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ABSTRACT 

., 
' 

Ninety three accelerator workers were assayed for radioactivity 

at the Lawrence Radiation Laboratory-Berkeley. The techniques used 

were whole-body counting and radiochemical analysis of urine. Of the 

93, three had measurable but very small quantities of alpha activity in 

the urine,. six had detectable gamn1a activity by whole- body counting, 

and almost all had beta activity in the urine. We believe the beta ac-

tivity is frorn fallout in food, water, and air. 
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I. INTRODUCTION 
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This report is concerned with a bioassay program including 

radiochemical analysis of biological material, usually urine, and 

whole- body counting ori 93 accelerator workers. 

s·everal cases of internal deposition of 65 zn in accelerator 

workers have been reported previously, frorn Massachusetts Insti-

. 1 2 
tute of Technology, Los Alamos SCientific Laboratory, and 

I R d . t· L b' , t L. 3 
_,awrence a 1a ·1on a ora ory- 1vennore. In addition Los 

Alamos Scientific Laboratory reported a single case of suspected 
7 

Be 

contamination, which may have been external, and LRL-Livermore 

. 54 22 48 
reported the occurrence of internal Mn, Na, and V. In 1962, 10 

workers on the Berkeley 60-inch cyclotron were sho\vn to have inter

nal contarnination fron1 65 Zn. 
4 

The investigation reported here was made in spring 1968 on ac-

celerator workers at the Lawrence Radiation ·Laboratory-Berkeley. 

This study is supplemental to the routine Laboratory bioassay and 

personnel n1onitoring program. 

Characteristics of the four accelerators presently in operation 

at Berkeley are given in Table 1. The accelerators are of conven-

tional design and usc stainless steel, steel, copper, duraluminum, 

and various hydrocarbons in their construction and function. Table 2 

lists their materials and gives the isotopes one might expect to find 

in workers who have handled radioactive accelerator parts or have 

drilled, sawed, or soldered them. 
~ 
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In considering the question of whether these or other isotopes . 

are actually ingested by workers and whether they can subsequently' 

be detected the following aspects of the problem must be kept in mind. 

First, the specific activity is very low. . Except for actua! ac-

celerator targets and beam dumps, accelerated bearn losses are 

small, as are tl1eactivities induced by charged particles. Neutrons, 

which are forrnecl v;hen the beam strikes a target or other loss. point, 

diffuse widely and may induce a nuclear reaction anywhere within a 

large 1nass of accelerator n>ct.te:rial or shielding. 

Second, the induced activity is not generally concentrated or 

confined. Again, except for targets '\vhich are accorded special'han-

dling, the bulk of the activity induc.ed in accelerator structures is al

most never so intense as to require the techniques for handling which 

are used for ordinary radioisotopes. No shielded enclosures, gloved 

boxes, or remote-handling equipn1ent are us eel or are really necessary. 

Ev:en in high radiation aTeas (> 100 mrem in an hour) control of work-

ing time is almost the only method used to control radiation exposure. 

These two aspects of the problen>--widespread low specific ac-

tivity and ordinary handling of this material--convinced us that any-

one associated with the operation of an accelerator might ingest sm~ 

activity but that the quantity would probably be small. 

Accordingly, we selected for each accelerator a group of people 

who were pri.marily responsible for the operation and maintenance of 

the machine. Included were accelerator operators, electrical and 

mechanical technicians, physicists and chen1ists, and engineers. In 
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meetings it was explained that the program we ·proposed should be 

considered as supplemental to the ordinary personnel monitoring pro

gram. The proposed program included both a whole-body count (for 

· gamm:a activity} and radiochemical analysis of urine (for beta, and. 

alpha activity}. Two overnight urine specimens were required. In 

spite of the extra ti1ne and inconvenience, co ope ration was good. 

Nincty-·nine persons had been selected for the study; 93 individuals 

reported for a whole- body count, and of these 84 submitted a 24-hour 

urine sample. 

II. TECHNIQUES 

Bioassay 

Urine specin1ens are treated by a survey method which involves 

preparation of the sample by alkaline phosphate precipitation, in which 

the monovalent cations are eliminated. The ash from. the alkaline phos

phate precipitation is suspended in 10 ml of 2N HN0
3

. The ·whole 

sample is counted by gamma spectroscopy using a 4-inch Nal crystal 

and a 400-channel pulse-height analyzer. One fifth of the sarnple is 

then plated on alun1inum for counting of gross beta activity in a Nuclear

Chicago proportional gas-flow counter. The remaining four fifths of the 

sample 'is processed by bismuth phosphate and lanthanum fluoride co

precipitations and counted for gross alpha activity in the Nuclear

Chicago proportional gas-flow counter. 

, I 
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Whole-: Body Counting 

The Donner whole- body counter is of the Argonne type, \vith a 6.:.inch 

steel shield. ·.The subject sits in an inclined chair and is counted by 

a stationary 9-3/8 by 4-in. · N~ti(Tl) crystal, positioned with its center 

40 em. from the back and seat of the chair. The gamma pulses are 

analyzed by a Packard 400-channel pulse-height analyzer, calibrated 

·at 5 keV /PHU, yielding a'{- ray spectrum from 0 to 2.0 MeV. Data 

are recorded on printed paper tape, which is then keypunched for com-

puter analysis. Calibration of the area under the photopeaks to yield 

m.icrocuries body burden is obtained from the spectra of medical pa-

tients injected vv-ith known quantities of short-lived radionuclides with 

various gamma-ray energies. Counting times for this series of sub-

jects was 15 minutes. The lirnit of sensitivity for detecting the iso-

topes in Table 1 is between 1 and .10 nanocuries. 

III. RESULTS 

Results of radiochemical analysis of urine and of whole- body 

counts· are shown in Table 3. Three of the .positive alpha deterrnina-

tions shown in the table must be regarded as questionable until they 

are confirrned by analysis of a second specirnen. Such confirn1ation 

is now pending. 
237 

What appeared to be clearly a Np peak, energy 

4. 77 MeV, was present in each of the positive samples examined by 

alpha pulse-height analysis. In addition, a number of smaller peaks 

were seen in all these samples. These had energies of 4.10, 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 significant fro1n a health protection standpoint, but 

their source is the subject of a general alpha contamination study. 

The high incidence of beta conta1nination is consistent with ob-

servations of the Bioassay Laboratory that during the winter and spring 

of 1967-68 residents of the San Francisco Bay Area,. irrespective of 

locality or occupation, had levels of beta activity ranging frOTn 5 to 20 

pCi per 24-hour urine san~ple. 5 
· Studies of the rate of radioactive de-

cay on some of these sam.ples indicate a half-life in the neighborhood 

of 50 to.· 60 days. ~t seems unlikely, therefore, that a significant amount 

90 of th~s activity is due to Sr. 

The. fact that no gamm.a activity was found in any of the urine 

samples illustrates the high detection limit of the method in comparison 

'.vith whole- body counting;. gamm.a activity was found in some individuals 

by the whole- body counting technique although not detected by garnma 

counting of urine. 

Individuals were whole- body counted preliminarily while fully 

dressed. In all cases of apparent contamination, a second count '"'as 

made after the individual had showered and donned a hospital gown. 

Values sho\vn in Table 3 represent internal contamination confirrnecl 

in this manner. In general, however, it is difficult to dislinguish be-

tween surface and internal contamination with a single whole- body count. 

Computer analysis of gan~ma spectra generated in the whole-body count·-

ing program is now under way. It is not expected that this will alter 

significantly the findings presented here. 
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Among the 88-in:ch cyclotron workers, in addition to the three 

subjects listed in Table '3, eight subjects had measurable activity of 

58c 57c . d 185w th . 1 th· o, o, an on · e1r c o 1ng; This was at a tirne shortly 

after the cyclotron had been shut down for extensive work and clean--up 

of the acceleration chamber, and these activities "vere thought to be 

d . h. . Th . . "b d 185 w present unng t 1s operation. e achVlty attn ute to vv was 

tentatively identified by a 0.06-MeV y ray and an 80- to 90-day half life. 

The isotope tables do not show agreement as to the presence of this 

185 garnm.a energy for W, however. This isotope, still not positively 

identified, is noted here because of the possibility of confusing it with 

241 Am, which has a y ray of the san1.e energy; the activity seen here, 

however, had no associated alpha activity. 

A survey was cond1..i.cted in 19 62 of ten n1.embe rs of the crew of 

the 60-inch cyclotron before it was disniantled. Seven of these men 

h db 1 f 
65 z · 9 c· bl 1 f a urc ens o n, rang1.ng up to n 1, c01npara e to resu ts o 

1-3 65 
others. One route of Zn into the body was fo·und to be due to sol·· 

dering copper parts which had been activated; apparently the zinc vapor

izes and is inhaled by the man doing the work. A 
65 

Zn burden "\vas 

found in a man who had been soldering a copper part \vhile wearing a 

respirator. Activity was found on the respirator filter as well. 

The much lower incidence of internal burdens of gam1na- e11.1.itting 

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

cacy of present safety,,standa:rds. 
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IV. CONCLUSIONS 

Accelerator workers who have been studied in this survey sliow 

the following incidence of radioactive contamination: alpha {confirmed) 

3.5o/o, gamma (by whole- body count) 6.4o/o, beta 94o/o. It is believed that 

the high incidence of beta activity represents envitorunental contarnina.: 

Lion. The levels of activity found do not exceed 1 pCi per 24-hour 

urine for alpha err1itters, and 10 hCi per whole-·body count for g<nDnia 
I 

activity. Accordingly, no changes in existing procedures are contenl-

plated as a result of this survey, since it seem.s evident that norn1al 

habits of deanJiness and occasionally the usc of protective clothing and 

gloves are adequate to insure that the ordinary accelerator worker at 

LRL-Berkcley will not receive radi"ation exposures of any consequence 

from internal sources. Nevertheless, it is believed that periodic sur-

veys of the type rcpo rted herein have value in helping to m.aintain 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 Laboratory- Berkeley. 

--·==========---
184-Inch s~rnchrocvclotron (modified in 1957) 

Particles accelc rated 

Maximum energy (MeV) 

Averag-e beam. current (f.1A) 

Maximum energy before 
modification (MeV) 

Bevatron (proton syn~hrotron) 

Particles accelerated 

Maximum energy (MeV) 

. Maximum intensity 

Heavy-ion linear as:cele_!:~tor 

Particles accelerated 

Maximum energy (MeV) 

Average bearn current (f.1A) 

88-Inch cyClotron 

Particles accelerated 

Maximum energy (MeV) 

protons deuterons alphas 

730 

0. 75 

350 

protons 

6200 

460 

o. 75 

190 

12 I 5X10 protons pulse, internal 

910 

0.25 

380 

12 I 2X10 protons pulse, external 

12 14 
deuterons, C, N, 

16 20 · 0, Ne, 
40 

A, and others 

10inucleon 

0.01 to 4.0 

protons 

60 

deuterons 

Average beam current (f.1A) 30 

60 

40 

alphas 

130 

20 

(presently limited by deflector cooling). 

---···-------
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Table 2. Isotopes to be expected from irradiation of 
some selected materials. 

Material 

Cu 

Stainless steel 

Steel 

Durahiminum 

i Plastics and oils 

Isotope 

63Ni, 65 Zn 

57Ni, 57Co, 58Co, 60Go 

55Fe, 59Fe, 54Mn 

24Na, 22Na 

7
Be 

• 
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Table 3. Results of survey of accelerator .workers. (Numbers in parcnt~escs indicate number of workers 
in \vhozn isotopes \verc found .. ) 

Nutnb e r 
Loca~ion and .type of dete'rntinatio:n Individuals Dele rntinations 

t84-Inch ~yclotron 

A. Radiochemical 

t. alpha it t6a 

2. beta tt 14 

3. gamn1a it 11 

B. Whole- body count t4 14 

Bevatron 

A. Radiochendcal 

. t. alpha 42 42 

2. beta 42 42 

3. gan1n1a 42 42 

B. Whole- b?dy count 44 44 

Heav:r-i.on linear acccl€'i,:ator 

A. Radiochen1ical ·' 

t. alpha tO it 

2. beta tO tO 

3. gan1rna tO tO 

B. Whole- body count t3 t3 

·SS-Inch cyclotron 

A. Radiochcn1ical 

1. alpha· 2t 21 

2. beta 2t 2t 

3. gan1n1a 2t 

B. Whole- body count 22 22 

a. 

b. 

Multiple dete m1inations on cases thought to be positive. 

One pending confirrn.ation. 

Ind'ividuals 
E:Ositi ve 

3b 

12 

0 

2 

tb 

38 

0 

9 

0 

0 

tb 

20 

0 

3 

Isotope or 
encrg}:· 

237Npc (2) 

0.825 MeV(!) 

65 zn (2) 

65Zn 

237Np ( t) 

185W? (2) 

58, 57 Co ( t) 

Valu<'s (or range) 
. Ci 

d 
0. 15 to 1. 0 X 10- 6 

d 
4 .. 2 to 42 X 10-c 

trace 

/
3 x to:~ (1) 
7 X tO (1) 

d 
0.3 X 10-6 

d 
t .7 to 120 v 10-6 

t X t0- 3 

X 10-6 d 

d 
2. 7 to 6. 7 X 10-6 

d 
0.7 X 10- 6 

to 10 X to- 6 

7 X 10- 3 (2) 

3 X 10- 3 (1) 

c. \Vhat ~ppcared to be clearly a 237 Np peak, energy"4.77 1v1cV, was present in each of the samples C'Xamined by alpha 
pulse-height analysis. In addition. a nun1bcr of sn1allcr peaks were seen in all the samples. These had cncrgiC's 
of 4.10, 4.35, 4.56, 4.67. 5.18, 5.30, and 5.80 l\·lcV. It is thought that peaks with lower energies may be isotopes 
of uraniun\, but because of the very low counting rate of all the san1plcs, positive identification is n~t attcn1ptcd. 

d. Per 24-hr urine sam.ple .. 
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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 t.he 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 private.ly 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 Commissjon, 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 st,wh contractor. 
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