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_A Professional Enrichment Program Session Presented at the
24th Midyear Topical Meeting of the Health Physics Society in
Raleigh, North Carolina on January 20, 1991

Abstract

The proposed.revision to USNRC 10 CFR 20 and the USDOE Order
5489.1; require intakes of radioactive material to be evaluated.
Radiation dgse limits are based on the sum of effective dose equiv-
alent from intakes and the whole body dose from external sources.
These significant changes in the regulations will require, at a

minimum, a complete review of personnel monitori
! X orin rograms to
determine their adequacy. J pres

In this session we will review a s i i
: : ' ystematic method of designing a
routine personnel monitoring program that will comply with thegre—

g:;fements of the new regulations. Specific questions discussed

. What are the goals and objectives of a utine
i ; ro ¢
monitoring program? personnel

b. When is a routine personnel monitoring program required?

c. What are the required capabilities of the r
monitoring program? P ‘ outine personnel

d. What should be done with the information ge i
nel monitoring program? generated in a person-

gggg1f1c recommendations and interpretations are given in the ses-

MASTER

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thercof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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Overview
- Roview some termineiegy and basies concepte
- Db when routine p horing le required
- Db what ring metheds sheuld be used

- Disouss how frequently menitering sheuld be done

- Briefty outiine what sheuld ke done with moniiering reoulis

+ Brietty dh ing chrenio irel

- Briefty disouss sontelling enp with p ] Noring
- Discusse additional topics of Interest

~ ™

Objectives

hee | toally doal & routine
Mm;r’;vmm ,Mmhmo.,.,‘

personnel me
of the USNRC er USDOE.

system of rules
basio eriterie and B e O 4 L

objectives monkeoring

W 90-201

( Resources \

USHAC 10 CFR Part 20 (eftective 1-1-42)
USDOE Order 5480.11 (etfective 1-1-80)

NCRP 87, Use of Bi y Proced for A of
Rediernsoiide Depositien

mrn.wwyhmumuuuw

) Laad

USDOE Drakt Perk Standerd for internal osimetry
Progreme

- J

moemm—
WSAC-MS-90-291
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Dose Terminology

EDE - effective d0ee equiveient

Annual EDE - sum ot EOE trom internal and extemal seuwross
reosived in a onlendar yeor

Committed EDE - EDE recolved in the 5§ years fellowing an inteke
of redlonctive meterial

Total EDE - sum of CEDE frem intsikes end EDE from sxtornel
tvad in @ colender your

12omth EDE - EDE ived In the 12 — dng an imake of
radioactive material

—

WSRC-MS-90-201

Routine Personnel Monitoring

Menhioring poraunnael lor sxposure te and inteke of radioactive
material at preserived times, Le., Dot in respense 8 an incident.

Can sensist of
a. bisssssy, both inwvive and invitre, and
©. briathing zone air sampling (fixed and parsomal).

- _/
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Routine Workplace Monitoring

Iﬂmmmbummwwd
workers to radicastivo materis|

Can consist of
a. aren air sampling, end
b. contamination surveys.

W 90-201
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Purposes of Routine
Personnel Monitoring

a. Detoct Inadvertant intekes, .o, a QC oheck on the workpiace
moniioring program.

b. Assess chronic intakes.
c. Controt o8 10 radioacth tole in ial casee.

- /

. WSRC-M5-50-291
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When is Routine Personnel
Monitoring Required?

Routine personnol monitering ls required fer workers ikely to

a » $00 mrem CEDE (USNRC), or
b. » 100 mrem CEDE (USDOE).

This required (irogrem ls referred 10 as a worker monliering
progrom.

W 201

1M

Role of Personnel and
Workplace Monitoring

Two exposure soenarios are Usuaslly snoocuntered:
a. The warker is exposed intentionally,
b. The worker ls exposed inadveriantly.

For intentional e| , workpiaoce monitoring, not personnel
monitoring, o be ﬁwpvbmry means of controliing exposiwres,

For , workpleos , not personnel
menhm , should be the primary means M éoloulng oxposires.

_/

W 90-201

Probability of Worker Exposure

Three classifications of the Hkeithood of worker exposire are

a. Worker is “likely™ 10 recsive over a spenified EDE.

meu'MWlorndnmlnpnM EDE but
for rodicactive materiale.

©. Worker has no bie o "uh poesd 10 radioacth
materials.

had . Lamandd

The
Muhgdldwdmlmmmbn lm« hglvcn

N\ Y,

WSRC-MS-90-291
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USDOE 5480.11 g.2

“Such progrums are required for radistion workers exposed to
where the worker
ottective dose .

[ om
sourees, argan or tissue dose lnlcmuudnoud
lm(onld:vzo-mdm-whaun"

%"’J
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/ AEDE? \

yeoars, i ls unsultable

g e Sesn ey e SR e

CEDE was selected as best interpretation of the USDOE Order
because '

;odumumumm-hmo:nmmuwmﬁ
CEDE pius EDE from oxteinal sourcos.

?#&de@ﬁlw“h-ﬂmd

Performance Objectives for 1
Worker Monitoring: USDOE

Doumu? -momn & worker mon hor|
ptqr-nhnus aciiity muet e abie te detect 109 mrem e
|2-m:|mEDE intakes in a calender yeer for each indepandant

One source is independant from anothver i bmtunﬁnihl
souroe dose ndhwmim:‘-n the secend oo

m performance objective for eaoh & dant souroe
Iu.ndulond Koring progr lu i who
thwmuwum”ohw'm

N\ J

WSRAC M5-00-201
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Technical Shortfall

Al radioacth ’:...::J ‘.:t“nnum-nusoos
1
Mm-:‘:m._w *»v:qg..:vmhh’cmm

WERG-MB-00-201
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Worker Monitoring

The goal of the routine worker monitoring program ls to ensure
hat workers who a doee of regulitory signiticance ere
"G 1he Goss property sesecsed :".«"..

mﬂmmmmrl‘:mmam tm«tplm

wSs 90-201

Performance Objectives for
Worker Monitoring: USNRC

ired by the USNRC at 600 mrem
cibﬁ.lbwhmm that the program must detect
doses at the same level, Le., 500 mrem CEDE In a calender yoer,

Although not specified, USNRAC taciiities ohwld combdcr using
the independant sewros conoespt b of ts

\_ | Y,

WSRC-MS-90-201

Summary of Worker

Monitoring
USDOE USNRC
Worker monitoring »100 mrem CEDE  »300 mrem CEDE
Program must 100 mremn $00 mrem CEDE
detect from sach 12-month EDE )
Independant source

. J

WSRC-MS-90-201
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Workgroup Monitoring

CEDE (USDO
hobno(u:;::dﬁohgu 6 o

# & worker fe not ikely to exvned 100
400 mrem CEDE (US|
monitoring program.

a:u.mh'o“-um-wm- b L xp to
radioactive materinie piaco work group
monktoring program lwmnthmwm

L__W%W'Vsaom = j

( Statistical Monitoring

Some fraction of the members should be mon|
20 that information le Mhm-o«:‘“‘
througheut the year. NCRP 87 s the (cllowing i

> 100 workers - eampie 10% of tin workers
10 to 100 workers - sampée 10 workers
« 10 workers - sample ali the workers

- J

WSAC-MS-90-201
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Performance Obijectives
for Workgroup Monitoring

Mmmummmmm

The k d Dosimevy DOELAP requin 8 workgroup monltoring
§%0 mcmlumay:p‘hnw'"ﬂn:‘“
independant seurce.

A parformance objective of §00 mrem CEDE for the wo:kgroup
wkphnmlahgpthnm l::‘ ond
{depend would be for USNRC reguisted

N J

WSRC-MS-80-291
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The Workgroup

™ .

Heoth with appr the
mld for exposure to the same radicactive m-lod-b

ane member of the workgroup ls assumed to be exposed t
mmmmnlholmtmnmym dlﬁ.
warkgroup.

monRor| workier in the work we oan in
!h‘aymanmr M“. wow

_____

WSRC-MS-00-201

Things to Remember About
Workgroup Monitoring

. h M::-u Tho
of work [ at work,
prhuz:ro werkgroup monitoring Mmﬂ place

s adeguate end thet workers are being
i one worker In @ worligroup has en intake must assume thet alf
workgroup had an intake respond 800or ty.
WSRC-MS-90-291
Example of Workgroup
Monitoring

i monthly urine bioassey ls required to achieve the workgroup
il :ymll s of the workgroup may
!‘:mumnummm-m each ina

____

WSRC-MS-90-201
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( Technical Shortfali \

lfa-oman-ml Puimmoh’nﬁn. workgroup
monitoring are hieved, then the whoutd

be takien:

«. The reasons for not meeting the ormance obhjective shouid be
muﬁw-mmw of the ourrent workgroup

b. The evidence for aseignt itoa P program
n&&hnwﬁm”humﬂb%hh

c.Cenlmhnuthboq.“ 10 piacing some members of the
Mg'eqnﬂ & worker Ing progrem to nvly the workpluoce

\ J

WSAC-MS-00-201 28

/~  Monitoring Programs \

workplace w":‘nlm ond

workplace monkoring
menboring

-"""""”'“ )

WERC NS 90-291 27
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Missed Dose

A bloassay that resuits in a “less-than detectable amount™ oan
alweye be ssecoiated with a certain intske st l'lvmlmobdounn
Mmhm-«mamnmhm detected -

a “missed dase.
Selcat Horing type end froq y 80 that micsed dose is lese
than the performance objeotives.

WSRC-M5-90-201 29

(

Restrictions on
Workgroup Monitoring

program:

with detection and assosement of additional intakes,

b. Workers who use roapiratory protection.
©. Workers sntering Arborme Radiosotivity Areas.

W, 90-291

Tha following workers should not be on a workgroup monitering

a. Workers with redicactive material in thelr bodies that interferes

~

(

Summary

We have disoussed
a. when worker and work group monitering bwkd.mﬂ!
b. whet doses each monitoring program should detect.

We now need a method for lnbbnuvtypumd'r
lm-ﬂmkmloddmm he performance
One such method is called a misaed dose analysis

g

\

los

"WERC-M5-90-291
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Missed Dose

o(q-ocsum)wm

D(0) = missed dose for blosssay at time t after inteke,

DCF = ktake to dose conversion factor, sither CEDE or
12-manth EDE.

MDA = mind 4 bk of bk othod

m-mmdmmhﬂoumﬂhmhﬂn

\

by the bh
-tmcdwm

Note that D{D) ls the missed doee for the time t, which may not
be the same as the annual miesed dose we ssek.

-

/
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[ Example of Missed Dose \

MDA & 58 nCi Co-144 and 14 nCl Ce-141 for 2 minte
whole body count

Missed Dose for Ce-144

DCF-BJ:MMMCICEM*”VIJWCOJN

009 mreennCl CEDE for olase ¥ 1.0 um Co-141 ' Misoed dose at 90 days after irtake ls 180 mrem. Assuming nv
buiidin, the annual miseed dose e
Time (days) IRF(®  D(1) mrem 4 % 180 mrem = 720 mrem.
30 0.1398 150
Ca-144 90 0.1!43 180 . lut thomh-ddelcln“ anmmhwmm.umo
180 0.0850 250 ol missed dose tose than 450 mrem.
68 0.0487 450
We will assume the annusi mis: uddmb'qu-nntvvhdobody
Time (daye) IRKD (1) mrem oounts for olase ¥ Ce-144 i-twmnm n\bmﬂnoﬂhm
Y™ P probk & more g d lysis may bo p d

Ce141 % 00200 s ‘
160 0.0028 M
366 00001 27100 /
WSRCMS-00-291 3 SAC-M5-90-201 22
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Missed Dose for Ce-141 , MDA

Miseed dooe at 90 daye atter inteke is § mrem, Assuming no
bulidin, the annuai missed does is

Wh refor 40 MOA a) that of materisl
M.\'vlnm-s'hohu"lo‘ouo?‘ .v””?";&-mﬂmmnmam
4% 6 mrem = 24 mresn, having a §% chanoe of a faioe pos tank ssmple.
n tice, & truely ingful MDA can be diffioult to obtain, so do
The miesed dos num-ﬂ-mmu mm the o . -
Tl miseod Coae must Ue less then 34 me *° the best you omn.
There “acoeptable M an oooupational personnel
Ve wili sscume the annual misesd doss for quarterty whole body mn:b.t::r M. hp.mwlu mlﬂmnghnnhwmtjo
mluebaV%!d‘bumlmbmm are not intended for uso in y prog
causes p P y bo performed.
WBRC-MS90-291 0 ' WSAC M5-90-201 9

\

Intake Patterns Monitoring Methods
¥ the retention function le loally & ing, en acute The monktaring method selecied ohould mest the pert
hisks iy s g i S SsL e D e Sorer o I oo o e
thercfore based on the h piion of acute intek 2. Bioassay should shweys be used 10 sugment breething sone air
sampiing.
Missed dose analysis gives a minimal program for ohronks er b. Urina, eces, and chest courting shoudd allbe used In some
mmc«-‘m and ing the ohronk oleined
usually require more i Noring then indb o Mkrm Mc‘i!m that may be in

wm_m“‘“ L requkre the kinge for long periade of

\_ Y, \_ -

WSRC-MS-90-291 kL WSRC-MS-90-201 38




( ; | \ ( Tracers | \

Radionuclides of

Interest in a Mixture ......m*-wz:.mr e ooty sofative

50% Ca-144/ " ¥% Ru-108 mixture, at one year after the hhkc
Hu—‘u In detected first:

The redionuolides of & 1 8 mixars ore thoes that Nuolide Aotivity / MOA

a. doniributa more than 80% ... e CEDE, or et - T T et
b. are useful as tracers for the mixture,

In an 80% Ce-144 / 20% FAu-108 mixture, Co-144 is deteoted firet:

. Nuokide Aotivity / MDA
Co144 (0.047)(0.8) / 55 = 0.00088
‘ 108 (0.088)0.2) / 25 = 0.00044 )

s N e | ~

Mixture Paradox Missed Dose for Ce-144/
‘ Ru-106 Mixture for Annual WBC

For a mk of radicacth '_‘_‘ﬂn:-hnmm‘ ‘ . )
ﬁymmmm-:dMMMM‘rmmwm oo
ocomponents Misoed
For ine the misesd dooe for & mixsure of vy %
emva-tummvnmouammmuq o

1008

T o e p—————
K / \ Activity Feroent Ce-144 /

‘ “WERC-M5-00-201 1) WSRC-MS-90-201 %

‘ | Mi Dose for BZA N\
( Solving the Mixture Paradox \ /:uumhg ssed Do

a. MDA of 0.0008 nCl for aipha smitter on gas flow propertional
oounter

'

b. BZA sampling rete 2 ¥m,

Three epproaches 10 saiving the parsdon are oivd

&, Characterize the pooition of radicacth lele i your o '

'uwmum-mwm d. bresthing rate 20 ¥m, and

b. the -nlnudmm. most restriotive .

Design mh por ingle . DCF In mrem/nCl,
then tho missed dose per day for a BZA le

o, Deslgn the program based on the miseed dose for the

of ali radionuociides that Mhmhlhm:wuw nnpmmumyamn)nchomm

does ls

reoc U-Whl e CEDE For ety

m».umummcsoﬁ. missed doese may be

by cempostting and perferming radiochemietry.
. WeRCMso @ Wj 4
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Missed Dose for
Chest Count

Besed on nisesd dose, routine chest counts for urenkun and
tmmmlu.-dmun Routine annuel oheet counts are still
recommended becauesse

a. they monitor for the bulidup of long-tived material in the lung,

Un‘hohmun"m n:.mm-mumm properly

oy provide baseline data that le uselul for sveiuating subsequent
poohhnoamh and

d. the missed doss tables may not acourately describe the detecion
oapabiility for a spesitio person.

Wi 90-201

4 A

Summary

We have discussed

8. when a routine personnel monitaring progrem is required,
b. the performance objectives for theee prog:

o how o use m bnddmloulmnmhuhqnﬂwdw
frequency parformense objeotives,

that would meet the
We now need to address how ing chronio intakes and
ocontroling the routine program.

0w
P on will

AN Y

WSRC-MS5-80-201

N

Chronic Uranium Intake

1000

Uranium
(ug) 400

9 1
Time After Start of intake (days)
W 291

43

48

47

s p

Limitations of
Missed Dose

lewed dos tio way of seleoting
ﬁmmwmﬁrmummm&usnmu

- .MJM M«:“Mh ld-t.l:t Ao “

t phvl ane reason or
lno(hof.:'ondlok.\:n.o he frequency over that derived in the
miseed dose analysis.

A generio misned dose analysis can not ensure that a lor
m.hfm“m.gmm This ie mywolor
workers who Mond‘uoﬂvoml&hlh heir bodies th.

Interteres with detection and evaiuat wdlmlhukn

not the acouraoy of

Aok d fon of intah

Missod dose
the intake assesement.

90-201

Assessing Chronic intakes

W need to " r by h o ive signiticant
ohmg-hucnlmur thu.mnvn oonoerned with

mwvw‘ o detection, The frequency you select

8, the bickinetios of the materiel,

b,k lone In the exp 3

0. the time required for analysis of bi y and BZA sampies, and

d. previous experience.

A BZA will probably be required to
ol CEDE. P

o J

WSRC-MS-90-291

Controlling Exposures

umumm ioring I used to ] o of

nd

Mwmmtmnmn‘ ;. whaed on

. how quickty things oen go bed,

b. how bad thinge oen get,

©, the time required for enalysis of biceeay and BZA sampies, and
d. capabilitiee of workplace menktoring.

\ J

WERC-M5-60-291
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Baseline and Termination ' Results from Program
Bioassay
nwm,nmod -ﬁbhmbmrz%mWom;ww
on refersnce levels:
! Recording lovel Mmﬁltwmdhwnhhﬂmd
o vorue prior o otk 1 reveioted eramar w1l be pertormed on CEDE andior AEDE.
ination b i inated b in ovel - result that will ¥ speoial bloss
mmMGMpo:m from the dptogmn‘ mmx% monitor! ":rmhvmlg«uonw

. Intervention level - resuRt that will tr work restriotions in
:ddhhn 10 an investigation. oger

W 2ot & ‘ B Yo T E— — 50

4 . A

Recording Level Investigation Level

All resutts of p J Mork should be recorded vt wmlwh;hl:““ haf:u:y‘.:.o umwduou

SRR ' cmhhmw m 'on investigation levels
You must £elsot ortveria for deoiding wivether or not activity hulohmhwcmzouuw“
mwumh-m«-p«mm‘wV
these ortterie (0 every analysis, RAsesanable numerioal guideliies are:
lumﬂhrmlhuﬂm‘hch«a“hhﬁwﬂdhm- . a, USNRC - inveotigate inoidents that, on the basie of early

' monitoring resuits, are likely 10 sxoeed 600 mrem CEDE.
N a poekh d it should be d immediately b, USDOE - investigate inoidents that, on the basle of eerly
hbndeDEllhd'nmuan'huMum monitoring resulte, are Kiely to exoesd 100 mrem 12-month EDE.
WSRC-MG-90-291 51 ' WSRC-MS-90-291 52

Intervention Level Summary
- Terminology and basio conoepts
« When routine psrsonnel horing is required
w#sm‘fm U“WE'H‘“""" M‘mhw"";"dh‘:“ - What monioring methods should be used
resuits, workers are |iely 10 exoeed § rem CEDE. - How frequently monitoring should be done
In addition, U hdlnhonwuld work olf ) - What should be done with maniaring resuits

& worker ocuid euceed § rem AEDE. - Monkoring for IngG ohvronte intakes

- Montoring for controlling expcsures

‘ ) - Other topioa
T WSRC-MB00-291 53 W 90-291 54




/’

Topics for Next
Workshop

Asssssment

a. Designing speoial bioassay programs.
b, Evaluating blosssay date.
c. The role of bresthing zone air monitoring.

d. The role of computer codes in intake essasement.
o. Assigning doss.

.

Special Personnet Monitoring, intake A and Doee

\

%

WSRC-MS-90-291
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Internal Dosimetry Programs

Thomad R. La Bone
Westinghouse Savannah River Company
Savannah River Site
Aiken, SC 29801
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Preface

In my oral presentation I describe a systematic method for
designing routine personnel monitoring programs. To help clarify
the method I have provided this docurient which gives you an some
examples of how one might go about implementing the ideas
~discussed at a USDOE facility. The program for a USNRC facility
would look very similar.

Section 1 gives th? information necessary to calculate missed doses
for reoutine biocassay methods and various radionuclides nf interest.
Section 2 uses this information to design generic worker and
workgroup monitoring programs for p-<rsonnel exposed to radioactive
materials. A third section, which is not provided, would use the
information given in Section 2 'long with facility specific
information to produce the routine personnel monitoring program for
a facility. This final section would take into account other
factors in addition to missed dose.

As I stress in the presentation, the great strength of this
approach is that it forces you to

a. logicaily define the goals of your monitoring program,

b. select monitoring techniques that allow you to achieve your
goals, and

c. properly document the technical basis for the program.

PAGE 2



1.0 Missed Dose Tables

For a given intake scenario and bioassay program, the missed dose
is the maximum effective dose equivalent associated with a less-
.han-MDA bioassay result. These tables are used t. design routine
bioassay programs needed to comply with dose performance goals and
shculd not be used for any other purpose. The tables were
calculated with the following information:

a. The Minimum detectable amounts (MDA) for all bioassay techniques
used, which are given in section 1.1.

b. Intake to dose conversion factors (DCF), which are given in
section 1.2.

c. Intake retention fraction (IRF) tables, which are given in
section 1.3.

1.1 Minimum Detectable Amounts

The minimum detectable amount (MDA) quoted for each radiobioassay
method is that quanitity of material that has a 5% chance of not
being detected under the assay conditions indicated. The MDA is a
representative quantity used to design internal dosimetry programs.
The MDA should not be used to decide if a specific radiobioassay
has detected activity or not.

whole-body counts are performed with a "quick" counter which uses

two large Nal detectors. The routine count time for the whole body
count is 2 minutes.

Chest counts for low energy photon emitters is performed with a
pair of thin NaI-CsI phoswich detectors or a planar germanium

detector array. The routine count time for a chest count is 30
minutes.

Silicon surface barrier detectors are used for both gross alpha and
alpha spectrometry measurements of alpha emitters in urine. The
typical count time is 1000 minutes.

Tritium in urine is quantified by liquid scintillation counting of
a 0.5 ml sample for 1 minute.

Fecal samples are processed by an off-site vendor. The MDA for
alpha emitting isotopes of thorium, uranium, neptunium, plutonium,
americium, and curium is 0.1 pCi per sample. The MDA for Sr-89 and
Sr-90 in feces is 20 pCi per sample.

MDA for MDA for MDA for
Radionuclide Urine Bioassay Whole-body Count Chest Count

(pCi) (nCi) {nCi)
cf-252 0.2 NA 30
Cm-242 0.2 NA 27
Cm-244 0.2 NA 29

Am-241 0.2 NA 0.13
Pu-238 0.02 NA 43



MDA for MDA for MDA for
Radionuclide Urine Bioassay Whole-body Count Chest Count

(pCi) (nCi) (nCi)
Pu-239 0.02 NA 110
Np-237 0.2 13 0.35

U-234 0.4 NA 43
U-235 0.4 13 0.10
U-236 0.4 NA 91
U-238 0.4 NA 1.1
Th-228 0.1 NA 3.4
Th-232 0.1 NA 28
Eu-152 NA 16 0.13
Eu-154 NA 10 NA
Ce-141 NA 14 0.10
Ce-144 NA 55 0.43
Ba-140 NA 17 NA
La-140 NA 3 NA
Cs-134 NA 4 NA
Cs-137 NA 3 NA
1-131 NA 4 NA
I-133 NA 5 NA
Sb-125 NA 13 NA
Ru-103 NA 5 NA
Ru-106 NA 25 NA
Zr-95 NA S NA
Nb-~95 NA 2 NA
Sr-89 6 NA NA
Sr-30 6 NA NA
Zn~-65 NA 4 NA
Co-~58 NA 4 NA
Co-60 NA 4 NA
Fe-59 NA 6 NA
Mn-54 Na 4 NA
H-3 20000 NA NA

NA = not applicable, method not used.

1.2 Intake to Dose Conversion Factors

Intake to effective dose equivalent conversion factors are
presented in Table 1 and 2 for two time intervals:

a. 50 years following the intake, i.e., the committed effective
dose equivalent, and

b. 12 months following the intake, i.e., the 12-month effective
dose equivalent.

Table 1. Intake to dose conversion f.ictors for thorium, uranium and
transuranics. Please note that this table has the units of
mrem/nCi.

Committed 12-month

Radionuclide mrem/nCi mrem/ncCi Reference
Cf-252 W 140 43 RADOSE
cf-252 Y 160 62 RADOSE
Am-241 W 450 20 RADOSE
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Committed 12-month

Radionuclide mrem/nCi mrem/ncCi Reference
Cm-242 W 17 13 RADOSE
Cm-244 W 250 21 RADOSE
Pu-238 W 390 20 RADOSE
Pu-238 Y 290 32 RADOSE
Pu-239 W 420 18 RADOSE
Pu-239 Y 300 29 RADOSE
Pu-241 W 10 0.014 bunning
Pu-241 Y 5.8 0.026 Dunning
Np-237 W 370 16 RADOSE

U-234 D 2.7 0.85 RADOSE
U-234 w 7.9 7.3 RADOSE
U-234 Y 130 27 RADOSE
U-235 D 2.5 0.79 RADOSE
U-235 W 7.3 6.7 RADOSE
U-235 Y 120 25 RADOSE
U-236 D 2.5 0.82 Dunning
U-236 9] 7.4 6.8 Dunning
U-236 Y 130 26 ~ Dunning
U-238 D 2.4 0.76 RADOSE
U-238 W 7.0 6.4 RADOSE
U-238 Y 120 24 RADOSE
Th-228 %) 250 100 Dunning
Th-228 Y 340 160 Dunning
Th-232 W 1600 16 Dunning
Th-232 Y 1200 25 Dunning

Table 2. Intake to dose conversion factors for fission and

activation products. Please note that this table has the units of
mrem/uCi. :

Committed 12-month

Radionuclide mrem/uCi mrem/uCi Reference
Eu-152 W 220 —— EPA
Eu-154 W 290 - EPA
Ce-141 15 8.3 8.3 Dunning
Ce-141 Y 9.0 8.9 Dunning
Ce-144 W 220 160 Dunning
Ce-144 Y 380 260 Dunning
Ba-140 D 3.7 3.7 Dunning
La-140 D 3.4 3.4 Dunning
La-140 W 4.8 4.8 Dunning
Cs-134 D 46 43 Dunning
Cs-~137 D 32 29 Dunning

I-131 D 33 33 Dunning

1-133 D 5.9 5.9 Dunning
Sb-125 D 2.1 - EPA
Sb-125 W 12 - EPA
Ru-103 D 3.1 3.1 Dunning
Ru-103 w 6.5 6.5 Dunning
Ru-103 Y 9.0 9.0 Dunning
Ru-106 D 57 40 Dunning
Ru-106 W 120 110 Dunning
Ru-106 Y 480 310 Dunning
Zr-95 D 24 23 Dunning
Z2r-95 W 16 16 Dunning
Zr-95 Y 23 23 Dunning
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Committed 12-month

Radionuclide mrem/uCi mrem/uCi Reference
Nb-95 W 4.8 4.8 Dunning
Nb-95 Y 5.8 5.8 bunning
Sr-89 D 6.6 6.5 punning
Sr-~89 Y 41 41 bunning
Sr-90 D 220 35 Dunning
Sr-90 Y 1300 320 Dunning
Zn-65 Y 20 16 Dunning
Co-58 W 6.4 6.3 Dunning
Co-58 Y 11 11 Dunning
Co-60 W 33 27 Dunning
Co-60 Y 220 79 Dunning
Fe-59 D 15 15 Dunning
Fe-59 W 12 12 Dunning
Mn-54 D 5.3 > 5,2 Dunning
Mn-54 W 6.7 6.6 Dunning

H-3 - 0.060 0.060 Dunning

1.3 Intake Retention Fraction Tables

The intake retention fraction IRF is the fraction of an acute

inhalation intake I expected to be present in bioassay compartment
at time T following the intake:

IRF=q / I,

where g is the qdantity of material in B at time T. The IRF tables
given in Tables 3 through 7 were generated with INDOS for stable

elements (radioactive decay was accounted for in the calculation of
the missed dose tables).

1.4 Missed Doie Tables

Given

a. the intake retention fraction IRF for time T and bioassay type
B,

b. the minimum detectable amount MDA for B in nCi, and

c. the dose conversion factor DCF for the intake I in mrem/nCi,

the missed dose D in mrem is given by
D = DCF - MDA / IRF mrem.

The values for missed committed and 12-month effective dose

equivalent are given in Tables 8 through 15 for pure radionuclides
for the indicated bioassay period.

The missed dose for a bioassay period other than 365 days is
determined by dividing the missed dose by the fraction of a year
the bioassay period represents. If this dose is lower than the 365
day missed dose then it is used, if it is not, then the 365 day
missed dose is used. For example, referring to Table 10, the missed
committed dose for a 180 day whole-body count for Eu-154 is 47
mrem. The missed dose for the year is thus 47 mrem/0.5 = 94 mrem.
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The missed dose for an annual whole-body count is 55 mrem, and
because it is less than 94 mrem it is used as the missed dose for
semi-annual whole-body counts. Strictly speaking, the missed dose

is less than 55 mrem, but this approximation does not indicate how
much lower.

The missed dose for a mixture of radionuclides may be calculated
from the tables in the following manner. Assume, for example, that
the missed committed effective dose equivalent is needed for annual
chest counts for commercial-grade class Y enriched uranium, which
has the following composition:

MDA Missed Dose

Isotope Mass Fraction Activity Fraction (nCi)  (mrem)
U-234 0.0003 0.82774 43 54000
u-235 0.0296 0.02825 0.10 120
U-238 ‘ 0.9701 0.14401 | 1.1 1300

The radionuclide that has the most activity relative Fo its MDA
will be detected at the lowest level. Assuming negligible
radioactive decay and identical biological elimination rates:

Isotope Activity / MDA

T u-234 0.82774 / 43 = 0.019
U-235 0.02825 / 0.10 = 0.28
U-238 0.14401 s 1.1 = 0.13

Thus, U-235 will be detected in this mixture before any of the
other uranium isotopes. The intake I of U-235 that would produce a
lung content of 0.1 nCi (the MDA) one year after the intake is

given by the ratio of the missed dose D and the dose conversion
factor DCF:

I =D/ DCF = 120 mrem / 120 mrem/nCi = 1 nCi.

The missed dose Djfor component j with activity fraction fj is
given by
Djs (1 nCI)(fj/fo235) DCFj mrem.

Thus, the missed dose D for U-234 is

U-234
(1 nCi)(0.82774,/0.02825)(130 mrem/nCi) = 3800 mrem.

The missed dose D, _,jgfor U-238 is

(1 nCi)(0.14401,0.02825)(120 mrem/nCi) = 610 mrem.

The missed dose for the uranium mixture is the sum of the missed
dose for its components, 4530 mrem.
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1.5 Missed Dose For Intakes of Tritiated water

Workers frequently have chronic or repeated intakes of tritiated
water. Missed dose tables for such intakes are difficult to
generate and read. Therefore, the missed dose for tritium is
presented as the concentration eof tritium in urine at various times
following intakes in a year that will deliver a committed effective
dose equivalent of 10 mrem (approximately 170 wCi of tritiated
water). Four intake patterns are presented:

a. an intake of 170/365 uC1 at the beginning of every day for a
year (Figure 1),

b. an intake of 170/52 uCi at thé beginning of every week for a
year (Figure 2),

c. an intake of 170/12 uCi at the beginning ~f every month for a
year (Figure 3), and

d. an intake of 170/4 uCi at the beginning of every three months
‘for a year (Figure 4).

-

1.6 Chemical Toxicity of Uranium

Chemical toxicity is a concern for low specific activ1ty uranium,
Assuming standard ICRP 30 biokinetic models, the intakes of uranium

that would cause an individual to exceed the 900 wg nephrotoxic
limit (Spoor 1973) are

Class Intake (mg)
D 20
W 99
Y 1900

The following table gives ICRP 30 stocastlc ALIs for uranium
isotopes in terms of activity and mass:

class D class W class Y
Isotope (nCi) (mg (nCi) (mg) (nCi) (mg)
U-234 1900 0.30 700 0.11 38 6.1E-3
U-235 2000 940 760 350 41 19
U-236 2000 30 760 12 41 0.63
U-238 2000 6300 780 2300 43 130
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The following table gives the concentration of uranium in'the urine
at various times following a 20 mg intake of class D uranium and a
99 mg intake of class W uranium.

‘Uranium Excreted in Urine After a

Time After Intake Class D Intake Class W Intake
(days) (ug/day) (ugsday)
1.00 3900 4200
7.00 190 210

15.00 94 130
30.00 34 72
60.00 9.0 41
90.00 3.1 27
180.00 0.17 9.4
365.00 0.033 1.1

1.7 Missed Dose for Lapel Air Samplers
‘Lapel air samplers may be used for two purposes:

a. The filter paper is counted at the end of each shift to ‘
determine if the individual was exposed to relatively high levels
of radicactive material.

b. The filter paper is held for two weeks (to allow the radon
daughters to decay) and counted to quantify exposures to low levels
of radiocactive material.

The missed dose for case (b) above is calculated assuming

a. an MDA of 0.6 pCi for an alpha emitter on a filter paper (20
minute count on a gas-flow proportional counter),

b. a sampling rate of 2 liters per minute,

C. a sampling period of 8 hours per day,

d. a breathing rate of 20 liters per minute, and

e. a dose conversion factor (DCF) in mrem per nCi intake.

The missed effective dose equivalent for a worker would be
(0.6 pCi)(20 1/m)/(2 1/m) (10 3nci pci) b,

which equals 6-10—3DCF mrem per day or 1.5-DCF mrem per year,
assuming 250 work days per year. Because the missed dose for a
particular alpha emitter is simply 1.5:DCF, tables of missed dose
for lapel air samplers will not be presented. Lower missed doses

may be achieved by combining filter papers and analyzing them by
radiochemical methods.
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1.8 Missed Dose for Chest Counts of Transuranics

Chest counts for transuranics have very high missed doses, so high
in fact that they may seem to be of little use ir a routine
bioassay program. To a certain extent this is true, chest counting
has its greatest usefulness in special bioassay. Routine chest
counts are still performed for the following reasons:

a. they monitor the buildup of long-lived radioactive materials in
the chest,

b. they help ensure that the chest counting equipment is operating

properly for when it is really needed, i.e., for special chest
counts,

c. they provide baseline information that can be useful for
evaluating subsequent chest counts, and

d. the missed dose tables may not accurately describe the ability
of a chest count to detect radioactive material in the chest for a
specific application. For example, the tables do not address the
use of Am-241 as a tracer for Pu-239 or the possibility of a person
having a very thin chest wall (which decreases the missed dose).

The objective of this section is to point out that routine chest
counts are useful but that the frequency at which they should be
performed is largely a matter of professional judgement.

2.0 Routine Monitoring Programs

Minimum routine monitoring programs based on the DOELAP quidelines
an! the missed dose tables in section 1 are given for workers
exposed to the following radioactive materials:

2.2 Plutonium

3 Transuranics Other Than Plutonium
4 Uranium

5 Thorium

6 Strontium
7 Gamma-Emitting Fission and Activation Products
8 Tritium

Additional monitoring may be recommended for a specific facility
based on the mixtures of radionuclides encountered there and the
need for addiational feedback.

2.1 Worker and Workgroup Monitoring Programs

Workers who are

a. likely to be exposed in excess of 40 DAC-h of a radioactive
material in a calandar year,

b. use any form of respiratory protection,

c. enter Airborne Radioactivity Areas, or
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d. enter a Radiation Control Area (RCA) and have radiocactive

material in their body that interferes with detecting and assessing
additional intakes

are required to be on a worker monitoring program.

Workers who have a reasonable potential for exposure to radioactive
material but do not meet any of the criteria given above shall be
on a workgroup monitoring program. As a minimum, workers who enter
a RCA where protective clothing is required are considered to have
a reasonable potential for exposure to radiocactive materials.

2.2 Monitoring Program for Plutonium

The worker monitoring program for plutonium shall consist of:

annual urine bioassay,
annual chest count,

annual fecal bloassay, and
personal air sampling (PAS).

QO oW

The requirements for when to perform fecal sampling or PAS or both
are given in the facility specific guides.

The missed 12-month effective dose equivalent in mrem for each
monitoring method is given below:

Annual Annual Annual

Urine Feces Chest

Bioassay BloaSaay Count -PAS
Class W Pu-238 83 - 150 >250000 <100
Class W Pu-239 74 140 >250000 <100
Class Y Pu-238 800 38 13000 <100
Class Y Pu-239 720 34 31000 <109

A missed dose of less than 100 mrem for the PAS may be achieved by
analysis of composited filters. Chest counting is recommended to

monitor the ingrowth of Am-241 from any Pu-241 that may be retalned
in the lungs.

The workgroup monitoring program for plutonium shall consist of:

a. annual urine bioassay, ‘and
b. annual chest counts

for each worker in the workgroup. This individual frequency is

assumed to result in at least a monthly frequency for monitoring
the workgroup. ‘ ‘

The missed committed effective dose equivalent in mrem for each

monitoring method is given below, assuming a monthly frequency for
the workgroup:
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Monthly Monthly

Urine Chest

Bioassay Count
Class W Pu-238 1600 >250000
Class W Pu-239 1700 >250000
Class Y Pu-238 7300 120000
Class Y Pu-239 7500 >250000

Chest couating is recommended to monitor the ingrowth of Am-241
from any Pu-241 that may be retained in the lungs. A special'
bioassay program is required for all members of a workgroup if any

member of the workgroup has a confirmed intake of radioactive
material. ‘

2.3 Monitoring Program for Transuranics other then Plutonium

The worker monitoring program for neptunium, americum, curium, and
californium shall consist of: - ‘

quarterly urine bioassay,
annual chest count,

semi-annual fecal bioassay, and
personal air sampling (PAS).

QO oo

‘The requirements for when to perform fecal sampling or PAS or both
are given in the facility specific guides.

The missed l2-month effective dose equivalent in mrem for each
monitoring method is given below:

Semi-

Quarterly annual Annual

Urine Feces Chest

Bioassay Biocassay Count - PAS
Class W Np-237 290 28 4100 <100
Class W Am-241 420 32 1900 <100
Class W Cm-242 440 44 >250000 <100
Class W Cm-244 460 34 >250000 <100 )
Class W Cf-252 1000 76 23000 <100

The relatively high missed dose for urine bioassay is the result of
the high MDA for these radionuclides (0.2 pCi/L). Work is currently
being done to lower the MDA by a factor of 5 to 10, which will
enable annual urine biocassay to meet the design objective. Until
this work is completed semi-annual feces bioassay is required. A
missed dose of less than 100 mrem for the PA3 may be achieved by
analysis of composited filters.

The workgroup monitoring program for neptunium, americium, curium,
and californium shall consist of:

a. annual urine bioassay, and
b. annual chest counts

for each worker in the workgroup. This individual frequency is

assumed to result in at least a monthly frequency for monitoring
the workgroup. :
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The missed committed effective dose equivalent in mrem for each

monitoring method is given below, assuming a monthly frequency for
the workgroup: :

Monthly Monthly
Urine Chest
Bioassay Count
Class W Np-237 11000 16000
Class W Am~241 9500 6800
Class W Cm-242 710 61000
Class W Cm-244 5500 >250000
Class W Cf-252 3800 >250000

A special biocassay program is required for all members of a

workgroup if any member of the workgroup has a confirmed intake of
radioactive material.

2.4 Monitoring Program for Uranium

The worker monitoring program for uranium shall consist of:

a. semi-annual urine bhioassay,
b, annual chest count,

c. annual fecal bioassay and/or personal air sampling (PAS) if
class Y uranium is present.

The requirements for when to perform fecal sampling or PAS or both
are given in the facility specific guides.

The mi-sed 12-month effective dose equivalent in mrem for each
monitoiring method is given below:

Semi-
annual Annual Annual
Urine Feces Chest
Bioassay Bioassay Count PAS
Class D U-234 80 C - >250000 <100
Class W U-234 : 62 32 230000 <100
CLass Y U-234 590 84 11000 <100

U-234, U-235, U-236, and U-238 have approximately equal missed
doses for urine and feces bioassay. Therefore, only U-234, which
has the highest missed dose, is listed. Lower missed doses for
chest counting are possible if signficant quantities of U-235 or U-
238 are present. Missed dose tables should be prepared for the
specific uranium mixtures encountered in each facility. A missed

dose of less than 100 mrem for the PAS may be achieved by analysis
of composited filters.

This monitoring program is based on radiological toxicity alone.
Depending on the specific activity of the uranium, monthly urine
bioassay is required to detect intakes of uranium that exceed the
chemical toxicity limit. An inhalation intake of 120 nCi class D U-
234, U-235, U-236, or U-238 will deliver an effective dose
equivalent of 100 mrem in the 12 months following the intake. The
chemically toxic acute intake of class D uranium is 20 mg. Assuming
intakes of uranium that deliver 100 mrem are detected and assessed,
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workers exposed to class D uranium with a specific activity lower
than ‘

120 nCi/20 mg = 6 nCi,/mg

require a monthly urine biocassay for elemental uranium in addition
to the semi-annual isotopic uranium urine bioassay. A similar
analysis shows that there are no uranium isotopes with a specific
activity low enough to warrant monthly urine bioassay for class W
and class Y uranium. This assumes that the chemical hazard is
assessed for all intakes of uranium detected by isotrpic uranium
urine bioassay. : -

The workgroup monitoring program for uranium shall consist of:

a. annual urine bioassay, and
b. annual chest counts

for each worker in the workgroup. This individual frequency is

assumed to result in at least a monthly fregquency for monitoring
the workgroup. ‘

The missed committed effective dose equivalent in mrem for each

monitoring method is given below, assuming a monthly frequency for
the workgroup:

Monthly Monthly

Urine Chest
Bioassay Count
Class D U-234 <12 >250000
Class W U-234 48 40000
Class Y U-234 2800 54000

A special bioassay program is required for all members of a

workgroup if any member of the workgroup has a confirmed intake of
radiocactive material. :

2.5 Monitoring Program for Thorium

The worker monitoring program for thorium shall consist of:

annual urine bioassay,

annual chest count,

semi-annual fecal bioassay, and
personal air sampling (PAS).

QO oY

The requirements for when to perform fecal sampling or PAS or both
are given in the facility specific guides.

The missed 12-month effective dose equivalent in mrem for each
monitoring method is given below:
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Semi-

Annual annual Annual

Urine Feces Chest

Bioassay Bioassay Count PAS
Class W Th-228 570 200 >250000 <100
Class W Th-232 64 28 250000 <100
Class Y Th-228 5600 270 7500 <100
Class Y Th-232 610 30 3100 <100

Unsupported Th-228 (i.e., no Th-232) is not anticipated. The
relatively high missed dose for Th-228 is therefore not viewed as a
problem.

The missed dose for chest counting is based on detection of photons
emitted by the Th-232 or Th-228. Lower missed doses may be achieved
by counting the photons emitted by the daughters. Missed doses for

thorium in specific facilities should be determined.

A missed dose of less than 100 mrem for the PAS may be achieved by
analysis of composited filters.

The workgroup monitoring program for thorium shall consist of:

a. annual urine bioassay, and
b. annual chest counts

for each worker in the workgroup. This individual frequency is

assumed to result in at least a monthly frequency for monitoring
the workgroup.

The missed committed effective dose equivalent in mrem for each
monitoring method is given below, assuming a monthly frequency for
the workgroup:

Monthly Monthly

Urine Chest
Bioassay Count
Class W Th-228 1400 100000
Class W Th-232 6400 >250000
Class Y Th-228 12000 16000
Class Y Th-232 29000 150000

A special bioassay program is required for all members of a

workgroup if any member of the workgroup has a confirmed intake of
radioactive material.

2.6 Monitoring Program for Strontium

The worker monitoring program for strontium shall consist of semi-
annual urine bioassay.

The missed 12-month effective dose equivalent in mrem for this
monitoring method is given below:
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Semi-annual

Urine

Bioassay
Class W Sr-89 12
Class W Sr-90 5
Class Y Sr-89 380
Class Y Sr-90 130

The relatively high missed dose for class Y Sr-89 is caused by its
short physical halflife. Significant exposures to pure Sr-89 are
not anticipated and this is not considered a problem.

The workgroup monitoring program for strontium shall consist of
semi-annual urine bioassay for each member of the workgroup. This
individual frequency is assumed to result in at least a semi-
monthly frequency for monitoring the workgroup.

The missed committed effective dose equivalent in mrem for each
monitoring method is given below, assuming a semi-monthly frequency
(every 15 days) for the workgroup:

-

Semi-monthly

Urine
Bioassay
Class D Sr-89 <12
Class D Sr-90 <12
Class Y Sr-89 72
Class Y Sr-90 530

2.7 Gamma-Emitting Fission and Activation Products

The worker and workgroup monitoring programs for gamma-emitting
fission and activation products shall consist of semi-annual whole-
body counts. The missed doses for various pure gamma-emitting
radionuclides on a semi-annual frequency are given in Section 1.
with the exception of Ce-144, Ru-106, and the short-lived
radionuclides listed below, all the missed doses for individual
radionuclides are less than 100 mrem:

Ba-140
La~140
I1-131
I-133

These short-lived radionuclides can not be reliably detected by
whole~body counts on a semi-annual frequency. Special efforts
should be taken to detect them by air and surface ronitoring. The
missed l12-month EDE class Y Ru-106 is less than 200 mrem and is
considered acceptable. Class Y Ce-144 can not be reliably detected
by the standard whole-body counting methods. A special 5 minute
chest count once a year is required to detect this material.
Mixtures of gamma-emitters are likely to produce larger missed
doses than any one gamma-emitter. This possibility should be
explored if the composition of the mixture is known.
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2.8 Tritium

Tritium is unique in that urine bioassay is the primary method used
to monitor and control exposure of workers to tritiated water. For
all other radionuclides workplace monitoring is the primary method
used to monitor and control exposure of workers. F:r this reason a
missed dose anaplysis alone can not be used to select the
appropriate bioassay frequency, but it can be used to select a
minimum frequency. With this in mind, the worker and workgroup
monitoring programs for tritiated water shall consist of monthly
urine bioassay. The missed dose for this frequency is less than 100
mrem as shown in Figures 1-4. The bioassay frequencies for specific

facilities must be determined considering the degree of feedback
needed.

2.9 Summary of Worker Monitoring Programs

The following table indicates the types and frequency of monitoring
that should be performed for each catagory of radionuclide. The
frequency is given as the number of times the monitoring should be
performed for each worker in a calandar year.

Urine Feces Chest Whole-Body PAS

——— e - ————— T —— N _— — t—— —— —— " T — > ——— — T T > Y o SO Y= G —— ———— —

Plutonium 1 1 1 - +
Other TRU 4 2 1l - +
Uranium 2% % 1* 1 - +*
Thorium 1 2 1 - +
Strontium 2 - - - -
FP and AP - - 1hwex 2 -

Tritium 12 -

+ should be performed

- should not be performed

* only if class Y \wranium is present

** monthly urine bioassay for elemental uranium is also required
for exposures to class D uranium with a specific activity of less
than 6 nCi/mg

**%* a 5 minute count on the germanium chest counter every year is
required for workers exposed to class Y Ce-144

2.10 Ssummary of Workgroup Monitoring Programs

The following table indicates the types and fregquency of monitoring
that should be performed for each catagory of radionuclide. The
frequency is given as the number of times the monitoring should be
rerformed for each person in the workgroup in a calandar year.

Urine Feces Chest Whole-Body PAS

Plutonium 1
Other TRU 1
ranium 1
Thorium 1 -
Strontium 2
FP and AP -
Tritium 12
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+ should be performed
- should not be performed
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