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Design and Operation of

Internal Dosimetry Programs DE91 006411

Thomas R. La Bone

Westinghouse Savannah River Company
Savannah River Site

Aiken, SC 29801

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 I0 CFR 20 and the USDOE Order

5480.11 require intakes of radioactive material to be evaluated.
Radiation dose limits are based on the sum of effective dose equiv-

alent from intakes and the whole body _ose from external sources.

These significant changes in the regulations will require, at a
minimum, a complete review of personnel monitoring programs to

determine their adequacy.

In this session we will review a systematic method of designing a
routine personnel monitoring program that will comply with the re-

quirements of the new regulations. Specific questions discussed
are:

a. What are the goals and objectives of a routine personnel
monitoring program?

b. When is a routine personnel monitoring program required?

c. What are the required capabilities of the routine personnel
monitoring program?

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

Specific recommendations and interpretations are given in the ses-
sion.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Govcrnmcnt. Ncithcr 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-
once herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise dc_s not necessarily constitute or imply its endorsement, rcc,om-
mcndation, or favoring by the United States Government or any agency therco.f. The views

and opinions of authors expressed herein do not ne.ccssarily state or reflect those of the
United States Government or any agency thereof.



Design and Operation of Internal Objectives
Dosimetry Programs
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Dose Terminology Routine Personnel Monitoring
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' Routine WorkplaceMonitoring Role of Personnel and

Workplace Monitoring
Monlzwlngthe wo_ m _eot emlmeem e_x4um _
warkemto redi04otlvomaiertele. Two empoeumeoenwtoe_ ueuaW w_eq_mered:

Can_ cd L Thewerk_ ts_ _W.

a. ar_ dr s0ml,_ngk md b. The werkw le e,q:ee_ kv,dverU_ly.

b. oontsmlnetk_ _mn,_.

Fw _en_ e_, _ m_n_g, not pomor_e4
_, s_ be the primarymeeneogoomr_ n_uree.

For InNtwrum( ex_ee, _i _, _ pertonnel
_, o_d be _ _m_ m_m o4_t_ eq_mwee.

J ,,. J
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Purposes of Routine Probability of Worker Exposure
Personnel Monitodng

Throo oimeJfloetJ_te o( tho I_edJttoodof workw eqDoowe are

,, W_w b "_ tor_d_m over• _ EDF-

m_ _. b.Worker_ "not_ to rooelve over • epeoJfledE_
b.Am _.lm_ _m. _ _ • r_m_b_ I_mtlal far emeeum _ r._e m_w_.

o. Wodlcw_ _ _ p44m'vtt_lm bo eIpoo4Nf_ ratdkmotlvo
©._lre_ oaqxxnur__ rad_N,Otl_q,wNuMrl_lI_ aqx,elet_. m_ml_.

_ MU_ an t_ i_ aw_kw b g_en.

WSRC.MS4)0-2gl t WSRC-MS.90-291 10

When is RoutinePersonnel USDOE 5480.11 g.2
MonitoringRequired?

m_ _om _ Imakeee4Wtr_u_e_ grom__t

b. :, _ee m ¢I_E {USOOE_

Thb requV_ Iwqrm le r_mn,_ lmm • we_w mmUerlng
program.

J J
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AEDE? Worker Monitoring
B4c_meAEDEIr_lud_ don tram pm_4aw.YWm,t b umm#-_,le
for de_lQnlnalnlm,mldeolma_ pmr. suhl_le m#m,unr_Nm
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CEDEvmmNiemod u beet Intml_retalkma4the USOOEOrder
Thegaule4theroutk_._ mo?ltov_. Wogrpm..I9to mmJr,

' thet¢_rkerl _ r_e_e moooeeqregu_en/e_n.nx_cm we
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CEDEtdu* EDEtramemmmd_.

b.US00E wKionm ueed CEDEfor deei_ ornlegemlm of Worm' _ k themea r_a_ue mJndneporl(mnei 'fe(dflelee.
_1_o_ p_l_m." work" In°¢_)ort wWhth° w°d(Pl-
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Performance Objectives for Performance Objectives for
Worker Monitoring:USDOE Worker Monitoring: USNRC
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_w=_. Alltw,_ no* -peoNkd,USNRCb_illtke ,hould ooneklmruelng
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_uroe _ee nal ImfW m Int/e Item the_Nnd mx_e.
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_ Inemdtl_ leolltt_eand/¢_dNtkmm(r_mmeIn¢mefa_lllly.
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Technical Shortfall Summary of Worker
Monitoring

Ali radtee=tk_emeWt_ em beak_tmedatthe USNItCand U_L)OE USOOE USN,qC
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o_n*_nll _4 I_*mlntl am, mr m_lnll ,hd bloem#. Werk_ m_m9 :.104w,m CJ[OE _S00mm, CEOE
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_ _ promme, in_ _ 1he_ qk4eolm eeoh l|._nth EDE

muet b_ ds4o"tod_ _tkiumIh_ wowo omre
an Imlkdd_.;Ite-emeed 6rim AEDE(U$OOE)or | remTEOE Indepmdemi_uroe
(USN_').
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Workgroup Monitoring The Workgroup
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Statistical Monitoring Things to Remember About
Workgroup Monitoring

_0 keo_n al tl_ewodcgrou_m.mbem _ b, n_mlkw,d
*o ttm Infe_n_km b r,o.h_lrem tlmwe_41reup-* evenlnmvW.

Wo_kgroUpntmllt41.1ngis iimlnlmd p4Tmmn_"monitoringpi_ollram
threugtm4 lh, yeer. NCRPIrt reeemmen_ tit, I_vlng keotim_: for w_k,_ wko ,re nm boktgupmied to redioaotiv,m_wt_. The
_.:oo worm. _ _o_ _ rho workm wlm_ purpw, agwerkgr_ mon#erlngb 0ov,_y th_ workpi.o.

moMoring iu.d, qu,t, _ tl_ workm w. indeed no_
10to 100 m_,kem- auu_F_10m_rkem upomd.

<10 workem- eamp_eali lltew4_kere If one we_w Inawo_group h-* en inlak_you muetsNume IbM_
woric,_ inm, w_cgr_ h*,dan Int,_ md reep_ ,ooordln9_.
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Performance Objectives Example of Workgroup

for Workgroup Monitoring Monitoring
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TechnicalShortfall Restrictions on
Workgroup Monitoring

I#for leonerumm the p4rkm4nmoeobjeotiv_ forvmdcgro_

beWdkon: The kJ_lo_ngmoekemohouldno( beon • wodtgroupmonitor(rig
L Theroeoonl fix"he4mqe4b_theperleeltsonomobjeethmoheuidbe

li. Wofl[orowith rodlaeoth_mawbl Intheir Ix)diemIhat Intedm'ee
wUh6_km w_dmeeemem o( e_k_JonJl_.pe.

b.ThemAdenoefc_um&gn(ngthe Immmmmm4_ • we_/mup wogrmm
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c_Workeromertng AirborneRadioaott'¢W Arm.
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J
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f MonitoringPrograms _ f _'_
Summaw

i _ ,.,,_ _ .d _.kr_, ...u._ __q._.d,_d

b whet doeee oeah mon#erlng wogr.m ohould deeo_

_*_c_m_l_men_ W. now need. _ foe"oele,_k'qlbJooo.y typee .d/roquoe_Jeo
m4mltorlng tl_t win peeml(uo to de(wt dooee at the _ obJoaUvoo

@.--- j M J
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MissedDose MissedDose

D4_- OCFMOA¢Im:_

AblommoyIhatrleult_ ina kee4handete¢_b4eam_un_un I)(I) mmk4_d deeofor blowNy I_ timet d_r Intake,
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f Example of Missed Dose _'_ f
Missed Dose for Ce-144

MI)Am M nCIC4-t44and 14nCICo.141for 2mklule
v,_e bodycmum

DCF• 0+111mrenVnCICB)E foro4eu V 1.0um Ce-144 ,
lind 0.000_i CEOEforoilm Y1.0MnrC4-141 Mlll4d dole M II0 deyedlHN"kltdCeIi I Ik0mnmt.A4mum(ngnb

bulklln,theannualmined doee le

Time(daye) iRF(Q I_ mrem 4 z 180 nm_m• T20mrom.

30 0.1304 150
Ce.144 90 0.1143 100 BUt,rhomieeoddooe_ 364 dayaalter in_ke ii 460torero,oothe

I O0 0.04_0 2S0 Imm,ldmined 6oeo muet be imo mms480 torero.
3M 0.o44rt 4S0

We willnoumo the m,d mteeod doe* _ qut'tm'ty wtmio body
Time(dayo) iRF(Q 0(I) nvml oounu tor _ee V Ce-144Iu 4_0 .w_m. MIKlemllsm eellmm

oeuoo. #robimm, smore oomlFmoled Imatyoiemay be performed.30 0.0?1Kt 2
Ce-141 90 0.02011 6

180 0.0021 44

Missed Dose for Ce-141 MDA

Idtae4l doneat I0 daye adlerIntle lo tttorero,A0wmlng no
buMdln,the_mulll mbmNId_meb Whenwe rekwto MDAweuomdlymewt thal qulm+lilycdmaterial

that vdNhave • 6%ohlnoe o4 • fliklonogeuve wmselit lINDonto time
4x I mrom ,.14mr_q. INwl_qll 1%ohm ¢ a ilo i_mldm h i bMMdlo4m_plo.

In_, | Imely _rdngfi_ BOA oenbe diffioutto obtain,eo do
Tl_ mloeeddoooM 361Cklyt MNrk_ad(_kt 2704mrom,eothe the b4mty_dornl.annualmi444Mdo0emum bo _ than _14mrom.

ere r,o"amq_o MOAJ"1o¢an _
Wewi Nsume theannualmleeedd4mofor qu_ wholebody frNmi_wlngi_'c_1_-.'11.1:1pe_rttaul4r,the AMOAkglwmbl ANSIN1_1.30
oa_Metor oimo Y Ce-141ii _4mro_ M_b eamNl_Wdtmu41kulo are n44intendedfoeueoinoooup4tlonelbloouay progmm_

J M J
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Intake Patterns Monitoring Methods

Mli_ Nleml+m luMlkm le nM_molom_odydemmd_l, m acmo Tlm m_n#mingm_Md _ ehould_ lhe im_1_mmoe
*-.k, _ _ z_o wl*lglvo, _ mlmmddo_ tim In .qu.i obt¢_k.e. Othor.muk_, in Ni*mlnll lh, melkodareumegNen many_lt_ w,.l_om,mmnmioeeddeeeIb4ee rare

m,rdm'. I_ood en theoom4ewVv_Meumpl_ d Mu_ Inlle0. 8. Blolw should mm be ueed to eugmm_ brelkling nonedr
,,m_kq.

oap,ooiWkw w_rk;ern_xd_erlngk_ mtlnideeM m_yoe rB In

p, ,...., .+
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Radionuclides of _ Tracers

Interest in a Mixture Th.-J_.o,d.In..b_._'h.. _.h_h.,_._._.
lo h MOA will be dot4oled _ _ lows,el levo]. Far e+x_., In
• 10% Ca-1441 '. _ Rlu-IM mlztuco, _ eole year amtv the intake
Ru-t 04 lo,detN4ml flint:

The rmlkmuolkiee o( Inlweot in • mixture ere lkee tlmt _ AotlvUy I M0A

4_-144 (0.04T)_I.IF) I S• u 0.000Q
L oontrlbuto moro thim 94% .._me CEOE, or Flu-10l (0Ali6")(0 J_)I Iii - 0.0011
b. are ui4_ m Irm let the mlztu¢o.

m 110%C4w1441 20% Ru-10e mtxlum, C4_-144 is _ee4od first:

NuolNe kotJvNy I MOA

C_144 (0.047)(0J91 |S • 0.000M
nu-toe (o_ssXo2) I U ,, 0.ooo44

,,, i ,i

fr Mixture Paradox _'_ f Missed Dose for Ce-144/ _'_
Ru-106 Mixture for Annual WBC I

/

_m. Mleoocl
Ooee

For emmple, let us mmmlne the mlu4d deoe f4¢ • mb_am of (mfQm)
oi YC4P144 •hd oleae Y RU-,100let M _ wflelkl IN_
oou_. _ ] _ Ru-iM Veeer I

0111nmml I_, ,-t I-
I_im _ 0 '"

j _ ,=_ m... c+., j
WSRC-MS-00-291 =, wsRd.Ms.oo._1"

fr _ /_ Missed Dose for BZA _'_
Solving the Mixture Paradox ,.._,

a. MDAo( O_0M nel for slpd_ endear en ges flow l_epenioMI
oeunter,

Thr_ _ lm I_lV_I tl_ peredo_ iro b. BZA Mmpling r_e I Vm,
o. 8_ period I Wd,

b"OeeJ_ rh° It_Fam .be_. on the olngle meet roe4riotlve o. _: In_
a_npen_ preeer_ in U_emmtu_.

O, ..D_I_.. Ih_ i_..ogri_ bllMi lm the intlo41d ikl44 |or the •um th4Wltl_ mhNl_d qk144pi' day for I IZA II
of oll rl_l_nu61kl6o thai oound be preN_4 In the ml_wo. O r. _.1_ FI_._0 I_1)/_1 k_ll) ()_ = 0,0_ infqMe.

A_lng IS0 werk drive p4r vur, the mnua_ ndNed doe• b
IJOCF. For OMN Y U-_J_ thi_ M iii nvem CEDIK Fv ohio Y

w_+,, ,, wmc-m-+o._, .
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Missed Dose for Limitationsof
Chest Count Missed Dose

8m,d on R.4o**ddo**, routln, _ ,oum0 got_ _ A mlos,d do, e a,_lysb _ • o_ woy__N_l_lng
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mo,0_rln¢ proem, snr he_h physk_ _ n re_..

b..theyhelpeneurothai theohe_ oount4rwNIbeworkingpro_a_f on_ltw, t_d IciInOeNSethe _ overmit aerwea tnme
wnre il le i_dty mN_led- for epeelt n_. mtmed cloeemallnde.

o. theyprovidebueiine debttim ie UNiUt for evduatng 8ubeequenl A.gqmoriomiooeddoN _le oanno(meure that • pmttouiK
pc_lt_, c_unts,and w_ker hu n4_exo4Ne4 • gk4_ cioee.Tideie partk_darlytruetor

wodcerewho haveredloeottvemalerimlintheir bodicethat
d. themioooddooo_ rely nol lloourmolydolH/Ibothe c_14oc_lon Irliol'for_JwithdMoc_Jmlond ovltiuldiorlofIM_Mtonitlkltakoo.

oe_ddl_yfor, epee_Hop,recm. Mleeoddoe. _ldreem. deqeotionot Intakm,no4tho mommy o(
the intakeaee4_

J ,. j
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Summary Assessing Chronic Intakes

W_ _ to moni_r kequently enough to resolve ,ig_ioent
ohengeein ucre_km or retention.Herew. ar. o4nom_d, with

We havediecl4_N4J 1_4d_y_lltl_ 11odetecltiofl.TheIrequ4et4_youoeNi4_l
.. wh,m• rouUne_ mont_rln¢ prog.m t. r,_l_,

b. thep_tonnenoeob_o_lv_ kw theeeprogrm, 8. the btokino4tloeo( the m81odet,
b. fkaotue(Ione in the espeeuree,

"how to uee mieood dooe to eeleot mmantoring molhod 8rodtJut would nu_ the i_dommneeol_b4Jv_, o.rh4timereclukecifor ormlyebofbk_ md BZAumplee, and

We9e_...need to _ _ mmeeing olu_elo intskm _ d. prevk_e ,xpertonoe.
_g _ wmumuenoo mo muune wogrwn.

A BZA _ probebtyb, requir*dto emee ehronioIntakm in ternm
o_CEDE.
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Chronic Uranium Intake Controlling Exposures

_m Ifroutk_ per_,mel moni_Ing k ue,d to oonWog,xpmMm o(
p_rmned, _ th, kequenoyek_u_._'-_ baeeden

_o e. h_wquld_ tld_le Nn go bed,

U_mlum b. howbedthiniJe oen get,
in UrJno
(u_.) ,0o o. the Umorequlred gotme_60 o( bioe_ md eZA ump_,, _ne

d. _ _ _ ,,m,_.
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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 docunLent 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 Ioo_ very similar.

Section 1 gives th_ information necessary to calculate missed doses
for reutine bILoassay methods and various radionuclides nf interest.

Sectioi_ 2 uses this information to design generic worker and

workgroup monitoring programs for F: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 routlne 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. logically 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.
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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-
_nan-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.

i.I Minimum Detectable Amounts

The minimum detectable amount (MDA) qu'oted 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 Nai 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.I 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
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MDA for MDA for MDA for

Radionuclide Urine Bioassay whole-body Count Chest Count
(pCi) (nCi) (nCi)

Pu-239 0.02 NA ii0

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 i.I

Th-228 0.1 NA 3.4
Th-232 0.I NA 28
Eu-152 NA 16 0.13

Eu-154 NA i0 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

1-133 NA 5 NA
Sb-125 NA 13 NA
Ru-103 NA 5 NA

Ru-106 NA 25 NA
Zr-95 NA 5 NA
Nb-95 NA 2 NA

S r- 89 6 NA NA
S r-90 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 i. Intake to dose conversion f.Lctors for thorium, uranium and
transuranics. Please note that this table has the units of
mrem/nCi.

Committed 12-month

Radionuclide mrem/nCi mrem/nCi 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/nCi Reference
--m _mm

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 I0 0.014 Dunning

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 W 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 W 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/_Ci.

Committed 12-month

Radionuclide mrem/_Ci mrem/_Ci Reference

Eu-152 W 220 --- EPA
Eu-154 W 290 --- EPA

Ce-141 W 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

1-131 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 Dunnlng
Ru-103 Y 9.0 9.0 Dunnlng

Ru-106 D 57 40 Dunnlng
Ru-106 W 120 110 Dunnlng

Ru-106 Y 480 310 Dunnlng
Zr-95 D 24 23 Dunnlng

Zr-95 W 16 16 Dunnlng
Zr-95 Y 23 23 Dunnlng
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Committed 12-month

Radionuclide mrem/NCi mrem/NCi Reference

Nb-95 W 4.8 4.8 Dunning

Nb-95 Y 5.8 5.8 Dunning
Sr-89 D 6.6 6.5 Dunning

Sr-89 Y 41 41 Dunning
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 ii Ii Dunning
Co-60 W ]3 27 Dunning

Co-60 Y z20 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 q is the quantity 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 Dose Tables

Given

a. the intake retention fraction IRF for time T and bioassay type
• Br

b. the minimum detectable amount _DA 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 I0, 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)
_mm mm -- m_m

U-234 0.0003 0.82774 43 54000

U-235 0.0296 0.02825 0.i0 120
U-238 0.9701 0.14401 i.I 1300

The radionuclide that has the most activity relative to its MDA

will be detected at the lowest level. Assuming negligible
radioactive decay and identical biological elimination rates:

Isotope Activity / MDA

U-234 0.82774 / 43 - 0.019

U-235 0.02825 / 0.I0 = 0.28

U-238 0.14401 / i.i = 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.i 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 - _ / DCF = 120 mrem / 120 mrem/nCi = 1 nCi.

The missed dose Djfor component j with activity fraction fj is
given by

Dj= (1 nCi)(fj/fu_235) DCFj mrem.

Thus, the missed dose Du_234for U-234 is

(i nCi)(0.82774/0.02825)(130 mrem/nCi) = 3800 mrem.

The missed dose Du_238for U-238 is

(i 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 of tritium in urine at various times

following intakes in a year that will deliver a committed effective

dose equivalent of i0 mrem (approximately 170 _Ci of tritiated
water). Four intake patterns are presented:

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

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

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

d. an intake of 170/4 _Ci 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 activity uranium.
Assuming standard ICRP 30 biokinetic models, the intakes of uranium

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

Class Intake (mg)

D 20

W 99
Y 1900

The following, table gives ICRP 30 stocastic ALIs for uranium

isotopes in terms of activity and mass:

class D class W class Y

Isotope (nCi) (rag) (nCi) (mg) (nCi) (rag)

U-234 1900 0.30 700 0.ii 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) (vg/day) (vg/day)

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 i.i

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 radioactive material.

b. The filter paper is held for two weeks (to allow the radon

daughters to decay) and counted to quantify exposures to low level.s
of radioactive 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 i/m)/(2 I/m)(10-3nCi/pCi) DCF,

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 iz a routine
bioassay program. To a certain extent this is true, chest counting

has its greatestusefulness 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 u_eful 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 possibilitrF 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 guidelines

an_ the missed dose tables in section 1 are given for workers
exposed to the following radioactive materials:

2.2 Plutonium

2.3 Transuranics Other Than Plutonium
2.4 Uranium
2.5 Thorium

2.6 Strontium

2.7 Gamma-Emitting Fission and Activation Products
2.8 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 radioactive

material in their body that interferes with detecting andassessing
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 radioactive materinls.

2.2 Monitoring Program for Plutonium

The worker monitoring program for plutonium shall consist of:

a. annual urine bioassay,
b. annual chest count,

c. annual fecal bioassay, and

d. personal air sampling (PAS).

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 Bioassay Count PAS

Class W Pu-238 83 150 >250000 <I00
Class W Pu-239 74 140 >250000 <I00

Class Y Pu-238 800 38 13000 <100
Class Y Pu-239 720 34 31000 <i00

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 retained
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

Eioassay 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 counting 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:

a. quarterly urine bioassay,
b. annual chest count,

c. semi-am,ual fecal bioassay, and

d. personal air sampling (PAS).

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:

Semi-

Quarterly annual Annual
Urine Feces Chest

Bioassay Bioassay Count PAS

Class W Np-237 290 28 4100 <i00
Class W Am-241 420 32 1900 <I00
Class W Cm-242 440 44 >250000 <100

Class W Cm-244 460 34 >250000 <i00
Class W Cf-252 i000 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 i0, which will

enable annual urine bioassay to meet the design objective. Until
this work is completed semi-annual feces bioassay is required. A

missed dose of less than i00 mrem for the PAS may be achieved by
analysis of composited filters.

The workgroup monitoring program foz 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
m

Class W Np-237 ii000 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 bioassay 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 bioassay,
b. annual chest count,

c. annual fecal bioassay and/or personal air sampling (FAS) 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

monito, ing method is given below:

Semi-
annual Annual Annual

Urine Feces Chest

Bioassay Bioassay Count PAS

Class D U-234 80 -- >250000 <100
Class W U-234 62 32 230000 <100

CLass Y U-234 590 84 ii000 <i00

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 i00 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 I00 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 bioassay 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 detec£ed by isotr, pic 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 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 D U-234 <12 >250000
Class W U-234 48 400.00

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
radioactive material.

2.5 Monitoring Program for Thorium

The worker monitoring program for thorium shall consist of:

a. annual urine bioassay,
b. annual chest count,

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

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 <i00

Class W Th-232 64 28 >250000 <i00
Class Y Th-228 5600 270 7500 <i00

Class Y Th-232 610 30 3100 <I00

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
bl, counting the photons emitted by the daughters. Missed doses for

thorium in specific facilities should be determined.

A missed dose of less than i00 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
m

Class W Th-228 1400 i00000

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
J workgroup if any member of the workgroup has a confirmed intake of

radioactive material.

2.6 Monitoring Program for Strontium

• The worker monitoring p_ogram 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: o.

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 i.
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 i00 mrem:

Ba-140

La-!40
1-131

1-133

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 monitoring. The
missed 12-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.

m
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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_[ this reason a

missed dose analysis 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 i00
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 timesthe monitoring should be

performed for each worker in a caland_r year.

Urine Feces Chest Whole-Body PAS

Plutonium 1 1 1 - +
Other TRU 4 2 1 ,- +
Uranium 2** i* 1 - +*

Thorium 1 2 1 - +
Strontium 2 ....

FP and AP - - i*** 2 -
Tritium 12 ....

+ should be performed
- should not be performed

* only if class Y _Iranium 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 Summary of Workgroup 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

[erformed for each person in the workgroup in a calandar year.

Urine Feces Chest whole-Body PAS
I---- m_

Plutonium 1 - 1 - -
Other TRU 1 - 1 - -

"_ranium 1 - 1 - -
Thorium 1 - 1 - -

Strontium 2 ....

FP and AP - - - 2 -
Tritium 12 ....

PAGE 17
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+ should be performed
- should not be performed
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