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using both the graphite rod and Tesla discharge tochnigues,
were unsuceessful. : :

. Although no dircet moasurements of the power suppliod
to tho plasma by each generator have yet been made,
approximale values were chtained by a load subsbitulion
mebhod: the power dissipated in a dwmny load, a graphite
cylinder of the dimensions required to produee the same
load conditions as the plasma itsclf, was determined by

measuring the equilibritun temperature of the graphite

load in a slow strecam of nitrogen and assuming that the
power supplied was equal to tho rate of loss of heat by
radiation (convection losses arc comparatively small).
This method has been shown by Reed® to give results
which agree well with those obtained by using the con-
ventional water-cooled ecalorimeter. ‘The output from
generator No. 2 was sbout 13 kW with gencrator No. 1
on (Fig. 2) and 10 kW with gonerator No. 1 switched off.
. Similar measurements on generator No. 1 indicated an
outpub power of approximately 7 kW.

There appears to be no reason why still lower frequencies
should not be used provided thal: (@) suitable means of
initiation are incorporated, either by the use of a high-
frequoncy pilot plasma as in the present work or possibly
by pressure reduction as apparently used by Dymshits;
{b) the size of the plasma toreh is increased.

We acknowledge the assistance of B, Wilkinson (photo-
graphs), J. G. Brett {construction of quartz and glass
apparatus) and C. Tee (electronics).
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RADIOBIOLOGY .

Measurement of Polonium-210 in Human
Blood

PoroniomM-210 is a naturally occurring alpha-emitting
isotope of the uranium series derived from deeay of its
long-lived parens, lead-210. Polonium-210 is present in
most plants and foodstuils, as well as in human. tissues®-s.
Body burdoens of this isotope arc usually determined by
measuring its acuivity in tissue samples or wrine®ds,
Tissue samples other than teeth arc not readily available
during life, however, and 24 h urine eollections may be
difficult to obtain and proccss, yet are often necessary to
quantify vrinary excretion. We have found that polonium-
210 can be easily detectod in 10 ml. human blood samples
"by a simple radiochemical and counting technique. The
measurement of polonium-210 concentration In blood
mey thus bo a practical mothod of estimating body
burdoens of this isotope, as well as of its parent lesd-2102.
As tobaeco smoke has boen shown to contain trace amounts
of polonium-210%° we have related blood coneentrations
to smoking habits in a group of middle-aged moen.
© Ten ml. samples of frosh clotted blood wore weighed and
digestod in 3¢ ml. of hot concontrated hydvochlorie acid,
placed in plating cells with 0-5 N hydrochlorie acid and
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Fig, 1. Poloninm-210 concentrations measured In 10 ml blood samples
from 100 healthy men 45-54 years of nge

50 mg ascorbic acid, and the polonium plated on to silver
planchets®?. The planchets were counted for 48-72 h
in low background gas-flow proportional counters?’. Polo-

. nium-210 concentrations as low as 0-3 pe./kg blood could

be reliably measured by this method. Blood samples were
obtained from 100 healthy men between the ages of 45
and 54 yoars, all of whom resided in one suburb of Boston.
Deotailed smoking historics were obtained from these
men, and they were .divided into four groups: current
cigarctte smokers, current pipe andfor cigar smokers
only, past cigarette emokers (had been regular smokers

. until a year or mores proviously), and individuals who had

never smoked.

The results are presented in Fig. 1. The average
polonium-210 concentration in smokers was 1-72 pe./kg
blood, ecompared with 076 pe./kg in non-smokers. Al-
though a significant difference existed between blood
concentrations in cigarette smokers and non-smokers
(£ <0-001), a two to three-fold variation among individuals
‘was present in each group. Such variation has also been
observed among polonium-210 concentrations in pul-
monary tissues of different individuals’. In addition,

_ we have examined other body tissues including liver,

spleon, kidney, urinary bladder and bone obtained at
autopsy from ten cigarctte smokers and four non-smokers.
Average concentrations were very similar to those re-
cently reported by Hill', but up to a three-fold variation
in concentrations in each organ was observed among
individusls.

The wvariation in blood concentrations may in part
result from diotary factors. A4s Hill has pointed out,
polonium-210 concentrations differ widoly in various
foodstuffs; beof and lamb kidney and certain shell fish,
for example, may contain relatively large amounts of the
isotope!. Ina preliminary study of possible dietary cffects.
several blood samplos were drawn from an 85 kg subject
before and after a meal contuining about 100 pe. of
polonium-21Q (200 g of beef kidney). Blood polonium-216
concentrations were 0-98 pe.jkg before the meal and rose
to o maximum of 1-56 pe.fkg 12 b aftor the meal, which
suggests that a significant fraction of the isotope present
in food is aksorbed into the blood.

In separate experiments in four heavy eigarette smokers.
blood samples wore obtained before and at regular inter-
vals after sudden complete cessation of smoking. Blood
polonium-210 concentrations fell an average of 27 per
cent during tho first week after smoking was stopped.
but thereafter changed very little during the noxt + %
weeks,
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In addition to the polonium-210 normally inhaled and
ingosted by the general population, it has been estimated
that cigarctte smokers retain an excess of about 145
pe./day per twenty cigarettes, much of which muny be
cleared from the lungs in the mucous sheet and swal-
lowed®?, The present results indicate that such small
differences in chronic environmental exposure to polonium-
210 can be detected in 10-ml. blood samples from exposed
individuals. Ths valucs reported here should serve as a
baseline to cvaluate concentrations found in blood of
individuals possibly exposed to high environmental levels
of poloninm-210 or its paront isotopes. In preliminary
experiments, detectable concentrations of radium were
foundin 10-ml. blood samples from two normal individuals.
Analysis of small blood samples, therefors, may also prove
useful in estirnating bedy burdens of alpha.-emitting iso-
topos other than polonium-210.

‘We thank Dr. Edward P. Radford, jun., of the Univer-
sity of Cincinnati College of Medicine for confirming our
counts on several of these samples in his laboratory.
‘This work was supported by a grant from the Bureau of
State Services, U.S. Public Health Service, and by a
grant from the Rockefeller Foundation.

J. B. LirTie

. R. B. McGaNpY
Departments of Physiology and Nutrition,
Harvard School of Public Health,
Boston, Massachusotts, ~
! Hill, O, R., Nature, 208, 423 (1065). .. . .
* Hollzman, R, B., Zealtk Phys., 8, 385 (1968).
3 Little, J. B., et al., Radiat. Re~., 22, 209 (1964),
¢ Rar(]{gg%,) jun., B, P,, Hun¢, V. R, and Sherry, D., Redial. Res., 18, 2908

* Jackson, S., and Dolphin, G. W., Health Phys., 12, 481 (1966},

* Radford, jun., E. P., and Hunt, V. R., Scisnce, 148, 247 (1964).

* Little, J: B., Radford, jun,, E. P., McCombs, H, L., and Hunt, V. R., Neww
Engl. J. Med., 273, 1343 (1905).

Caesium-137 in Edible Freshwater Fish

KyowrepGeE of radioactivity in fish is largely limited to
determinations made of the strontium-80 occwrring in
certain occan specios and to some attempts at the evalua-
tion of caesium-137 content (*37Cs) of the same or similar
specimens. Héisiinen and Miettinen® found concentrations
of the order of nanocuries of caesium-137 per kilogram
(ne./kkg) in freshwater fish, Those were taken from lakes
in Finland during 1962 and 1963 in the course of an
investigation into sources of cacsium-137 other than
varibou and rcindeer meat in the Laplander’s diet. This
finding could have boen predicted from the earlier work of
Pendleton and Hanson®, which demonstrated the rapid
accumulation of coesium-137 by various aquatic forms
through several trophic levels in a freshwater pond
contaminated with caesium-137. Caesium-137 in these
urganisms was found to rcach concontrations several
orders of magnitude greater than those found in the
~urrounding water.

During the first 3 months of 1965, the concentrations of .

saesium-187 present in freshwater fish available commer.
vially in_ tho Chicago arca were similar to those found
ravlier in Finland (Table 1). The fish (which werc pur-
vhased at random in local food markets) were boned
fillets (except for smelts) and ready to cook. Both the
voncentration of caesium-137 and of potassitun-40 were
Irtermined by gamma-ray spectrometry in 1-2-kg samples
of fresh fish using conventional low-background tech-
nigues. A number of varieties of ocean fish wore also
sxamined and showed appreciably lower concentrations
of caesium-137 but similar potassium levels (Table 1),
This inherent difference between salt and freshwater
‘peeies as regards tho content of caesium-137 had been
previously noted by Hisiinen and Micttinen?,

The caesiumn-137 coneentration present in fish dopends
trimarily on three factors: (1) the concentration of
the radionuclide in the  water environment; (2) the
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accompanying lovel of potassium (ratio of cacsinm-337:
potassium); (3) the position of the fish in question
in the aquatic food chain (that is, the trophic level).
Published values of caesium-137 in salt and freshwater
are sparse. IHowever, monthly measurements in Lake
Huron showed average concentrations of 0-4 and 0-3 pe.Jl.
during 1963 and 1964, respectively?. During this ssme
interval the concentration in lakes and rivers in the vicintty
of Chalk River, Ontario (presumably uncontaminated by
reactor wastes), was three to four times greater than that
in Lake Huron® Surface waters of the Pacific Ocean
sampled in mid-1963 indieated an aversge level of -6 pe.
caesium-137/1. (vef. 4). Profiles of caesium-137 activity in
ocean water have shown decreasing concentration with
depth®. Judging by the limited data available, there id
not appear to be appreciable differences between the
concentration of caesium-137 in salt and freshwater.

Howgver, the possibility exists that closed lakes which

do not possess large dilution capacity may contain higher
levels of caesium-137 because thoy collect the run-off frema
large aress. Conversely, because of the large dilukion
effect possiblo in the oceans, the effective concentrations

may be much lower than that observed in surface watexs.

The potassium content of the oceans is ten to several

hundred times greater than of freshwater. The value in -

the oceans, based on @ large number of analyses, is fairly
constant, and is given as 380 parts per million (p.p.x-j*.
The few measurements taken in the Great Lakes show
values of a few p.p.m., with smaller lakes and rivers in
the area containing somevwhat higher amounts’. Amounts

in closed lakes in this region and further north are am
order of magnitude higher, with values approachimg .

marino concentration in some instances?, The concentxa-~

tions of rubidium and stable caesium are several ordezs .

lower than that of potassium in both salt and freshwater
and are almost insignificant®%.

The greater concentration of cacsium-137 in freshwater )
fish, seen in Table 1, probably reflects, in the first plage, .
the higher caesium-137 : potassium ratio present in fresh- .

waters. The trophic level is also a factor—as shown by the

higher caesium-137 concentration in carnivorcus fish as |

opposed to plankton feeders and other non-carnivorous
fish, in both $alt and freshwater, The lower concentwa-
tions in lake perch and smelt may also result from younger
age at capture as well as different feeding habits.

The question now arises as to what offeot the presence

of relatively high concentrations of caesium-137 in fresh-
water fish may have on the average intake by human beings

Cable 1. CARSIUN-187 AND POFTASSIUM IN SALT AND FRESRWATER Frsa
. PURCHARED BETWEEN JANUARY AND APRIL 1965 .

#10s Potassium wiCy

Species* Feeding habits (pe.fke {ufkg pe.fgix
wet weight) wet welght)
Freshwater fish
Lake troul Carnivorons 2,210 249 887
. " R 8,874 3-50 1,107
» - 2,923 290 ,008
Pike " 2,810 358 29
e " 1,428 325 139
] 1 1,167 247 472
Whiteflsh Plankton 1,316 357 . 369
. » 328 351 93
”» » 265 365 73
Lake perch s 365 2-89 126
v . 330 2-08 111
Smelts » 327 260 126
» - 377 3.17 119
Marine fish .
Flonnder Bottom feeder, 24 2:88 38
molluses, ete.
Halibug Carnivorous 02 526 118
Deenn perch Plankton, annctids 32 308 104
" “ " " 56 311 18-0
Ocenn eatfish  Carnivorous 43 4-04 10-6
Iladdock ” i3 4-02 16-4
Salmon - . " 71 3-51 20-2
Jod | ”» 43 4-17 10-3
Red snapper " 12 176 68

* The common or commercial names of fish are used here instead of taxon-
omic names becanse of the difficulty in determining the latter with amy
yrecision with frozen, dressed fish. .

1 “Carnivorous® e meant to Imply feeding on fish and other antmals smaller
than the fish in question,
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