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- DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owncd rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. : :
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WHOLE- BODY COUNTING AND BIOASSAY DETERMINATIONS
MADE ON ACCELERATOR WORKERS™

H. Wade Patterson, Anne de G. de-_Beer, and Thornton W. Sargent
Lawrence Radiation Labokratory |
University of California

. Berkeley, Califo rnia

January 3, 1969

ABSTRACT
‘Ninety three accéler#tor&orkérs were assayed ,fo‘r radioactivity
ét’the Lawrence‘ Rédiati-on Labo‘rratory-—Bberkeley. The techniques used
were whole-body cbtiri.t.in.g énd radiochemical analysis of urine. Of the
93, three had measurable bﬁt very small quantities of alpha activity in
the urine, six had detectable galhnla activity by whole-body coﬁnting,
~and alm‘ost.all had beta activity in the urine. We believe the beta ac-

tivity is from ‘fallout in food, water, and air.
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I. INTRODUCTION
This report is concerned with a bioassay program including @'
radiochemical analysis of".bi.lolog:ical ma'.t‘erial, usually urine, .and
whole—-body'count‘ing on 93 acc’elerator:workers.

65

Several cases of internal depositiori of Zn in accelerator
worl‘{érs have been.reported previously, from Massachusetts Ins.t.i“

tuté of Techﬁology, 1 Los Alamos Séientific Laboratofy, 2 and
LawrencevRadiation vLab"Orato'rymLiverrnore. 3 In addition Los ‘
Alarrilos Sciéntific“La»borat'ory réported a éingle case of suspected 7Be
contamination, which may have beeﬂ external, and L.R.L- Live rmore
vrveport‘ed the occurrence of internal 54Mn; 22Na, and 48V. In 1962, 10
workers on the Berkeley 60—incf1 cyé]otron were shown to have inter-
nal contalninzitiqn from 6SZn.. 4

The investigation'r’eported here was made in sp‘i'ing 1968 611 ac-
pélerétor workers at the Lawrence Radiatﬁon Laboratory-Berkeley.
This. study is sﬁppleme‘ntal to the routine Laboratory bicassay and |
personnelrnl‘onitoring progfam.‘

Characterisfics of the four accelerators presently in operation
athe\rkeleyv are given in Téble 1. The accelerators are of conven-
tional design and use stvainless steel, steel, copper, duraluminum,
and various hydroéal;bons in their construction and function. Table 2
lists their nﬁaterials and gives the isotopes one might expect to find

in workers who have handled radioactive accelerator parts or have

drilled, sawed, or soldered them.

4
i
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In considering the question of whether these or Yot}{eﬁr‘ji'sotépc“s' -
are ac.tuall;} ingested by workers and whetfhe,r they can subsequently |
be .detec'ted the following aspecté of the probxlem must be k"e'pt"i‘n mind.

First, the specific activity is {fery low. Except for"é'ctua‘]. ac-
'celerator: tar_getvs and beam dumps, acc’ele’fated beam losses arie
small, as are ﬂ1e'actiﬁtiés induced by,chérg‘ed particles. ';rNe'u‘f.:ro‘ns,
which are formed when the beam strikes a. ta.rget or othef'r lés.s, p‘oin.t,
diffuse widely and may induce a nuclear reaction anywhere wi‘thinva'
large mass of acc.:eliérator vniate'rial or shiebldivngv. ’ ‘

- Second, the induced activity is not generally concentrated or
confined. Again, except for targets which are accorded -sI.)‘ec’ial‘han-..‘
dlin.g,' the bulk of the activity induced in accelerator structures is a,l-
most never so intense as to reqﬁiré the' techniques for handling which
are used for ordinary radioisotopes. ' No shielded enclosu_rés, glovcd
boxes, or remote-handling equipnlent.arer used or are 'r'e_ally necessary.
Even'in high radiation areas (> 100 mrem 1n a'n: h_ou'r) control of work-
ing time is almost thé only method used to céntrol 'rédiétio‘h exposﬁre.

These two aspects of the problenq—‘-widespread low specific ac-—v
tivity and ordinary handling of this material-—convinced us that any-
one associated with the operation of an accelerator might ingest some
' activity but that the quanﬁty would probably be small. |

Accordingly, we selected for each accelerator a group of people
who were primarily responsible for the oijeratibh and maintenance of
the machine. Included were accelerator operators, electrical and

mechanical technicians, physicists and chemists, and engincers. In
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meetings it was explained that the program we'p»ropos.ed should be
conéidered as.su'pple‘mental to thé-ox'ainéry persovnn.el monitorihg pro-
gram. The proposed program included both a whole-body count (for |
- gamma activity) and rad‘iocvhémical a.né,lysis of urine (for beta, and.

‘ alphaéctivity). Two ox;e'rnight urine gpecimens' were required. In
spite of the extra time and in.co'nvenience',: cooperation was gooa.
Nin.c'ty--nine’ pefsons had been seiectéd f_‘or the study; 93 iﬁdividuals
reported for a whoie—body' co‘unt, and of t_hesé 84 submitted a 2‘4;}101111*

urine sample.

II. TECHNIQUES

Urine specimens are treated by a survey method which involves
pféparation‘ of the sample by aliia]ine phosphate precipitation, in which
the monév_aient cations are eliminated. The ash from the alkaline phos-
phate precipita'tioﬁ is suspen‘ded in 10 ml of 2N }HNO3. The whole
‘sample is counted by gamma spectroscopy using a 4-inch Nal crystal
and a 400-channel p11lse—heig}1t analyzer. One fifth of the sample is
then plated on aluminum for counting of groés beta activity in ’a Nuclear-
Chicago proportionéi gas-flow counter. Tﬁe remainihg four fifths of the
sample is processed by bismuth phosphate and lanthanum'fluoride co~
precipitatio‘ns and c'ounted for gross alpha activity in the Nuclear—;

Chicago proportional gas-flow counter.
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Whole- Bo dy Counting

1

The Donner whole- body counter is of the Argonne type with a 6—1nch
steel shield. The sub_]ect sits in an 1nel1ned chair and is counted by
a stationary é—3/8 by‘4-in. “ NaI(_'l‘l)v c,r';r_stal, ,pesitiorled with its center
40 cm from the ‘back‘an‘d seat of the chair. The gamma pulses are
analyzed by a Packard 460—chanhel pulse-height analyzc‘ar, calibrated
‘at 5 keV/PhU yielding a y- ray spectrum from 0 to 2.0 MeV. Data
are recorded on prlnted pape1 tape, Wh1eh is then keypunched for com-
puter analysis. Calibration of the area under the photopeaks to yield
microcuries body burden is obtained from the spectra ‘o.f: medical‘,p'al
tients injected with known quantities of sh‘ort-‘lived'radlo;uuclides with
var;ious gamma-ray energies. *'Countir'lg tirhes for this s‘eries .ef sub-
jeet.s;vxr.as l5 r_rlinutes. The limit of serlsitivity for vdetecting the iso-~ |

topes in Table 1 is between 1 and 10 nanocuries.

IIiI. RESUL’l"S'

Results of radiochemieal analysis of urine and of whole-body
counts:are shown in Table 3. Three of the positive alpha determina-
tions shown in the table must be regarded as questlonable until they
are eonflrlned by analysis of a second specnnen. Such confirmation
is rlow pendino.' What appeared to be clearly a 237Np peak, energy
4. 77 MeV, was present in each of the positive samples ¢xamined by
alpha pulse height analys1s ‘In addition; a numb.er of smaller pecaks
were seen in all these samples. These had energies.of 4.40, 4.35,

238 241 241

4.56, 4.67, 5.18 (“°°U), 5.30 (“"*Am), and 5.80 (“**Cm) MeV. The
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activities are not signiﬁcaht from a heaith pf»otection' standpoint, but
their source is the subject of a general all;ha contamination study. )

The hi‘gh incidence of bbeta contamination is consistent with ob-
servations of the Bioas say Laboratory that during the winter and spr.ing

_lof 196768 residents of the San Francisco Bay Area,. irrespective of
local’ity.or oécupation, had levels of beta activity ranging fronu 5 to 20
pCi per 24-hour urine sample. 5‘. Studiés of fhe rate of r'a;d'ioactive de-
cay én some of these sanﬁple"s indicate a Half-life in the neighborhood
of 50"; to .60 days. It seéms unlikely, therefore, that'a significant amount
of this activity is .due to sr.

The fé-ét that no gamma activity was found in any of the urine
samples illustrates the high detection limit of the method in comparisoﬁ
with whole-body counting; gamma éctivity was found in some individuals
by the whole-body counting technique although not detected by gamma
counting of urine.

Individuals were whole-body counted preliminarily while fully
dressed. I.n all cases of apparent contamination, a second count was
made after the individual had showered and donned a hospiital gown.
Values shown in T;Lb].e 3 representinternal contamination confirmed
in this manngvf.l In general, hcwvever, it i:% difficult to distinguish be-
tween surface and internal contamination with a single whole-body count.
Computer analysis of gammma spectra generated in the whole-body count-
ing program is now under way. Itis not expected that this will alter

significantly the findings presented here.
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~ Among the 88-inch cyélotron workers, in additibn to the three
subjects listed in Table 3, eight subjects had measurable activity of

58Co, 57Co, and 185

W on their clothing: This was at a time shortly
aftel; the cyciotron had been shut down for 'extensive work and clean-up
of the accelération cha’rnb.er, and ‘thesebacti\.fities were thought to be’
present during this opefation. The‘ activity attributed to i85W was
te.nta'tively identified-by‘ a 0.06-MeV y ray and an 80- to 90-day half life.
The i‘svotope tables do not show agreemént as tb the pr'e‘sence' of this.

185

gamma energy for W, however. This isotope, still not positively

identified, is noted hére because of the possibility of cénfusing it with
241Am,_ which has a y ray of the sanleqenergy;’ the activiﬁy seen here,
however, .hé.d no associated alpha a‘,‘CtiV’i‘tY‘-

A survey was conducted 1n 1962 of ten rnembers of th¢ créw of
the 60-inch cyclotron before it WéS disfn‘antled. Seven of these men -
had burdens of 652n‘,. ranging up to 9 nCi, comparable to 'result‘s of
others.vi—?’ One routé of.v6SZn into the body was found to be due to sol-
dering copper parts which had been activated; apparently the zinc vapor-

65Zn burden was

izes a;nd is inhaled by‘ the man doing the work. A
féund in .a man who had been soldéring a copper pé.rt while wearing a
respirator. Activity was fou,nd on the respirator filter as well.

The much lower incidence of internal burdens of gamxna-enﬁtting :

nuclides in the crews of more modern accelerators attests to the effi~

cacy of present safety standards.
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IV. CONCLUSIONS
Accelerator workers who have been stu_diea in this survey sliow
- the following incidence of radioactive contamination: alpha (confirmed)
3.5%, gamma (by whole-body count). 6.4%, beta 94%. It is believed that
the high incidenée of beta activity repl'ésentsverﬁifomnental contarnir;—'.
tion. Thé levels of activity found do not exce_ed 1 pCi per 24-hour
u‘fin,é. for alpha emitters, and 10 nCi pei"\vhole--body count for gamma
activity. Accordingly, no changes in e.xisrting procedures are contem-
platejd as a result.of this survey, since it seems evident that normal
habits of ¢leanliness and Qccasionally the use of protecti';/e_ clothing and
‘glloves are adequate to insure that the ordinary accelerator worker at
lJI{I.,~Berkeley will not receive radiation exposures of any consequénc'e
from internal sources. Nevertheless, it is gelieved that periodic sur-
yéys of the tyée reported herein have value in helping to maintain safe
working conditions and in bringing to light any unsuspected instances of

possibly significant contamination of workers.
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- Table 1. Characteristics of accelerators at Lawrence
Radiation Labotratory~-Berkeley.

184-Inch synchrocvclotron (modified in 1957)

Particles accelerated
-Maximum energy (MeV)
Average beam current (pA)

Maximum energy before
modification (MeV)

Bevatron (proton synchrotron)
Particles accelerated
Maximum energy (MeV)

. Maximum intensity

Heavy-ion linear accelerator

Particles accelerated

Maximum ene rgy (MeV)

Average beam current (pA)

88-Inch cyclotron
Pai*t,icles accelerated
Maximum energy (MeV)

Average beam current (pA)

~ protons deuterons alphas
730 460 910
0.75 0.75 0.25
350 190 380
protons
6200 -

5)('10’12 protons/pulse, internal
-2><'10'12 protons/pulse, external

deuterons, 12C, 14N, 1‘60, 2ONe,
4%, and others

'10/nucleon

0.01 to 4.0

protons deuterons alpha_é
60 60 130

30 - 40 20

(presently limited by deflector cooling).
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'Tabie 2. Isotopes to be expected from irradiation of
‘ some selected materials. :

Isotope

Material
Cu |
SAtai_nlesv‘s’ steel.
Steél
- Duraluminum

i Plastics and oils

57 57. ‘58 . 60

N]-’ CO,’ ; CO, Co

55 59Fe,' 54Mn

Fe,
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Table 3. Results of survey of accelerator workers. (Numbérs in parcn'th_escs indicate number of workers
. in whom isotopes were found.) ’ . :

- Number

Location and type of determination Individuals Decterminations = Individuals Isotope or d Values (or range)

_positive encrgy (uCi)

184-Inch éyclotron .

A. Radiochemical . . ] d
1. alpha - 1. 16% b 23 3) . o.s5tot.0x 1078 :
2. beta ' 1 14 g2 cee 4.2 tod2 x 107
3. gamma 11 11 .0 o -— Coaeas
B. Whole-body count . 14 : 14 ' ] 0.825 MeV(1} . tracc
: _ -3
. : 85 3 %1073 (1)
Zn (@) C b7 x 1073y
Bevatron .
A. Radiochemical . . 4
b ' -6
.1. alpha . 42 42 . N R - 0.3 x 10
_ : : S : o : 4
2. beta : 42 . 42 38 N 1.7 to 120 ¥ 10 b
3. gamma - ' 42 - 42 o 0 --- ) —-—
B. Whole-body count - 44 "44 _ . 85y, t'x 1073
Heavy-ion linear accelefator
A. Radiochemical ) A
: : : : 237 : -6
1. -alpha 10 T | . 1 Np (1) 1 X 10
. ) : s
2. beta : 10 40 9 Cee- 2.7t0 6.7 x10°°
3. éamma : 0 10 0 _——- _ _——
B. Whole-body count 13 13 . ) ) ) ---

88-Inch cyclotron

A.

Radiochemical

. d
1. alpha : _ 21 21 LA 0.7 x107®
2. beta : 21 24 20 - ‘ " t10 x107°
3. garmma ’ : 21 : ‘ o . --- . v_ . .-
' T assy,, ;-3
B. Whole~body count 22 22 -3 w2 (2) =—————————= 7 X 10 (2)
85T, (1) —— 3 %1073 ()
a. Multiple determinations on cases thought to be positive.
One pending confirmation.
c. What appcared to be clearly a z37Np peak, energy 4.77 MeV, was present in each of the samples examined by alpha
: pulse-height analysis. In addition, a number of smaller pcaks were seen in all the samples. Thesc had energies
of 4.10, 4.35, 4.56, 4.67, 5.18,” 5.30, and 5.80 MeV. It is thought that peaks with lower encrgics may be isotopes
of uranium, but because of the very low counting rate of all the samples, positive identification is not atternpted.
. : - b

Per 24-hr urine sample. ) -




LEGAL NOTICE

This report was prepared as an account of, Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: : )

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, ''person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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