N260 I3

(2.11a)

where, XQ is the present observed body content and I, , I2 ,13 etc. are body intakes corresponding

to the previous ly, 2y , 3y, monitorings respectively and RJ40, R ^ , R1260 are retention

fractions corresponding to 540, 900 , 1260 days for 5 urn AMAD particle size.

2.12 Underestimation and Overestimation in computed intake and dose

ICRP - 54 (1988) recommends an assumption of single intake at the mid-point of the monitoring

period for the purpose of dose computation following chronic exposures. The errors due to

assumed time of intake can lead to an overestimation or an underestimation of the computed dose

from internal exposures by a substantial factor. These points are discussed below in detail.

a) Underestimation errors

As shown in Fig. 3, let the measured body burden for an occupational radiation worker be BT

(Bq) for annual monitoring frequency.



Suppose the exposure has taken place on Day 1 of the monitoring interval , so his actual intake

I, Bq will be given as,

R;6O (2.12a)

Since in chronic exposure cases, the exact time of exposure is not known, we assume the intake

to be at mid-point of monitoring interval. Therefore, his intake I2 will be calculated as follows:

I2 = JBT

R 1 8 0 (2.12b)

.'. underestimate in measured intake = JBT_ * _Riso = Ii
R36o B7 f2 (2.12c)

ICRP-54 recommends a monitoring frequency such that the maximum underestimate in

computed dose, arising from insufficient monitoring frequency, is not more than a multiple of 3.

i.e., J, < 3 (2.12d)
U

To understand the implication of this stipulation, let x0 be the measured body content, T days be

the routine monitoring periodicity, and radionuclide has effective half-time of TefT days. ICRP

assumes that the intake has taken place at the midpoint of monitoring i.e. T/2 days earlier to

monitoring. So calculated intake ( I2) is :

I2 = xo(2)T/2Teff. (2.12e)

For the condition of maximum underestimation of intake; the intake should have taken just after

the previous monitoring i.e. T days earlier to the present monitoring. So the intake ( I,) would

have been:

I, = xo(2)T/Teff. (2.12 f)

As per ICRP underestimate error should be less than 3.

So, Xn ( 2 ) T / Teff < 3 (2.12 g)

xo ' (2)T / 2 Teff

or, (2)T/ Teff < 3 (2.12 h)
(2)T / 2 Teff

or, T log 2 < log 3 (2.12 i)
2Tefr
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or, 0.3010 T < TefT (0.4771) (2.12 j)
2

or, T < 0.4771 * 2 T.ff
0.3010 (2.12 k)

therefore, T < 3.2 TefT (2.121)

This would mean that the error of underestimation can be kept within the ICRP recommendation

if the monitoring period T is less than 3.2 Teff for any given radionuclide.

b) Overestimation errors

Now suppose the exposure has taken place just one day prior to the routine annual monitoring

programme, then his actual intake I3 Bq will be given as,

I3 = - IT

R, (2.12m)

Since in chronic exposure cases, the exact time of exposure is not known, we assume the intake

to be at mid-point of monitoring interval. Therefore, his intake I2 will be given by equation 2.12

b

.•. overestimate in measured intake = _BT * JR., = \2

R~~o B ; f3 (2.12n)

Thus, it can be seen that, dose will be overestimated when an exposure has taken place in a

period very close to the monitoring time. In this case the calculated body content / urinary

excretion for the radionuclides will be significantly high and need to be investigated before

making entry in dose records in order to avoid raising of a false alarm from reporting of such an

exposure as an overexposure. Confirmation of the excretion values can be done carrying out

analysis of three consecutive days repeat urine samples. If the earlier results get confirmed then

in such cases follow-up study is carried out to obtain the subject specific data and also to

determine TcfT.

16



SECTION 3

Derived Levels and Dose Computation Procedures

This Section describes the procedure for computation of intakes from measured body contents

and bioassay measurements for Co-60, Sr-90, 1-131 and Cs-137. Also described below are the

derived recording and investigation levels for these isotopes.

The generic functions for body retention and urinary excretion are obtained by applying

parameters for lung and metabolic models given in ICRP - 30 and using the correction for

radioactive decay.

As mentioned earlier in Section 2.2 , the particle size encountered in Indian nuclear industries is

5 (im AMAD whereas data in ICRP - 54 data on assimilated fractions, CED and the

methodology for computation of effective dose is based on particles of 1 um AMAD. Hence, the

data for 5 um AMAD are evaluated and compared.

The functions for computing intakes from measured values of body content and urinary excretion

in case of acute as well as chronic exposures are based on ICRP - 54 or computed wherever

necessary. Internal dose evaluation for 5 um AMAD particle size is presented in this section.

Errors in computed intakes due to assumption of lum AMAD particle size instead of 5 um

AMAD particle size are also high lighted.

Retention / urinary excretion fraction of the previous intakes required to correct the observed

body content are also given.
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3.1.Derived Levels and Dose Computation Procedures for Co-60

3.1.1.General information

3.1.1.1. In general, it is observed that Co-60 in Indian power reactor environment behaves as

inhalation Class Y (Raghavendra et al, 1978).

3.1.1.2. ALI(lnra) = 400 kBq (ICRP-61, 1990)

Based on the methodology given in Section 2.9, ALI (5 jam) for Co-60 Class Y is,

ALI (5 jam) = (5 + 58 f,) * ALI (1 um) (2-9 d)
(3 + 88 fj)

where , f, = 0.05 and ALI (1 urn ) = 400 kBq for Co-60

Hence, ALI (5 |im) - (5 + 2.9 ) * 400

(3 + 4.4 )

427 kBq

= 400 kBq
3.1.1.3. Dose Conversion Factor (DCF) (1 urn) = 5.0E-02 mSv/kBq (ICRP-61, 1990)

DCF (5 um) = 20_mSv/ kBq = 5.0 E-02 mSv / kBq
400

3.1.1.4. Corrections have to be made for the body content retained from previous intakes to

arrive at the net body contents which is from fresh intake. It is required as Co-60 has Y Class

solubility having a prolonged residence time in body (cf. Section 3.1.1.6.(b) ).

3.1.1.5. Effective retention half life of Co-60 in the body. is 600 days.

3.1.1.6.Metabolic functions for intake and retention for Co-60 :

Whole body retention is sum of the retention in lungs and retention in transfer

compartment. The lung retention is the main contributing factor, as the absorbed component is

less than 6 %.

Clearance of stable cobalt from transfer compartment ( quantity absorbed in body fluids)

is given bythe following functions (ICRP-54) :

= {0.5e(-0.693t / 0.5)+0.3e(-0.693t / 6) + 0.1 e(-0.693t / 60) + 0.1 e(-0.693t / 800)}
_ _ _ _ _ _
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absorb = 0.074{0.5e(-0.693t/0.5)+0.3e(-0.693t/6) + 0.1 e(-0.693t / 60) + 0.1 e(-0.693t / 800)}

Urinary excretion due to absorption of stable cobalt, which can be used under special

monitoring requiring investigation, is represented by :

Eutperu.i.up.ake = {0-49 e (-0.693t/0.5) + 0.024e(-0.693t/6)

+ 8.1E-04 e (-0.6931 /60) + 6.1 E-05 e (-0.693t / 800)

-(3.1c)

Eu, = 0.074 {0.49 e (-0.693t / 0.5) + 0.024 e (-0.693t / 6)

+ 8.1E-04e(-0.693t /60) + 6.1E-05 e (-0.693t / 800)

(3.1 d)

Radiological decay corrections have to be applied to values of R, and excretion fractions obtained

after solving the above functions to obtain the actual R, and excretion fractions. This can be done

by mltiplying the values obtained by e ~Xl where, X - 3.58 E-04 per day for Co-60.

3.1.1.7. Methodology for computation of whole body retention and correction for

previous intakes:

a. Whole body retention,

For inhalation of 1 ^m AMAD, (Class Y) Co-60 , whole body retention at different periods of

time have been drawn from ICRP-54 (1988) and are as follows. Same will be applicable for 5

jam AMAD also.

Rlg0 = 0.12

R360 = 0.09

R540 = 0.07

R900 = 0.04

R1260 = 0.031

The retentions upto 180 days are tabulated in the data for Co-60 (ICRP-54). For 360 days

onwards data are obtained from the whole body retention graph for acute exposure ( Fig.22,

pp.79, ICRP-54, 1988).
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b. Correction from previous intakes.

R1 Retention fractions as given above are to be used in the equation given in section 2.11.

3.1.1.8. DIL , DRL and data for computation of intake and dose for regular workers for routine

monitoring are given in section 3.1.2.

Special monitoring of workers is usually supplemented by urine analysis. Required urinary

excretion data are tabulated for use under such circumstances for regular and contract / casual

workers in Sections 3.1.3 and 3.1.4. respectively.

3.1.1.9. Maximum error due to underestimation of computed intake of Co-60 (Teff = 600 days)

for a periodicity of once in a year for Class Y compounds will be,

xn (2 ) T/ Teff s 1.2
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3.1.2. DIL, DRL and Data for computation of intake and dose - Routine monitoring

for Co-60 Class Y, 5 jxm AMAD particles.

Reference levels (RLs)

Intake I (kBq)

Dose (mSv)

Monitoring period (T)
days

No. of monitorings in
a year (N)

Mid point of monitoring
(t) days

ALI

400

20

360

1

180

IL(R) = 0.3 ALI

120

6

360

1

180

RL(R) = 0.03 ALI

12

0.6

360

1

180

Retention fraction R(t) 0.12 0.12 0.12

Derived body content levels* 48 14.4 1.4
(kBq) I

CED mSv/(kBq net body content) 0.42 0.42 0.42
Dose / 1 • R(t)

Intake in kBq per unit kBq body 8.3 8.3 8.3
content RL /1 * R<t)

* Correction is to be applied if required for retention from previous intakes before

applying R<f)
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3.1.3. DIL, DRL and Data for computation of Intake and Dose - Special Monitoring for

regular employees for Co-60 Class Y, 5 ^m AMAD particles.

Reference levels (RLs) ALI JL(S) = 0.1 ALI RL(S) = 0.03 ALI

Intake (kBq) 400 40 12

CED(mSv) 20 2 0.6

Intake =

CED

Days

(mSv)

Body Content = Urinary excretion
Whole body retention fraction Urinary excretion fraction

= Intake (kBq) >c 5.0 E-02 mSv/kBq

after exposure Whole body retention fraction Urinary excretion fraction

1 0.57 4.0 E-03

2 0.42 4.0 E-03

3 0.29 2.1 E-03

4 "0.22 1.1 E-03

5 0.19 7.0E-04

6 0.17 5.2E-04

7 0.17 4.3E-04

15 0.15 2.0E-04

30 0.15 5.6E-05

45 0.15 3.3E-05

60 0.14 2.8E-05

90 0.14 2.4E-05

22



3.1.4. DIL, DRL and Data for computation of intake and dose - Special Monitoring for

contract / casual workers for Co-60 Class Y, 5 jam AMAD particles.

Reference levels (RL) 0.75 ALI IL = 0.1 (0.75 ALI) RL = 0.04 (0.75 ALI)

Intake (kBq) 300 30 12

CEDmSv 15 1.5 0.6

Monitoring : Immediately on completion of work

Intake = Bodv Content
Whole body retention fraction

CED(mSv)= Intake (kBq) x 5.0 E-02 mSv/kBq

Days after exposure Whole body retention fraction

Urinary excretion
Urinary excretion fraction

Urinary excretion fraction

1 0.57 4.0E-03

2 0.42 4.0E-03

3 0.29 2.1 E-03

4 0.22 1.1 E-03

5 0.19 7.0E-04

6 0.17 5.2E-04

7 0.17 4.3 E-04

15 0.15 2.0 E-04

30 0.15 5.6E-05

45 0.15 3.3E-05

60 0.14 2.8E-05

90 0.14 2.4E-05
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3.2. Derived Levels and dose computation procedures for Sr-90

3.2.1 : General Information

3.2.1.1.All Sr-90 compounds belong to Class D except SrTiO3 which belongs to ClassY (ICRP-

54). SrTiO3 is not normally encountered in reactors and fuel reprocessing plants, hence

calculations are done only for Class D compounds.

3.2.1.2. ALI l|imAMAD= 400 kBq (ICRP-61,1990)

Based on the methodology given in Section 2.2, ALI (5 um) for Sr-90 Class D is,

ALI (5 urn) = (48 + 15f,) * ALI (1 urn ) (2.9 b)
(54 + 37 f;)

where, f, = 0.3 and ALI ( 1 Jim) = 400 kBq for Sr-90 Class D

Hence, ALI (5 jim) = (48 +4.5) * 400
(54+11.1)
322 kBq

s 300 kBq

3.1.1.3. Dose Conversion Factor (DCF) ( l u m ) = 5.0 E-02 mSv/kBq (ICRP-61, 1990).

DCF (5 |am) = .20_mSv/ kBq = 6.7 E-02 mSv / kBq
300

3.2.1.4. Being a pure beta emitter, external counting is not applicable for Sr-90. Intake is

evaluated by bioassay technique. Correction has to be made for contributions from previous

exposures, to arrive at the net urinary excretions resulting from fresh intake, as Sr-90 has a long

retention half-life in the body.

3.2.1.5. Effective retention half- life of Sr-90 in the body, is 2900 days.

3.2.1.6. Metabolic functions for intake and retention of Sr-90.

Biological retention and clearance of assimilated stable Sr in body ( Sr in Transfer

compartment) is given by the following functions (ICRP-54) :

c = {0.73 e (-0.693t / 3) + 0.1 e (-0.693 t / 44 ) + 0.17 e (-0.693 t / 4000)}

-(3.2a)

= 0.651 {0.73 e (-0.693t / 3) + 0.1 e (-0.693 t / 44 ) + 0.17 e (-0.693 t / 4000)}

(3.2 b)

Urinary excretion function ( biological) of absorbed stable strontium is given by :
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Eu(t,perunituptake= {0.13 e (-0.693 t / 3 ) + 0.0013 e (-0.693 t / 4 4 ) + 0.000024 e (-0.693 t / 4000 )}

-(3.2 c)

Eu<()= 0.651 {0.13 e (-0.693 t /3) + 0.0013 e (-0.693 t / 44) + 0.000024 e (-0.693 t / 4000)}

(3-2 d)

Radiological decay corrections have to be applied to values of R, and excretion fractions obtained

after solving the above functions to obtain the actual R, and excretion fractions. This can be done

by multiplying the values obtained by e "Xl where, X = 6.33 E-05 per day.

3.2.1.7. Methodology for correction of urinary excretion data from previous intakes:

a. Urinary excretion fraction for different monitoring intervals.

In case of Sr-90, 17% of intake is retained with long half-life, (4000 days), and therefore

exposures to Sr lead to its build-up in the body and excretions which continues for the life-span

of an individual and almost the same.

(I) For inhaled l|am AMAD, Class D Sr-90 for different period of time have been drawn from

ICRP-54 (1988) and are as follows.

EuI80 =5 .1 E-05

Eu36O = 1.8 E-05

= 1.0 E-05

= 9.4E-06

Eu1260 = 6.0E-06

For 180 days onwards data are obtained from the whole body retention graph for acute exposure

(Fig.30, pp.99, ICRP-54, 1988).

(ii) For inhaled 5 urn AMAD , Class D Sr-90 are as follows.

Eulg0 = 6.3 E-05

Eu360 = 2.2 E-05

Eu540 = 1.2 E-05

E u ^ = 1.2 E-05

Eu1260 = 7.4 E-06
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b.Corrections from previous intakes.

In view of above, there is constant contribution from all earlier intakes and there of 1 E-05

fraction is being excreted in urine every day. So to apply the correction multiply previous intakes

by Eu540 and subtract from the observed urinary excretion value to obtain the net urinary

excretion.

3.2.1.8. DIL, DRL and data for computation of intake and dose for regular workers for routine

monitoring are given in section 3.2.2.

Special monitoring for regular workers is usually carried out by urine analysis. Urinary

excretion data following single exposure to be applied for special monitoring of radiation

workers as well as for monitoring of contract workers are tabulated for use in Table 3.2.3 and

3.2.4. respectively.

3.2.1.9. Maximum underestimation in error for computed intake of Sr-90 (Tefr = 2900 days) for

a monitoring frequency of once in a year for Class D compounds is,

Xn ( 2 ) T / Teff s 1.04

Xo"(2)T/2Teff
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3.2.2. DIL, DRL and Data for computation of Intake and Dose - Routine monitoring

for Sr-90 Class D, 5 (am AMAD particles.

Reference Levels (RLs)

Intake I (kBq)

Dose (mSv)

Monitoring period (T) *
days

No. of monitorings in
a year (N)

Mid point of monitoring
(t) days

Excretion fraction
Eu(t)

Derived levels kBq/d
I * Eu(t)

CED mSv/(kBq in net
urinary excretion
per day) Dose / I * Eu(0

ALI

300

20

360

1

180

6.3 E-05

0.019

1050

IL<R) = 0.3 ALI

90

6

360

1

180

6.3 E-05

0.0057

1050

RL(R) = 0.03 ALI

9

0.6

360

1

180

6.3 E-05

0.00057

1050

Intake in kBq per unit kBq 1.58 E04 1.58 E04 1.58 E04
measured in daily urine
RL/I * Eu,«

* Correction is to be applied if required for retention from previous intakes.
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3.2.3 DIL, DRL and Data for computation of Intake and Dose - Special Monitoring for

regular workers for Sr-90 Class D, 5 p.m AMAD particles.

Reference levels (RLs) ALI IL(S)= 0.1 ALI RL(S)= 0.03 ALI

Intake (kBq) 300 30 9

CED(mSv) 20 2 0.6

Intake = Daily urinary excretion
Excretion Fraction

CED (mSv) = Intake (kBq) x 6.7E-02 Sv/kBq

Days after exposure Urinary Excretion fraction

1 0.0546

2 0.0608

3 0.0533

4 0.0434

5 0.0347

6 0.0285

7 0.0223

15 0.0043

30 0.00063

45 0.00042

60 0.00035

90 0.00022

120 0.00015

180 0.000063
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3.2.4. DIL, DRL and Data for computation of Intake and Dose - Special Monitoring for

contract / casual workers for Sr-90 Class D, 5 (am AMAD particles.

Reference levels (RLs) 0.75 ALI IL= 0.1 (0.75 ALI) RL=0.04 (0.75 ALI)

Intake (kBq) 225 22.5 9

CEDmSv 15 1.5 0.6

Monitoring : Immediately on completion of work

Intake = Daily urinary excretion
Excretion Fraction

CED (mSv) = Intake (kBq) x 6.7E-02 Sv/kBq

Days after exposure Urinary Excretion fraction

1 ' 0.0546

2 0.0608

3 0.0533

4 0.0434

5 0.0347

6 0.0285

7 0.0223

15 0.0043

30 0.00063

45 0.00042

60 0.00035

90 0.00022

120 0.00015

180 0.000063
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3.3 Derived Levels and Dose Computation Procedures for Iodine-131

3.3.1. General information

3.3.1.1. All131 I compounds are of inhalation Class D.

3.3.1.2. ALI (1 urn) = 1000 kBq (ICRP-61, 1990)

Based on the methodology given in Section 2.2, ALI (5 um) for 1-131 Class D is,

ALI (5 urn) = (48 +15f,V * ALI (1 um ) (2.9 b)

(54 +37 fl)

where, f, =1 .0 and ALI ( 1 urn ) = 1000 kBq for 1-131 Class D

Hence, ALI (5 urn) = (48 +15) * 1000

(54 + 37)

692 kBq

= 700 kBq

3.1.1.3. Dose Conversion Factor (DCF) (1 um ) - 2.0 E-02 mSv/kBq (ICRP-61, 1990). This

has changed from ICRP - 54 (1988) value of 8.8 E-03 mS.v/kBq due to change in tissue

weighting factor for thyroid, from 0.03 to 0.05 in ICRP-61,1991.
DCF (5 um) = 20 mSv/ kBq = 2.9 E-02 mSv / kBq

700

3.3.1.4. Corrections for retention from earlier intakes are normally not necessary as 1-131 has

a very short residence time (Teff < 8d) in the body. Thyroid retention fractions given in 3.3.2 can

be used for correction if successive intakes occur within a short period.

3.3.1.5. A monitoring of once in 14 days by thyroid counting is required for detection of DRL in

regular workers. However, based on practical experience, exposures to 13lI are rare in power

reactors. Even when persons are exposed to I3! I, such events are always known due to regular air

monitoring. In such situations, individual monitoring of 1M I is carried out as a special

monitoring. Thus this document deals with only special monitoring for I311.

3.3.1.6. Effective retention half life of 1-131 in the body is 7.5 days.
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3.3.1.7. Metabolic functions for intake and retention for m I.

Of iodine entering the transfer compartment, 0.3 is taken up by the thyroid and the

remainder is assumed to be excreted in urine. Iodine in the thyroid is retained with a biological

half- life of 120 days. Iodine is removed from the thyroid in the form of organic iodine

which is then assumed to be uniformly distributed among all tissues of the body, other than the

thyroid, and is retained with biological half-life of 11 days. 90 % of organic iodine is returned to

the transfer compartment and the rest is excreted via feces.

Biological retention and clearance of assimilated stable iodine in body is given by the following

functions (ICRP-54):

{-3.3E-01 e(-0.693 t/0.24 )+I.8 E-02 e(-0.693 t /11)+3.1 E-01e(-0,693 t / 120)} ]

-(3.3a)

= 0.91 {-3.3E-01e(-0.693t/0.24 )+1.8 E-02e(-0.693 M ll)+3.1E-01e(-0.693t/ 120)}
(3.3 b)

Radiological decay corrections have to be applied to values of R, and excretion fractions obtained

after solving the above functions to obtain the actual R, and excretion fractions. This can be done

by multiplying the values obtained by e 'Xt where, X = 0.0866 per day.

3.3.1.8. In case of 1-131, special monitoring by thyroid counting is often supplemented by

urine analysis. This has been observed to be necessary for the evaluation of correct intake,

since hair may get contaminated in case of acute exposures and immediate decontamination of

hair may be difficult. Contamination of hair will interfere with measurement of I311 in thyroid by

whole body counting (Thampan et al, 1982) and in such situations urinary excretion data will

help in the calculation of correct intake of iodine. Urinary excretion data is tabulated for use in

case of both regular and contract / casual workers in Sections 3.3.2 and 3.3.3. respectively.

3.3.1.9. Maximum underestimate error in computed intake of I31 I (Teff = 7.5 days) for a

periodicity of once in a 14 days for Class D compounds is,

XnmT / TefT =1.9
" / 1 \ T/2T „

XQ ( 2 ) eff
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3.3.2. DIL,DRL and data for computation of Intake and Dose - Special monitoring for

regular employees for 13II Class D, 5 \im AMAD particles.

Referencelevels (RLs) ALI IL(S)=0.1ALI RL(S)=0.03 ALI

Intake (kBq) 700 70 21

CED(mSv) 20 . 2 0.6

Intake = Thyroid
Thyroid

CED

Days

Content
retention fraction

(mSv) = Intake (kBq) x 2.9 E-02

after exposure

= Urinary
Urinary

mSv/kBq

Thyroid retention fraction

excretion
excretion fraction

Urinary excretion fraction

1 0.237 0.451

2 0.243 0.086

3 0.224 0.023

4 0.204 6.2 E-03

5 0.185 1.9 E-03

6 0.169 6.5E-04

7 0.153 3.5E-04

15 0.072 2.2E-04
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3.3.3. DIL,DRL and data for computation of Intake and Dose - Special monitoring for

casual / contract workers for 1311 Class D, 5 jam AMAD particles.

Reference Levels (Rls) 0.75 ALI 1L = 0.1(0.75 ALI) RL = 0.04 (0.75 ALI)

Intake (kBq) 525 52 21

Dose(mSv) 15 1.5 0.6

Monitoring : Immediately on completion of work

Intake =

Days after

Thyroid Content
Thyroid retention fraction

CED (mSv) = Intake (kBq) x

= Urinary
Urinary

excretion
excretion fraction

2.9 E-02 mSv/kBq

exposure Thyroid retention fraction Urinary excretion fraction

1 0.237 0.451

2 0.243 0.086

3 0.224 0.023

4 0.204 6.2 E-03

5 0.185 1.9 E-03

6 0.169 6.5E-04

7 0.153 3.5E-04

15 0.072 2.2E-04
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3.4 Derived Levels and Dose Computation Procedures for Cs-137

3.4.1 General information

3.4.1.1.Cesium-137 in power reactors behaves as inhalation Class D.(Hegde,1995)

3.4.1.2. ALI (1 jim) = 2000 kBq (ICRP-61, 1990)

Based on the methodology given in Section 2.2, ALI (5 urn) for 137Cs Class D is

ALI(5um) = i48_+i l f , J * ALI (1 ^m) (2.9 b)
(54 +37f t)

where, f, = 1 . 0 and ALI ( 1 urn ) = 2000 kBq for I37Cs Class D

ALI (5 urn) = 6 1 * 2000
91

1385 kBq

= 1400 kBq

3.4.1.3. Dose Conversion Factor (DCF) (1 um ) = 1.0E-02 mSv/kBq (ICRP-61, 1990)

DCF (5 urn) = _20_mSv/ kBq = 1.4 E-02 mSv / kBq
1400

3.4.1.4. Corrections have to be made for the body content retained from previous intakes to

arrive at the net body contents which alone are resulting from fresh intake as l37Cs has a

retention half-life of 110 days in the body.

3.4.1.5. Effective retention half life of Cs-137 in the body, is 110 days.

3.4.1.6. Metabolic functions for intake and retention for 137Cs

Biological retention and clearance of stable cesium from transfer compartment is

represented by the following functions (ICRP-54) :

. = {0.1e(-0.693t/2) + 0.9 e(-0.693 t /110 )}

*S. absorbed = 0.91 { 0.1 e(-0.693 t/' 2 ) Hh 0.9 e(-0.693 t / 110)}

n 4 a)

(3.4 b)

In case of 137Cs , effective half-life is nearly the same as biological half-life (110 days) because

radiological half-life is comparatively longer (Tr = 30 years).
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Urinary excretion ofabsorbed

*-"^\, per unil uptake "~ t ^

Eu, = 0.91 {2.8

stable cesium is

.8 E-02 e(-0.693

E-02 e(-0.693 t /

represented

t / 2 ) +--4

2) + 4.5

by:

.5 E-03 e(-0.693

E-03 e(-0.693 t /

t / 1 1 0 ) }

110)}

- - ( 3 .4 c)

-(3.4 d)

Radiological decay corrections has to be applied to values of R, and excretion fractions obtained

after solving the above functions to obtain the actual R, and excretion fractions. This can be done

by multiplying the values obtained by e ' u where, X = 6.33 E-05 per day.

3.4.1.7. Methodology for computation of whole body retention and correction for

previous intakes:

a. Whole body retention,

(I) For inhaled 1 urn AMAD, (Class D) l37 Cs , at different periods of time have been drawn

from ICRP-54 (1988) and are as follows.

R, = 0.61

R,o = 0.32

R,so =0.18

R36O = 0.059

R540 = 0.0188

Rsoo = 1.95 E-03

R1250 = 2.02 E-04

The retention upto 180 days are tabulated in the data for 137Cs (ICRP-54). For 360 days onwards

data are obtained from the whole body retention graph for acute exposure ( Fig.56, pp.161,

ICRP-54, 1988).

(ii) For inhaled 5 urn AMAD , Class D l37Cs are as follows.

R, = 0.88

Rw = 0.46

R,80 = 0.26

R360 = 0.085

R54O = 0.027

R ^ = 2.82 E-03

R1260 = 2.92 E-04
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b. Correction from previous intakes.

R, , Retention fractions, for 5 urn AMAD particle size are to be used in the equation given in

section 2.11.

3.4.1.8. DIL , DRL and data for computation of intake and dose for regular workers for routine

monitoring are given in section 3.4.2.

Special monitoring of workers is usually supplemented by urine analysis. Required urinary

excretion data are tabulated for use under such circumstances for regular and contract / casual

workers in Sections 3.4.3 and 3.4.4. respectively.

3.4.1.9. Maximum underestimate error in computed intake of Cs-137 (T^ = 110 days) for a

periodicity of once in a year for Class D compounds is,

x» ( 2 >T/ Teff =3.1 s 3.0
x;(2)T / 2 Teff
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3.4.2. DIL,DRL and Data for computation of Intake and Dose - Routine Monitoring for

Cs-137 Class D, 5 jim AMAD particles.

Reference Levels(RLs)

Intake I (k Bq )

Dose (mSv)

Monitoring period (T)

days

No. of monitorings in

a year (N)

Mid point of monitoring

(t) days

Retention fraction R(t)

ALI

1400

20

360,

1

180

0.26

IL(R) = 0.3 ALI

420

6

360

1

180

0.26

RL{R) - 0.03 ALI

42

0.6

360

1

180

0.26

Derived Body content levels* 360

(kBq) I * R,

110 11

CEDmSv/ (kBq net body content) 0.055

Dose /1 * R,

Intake per unit body 3.9

content RL / 1 * R,

0.055

3.9

0.055

3.9

* Correction is to be applied if required from previous intakes before applying R(t).
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3.4.3.DIL,DRL and Data for computation of Intake and Dose - Special monitoring for

regular employees Cs-137, Class D , 5 ^m AM AD particles.

Reference levels (RLs) ALI IL(S)= 0.1 ALI

Intake (kBq) 1400 140 42

CED(mSv) 20 2 0.6

RL(S)= 0.03 ALI

Intake

CED

= Body
Whole

Content =
body retention Fraction

(mSv) = Intake (kBq)

Days after exposure Whole

x 1.4E-02mSv/kBq

body retention fraction

Urinary excretion
Urinary excretion fraction

Urinary excretion fraction

1

2

3

4

5

6

7

15

30

45

60

90

0.88

0.85

0.84

0.83

0.81

0.79

0.78

0.74

0.66

0.61

0.55

0.46

1.9E-02

1.9E-02

1.6E-02

1.26 E-02

1.0E-02

8.4 E-03

7.1 E-03

3.9 E-03

3.3 E-03

3.0 E-03

2.7 E-03

2.3 E-03
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3.4.4. DIL.DRL and Data for computation of Intake and Dose - Special Monitoring for

casual / contract workers for Cs-137, Class D, 5 jam AMAD particles.

Reference levels(RLs)

Intake (kBq)

Dose (mSv)

Monitoring

0.75 ALI IL= 0.1 (0.75 ALI)

1050 105

15 1.5

Immediately on completion of job

RL = 0.04 (0.75 ALI)

42

0.6

Intake = Body Content
Whole body retention Fraction

CED(mSv)= Intake (kBq) x 1.4 E-02 mSv

Days after exposure Whole body retention

=

/kBq

fraction

Urinary excretion
Urinary excretion fraction

Urinary excretion fraction

3

4

5

6

7

15

30

45

60

90

0.88

0.85

0.84

0.83

0.81

0.79

0.78

0.74

0.66

0.61

0.55

0.46

1.9 E-02

1.9 E-02

1.6 E-02

1.26 E-02

1.0 E-02

8.4 E-03

7.1 E-03

3.9 E-03

3.3 E-03

3.0 E-03

2.7 E-03

2.3 E-03
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SECTION 4

EXAMPLES FOR INTERPRETATION OF DATA

The metabolic data used for computation of dose in following examples is from the generic

equations given in ICRP - 54 (1988) for the relevant radionuclides. These equations were

formulated for ICRP reference man (Caucasian man), but it is observed that the Indians differ

from the Caucasian man in their physiology, food and other habits and customs. The intakes

evaluated based on these equations may not be true representatives of the intakes. Hence, for

dose computations, it is necessary to evaluate the subject specific data, especially in cases of

acute exposure and such case studies carried out for Indians are given in Section 5.

The examples shown below are hypothetical case studies and so the computed intake from WBC

and urinary excretion data are identical, but in actual practice, the intakes computed from WBC

data and urinary excretion data may differ and in such cases, dose computation is based on the

higher value of calculated intakes.

In these examples the intake computed based on monitoring carried out on different days are

similar, in actual practice this may not be the case and so for reporting the intake an average

value may be considered. However, if the intake computed from one of the measurements varies

drastically from the others than that value should be subjected to outlier test ( CRC Handbook of

Mathematics and Statistics, 1968).

Also in these examples, intake is computed on the basis of WBC data as well as urinary excretion

data. Many a times body content of radioactivity cannot be determined either by WBC or

excretion techniques because of the limitation in detection levels (sensitivity ) of the above

techniques. The Minimum Detectable Activity (MDA) by WBC technique for Co-60,1-131 and

Cs-137 is 60 Bq, 120 Bq and 300 Bq respectively, with counting time of 1000 sees. The MDA

by bioassay technique for Co-60, Sr-90,1-131 and Cs-137 is 15 mBq / L using a low background

gas flow counter and with counting time of 100 mins.



4.1 Assessment of Committed Effective Dose for freshly recruited occupational worker

after a period of one year.

As the worker is freshly recruited it is assumed that he has no earlier exposure history, thus no

corrections are required to be applied to obtain the net body content. In all the examples given

below it is assumed that frequency of monitoring is once in a year ( except for l31 I ) and the

worker has completed one year of service.

l.Co-60, Routine monitoring

Let the measured body content of the freshly recruited occupational worker after a period of one

year is 0.5 kBq,

CED per 1 kBq body content is 0.42 mSv (cf. Table 3.1.2)

.'. CED during current monitoring period = 0.5 * 0.42 mSv = 0.21 mSv

2. Cs-137 routine monitoring

Let the measured body content of the freshly recruited occupational worker after a period of one

year is 1.5 kBq ,

CED per 1 kBq body content is 0.055 mSv (cf. Table 3.4.2)

/.CED during current monitoring period = 1.5 * 0.055 mSv = 0.0825 mSv

3. Co-60 and Cs-137 Special monitoring.

A person is having suspected exposure and reports for monitoring as special case on date 15th

Dec 1997, 2nd day of exposure and is followed up in view of observed Co-60 content and Cs-137

content.



Measured body contents (kBq) Measured urinary excretion (Bq/d)

Day Co-60 Cs-137 Co-60 Cs-137

2 50 20 476 446.5

As on Day 2 the intake is 119 kBq for Co-60 and 23.5 kBq for Cs-137, giving a total CED of 6.3

mSv. Therefore, a repeat urine sample is requested on the very next dey for confirmation of the

earlier results.

3 34.5 19./ 249.9 376

Since Day 3 results also show a significant internal exposure, one more repeat sample is

requested after two weeks to carry out the follow-up study.

15 17.9 17.4 23.8 91.7

Therefore his corresponding intakes for the above data work out in kBq as,

From body content (kBq) From urinary excretion

(kBq)

Day

2

3

15

Co-60

119.0

119.0

119.0

Cs-137

23.5

23.5

23.5

Co-60

119.0

119.0

119.0

Cs-137

23.5

23.5

23.5

Average Intake 119.0 23.5 119.0 23.5

CEDs 5.95 mSv 0.329 mSv 5.95 mSv 0.329 mSv

Conclusion

Intake computed is 119 kBq for Co-60 and 23.5 kBq for Cs-137 and thus his CED = 5.95 mSv

+ 0.329 mSv = 6.3 mSv.

As the computed CED is greater than investigation level, a follow-up study should be carried out

for better estimate of dose and to evaluate Teff.



4. 1-131 Special monitoring.

A person is having suspected exposure and reports for monitoring on 1st Jan. 1998, day 1 within 2

hrs. and is followed -up in view of observed thyroid content.

Measured thyroid content and urinary excretions are,

Day Thyroid content Urinary excretion

kBq kBq/d

1 50

As on Day 2 the intake is 211 kBq for 1-131, giving a total CED of 6.1 mSv. Therefore, a repeat

urine sample is requested on the very next day for confirmation of the earlier results.

2 51.3 18.1

Since Day 3 results also show a significant internal exposure, one more repeat sample is

requested on the seventh day to carry out the follow-up study.

7 32.2 0.074

The corresponding intakes for above data work out to as follows

Day

1

2

7

Average intake

Conclusion.

From Thyroid content
kBq
211

211

211

211

From Urinary excretion
kBq

211

211

211

Intake computed is 211 kBq and the CED = 211 kBq * 2.9 E-02 mSv/kBq = 6.1 mSv.

As the computed CED is greater than investigation level, a follow-up study should be carried out

for better estimate of dose and to evaluate Tefr.
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5. Sr-90 Annual routine monitoring

1. Measured urinary excretion (Eu) as on 01.01.98 = 0.5 Bq/d

2. Monitoring period T days = 360 days

3. Net urinary excretion (after subtracting the = 0.5 Bq / d
contributions of the previous exposure. In this case
previous exposure is NIL)

4.Intake corresponding to measured = 0.5

net urinary excretion 6.3 E-05

= 7.9 kBq

CED per kBq measured urinary excretion is 0.067 mSv (cf.3.3.2)

5. CED corresponding to the work period = 7.9 * 0.067
(lyear)

= 0.53mSv

6. Special monitoring for Sr-90

A person reports for bioassay on 03.01.98 i.e. second day following a suspected intake.

1. Day Urinary excretion (Eu) kBq/d

2 30.0

Day

2

3

4

15

3

4

15

Urinary
excretion kBq/d
30.0

26.3

21.4

2.12

26.3

21.4

2.12

Intake
kBq
493.4

493.4

493.4

493.4

Average 493.4

Dose
mSv
33.1

33.1

33.1

33.1

33.1
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Conclusion

1. On observing 30 kBq/d urinary excretion which will correspond to 33.1 mSv dose

immediately repeat sample should be requested and person should be kept away from radioactive

work.

2. On confirmation of higher intake by analysis of repeat samples, the person should be laid off

for a preliminary assessment and follow-up studies.

3.After two weeks: Intake is about 493.4 kBq (average) and leads to CED of 33.1 mSv, higher

than annual dose limit and so the worker should be laid off from radiation work to carry out

follow-up studies. Urine sample of the worker must be analysed once in a month.

4. Individual biokinetic parameters should be worked out and dose should be finally reassessed

based on the observations.

4.2 Assessment of Committed Effective Dose for occupational worker having previous

exposure history.

l.Co-60, Routine monitoring

Let measured body content on 30.01.98 = 5 kBq and on 30.01.97 be 6 kBq

The intake corresponding to 6 kBq works out to 50 kBq.

Fraction retained from 1997 intake in 1997 = 50 * 0.07 = 3.5 kBq

Net body content from intake during current monitoring period (as on 30.01.98) = 5 - 3 . 5 kBq

= 1.5 kBq

CED per 1 kBq body content is 0.42 mSv (cf. Table 3.1.2)

.". CED during current monitoring period = 1.5* 0.42 mSv = 0.63 mSv



2. Cs-137 routine monitoring

Let measured body content on 30.01.98 = 6 kBq and on 30.01.97 be 7 kBq

The intake corresponding to 7 kBq works out to 26.9 kBq.

Fraction retained from 1997 intake in 1997 = 26.9 * 0.027 = 0.73 kBq

Net body content from intake during current monitoring period(as on 30.01.98) = 6 - 0.73 kBq

= 5.27 kBq
CED per 1 kBq body content is 0.055 mSv (cf. Table 3.2.2)

.". CED during current monitoring period = 5.3 * 0.055 mSv = 0.29 mSv

3. Co-60 and Cs-137 Special monitoring.

A person is having suspected exposure and reports for monitoring as special case on date 15*

Dec 1997,2nd day of exposure and is followed up in view of observed Co-60 content and Cs-137

content.

Measured body contents (kBq)
Day Co-60 (kBq) Cs-137 (kBq)

2 52 20

3 37 19.8

Since Day 3 results also show a significant internal exposure, one more repeat sample is

requested after two weeks to carry out the follow-up study.

15 20.8 17.5

Earlier exposure history (as on 30.01.97), the person has shown the following body contents and

the corresponding intakes are as follows.

Measured Body Content (kBq) Intake (kBq)
Co-60 Cs-137 Co-60 Cs-137

6 7 50 26.9

Co-60 Cs-137
Body content retained from previous intake (kBq) 3.5 0.73
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Net body content (kBq) from present exposure

Day Co-60 Cs-137

2 48.5 19.3

3 33.5 19.12

15 17.3 16.8

Intakes (kBq) worked out ,is

Day Co-60 Cs-137

2 115.5 22.7

3 115.5 22.7

15 115.5 22.7

Average Intake works out to be 115.5 kBq 22.7 kBq

Corresponding CEDs are 5.77 mSv 0.32 mSv

Total CED = 6.09 mSv

Conclusion
As the computed CED is greater than investigation level, a follow-up study should be carried out
for better estimate of dose and to evaluate Tefr.

4. 1-131 Special monitoring.

A person is having suspected exposure and reports for monitoring on 1st Jan. 1998, day 1 within 2

hrs. and is followed -up in view of observed thyroid content.

Measured thyroid content and urinary excretions are,

Day Thyroid content Urinary excretion

kBq kBq/d

1 50

2 51.3 18.15

3 47.3 4.85

5 39.04 0.401

7 32.3 0.074

The corresponding intakes for above data work out to as follows

47



Day

1

2

3

5

7

Average intake

Conclusion.

From Thyroid content
kBq
211

211

211

211

211

211

From Urinary excretion
kBq

211

211

211

211

211

Intake computed is 211 kBq and the dose is,

CED = 211 kBq * 2.9 E-02 mSv/kBq =6.12 mSv.

As the computed CED is greater than investigation level, a follow-up study should be carried out

for better estimate of dose and to evaluate Te(r.

5. Sr-90 Annual routine monitoring

1. Measured urinary excretion (Eu) as on 01.01.98 = 0.5 Bq/d

2. Measured urinary excretion as on 01.01.97 (Up180) = 0.5 Bq/d

3. Monitoring period T days = 360 days

4. Contribution from 2 to 1 Eu54o_*Up]8O = 0.098

5. Net urinary excretion = 0.5-0.098

0.402



6.Intake corresponding to measured
net urinary excretion

0.402
6.3 E-05

= 6.4 kBq

CED per kBq measured urinary excretion is 0.067 mSv (cf. 3.3.2)

= 6.4*0.067

= 0.43mSv

7. CED corresponding to the work period
(lyear)

6. Special monitoring for Sr-90

A person reports for bioassay on 03.01.98 i.e. second day following a suspected intake.
1. Day

2

3

4

15

30

Urinary excretion (Eu) kBq/d

30.0

26.3

21.4

2.12

0.311

2. Contribution from earlier intake.

The person is known to have an earlier urinary excretion of 2.0 Bq/d measured on 01.12.97.

Time elapsed from earlier measurements and contributions to the present measurements - 3 0

days is negligible compared to current daily excretion since earlier Eu is only 2 Bq/d.
Day Urinary

excretion
kBq/d

Time (days)
from earlier
measurement

Net
Eu
kBq/d

Intake
kBq

Dose
mSv

15

30

30.0

26.3

21.4

2.12

0.311

32

33

34

45

60

30.0

26.3

493.4

493.4

33.1

33.1

21.4

2.12

0.311
Average

493.4

493.4

493.4
493.4

33.1

33.1

33.1
33.1



Conclusion

1. On observing 30 kBq/d urinary excretion which will correspond to 33.1 mSv dose

immediately repeat sample should be requested and person should be kept away from radioactive

work.

2. On confirmation of higher intake by analysis of repeat samples, the person should be laid off

for a preliminary assessment and follow-up studies.

3.After a month: Intake is about 494.3 kBq (average) and leads to CED of 33.1 mSv, higher than

annual dose limit and so the worker should be laid off from radiation work to carry out follow-up

studies. Urine sample of the worker must be analysed once in a month.

4. Individual biokinetic parameters should be worked out and dose should be finally reassessed

based on the observations.
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SECTION 5

FOLLOW-UP STUDIES IN INDIA

Reported follow-up studies made in India on biokinetic parameters required for

computation of internal dose.

There has been a concerted effort to generate Indian data mainly on biological half-life and

compartment size to be used for realistic assessment of internal dose relevant for nuclear

installations in India. This is possible only in cases of acute exposure where studies can be

undertaken for longer period.

Observations reported from different Indian laboratories on Co-60, Sr-90, 1-131 and Cs-

137 are summarised in Tables 5.1, 5.2, 5.3 and 5.4 respectively. The important conclusions are

summarised below for each of the radionuclides.

a) Cobalt-60

There have been 10 case studies on cobalt by Hegde et al (1995) and 4 by Raghavendra et

al (1978) adding to a total of 14 case studies in India.

Relevant results are summarised in Table 5.1. The Tb for Co-60 slow component in chest

varies from 320 days to 17613 days. Leaving the 7471 and 17613 days as outliers, the geometric

mean for Tb in chest is found to be 1370.5 with geometric standard deviation of 2.8 for 12 cases.

The Tb for Co-60 in total body varies from 614 to 25243 days. Considering 25243 days as

outlier, the the geometric mean for Tb in total body is found to be 916.3 with geometric standard

deviation of 1.6 for 3 cases.

Geometric mean for biological retention fraction (fast component) is 0.97 with geometric

standard deviation of 1.01 (3 cases) leaving 0.309 and 0.77 as outliers and for slow component it

is 0.11 with geometric standard deviation of 4.8 (6 cases).

An equation has been developed by Hegde and Rao (1995) based on the values obtained in

four studies where all the parameters were evaluated.
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Co-60 R, = 0.84 exp(-0.693 t / 0.8) + 0.08 exp(- 0.693 t / 51) + 0.08 exp (-0.693 t /1325)

However number of case studies following exposure to Co-60 are not sufficiently large in

number to warrant a change in the parameters used. Therefore, ICRP values are recommended

for dose assessment purposes.

b) Strontium-90

There has been a single case study of Sr-90 reported in India by Kamala Rudran (1985).

Study was carried out for 2500 days. Fractional deposition in compartments could not be

obtained since the longer half-life component was not followed for sufficiently long period nor

was the initial intake known. Results are summarised in Table 5.2. Therefore, ICRP values are

recommended for dose assessment purposes.

c) lodine-131

Hegde (1995) has reported four cases following intake of 1-131, Rudran (1980) has

reported a single case study and Raghavendra et al (1978) have reported three cases. Results are

summarised in Table 5.3. Fractional deposition in different compartments has not been evaluated

in any of these studies.

Tb for 1-131 in thyroid varies from 16.4 to 1 lOdays for 8 cases studied. The geometric

mean for Tb in thyroid is 41.6 with geometric standard deviation of 2.03.

However, number of case studies following exposure to 1-131 are also not sufficiently

large in number to warrant a change in the parameters used. Therefore, ICRP values are

recommended for dose assessment purposes.

d)Cesium-137

Twelve follow-up cases were reported by Raghavendra et al (1978), four case studies

have been reported by Hegde and Rao (1995) and two cases by Kamala R.(1985).
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Results are summarised in Table 5.4. The Tb for cesium in body varies from 40 days to

117 days for 18 cases studied . Geometric mean for Tb for slow component is 71.8 with

geometric standard deviation of 1.28 ( 18 cases).

An equation has been developed by Hegde and Rao (1995) based on the four case studies

and is as follows.

Cs-137 R, = 0.35 exp (-0.693 t /1) + 0.65 exp (-0.693 t / 60 )

However number of case studies following exposure to Cs-137 are also not sufficiently

large in number to warrant a change in the parameters used. Therefore, ICRP values are

recommended for dose assessment purposes.

In the case of cesium, from a detailed review study of the cases reported in literature,

Rudran (1985) has observed that out of the 173 cases Internationally reported, 162 cases show

Teff between 48 to 90 days whereas 11 cases show Tefr 90 to 155 days. The literature survey

indicates that a reduction of Tb for cesium should be considered to around 65 days and if not

considered will lead to underestimation errors in computed dose which generally not desirable.

Geometric mean for biological retention fraction for fast and slow component for 4

cases are 0.34 and 0.66 with geometric standard deviation of 1.07 and 1.03 respectively. A case

showing retention of 0.1 and 0.9 is an outlier and is not considered in determination of

biological retention.

Note
Application of Outlier test is explained in APPENDIX 1
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• *

* *

37

24

40

**33

**32

**35

• *

* *

32

29

* *34

Table 5.1
Biological retention of Co-60

Subject
Age
(years)

# 27

#32

#37

#29

** 31

Period of ##
study
(Days)

6 -1003

103-1250

7 -985

6 -411

1-1175

TB*
chest

TB*
chest

TB*
chest

TB*
chest

chest

Biological half-life in
Fast Intermediate

(Days)

—

72
68

_.

1.2 105

days
Slow

1522
1397

25243
17613

831
854

614
539

4008

Biological retention
Fast Intermediate

(Days)

„

0.297
0.309

_.

0.77 0.1

fraction
Slow

—

—

0.703
0.691

—

0.13

3 -1193 chest

50 -1170 chest 134

0-80

1-11

chest 0.4

chest 0.4

1 -8 chest 1.3

1@ -136 chest --

1@-118 chest --

19 -160

11-147

chest

chest

7471

4525

4525

4525

4525

598

676

355

320

0.14

0.96

0.98

0.97

0.86

0.04

0.02

0.03

* TB = Total Body
@ chronic exposure case the first counting date is designated as day 1.
# Raghavendra et al, 1978
**HegdeandRao, 1995.
## Period of follow-up in days indicates the duration of case study following the exposure.



Subject
Age (years)

* 45

Period of ##
follow-up

(Days)

1 - 2598

Table 5.2
Biological retention of Sr-90

Biological half-life
Fast Intermediate

(Days)

0.25 48.1

Slow

719.8

* Kamala Rudran, 1985.

## Period of follow-up in days indicates the duration of case study following the exposure.

Table 5.3
Biological retention of 1-131

Subject
Age (years)

# 36

# 34

# 35

* 45

**43

** 32

** 26

** 34

Period of ##
follow-up
(Days) '

3-89

a

1-18

3-50

3-28

1-6

1-5

Biological half-life
(thyroid)
(Days)

48

59

75

110

69

20.8

16.4

17.4

# Raghavendraetal, 1978

* Kamala Rudran, 1980.

** HegdeandRao, 1995.

## Period of follow-up in days indicates the duration of case study following the exposure.
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Table 5.4
Biological retention of Cs-!37

Subject Period of ## Biological half-life
Age (years) follow-up Fast Intermediate Slow

(Days) (Days)

Biological retention
Fast Slow

# 35

# 36

# 44

# 23

U 29

45

* ..

4 - 139

10-456

4 -270

4 -206

#

u

u

u

#

#

#

32

31

28

29

42

33

37

48 - 346

11-120

11-120

14- 151

17-72

5 -342

7 -344

9 - 9 8

**

**

**

**

24

31

32

43

1

3

—

--

-60

- 150

18

< 1

3.85

109

117

82

76

78

90

40

80

55

70

72

65

61.5

79.7

58

60

60

82

0.311

0.36

0.333

0.1

0.35

0.689

0.64

0.667

0.9

0.65

# Raghavendra et al, 1978

* Kamala Rudran, 1980.

** HegdeandRao, 1995.

## Period of follow-up in days indicates the duration of case study following the exposure.
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FIG. 1 . LUNG MODEL (ICRP-30, 1978)
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Per cent ageDeposilion

Fig. 2 . Deposition of dust in the respiratory system. The percentage of
activity or mass of an aerosol which is deposited in the N-P, T-B and P
regions is given in relation to the Activity Median Aerodynamic Diameter
(AMAD) of the aerosol distribution. The model is intended for use for
aerosol distributions with AMADs between 0.2 and 10 u.m and with geo-
metric standard deviation of less than 4.5. Provisional estimates of
deposition further extending the size range are given by the dashed
lines. For an unusual distribution with an AMAD of greater than 20 urn,
complete deposition in N-P can be assumed. The model does not apply to
aerosol with AMADs of less than o.1 urn.
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BHABHA ATOMIC RESEARCH CENTRE
HEALTH PHYSICS DIVISION

ENVIRONMENTAL SURVEY LABORATORY

WHOLE BODY COUNTING REPORT FOR ANNUAL ROUTINE MONITORING

Report No. Plant/Division Date
SrNo. Date of

counting
Name TLD

No.
Section Net

body content
Co-60 Cs-137

CED
Co-60

mSv
Cs-137

Total
mSv

A — Below recording level,

B — Below detection limit

Recording level CED for annual routine monitoring is 0.6 mSv(total)



BHABHA ATOMIC RESEARCH CENTRE
HEALTH PHYSICS DIVISION

ENVIRONMENTAL STUDIES LABORATORIES

WHOLE BODY COUNTING REPORT FOR SPECIAL MONITORING (REGULAR / CASUAL / CONTRACT WORKERS)

Report No. Plant/ Division Date
SrNo. Date of

counting
Name TLD

No.
Section Net

thyroid
content 1-131

Net
body content
Co-60 Cs-137

Co-60
CED mSv

Cs-137 1-131
Total
mSv

A — Below recording level,
B — Below detection limit

Recording level CED for special monitoring is 0.6 mSv total (contract workers)



BHABHA ATOMIC RESEARCH CENTRE
HEALTH PHYSICS DIVISION

ENVIRONMENTAL SURVEY LABORATORY

BIO ASSAY REPORT FOR ANNUAL / SPECIAL URINARY MONITORING

Report no. :
Name TLD

No.

Plant/Division
Section Sampling

Date
Nature of

Sample
Isotope

Date
Net Urinary
Excretion
Bq/day

CED
mSv

A — Below recording level,
B — Below detection limit

Recording level CED for special monitoring is 0.6 mSv total



APPENDIX 1

Outlier test is carried out based on the methodology given in CRC Handbook of Mathematics and

Statistics (1968). The observations are arranged in an ascending order. The method is based on order

statistics for ratios of distances between tail observations. The ratio is given by :

(1)

where,

x (i, = first observation when the values are arranged in the ascending order

x(n) = last observation when the values are arranged in the ascending order

x(n.,, = second last observation when the values are arranged in the ascending order

The values of r10 are tabulated for n number of observations and for different confidence levels. The

ratio from observed values is compared with that from the table at (oc005) i.e. at 95 % confidence

level. For a particular observation if the ratio is greater than oc005 than that value is rejected or is

considered as an outlier.

For example from Table 5.1 it can be seen that biological retention of Co-60 in the whole body varies

from 614 - 25243 days. The values are first placed in ascending order i.e. 614 , 831, 1522 and 25243

days. From equation 1,

rl0 = 25243-1522 = 0.963

25243-614

The value of a o.o5
 IS 0.765 for four observations at 95 % confidence level. This value when compared

with that obtained above indicates that the value of 25243 days is an outlier and thus is to be rejected.

Now for the remaining three values again the outlier test is carried out, the ratio is 0.761 and that from

the table for 3 observations is 0.941, thus 1522 days is not an outlier and thus taken into account while

doing the calculations.
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