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Introduction 

British Nuclear Fuels pic and its predecessors have provided a complete range 
of nuclear fuel services to utilities in the UK and elsewhere for more than 
30 years. Over 30,000 tonnes of Magnox and Oxide fuel have been reprocessed 
at Sellafield. During this time substantial experience has accumulated of 
methodologies for the assessment of exposure to actinides, mainly isotopes of 
plutonium. The purpose of the paper is to present some conclusions of 
contemporary work in this area. 

For most of the period monitoring of personnel included assessment of systemic 
uptake deduced from plutonium-in-urine results. By the early 1980's it was 
apparent that the Langham function (1) predicted excretion rates which became 
progressively lower than observation as time increased (2)(3). The degree of 
underestimation had been shown (4) to approach an order of magnitude at 
10,000 days post uptake. 

Development of A Urinary Excretion Function 

Against this background Jones (5) developed a four-term exponential excretion 
function which represented the most probable level of excretion from subjects 
following known uptake of plutonium. Data for subjects whose urinary 
excretion was judged (6)(4) to be representative of persons in normal health, 
intravenously injected with Pu (IV) were used as the basis for deducing the 
excretion function: 

f (t) - 0.00475 exp (-0.558t) 
+ 0.000239 exp (-0.0442t) 
+ 0.0000855 exp (-0.00380t) 
+ 0.0000142 exp (-0.0000284t) 

From the results of monitoring occupationally exposed persons at Sellafield 
this function was tested in two ways:-

Firstly, a comparison was made between the observed time development of 
excretion and the behaviour predicted by the excretion function, for two cases 
having intakes occurring in a limited and well defined time period, 
considerable excretion data above the limit of detection and no confounding 
effects associated with further exposure or translation from a non- systemic 
pool. 

The second test was to compare uptake estimates with data obtained at autopsy 
on over 20 ex-plutonium workers at Sellafield. Assessments were performed by 
personnel having no knowledge of the autopsy data and it was possible to show 
that the value deduced for total uptake was insensitive to the choice of 
uptake regime within reasonable constraints determined by the work history of 
the individual. These estimates invariably exceed those from autopsy but were 
clearly more consistent with autopsy data than estimates based on the Langham 
function. 



Legislation In the VK 
With full effect from 1 January 1986, new legislation - the Ionising 
Radiations Regulations 1985 - was brought into force in the United Kingdom. 

The law gives effect to the recommendations of ICRP Publication 26 (7) in so 
far as dose limitation and dose limits are concerned. 

Determination of committed dose equivalents or committed effective dose 
equivalents relies on determination of the increase of activity present in the 
relevant organs in the year. For long-lived long-retained radionuclides the 
dose equivalent actually received in the year of intake may be as little as 
one fiftieth of the committed dose. In these situations routine biological 
sampling may not be sufficiently sensitive to detect such small increments in 
exposure and therefore assessment of intake using personal or work-place air 
sampling is used. The UK system permits use of a quantity known as Compliance 
Index, defined as: 

+ Compliance - External dose Intake 
Index Annual Dose Limit Annual Limit on Intake 

If the Compliance Indices (stochastic and non-stochastic) are less than or 
equal to unity at the end of a year then compliance with statutory limits is 
demonstrated. 

In order to demonstrate compliance with the law widespread use of personal air 
samplers (PAS) was introduced in 1986. The arrangements provided 500,000 PAS 
units annually to 3500 regular users. Special biological sampling was 
initiated on each occasion that a PAS result implied an intake greater than 
ten percent of the Annual Limit Of Intake as determined from ICRP Publication 
30 (8) during a single work period of 8 hours. A protocol became necessary 
for the combination of biological and PAS results. 

Protocol For Interpretation of Biological Monitoring Results And Personal Air 
Sampler Results 

The interpretation of biological monitoring results and personal air sampler 
(PAS) results relies on the use of standard ICRP models, for example as 
described in ICRP Publication 23 (9) and Publication 30 (8) unless data shows 
systematic departure from model prediction. In principle, and indeed in 
practice, urine sample results, faecal sample results and personal air sampler 
results can each imply different values for the intake being investigated and 
a protocol for the treatment of data is therefore required. Figure 1 shows 
the protocol used. 

108 



Discussion of Results 

The conclusions from assessments of suspected single acute exposure 
> 0.1 x Annual Limit on Intake are summarised below: 

Number of assessments 

Assessment result Implies 
intake greater than PAS result 

Insufficient information to 
confirm or refute PAS result 

Assessment result Implies 
intake less than PAS result 

1986 

228 

14 (6%) 

114 (50%) 

100 (44%) 

1987 

159 

4 (2%) 

39 (25%) 

116 (73%) 

In Figure 2 is plotted data pairs corresponding to the values of the 
assessment result and the PAS result for each suspect acute exposure which was 
investigated. 

Figure 3 shows the results of faecal sampling in relation to urine 
sampling. Figure 4 shows the results of faecal sampling in relation to the 
PAS result. 

The following comments can be drawn from these data: 

i there Is no obvious correlation between PAS data, urine sample data and 
faecal sample data 

ii biological sample results generally imply intakes smaller than indicated 
by personal air sampler 

iii urine sample results generally imply intakes larger than indicated by 
faecal samples. 

The latter observation should be interpreted with caution s£tice the chemical 
limits of detection for plutonium (alpha) analysis (4 x 10 Bq/litre for 
urine and 7 x 10" Bq/sample for faeces) tend to produce this effect. In 
addition, for some cases there is the confusing influence of low level chronic 
excretion. 

Interpretation of biological sample data in terms of intake or uptake (as 
appropriate) has an uncertainty of typically + 60% (95% confidence) based on a 
fit of the excretion data to the excretion function. 
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An intake of 1 x Annual Limit on Intake for lung Class W material can be as 
little as 120 Bq of alpha activity, which would be expected to give rise to 
systemic uptake of 15 Bq of plutonium (alpha). Such an increment in uptake is 
difficult if not impossible to discern in people occupatiorially exposed for 
tens of years. In cases like these the PAS result, by default, becomes used 
to assess compliance index and could indicate failure to demonstrate 
compliance with statutory limits. This situation is most unsatisfactory. 

The basic difficulty arises because 

a the personal air sampler behaves as a statistical sampling device when 
operated in an environment having only a few to a few tens of particles 
per m , 

b trivial levels of surface contamination, once transposed to the air 
sampler, can appear to indicate significant inhalation, 

c the absolute magnitude of statutorily significant uptake is small and 
implies increments in urinary excretion close to the limits of the 
existing assessment techniques, 

d when in doubt, model parameters are chosen to overestimate 
intake/committed doses for the purpose of demonstrating statutory 
compliance. 

Little doubt exists that the protracted use of personal air samplers does 
provide a useful indicator of general environmental airborne contamination 
levels. Their use does not lead to an understanding which is different from 
that derived from installed air sampling equipment providing due account is 
taken of siting characteristics of this equipment. In addition, personal air 
sampling does provide a convenient means of identifying particular tasks or 
particular working methods which apparently give rise to localised enhanced 
levels of airborne contamination. In these respects timely information is 
produced for decision making by management. However, as is evident from the 
data presented, there is no clear relationship between significant PAS results 
and the evidence from biological sampling. Indeed this is a source of 
confusion. The dilemma arises through the importance which the assessment of 
intake necessarily assumes as a consequence of the ICRP Publication 26 (7) 
scheme of dose assessment (use of committed dose concept) and dose accounting 
(ascribing committed doses to year of intake) when applied to long-lived 
long-retained radionuclides. 

Protection procedures intended to demonstrate proper control and limitation of 
individual radiation exposure depend for their effectiveness on the extent to 
which occupationally exposed people understand the underlying philosophy. 
Apart from a few specialists, most such people are not at ease with the 
concept of committed dose and show no signs of becoming so. 
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The dose accounting convention seems strange since it requires the summation 
of received dose (external dose equivalent) and dose to be received over the 
next SO years If the individual lives long enough (arising from committed dose 
equivalents due to internally deposited radionuclides). Finally, the rather 
uncertain theoretical connection between intake and systemic uptake serves to 
confirm the sceptics' opinion that the underlying philosophy is hard to 
penetrate. 

It must follow that there can be no adequate resolution within the formalism 
of ICRP Publication 26 (7) and therefore the Ionising Badiation Regulations 
1985 in the UK. What is required is to divorce assessment of intake from 
assessment of dose equivalent, on the practical grounds that assessment of 
intake via personal air sampling is a useful tool for producing information 
about radiological conditions generally but is a poor guide to the magnitude 
of systemic uptake. Of course, over a period of some years employment there 
may be the prospect of urinary excretion of plutonium achieving a detectable 
level which could then be used to assess systemic uptake and dose equivalents 
to organs. 
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Figure 1 : Protocol For Dealing With Biological Monitoring 
And PAS Results 

Is appropriate 
biological data 

available? 

Are results 
> limit of detection 

YES 

Sample i 
post exposure 

results 
> pre exposure 

YES NO 

Accept estimate 
based on PAS 

Accept estimates 
based on 
biological data 

Do sample results 
imply intake 

< PAS 

YES NO 

Accept estimates 
based on 

biological data 

Accept estimates 
based on PAS 

Enter dose in 
dose record 

Enter compliance 
Index on 

Dose Record 

Note a urine data is preferred for the assessment of systemic uptake 
faecal data is preferred for the assessment of intake 
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FIGURE 2 ASSESSMENT RESULT vs PAS RESULT 
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FIGURE 3 FAECAL ASSESSMENT vs URINE ASSESSMENT 

CD 
LU 

D_ 
E 
<E 
en 

<L 
v_> 
LU 
<X 

z: o 

LLi 

<L 

1E+-01 —i 

lE+00-

• 1986 

o 1987 

1E-B1H 

ci 

1E-B2-E] 

^ • • 

D P • 
• • • • • Q 

• • (53 • 4 • • 
o 

s 
51 
ui 
CJl 
LU 
Ul 
CD 
<E 

• 

1E-03-S-O »B[p • CUD BCD • T • • • • 
1E-01 1E+00 

DOSE EQUIVALENT TO BONE SURFACES 
(FRACTION OF DOSE L I M I T ) 

1E+ 



FIGURE 4 FAECAL ASSESSMENT vs PAS RESULT 
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