APPENDIX A

EXAMPLE OF USE AND VERIFICATION BASED ON ACTUAL EXPERIENCES

1. INTRODUCTION

Bioassay models may be tested by comparing calculated estimates of excreted
radionuclides with bioassay measurement results obtained from actual workers
who have been accidently contaminated.

Because the excretion of radionuclides may be influenced by diet, the health
condition of the worker, age and level of physical and metabolic activity, and
voiding frequency, variation from predicted results and individual variability
should be expected.

There are other possible reasons for actual bioassay data to vary from ex—
pected results. Several simplifying assumptions are used in bioassay models,
e.g. the lung clearance classifications (D, W, and Y) are known, and particle
size distributions have a characteristic 1.0 micrometer activity median aero-—
dynamic diameter. The solubility of the inhaled radionuclide and the actual
particle size distribution are often not known. The time at which a urine or
fecal sample was obtained may not have been well-documented. Additionaly, it
may not be known whether the sample represents a complete or partial sample.
In the general evaluation of bioassay results, assumptions regarding volume of
urine excreted per day or total mass of feces excreted per day may be
necessary due to the lack of specific detail. Using Reference Man (ICRP74)
one assumes a daily urinary excretion of 1.4 L/day and a mass of fecal
excretion of 135 g/day.

Some of the examples in the following sections have been modified so that
specific persons cannot be identified with specific times or places. On the
other hand, the measurements are real and reflect the uncertainty associated
with the interpretation of biocassay measurements.



2. INHALATION OF CLASS D URANIUM

An accident happened and some UF6 was accidentally released from Sequoyah
Fuels Corporation’s Facility at Gore, Oklahoma. In order to assess the public
health impact associated with it, urine samples were collected and analyzed
for uranium. The results showed the maximum uranium intake among on-site
workers was approximately 28 mg (AHIPHATF86), The estimated effective dose
equivalent for this worker was approximately 0.46 mSv (46 mrem). The dose to
the maximally exposed off-site individual, based on uranium biocassay measure-—
ments, was calculated to be 0.014 mSv (i.4 mrem). The potential dose to a
maximally exposed off-site resident based on source term and plume modeling
calculations was 0.022 mSv (2.2 mrem). These radiological doses are insigni-
ficant compared with the background radiation of 1.06 mSv/yr (106 mrem/yr) in
tne areae.

The following is an example showing how to use tables presented here to assess
the intake for three people, whose urine samples were collected and measured.

values of intake in accumulated urine. Decay CO‘r“r‘é“tJ.on is not necessary
because of the very long halflives of U-234, U-235 and U-238. Calculate the
accumulated U in urine excreta as follows:

At t, - t. (A.2.1)

i i i-1
M; = C; x 1.4 L/day x At, (A.2.2)
A; = DAy + DAy + ... + DA, (A.2.3)
i 1 2 i
eele e e
wllgere.
i= sequence number of sample,
ti = time post intake for ith sampling (days)éh
Ci = concentration of uranium in urine from i sampling (ug uranium
per liter), th
AAi = wuranium in i urine sample (Mg uranium),
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and 1.4 L/day is the daily urine volume for Reference Man.
The best estimate of the intake is:
Z r.A,
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where:

I = best estimate of intake in pg (or Bq for radioactivity),

Ai = sample measurement, pg (or Bq for radioactivity),

r; = fraction of intake in accumulated urine at time of ith sampling.
Values of Ty for sampling times shown in Table A.Z2, were obtained from the
Tahle on nace —]ﬁ"( The results can be seen in 'T'oth A 2 Qame camnlinega
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times are not listed on page B-163 and values for r; were determined from
equation 2.5.1 for these times.



Table A.2 Example of Intake Estimates Based on Measurements
of Uranium in Urine

Calculated Estimated

Time of Conc. Of Frac. of Value of Best
Sample Uranium Intake in  Uranium in Estimate

Individual Post Intake, in Urine, Accunm. Accum. of Intake,

Number ty (days) C; (ug/l) Urine, r; Urine, A;(pg) I(ug)

1 0.20 6,100 0.0500 1,700

1 0.60 990 0.132 2,300

1 2.0 90 0.259 2,500

1 3.0 210 0.291 2,700 1.1E04

2 0.20 9,600 0.0500 2,700

2 0.40 2,600 0.0950 3,400

2 0.80 1,300 0,162 4,100

2 2.8 220 0.287 4,700 2.1E04

3 0.36 540 0.0867 270

3 0.50 310 0.114 330

3 0.65 110 0.140 350

3 2,0 8 0.259 370

3 2,8 12 0.287 380 1.7E03

Values for the best estipate of intake were based on the minimum value of the
chi-squared statistic, X”, which is defined as the ratio of the sum of the
squares of the differences between _measured values, Ai’ and expectation
values, <riI>, and the variance, 51. Thus,

X = Z(Ai - <riI>)2/Gi, and
2

ax= _ 4

dl i

and for constant variance, equation A.2.4 is the result. Values measured for
individual number 2 have been plotted versus calculated values in Figure A.2.1.
The calculated mass of natural uranium in urinary excreta was determined by
multiplying the best estimate of intake by the fraction of intake in accumulated
urine.
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workers were found with detectable body burdens of both Cs-137 and Co—-60.
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Monitoring was at one year intervals; thus, we assumed the intake occurred

t
just after the last monitoring, or one year previous to sampling.

The whole-body monitoring results were as follows:

Case Incorporated Nuclide (Amount)
1 Cs~-137 (52 Bq) ; Co-60 (192 Bq)
AN
2 Cs-137 (133 Bq) ; Co-60 ( 48 Bq)

From the Class D and Class W tables (pages B~111 and B-212), the tota] body
retention_gractions for Cs~137 and Co-60, respectively are 5.93 x 10 “ and
1.30 x 10 “, Class W was assumed for Co-60 because the associated committed
effective dose equivalent was greater than that computed by assumming Class
Y. The retention fraction at 365 days post intake was obtained from
interpolation between the values tabulated for 300 and 400 days.

The estimated intakes are as follows:

Case Estimated Intake
1 192/(1.30 x 107%) = 14,800 Bq for Co-60
52/(5.93 x 1072) = 878 Bq for Cs-137
2 48/(1.30 x 1072) = 3,700 Bq for Co—60
133/(5.93 x 107%) = 2,240 Bgq for Cs-137
The stochastic ALI galues for the inhalation of Class W Co—-60 and Class D Cs-
137 are both 6 x 10"Bq. Thus, estimates of the committed effective dose
equivalent are:
Case Estimated Committed Effective Dose Equivalent
1 (_878 _ + 14,80 x 0.05 Sy = 1.3E-~045

N
~

Because of the conservative assumptions about the time of intake, doses are
probably less than the estimates above.
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4. RADIOIODINE INGESTION AND INHALATION
Case I: Ingestion of I-131

A known amount of I-131 was given to a patient for diagnostic purposes (Li86).
The patient was found to have normal thyroid function. On the 7th day after
iodine administration, bioassay was started and included in vivo measurements
and analysis of the nuclide concentration in urine samples. Experimental data
from the patient are shown in Table A.4.1, together with the Appendix B intake
retention fractions.

Based on comparison of experimental and Appendix B IRFs, we conclude that the
iodine models for ingestion and for systemic iodine incorporation are
representative of the patient's metabolism of iodine. When monitoring is done
through urine analysis, samples have to be repeated to reduce the uncertainity
associated with normal fluctuations, which are expected due to daily differ-
ences in diet. Urine data were also influenced by the assumption of a 24-hour
urinary volume of 1.4 liters. However, in vitro bioassay through urine
analysis 1s a good method of detection of abnormal situations.

Table A.4.1 Comparison of Patient's Results with IRFs in
Annandiv R (n. R~=S87) far Indina-131
Appendix B (p. BR-587) for Iodine-131

Time After Measured Fraction Appendix B IRFs

Intaks OF Inocectad far IT—-131-¢

Intake f Ingested for I-131:

Activity In:

days Total Body 24-Hour Urine Total Body 24-Hour Urine
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Case II: Accidental Overexposure by Inhalation

A worker involved in I-131 labeling of radiopharmaceutical substances was

,,,,, adilUb x L 1l Lia st 1 [= %=

c
accidentally overexposed (Li85). This was detected by abnormally high concen-
trations of I~131 in urine samples which were collected on a bi-weekly

basis. Due to a holiday, there was no work in the week when the sample was
taken, thus exposure was assumed to have occurred ten dnvq bafore. The

accident was due to a problem in the exhaust of the evaporation box, and this

was reported 'hv the worker. Thnronfrnr the worker was restricted from
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working in the area where I-131 1abeling was performed. Daily urinary samples

were taken from day 16 to day 26 after the probable exposure. In vivo
counting of the thyroid was performed on days 18 and 20. A summary of the
results for the bioassay measurements is given in the Table A.4.2 together
with the IRFs expected in urine and in the thyroid.
Table A.4.2 Biocassay Results and IRFs for Accidental Iodine-131 Ighalationm
Time After 24-Hour Urine 24-Hour Urine  Thyroid Thyroid
Accident, Bioassay Result, IRF, Results, IRF,

Days Bg Appendix B Bg Appendix B
10 1440 1.88 E-04 7.51 E-02
16 987 1,57 E-04%*
17 970 1.50 E-04%*
18 419 1,42 E-Q4%* 4,81 E+05 3.55 E-02%
19 318 1.34 E-04%*
20 378 1.27 E-04 3.90 E+05 2.95 E-02
A 557 1.19 E~04%*
22 543 1.11 E~-04%
23 574 1.04 E-Q4*
24 318 9.72 E~05*
25 305 9.06 E-05%*
26 311 8.43 E~05%
30 6,25 E-05 1.16 E-02

*Values obtained by interpolation of Appendix B (p. B-103) values

A best estimate of intake based on the urine bioassay results,which is given
by equation A.2.4, yields an intake of 4.99 E+06 Bq. A best estimate of
intake based on thyroid measurements yields l.34 E+07 Bq. Intake based on
urinary results is a factor of 2.7 lower than intake based on thyroid measure-
ments. Calculated and measured values for I-131 in daily excreta are plotted
in Figure A.4.1. Calculated values were obtained by multiplying 4.99 E+06 Bq
by the IRF for 24-hour urinary excretion of I-13l.
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The early excreta measurement on day 10 tends to agree with intake based on
thyroid counting. Variation may be due to dietary factors, radiation damage
to the thyroid or biological variation of the individual; for example, the
person may be iodine deficient. In this situation, intake should be based on
thyroid measurements since radioactivity in the thyroid represents a large
fraction of the intake and since thyroid dose equivalent dominates the
effective dose equivalent. Thus, the best estimate of intake is 1.34 E+07 Bq.
The committed effective dose equivalent per unit of intake, from ICRP
Publication 30, is 1.4E-08 Sv per Bq. Thus, the committed effective dose
equivalent is 1.8E-01 Sv (1.8E+0l rem). However, in the case of I-131, the
committed dose to the thyroid per unit of intake is given as 4.8E-07 Sv per Bq.
Thus, the committed thyroid dose equivalent is 6.2 Sv (620 rem). Because the
level of thyroid dose is high, medical follow-up is recommended since late
effects such as hypothyroidism, thyroid adenoma, and thyroid cancer are
possible but not highly probable 10 to 30 years after the exposure (Ad86,
NCRP85).
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In the same installation as in Case 1II, but two years later, routine bioassay
monitoring showed the following on two workers:

Table A.4.3 1I-131 Measurements on Two Workers

Activity in Activity in
Date of Monitoring 24-Hour Urine, Whole Body,
May Bq Bq
Worker 4
18 Background
22 3500 4,070
27 2,0 1,110
Worker B
15 63
22 4700 8,140
27 62 2,960
28 17

We conclude, by comparing these results with IRFs from Appendix B (p. B-101,
f

103), that the probable time of the exposure of the two workers was between 1

and 2 days prior to the May 22 whole-body count. This conclusion came from
analyses of the rate of disappearance of icdine. Results of the analyses are

shown in Table A.4.4.

Table A.4.4 Determination of Unknown Time Post Intake of lodine 131

Assumed

Day Post Appendix B
Intake Date of Worker A Worker B IRF

days Measurement Ratio* Ratio* Ratio**

1 May 22 8.6 E-01 5.8 E~Q1 1.1 E+00

5 May 27 1.8 E-03 2.1 E-02 l.1 E-02

6 May 27 1.8 E-03 2,1 E-02 4,1 E-03

—r

* 24-hour urine activity
whole-body activity

** 24-hour urine IRF
whole—-body IRF




The counting error relative to the net count associated with the May 27 urine
activity is greater than that associated with the May 22 measurements, thus
the May 22 ratios may be more reliable indicators of time post intake.
However, day to day variation in individual diet and urinary excretion will
generally have greater impact on the result than does counting error.

These examples illustrate how well the IRFs from A pendix B

incorporation and excretion; although, there are s
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the workers, we conclude that for a single intake

(1) bioassay through urinalysis is a method that is truly capable of
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5. INHALATION OF THORIUM AND URANIUM

Case I: Thorium

For thorium, the amount which is inhaled and subsequently excreted through the
gastrointestinal tract is much greater than the amount excreted through the
Additionally, the portion of intake that is cleared to the
gastrointestinal tract is one that results from the non-systemic deposit. The
annual limits on intake for Class W and Class Y 1 micrometer AMAD aerosols of
Examination of the IRFs in
Appendix B provides the following insight into routine bioassay monitoring for
inhalation of 1 ALI of thorium 232:

urine pathway.

thorium 232 are 40 Bq and 100 Bq, respectively.

Table A.5.1 IRFs and Urine Activity Corresponding to 1 ALI of Thorium—232

Time After Class W Activity Class Y Activity in
Intake IRF in 24-Hour IRF 24-Hour
days 24~Hour Urine Urine, Bg 24~Hour Urine Urine, Bq

1 5.33E-03 2.13E-01 2,85E-04 2.85E-02

2 1.42E-03 5.68E-02 7.81E-05 7.81E-03

3 4,09E-04 1.64E-02 2,23E-05 2.23E-03

4 1.54E-04 6.16E-03 7.88E-06 7.88E-04

5 9.04E-05 3.62E-03 4,13E-06 4,13E-04

For single intake of 1 ALI of thorium 232, we conclude that bioassay through

urine analyses is not suitable unless one collects the urine sample immediately
following the accidental exposure. We also conclude that routine monitoring of
occupationally exposed persons is not practical if one monitors urinary
excretion of thorium since recording and investigation levels would be difficult
to detect since the typical minimum detection limits for alpha counting is 4E-03
Bq (0.1 pCi) per liter of urine.

One approach to monitoring workers on a routine basis is to examine the feces
for thorium 232, The minimum detection limit is on the order of 4E-03 Bq (0.l
pCi) per feces sample. An excretion corresponding to the ALI would be as
follows:

Table A.5.2 1IRFs and Feces Activity Corresponding to 1 ALI of Thorium—232

Time After Class W Activity Class Y Activity in
Intake IRF in 24-Hour IRF 24~Hour
days 24-Hour Feces Feces, Bq 24-Hour Feces  Feces, Bq

1 4,22E-02 1.69E+00 5.10E-02 5.10E+00

2 1.35E-01 5. 40E+00 1.57E-01 1.57E+01

3 1.14E-01 4,56E+00 1.28E-01 1.28E+00

4 6.65E-02 2.66E+00 7.23E-02 7.23E+00

5 3.42E-02 1. 37E+00 3.59E-02 3.59E+00

As an example of occupational exposure, routine monitoring of exposed persons in
a monazite plant produced the bioassay results which are in Table A.5.3.
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Table A.5.3 Thorium Levels in Workers and the General Public

Exposed Group

Activity in
24-Hour Feces, Bq

Activity in
24-Hour Urine, Bq

Class W Exposure

Worker #1 1.9E+00 7.0E-02

Worker #2 9,0E-01 1,3E-02

Class Y Exposure

Worker #3 3.0E~-01 7.0E~03

Worker #4 4,0E-02 below detection limit
Non-Exposed People,

Sao Paulo, Brazil

Mean 5.0E-03 3.0E~-03

A problem with fecal monit

oring is that in order to assess exposure to thorium

232, which has an ALI based on the 0.50 sv (50 rem) committed dose equivalent
]1m1t to bone surface, one must rely on measurements which reflect the non-

systemic burden of thorium in the lungs. Urine sample results, which are given
in the above example, are based on samples collected on the last day of the work
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Case II: Uranium

The following discussions regarding uranium are based on the tabulated values in
Appendix B, and these data are summarized here for uranium 238:

Table A.5.4 IRFs For Uranium 238

Time Class D IRF Class W IRF Class Y IRF
After
Intake, Systemic 24-Hour 24-Hour 24-Hour
days Region Urine Lungs Urine Lungs Urine
1 2,22E-01 1.87E-01 2,11E-01 4,13E-02 2.14E-01 2,28E-03
5 1.65E~-01 1.31E-02 1.45E-01 2.69E-03 1,53E-01 1.28E-04
10 1.21E-01 7.26E-03 1,32E-01 1.75E-03 1.49E-01 8.26E-05
20 7.36E-02 3.26E-03 1.16E-01 1.03E-03 1,47E-01 4,62E-05
100 1.47E-02 1.11E-04 4,18E-02 2,43E-04 1,35E-01 1.87E-05

» ALI's for 1

Additionally, the for uranium 238 are 5E+04 Bq for Class D, 3E+04 for
Class W and 2E+03 for Class Y aerosols having an AMAD of 1 micrometer. The
minimum detection limit for d y urine sampling is typically 7 ug (1.7E-02

n ail
Bq), and for in vivo lung monitoring 100 Bq.

For uranium, an appropriate bioassay technique is in vivo lung monitoring for

class W and Class Y compounds and urinarv measurement or in vivoe bone
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measurement, for Class D compounds. For Class W and Class Y compounds, the
i

IRF for the 7ﬁ—hnnr urine compartment decreases r
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apidly, and levels

natural uranium in urine make it difficult to assess an accidental exposure.
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For Class D compounds of uranium, an appropriate monitoring method is to
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In summary and in addition, when dealing with uranium it is important to know
that: 1) generally exposures are to a xture of uranium isotopes; 2) when

£ a1

dealing with class D compounds of uranium, chemical toxicity of the kidneys is
more important than radiotoxicity; 3) many bioassay methods are useful if the
accidental intake is on the order of 1 ALI and measurement occurs during the
first few days following the accident; 4) routine monitoring of urinary
samples is appropriate for Class D compounds and marginal for Class W
compounds of uranium; and 5) in vivo counting of the lungs is the best choice
for routine monitoring of Class Y compounds of uranium; 6) actual exposures to
uranium have often been found to be comprised of mixture of compound classes
inciuding a large fraction of Class D compounds. When a significant fraction
of the intake is from Class D compounds, then this component can be used as a



tracer for the estimation of the intake from all compounds. Thus, it may be
nossihle tg use urine analvsis for the egtimation of intake of a1l compound
pessipie tgo use urine anaiysls IOor estimation intake aii compoung
classes of uranium provided some Class D is present and provided the
digtrihution of comnoun classes hae haan datorminaed from ceimilatad lungo
NAOD L L AW/ AL A \,umyvullu AU B * v Y- b ww (Y>3 ] AT 2 % AN b L AL LA A A Ll O MEILA LCE LW J.ull&
solubility tests.

6. TRITIUM EXPOSURE INCIDENT

A reactor at a national laboratory is moderated, cooled and reflected by heavy
water. Neutrons interact with the heavy water to produce tritium, thus the

walttls NMEULIOMNS LIItelacu ea walLel j52 4 “I AL

coolant becomes contaminated with radloact1v1ty. On one occasion, the coolant
nnr1F1rnr1nn system was being used hv new pmn1nvppc who had limited pwnpr1—

............ S LR vellily vecl 1AW CpAlyCToe Wil AL LT 1S

ence. The purlflcatlon system proc edures, which were unwritten at that time,
called for a hose to be attached from a light water line to the outlet side of

......... 110s atLallilcl ~pii- waitcl LIl OV 0L sl

a resin bed and a second hose to be connected to the inlet side of the bed and
allowed to drain into a 5—an11nn pail. When nnper1nnnﬂ the operators who

were filling the resin bed remembered that they had the light water supply

connected to the bed inlet and the A1qrhnrao hoge 1nnﬂinc to the n211

connected to the bed outlet, which was the reverse of the procedure. In
addition; the technician performing the throttling operation inadvertently

wwwwwwwww Ll cltitliicial el ollLil e LHLOLL 131y cLlclai Ly

caused a rapid increase in pressure, which resulted in immediate ejection of
about 3 gallons of tritiated heavy water from the bed into the pail.

The pers closest to the pail received the highest exposure to tritium and
the fol wing ssay measurements were recorded.
Time Post Urine Activity IRF, from Estimated
Incident, Concentration, Appendix B, Intake,
days uCi/1 Section 6 mCi
1 5.80 0.0392 0.15
3 5.53 0.0340 0.16
9 3.73 0.0224 0.17
10 4,24 0.0209 0.20
30 1.21 0.0051 0.24

The best estimate of intake in this case is obtained from all of the data
collectively by using equation A.2.4, which gives an intake of 8.4 MBq (0.23
mCi). This corresponds to a committed effective dose equivalent of (1.0E-04
Sv) 14 mrem based on the intake to dose conversion factor in ICRP Publication
30. Our estimate of intake is based on the assumption of a single exposure to
tritium. However, persons working at the HFBR received additional chronic
exposures to low levels of tritium in the course of routine operations, and
the measurements at 10 and 30 days post the incident are less than ideal
because they could be affected by this chronic exposure. The only way to
avoid interference would be to remove exposed persons from the working
environment until their exposures have been fully evaluated. An ideal case
history would be a single exposure starting at a known point in time.
Unfortunately, case histories with ideal characteristics do not usually occur
in practice.

b



7. VERIFICATION OF INHALATION AND INGESTION MODELS FOR Mn—54, Co—60, Sr-90,
Nb-95, Cs-137, Ce-141, Ce-144, U-233 and Am-241

Actual case studies were used to verify the tabulated results from the
bicassay model. Four accidental exposure cases were obtained from the
personnel dosimetry files of a large government nuclear site. The four cases
represented major internal contamination incidents in which no chelating
agents were administered in order to accelerate the excretion of internally
deposited radionuclides.

Most of the measurements in this section are associated with early excretion
rates and they do not necessarily verify that the committed dose estimates,
obtained using the models, are correct. This is because the longer term
components of retention often dominate the committed dose calculation, and
these components are not evaluated in all cases. However, Mn—54 and Co-60
body-burden measurements are evaluated over the long—-term, and in the case of
Pu~-239 excretion, Jones has evaluated the longer term components (Jo85).

It is noted that the total fecal excretion over the first few days is a measure
of the fraction of the inhaled activity that is deposited on the ciliated
region of the bronchial tree for "non-soluble” materials, and is essentially
independant of whether the material is Class W or Y. This integrated early
excretion is very useful for the early evaluation of the seriousness of an
inhalation exposure. The ICRP task group that is revising the lung model is
considering having early excretion as an explicit feature of the new model.

Case 1: Inhalation of Mn-54, Co-60, Sr-90, Ce-141 and Ce-1l44

A 33-year old, male boilermaker with inadequate protective clothing was
performing maintenance work on a steam generator when a contamination incident
occurred involving inhalation of mixed fission and activation products.
Follow—up dosimetry evaluation included whole-body counting, urine sampling,
and fecal sampling; however, useful data were not obtained from urine
measurements. Initial intakes of radionuclides were estimated from whole-body
counting. Data were subsequently available on the amount of Co—-60, Mn-54, Sr-
90, Ce-141, and Ce-144 in feces. The inhaled radionuclides were assumed to be
Class W for Co-60, Ce-141, and Ce-~144 and Class D for the Mn-54 and Sr-90.
This exposure incident was evaluated over a period of about two weeks.

(%]

Case II: Ingestion of Co-60, Sr—-90, Nb—-95, Cs-137, Ce—14l and Ce-144

A 35-year old, male maintenance worker, was contaminated with mixed fission and
activation products during a leak of primary coolant. Internal contamination
occurred when the worker accidentally ingested an unknown quantity of
contaminated primary coolant. Dosimetry evaluation included whole-body
counting, urine sampling and fecal sampling. Initial intakes of radionuclides
were estimated from whole—body counting. Data were subsequently obtained on
the amounts of Co-60, Nb—-95, Cs-137, Ce-141, Ce~144 and Sr-90 in feces, and on
Sr-90 in urine. Bioassay results were evaluated over a period of 4-6 days.

Case III: Inhalation of Highly Soluble, Class D U-233

A 43-year old, female laboratory-chemistry technician was accidentally

contaminated when a liquid solution of U-233 standard exploded and sprayed the
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victim with a highly soluble, Class D nitrate solution. The intake of U-233
imet d

occurred primarily by inhalation. Follow-up dosimetry evaluation involve
whole—-body counting and urine biocassay. Initial intakes of U-233 were
estimated from urine excretion results, and urine samples were collected over a
period of more than two months.
Case IV: Inhalation of Class W Am-241

A 46-year old, male chemistry—process technician was accidently contaminated
wrd b ol Tl s A 241 ot n dazaad hamd ~al sorm T aod ace dmcrnTod e o samed o oo
Wit 8S0LUDLE aAli—451 LlLLLdLC uu:.J.ug a cnemicas CAPLUSLUIL 1IIVOLAVLIIYE a4 L1COolll iVl
exchange column. We assumed that the Am—-241 solu tion behaved like a Class W
........ trxmamle nam s aad s d A s gizemabkTa u,.] m~E A LT Ler ol l o s
L.UulpUullU.. -l-l.llb WOrKer receiveda a measSurapie 1incack UL Al &%1 DY LiAidUL4iOlle
Follow—up internal dosimetry evaluation was based on whole-body counting, urine
acuuy.x;.us and fecal aampli—lg. Initial intakes of Am—24! wevre estimated from
whole—body counting, and bioassay results were collected over a period of about
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b ~a DC WielUUuULCTO -~ Llll.\lusll AV 1 UL w5 IV’ o J-'TJ-’ o 477 atiitu L A-JJ, LEIT LlllLial
intakes were calculated using excretion measurements and methods described in
thia ranart Far Mn=84 Ce-137  Co-60. N&-QF5 d Am=2A1 whala-hndy countinge
Ll O LC!’UL - e i UL 4411 —l"’ wo i ST 9 vy \J\.I, LY\ o CGLllud L1 ~7 L s wiluv i UUU] \—Uull.l.].lls
measurements and methods described in this report were used to estimate initial
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the bioassay measurements for Cases I through IV are plotted in Figures A.7.1
thranech A 7.185 Amananinta af roadianuerldide in 11ivine Aar forca are nlatrtrad aa +ha
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fraction of the estimated initial intake for various times post intake and are
ranracantad hv Aatrc Fyvnanrtod valiiae fram +h hinnccay mndal ara nlatrtrad niadines
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a continuous line on the same figure for comparison with the observed values.
Fraections oF inirial {nfa]re in excreta are given in Tahla A 7.1 alango wit+
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associated IRFs.

Table A.7.1 Verification of Measurements in Terms of Fraction of Intake
and Time Pogt Intake for Cases I throuch IV

=LaCane 1L V25

Case, Nuclide Measured

(Bioassay Time Post Fraction

Compartment ) Intake, days of Intake IRF*

I, Co-60 0.5 6.73E-2 1.10E-2

(feces\ 1.5 4.00E-1 1.04E-1
4.5 3.18E-3 4,61E-2
20.5 1.38E-4 1.10E-3

I, Mn-54 0.5 2.45E-2 9,94E-3

(feces) 1.5 1.14E-1 6.21E-2
4.5 1.08E-3 6.78E-3
20.5 7.24E-5 6.06E-4

I, Sr-90 0.5 2.49E-2 1.89E-2

(feces) 1.5 1.11E~1 5.83E~2
4.5 2.68E-3 1.01E-2
15.5 8.66E-3 7.68E~4



Table A.7.1 Continued

Case, Nuclide Time Post Measured
(Bioassay Intake, Fraction
Compartment ) days of Intake IRF*
I, Ce-141 0.5 2,47E~2 5.22E~3
(feces) 1.5 1.74E-1 9,78E~2
4.5 6.17E-4 4,36E~2
(feces) 1.5 2,72E-1 1.01E-1
4.5 2,93E-3 4,70E-2
II, Co-60 0.5 1.30E-1 7.26E-2
(feces) 1.5 3.35E-1 4,18E-1
2.5 1.51E+0 2.73E-1
II, Nb-95 0.5 8.95E-2 7.07E-2
(feces) 1.5 1.64E-1 4,16E-1
2.5 1.10E-1 2,62E~1
II, Cs-137 0.5 2,42E-3 3.46E-3
(feces) 1.5 7.55E-3 6.13E-3
2,5 4,26E-3 4,61E-3
(feces) 1.5 3.14E-1 4,21E-1
2.5 2,13E~1 2.73E-1
11, Sr-90 0.5 1.06E~1 6.60E-2
(feces) 1.5 3.62E-1 3.16E-1
2,5 1.60E-1 1.98E~-1
4.5 1.13E-3 3.50E-2
II Sr-90 0.5 5.23E-2 4,30E-2
(urine) 1.5 2,16E-2 2,83E-2
2.5 1.39E-2 2.16E-2
I1 Ce-144 0.5 1.84E-1 7.17E-2
(urine) 1.5 3.45E~-1 4,32E-1
2.5 2,09E-1 2,85E~2
(urine) 1.5 3.94E-2 1.17E-1
15.5 1.22E-3 4,58E-3
29.5 4,72E-4 1.76E-3
63.5 1.40E-4 3.99E-4
IV Am-241 0.5 4,07E-3 5.25E-3
2.5 1.22E-3 1.66E-4
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Table A.7.1 Continued

Case, Nuclide Time Post Measured
(Bioassay Intake, Fraction
Compartment ) days of Intake IRF*
3.5 6.84E-4 6.08E-5
4,5 3.53E~4 5.31E-5
9.5 1,03E-4 5.00E~5
10.5 3.93E-4 4,95E-5
11.5 1.75E-4 4,91E-5
12.5 1.09E-4 4,87E-5
13.5 2.63E-5 4,82E-5
IV Am-241 0.5 3.09E-1 5.28E-3
(feces) 1.5 6.55E-2 1.01E-~1
2.5 9.,27E-3 1.35E-1
3.5 2.48E-3 8.93E-2
4,5 8.52E-4 4,80E-2
9.5 3.23E-4 2,43E-3
10.5 5.56E~4 1.81E-3
11.5 2.88E-4 1,50E~3
12.5 1.56E-4 1.34E-3
13.5 6.78E-5 1.25E-3

*Values of IRF were obtained from equation 2.5.1, Section 2.5.1.

In general, there was agreement between predicted and actual results. The
values measured for Cs-137, Ce-141, Ce-l44 and Sr-90 were closest to those
predicted. Actual measurements made at early times post-exposure typically
exceeded the values predicted by the model, which could have resulted from an
error in the estimate of initial intake. The model did not fit particularly
well for Co—-60 in feces, nor for inhalation of the cerium isotopes. The model
predicts 2.5 times more than the amount of Nb-95 excreted in feces.

A weighted estimate of intake can be derived from the definition of the chi-
squared statistic given in section A.2 and by assuming the variance is that
associated with counting errors. Since the weight is the inverse of the
variance, and since the variance is the number of counts for radioactivity
measurements, the largest values measured will have their impact on best
estimate of intake reduced the most. Equation A.7.1 is the result of
propagating the counting error into the best estimate of intake.

z T
I = i i A.7.1
2
Lorg2/4y
where:
I = best estimate of intake,
Ai = the value of the ith measurement, and
i = the IRF associated with the ith measurement .
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If one uses all the data to obtain the best estimate of intake by using
equation A,7.1 or equation A.2.4, the value of intake should approach 1.0
since measured values in Table A.7.1 are given in terms of the fraction of
intake. That is, we can compare intake based on whole-body counting to intake
based on excretion measurements for the same person. For example, in Case IV
for Am—241 in urine, the value of intake equaled 0.77; that is, the unweighted
estimate of intake based on ten urinary activity measurements was 77% of the
value of intake which was estimated based on whole-body counting measure-
ments. A number of samples may be useful in order to reduce the variation

associated with estimating intake from excretion measurements, which is
19ran1v due to daily variations in diet and health, and sometimes due to

counting errors. Also, a single measurement on an aliquot of a ten sample

composit would be cost effective.

apLsis wokal COsSL llellilvVes

comparing all the unweighted and
ft

mean and standard deviation o
mean anag stangarg geviatlion ol

the weighted values are 0.73 +/-

wai ocht+ad 1vo1noc nf int
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The impact of counting error on

or these cases it appears that
nA

+ra underactimata

D' o
AT wvaoctu Vil Tal CLWOLILY LUUU LU BLUTCTACO WL GG~

the intake. This may be due to the fact that early excretion results are

4 4 oh+ KL +h
given more weight because they have more radiocactivity and because IRFs

underpredict the amount of intake present in early fecal samples (see Table

The large variations introduced by differences in uptake following inhalation
of radioactive materials which result from changes in chemical form and
particle siz shich may occur after deposition, may be reduced by collecting

C w
urinary samples several weeks after the intake incident. Thus, in addition to
LULLELLLug ear 1y samples, one should LOllOW‘Up after an appropr;auc interval
of time for uptake to occur, which could be several months post intake for
Class Y material. Thus, collecting and analyzing a number of urinary or fecal
samples over a period of time will help to reduce the uncertainity associated
with the estimate of intake from excreta measurements.

Table A.

7.2 Unweighted Intake Based on Excreta Measurements Divided by
Unweighted Intake Based on Whole-Body Counting (U) and Weighted
Intake Based on Excreta Measurements Divided by Unweighted
Intake Based on Whole-Body Counting (W)

Number of Type of

Case Nuclide Samples Sample U W

1 Co-60 4 feces 3.2 0.23
1 Mn-54 4 feces 1.8 0.93
II Co-60 3 feces 2,2 1.3
11 Nb-95 3 feces 0.42 0.43
11 Cs-137 3 feces 2.1 1.4
v Am-241 10 urine 0.77 0.78
v Am-241 10 feces 0.25 0.048
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Direct comparison of whole body counting measurements to expectation values of
The expected value of
body burden is the product of the IRF and the best estimate of intake. The

intake in the whole body are presented in Table A.7.3.

IRFs were obtained by using equation 2.5.1.

The unweighted value of intake

was based on equation A.2.4 and the weighted value of intake was based on

equation A.7.1,

Table A.7.3 Verification of IRFs Using Whole—Body Counting Measurements

Unweighted Weighted

Measured Expectation Expectation

Day Post Body Total Value of Value of
Intake, Burden, Body Body Burden, Body Burden,

Case Nuclide days Bq IRF Bq Bq

I Co-60 1 3.4E04 5.66E-01 3.7E04 2.1E04
2 3.7E04 4,23E-01 2.7E04 1.6E04
8 2.2E03 1.71E-01 1.1E04 6.5E03
41 1.9E03 1.08E-01 6.7E03 4,1E03
80 2,0E03 7.08E-02 5.1E03 2.9E03
148 1.6E03 3.68E-02 2.4E03 1.4E03
202 1.3E03 2,40E-02 1.6E03 9.1E02
325 1,0E03 1.28E-02 8.3E02 4,8E02
667 5.6E02 6.71E~03 4,3E02 2.5E02
1025 1.5E02 4,30E-03 2,8E02 1.6E02
1370 1.6E02 2.82E-03 1.8E02 1.1E02
1751 8.9E01 1.77E-03 1.2E02 6.7E01

I Mn-54 1 1.0E04 5.77E-01 9.7E03 9.0E02
2 1.2E04 4,96E-01 8.4E03 7.8E02
8 2,2E02 3.39E-01 5.7E03 5.3E02
41 5.6E01 1.57E-01 2.7E03 2.5E02
148 2.7E02 1.94E-02 3.3E02 3.0E01
325 2,1E02 6.10E-04 1.0E01 9.6-01

A plot of the relative residuals, which is the squared difference between
measured value and expectation value divided by expectation value, versus
expectation value, reveals no discernable pattern for unweighted or weighted
data. However, the residuals are smaller for the unweighted data which
indicates to us that the unweighted estimate of intake, equation A.2.4, is
best suited for estimating intakes from several measurements.
body activity predicted by using both the weighted and unweighted estimates of

intake is given by Figure A.7.16.

A plot of total

It should be noted that on the average,

measured values are closer to the unweighted expectation values.
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