


‘experienced’ by typical individuals in their usual rounds
of activity. We consider only the air dose from the more
penetrating components of the environmental radiation
field, that is, the terrestrial y- and ionizing cosmic radia-
tion. This definition can be justified by the fact that the
mean y-doses to the skin and at various depths in the
body are fairly well-known fractions of the free air
y-dose®1%, and only the more penetrating components of
the external radiation field significantly contribute to the
dose at the depths of greatest interest, that is, those of the
gonads and bone. It should be noted that the possibly
important tissue dose contribution from cosmic ray
neutrons is not determined by the techniques used in
these investigations.

The Health and Safety Laboratory radiation survey was
carried out in July and August 1962, and subsequent
check measurements were made in May and September
1963 and May 1964. The instrumentation included high-
pressure argon ionization chambers for total dose-rate
measurements, a y-spectrometer system for determination
of component dose rates (particularly necessary for dis-
crimination between the natural and fall-out y-radiation),
and portable scintillation detectors for surveys of the
areas surrounding each outdoor measurement location as
well as for the indoor measurements. The survey tech-
nigues, described in detail elsewhere'!-13, provide an over-
all accuracy of +5 per cent (S.D.) for the measured total
dose-rate values and approximately +10 per cent for
each of the various components of the total radiation
field. The outdoor readings were taken in large, flat open
spaces situated in populated areas (for example, parks,
fields, lawns, vacant lots) with the instruments placed
3 ft. above the ground. The number of measurements in
each area was determined by its population and size, the
availability of proper sites, and the observed range and
pattern of the previous readings. A sufficient number
was taken to ensure that a reasonable radiation profile
could be constructed for each area. The quite limited
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offect of man-made structures on ambient radiation fields,
since most individuals spend a large fraction of their time
indoors. Portable scintillation detector readings were
made in 160 private homes and apartments in the main
towns to ascertain whether any consistent relationship
oxisted between indoor and outdoor radiation-levels.
Several rooms in each dwelling were surveyed, including
the living-room and at least one bedroom. Again, a strong
uniformity exhibited itself in that the mean indoor levels
wero close to 70 per cent of the corresponding outdoor
levels in each areat. This may be related to the fact that
the vast majority of the dwellings were of wood-frame
construction, with the building materials appearing to act
generally as y-ray shields with relatively little activity of
their own.

With such data at hand, an estimate of mean population
exposure to environmental radiation can be obtained by
calculating a suitably weighted average of the indoor and
outdoor readings of the survey instruments. Taking into
consideration the greater occupancy time indoors of the
average individual, the mean exposure levels have been
estimated to be 80 per cent of the mean outdoor terrestrial
v-dose rates given in Table 1, plus the contribution from
the ionizing components of the cosmic radiation at the
ground altitudes of the various areas'>. No correction of
the cosmic-ray figures for typical structural shielding has

been. made, since this would be a reduction of the order
of 10 per cent or less, which is comparable to the present
uncertainty in the absolute cosmic-ray ionization intensity.

Table 2 shows the population exposure data arranged
by geological region. The mean weekly outdoor doses in
air are given for both natural and total (natural plus fall-
out) y-radiation and for cosmie rays, and the Health and

Safety Laboratory population exposure estimates for the

time of the survey (August 1962, including fall-out) and

for the natural emitters only (that is, the mean life-time
levels neglecting fall-out) are also given. The importance
of the spectrometric technique is emphasized by the fact
that estimates of the integrated natural y-dose were obtain-
able even under conditions of near-maximum fall-out
contamination. In many population investigations, it is
just this quantity that is desired.

The Harvard investigation involved the use of a set of

200 Victoreen model 362 condenser ionization-chamber

pencils, along with a stable pulse height readout system?!é.1?

which is designed to allow readings of 1-0 + 0-2 mr. at
the 95 per cent confidence level with a single pencil.

Mechanical and thermal stability was tested, and correc-

tions made for average leakage rates observed in the

laboratory.

These dosimeters were distributed in pairs to five
individuals in standard occupational categories in each of
16 areal units, half urban and half rural. The dosimeters
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were worn for one week, collected, read, and then re-
C s ; o distributed. The experiment was conducted for five weeks,
S et s : RS N resulting in a total sampling of 400 individuals, 25 in each
S ” S ) : areal unit (that is, 50 in each of the eight geological
T o hos . regions). The details of this study are discussod by
Segalll:s,

Estimates of population exposure from the moan values
of the Harvard dosimeter data in the various areas aroe
given in the last column of Table 2. These air doso values
K ’ , are derived from Segall’s datal.? by assuming that each of

) the dosimeters, worn on the body surface, read 100 per
cent of the cosmic-ray ionization and 85 per cent of the
Y-ray ionization in free air. The latter figure is based
primarily on the recent measurements of body attenuation
factors by Spiers and Overton?®.

The Health and Safety Laboratory and Harvard
population exposure results are plotted as a function of
estimated mean bedrock radioactivity in Fig. 1, with the
respective regression lines indicated. Plotted also in Fig. 1

. b

o

Mean radlatiomlevel;(mr‘/week)
f ]

1 1 1 1 L I

0 10 20 30 40 50 60 70
Mean bedrock radioactivity (p.p.m. el)
Fig. 1. Environmental radiation in the eight selected areas of northern
New England as a function of estimated mean bedrock radioactivity.
4, Population exposure estimates from Harvard dosimeters; B, popu-
lation exposure estimates baged on Health and Safety Laboratory wn situ
measurements; ¢, mean weekly outdoor y doses
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Fig. 2. Harvard Dopulation exposure estimates as a function of com-

parable Health and Safety Laboratory (HASL) estimates for the eight
New England areas examined

In any event, there ig little doubt that the dosimeter
results are too high. This can be shown by carrying out a
simple mathematical analysis of the various contributions
to the population exposure-level, P, utilizing the accurate
Health and Safety Laboratory measurements of outdoor
environmental radiation dose rates. If I, I, and I r are
the measured mean outdoor dose-rate contributions from
cosmic, natural v-,.and fall-out y-radiation, respectively,
and I is the mean indoor y-dose rate pro uced by sources
in the building materials, we can write the following
expression for P:

P =fille + stI; + saI, + I) +Solle + Ip + I)

where f; and f, are occupancy time factors for indoor and
outdoor locations, respectively, and sr and s, are mean
transmission factors of the buildings and residences for
outdoor fall-out and natural Y-radiation. Substituting
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reasonable values for these factors and the various weokly
doses into the formula, we get:

P = 08 [0:60 + (0-2) (0-37) +- (0-3) (1:18) + I
+ 0-2[0-60 + 0-37 + 1-18] = 1-25 + 0-8 I mr./week

Since we have determined that the indoor total y-levels
average 0-7 of the outdoor levels in these areas, we find
that:

Ih =051 + 0-4 I, = 0-66 mr./week
Substituting this in the above expression for P, we get:
P = 1-8 mr./week

This result is not strongly dependent on the particular
values assumed for the various factors in the above
equation. It is quite consistent with the similarly
calculated Health and Safety Laboratory population
exposure estimates, and much lower than the dosimeter
results. The mean contribution from building materials
to population exposure would have to be close to 2 mr./
weok to validate the dosimeter data, which is considerably
higher than the measured values for the total indoor
y-dose rate in most of the 160 residences where scintillation
detector readings were made. Even without such evidence,
it seems to be an unreasonably high value to assign to
mean regional indoor radiation-levels produced by radio-
activity in building materials. For it implies total indoor
v-doses averaging approximately 3 mr./week, whereas the
scattered data given in the 1962 United Nations report!®
indicate that readings of 1 mr./week are typical of normal
situations in wood or brick houses.

The results of both surveys indicate that the range of
population exposure to environmentsal radiation is quite
narrow throughout the regions studied. It follows that
northern New England does not provide a good ‘labora-
tory’ for the study of the effect on large human populations
of ~differences in long-term environmental radiation
exposure. Of much greater significance is the correlation
betwoeen the two entirely independent and undoubtedly
somewhat imprecise techniques for estimating these
exposure-levels. This correlation can be at least partially
understood as a consequence of the relatively high degree
of uniformity in radiation-levels observed within each
area. Under such fortunate conditions, the method of using
a fow hundred field measurements to infer the total radia-
tion profile has yielded apparently realistic values for
population exposure, for which the Harvard dosimeter
data provide strong qualitative support. Spiers el al.?, in
their discussion of the extensive population investigation
in Secotland, have already indicated some of the difficulties
involved in obtaining and interpreting data of this type.
But it can be concluded from the work recorded here that
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more direct—but not necessarily more accurate—methods
of estimating mean population exposure-levels.

Another conclusion which is suggested by the New
England results is that the basic limitation of the pocket
ionization-chamber technique in terms of measuring
normal human exposure to environmental radiation is now
the diffieulty in determining mean leakage rates under
actual field conditions while being worn and handlod.
There appears to be no fundamental reason why this
difficulty ecannot be at least partially overcome by suitably
controlled experimentation, and thus the pocket chamber
technique can be considered as a potentially practical one
for this kind of measurement. Tt should be remarked that
the dosimeters admirably fulfilled their basic purpose in
the Harvard investigation, namely, the determination of
differences in population exposure-levels between areas.

Thers are, of course, a number of other possible methods
for determining mean population exposure to environ-
mental radiation. For example, photographic film
dosimetry techniques have been applied to this general
problem area with some success. O’Brien ef al.?® doscribed
a film-scintillator (sodium iodide) systemn which Roser
and Cullen® have ntilized in the measurement of popula-
tion exposure in Brazil on a limited seale. The approxi-

. mately thousand-fold enhancement of the film Tesponss

produced by the scintillator is almost too great for the
high-background areas of Brazil; such a method would
almost certainly be feasible in areas of more normal
background levels for certain kinds of studies. The basic
limitation here is the cost of the dosimeters, which pre-
cludes their widespread use. The problem of reciprocity
law failure must also be taken into account in the
calibration of the dosimeters.

A similar kind of dosimeter has been described by
Henson?®!, using photographic film and a plastic scintillator
(N.E. 102). While less sensitive than the sodium iodide
system, it exhibits little energy dependence and good
precision (+10 per cent S.D. for two weeks’ exposure ab
normal background). Reciprocity failure was observed

‘but has not proved excessive. The main problem seems to

be a strong dependence on temperature in its response,
which varies with the dose rate. The error present in any
particular reading is not known, so that the use of this
dosimeter has not been recommended.

There has also been recent progress in increasing the
sensitivity of normal radiographic film by means of post-
oxposure to visiblo light and improved development
techniques that may render such film useful for environ-
mental radiation studies without the necessity for external
enhancement of its response. McLaughlin?® has reported
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a six-fold increase in the response of commercial radio-
graphic film by use of these techniques that permits &
determination of a 3-mr. y-ray exposure with a precision
of +0-2 mr. .
A vory promising approach to the pro‘plem of determin-
ing human exposure to low-level ionizing radiation has
evolved out of the recent development of thermolumines-
cont matorials for personnel dosimetry. Con'qnerma.lly
available dosimeter systoms using lithium fluoride® and
caleium fluorido®® are claimed to provide measurable
responses at the 10-mr. and 5-mr. level of y-ray exposure,
respectively, with approximately * 20 per cent accuracy
(S.D.). These limits may eventually be somewhat‘lowered
and the precision improved with refinements 1. read-
out techniques. Cullen? has recently utilized 156 lithium
Auoride dosimeters for a population exposure investigation
in a high background area in Brazil, with 50 mg of the
material placed in religious medals to be worn for a three-
month period. This exposure time provided a total y-dose
of several hundred milliroentgens, well above the minimum
now routinely detectable. In genersl, thermoluminescent
dosimeters have the significant advantages of small size
and relatively low unit cost, and may prove to be a useful
tool for future population investigations. The Health and
Safety Laboratory is at present engaged in evaluating the
available thermoluminescent dosimeter systems for their
applicability to the routine measurement of human ex-
posure to environmental radiation, and field tests along the

lines of tho New England survey are planned when
tems are developed.

gufficiently promising dosimeter sys
These recent advances in direct personnel dosimetry,
particularly in the extension of the sensitivity limits to
render the detailed examination

ever lower y-dose lovels,
of human oxposure tO environmental radiation on &

routine basis incrossingly feasible, even in the extremely
low-level radiation fields that are characteristic of the
normal onvironment. But the reliability and reproduci-
bility of the readings of the various types of dosimeter in
torms of ubsolute dose under the stresses of actual field
use remain to bo thoroughly explored. Tho New England
survey rosults seem to indicate the adequacy of in siftu
measurements in establishing & radiation profile over
extonsive arcas, a profile that when sufficiently un-
complicated may be properly interpreted in terms of
population exposure to environmental radiation. Theso
results also emphasize some of the problems sssociated
with adequately calibrating the response of personnel
dosimoters under field conditions. It appears that the use
of highly accurate ionization-chamber and spectrometric
tochniques for in situ measurements will be required in the
noar future for all population studies of the type described
horo, if only to provide a standard by which the adequacy
of the new techniques for direct human exposure measure-
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