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The continuation of the total release of Kr in the reproces-
sing plants, for the expected growth of nuclear power up to the year
2000, would cause the largest specific nuclear background increase,
for the next decades. This irreversibel pollution would yield a sig-
nificant (3-radiation skin dose to the world population, which justi-
fies retention techniques on cost-benefit grounds (1). This conclu-
sion could be invalidated by application of ICRP 26. However, the ac-
tual insufficient knowledge on skin cancer rise at low dose, neces-
sitates a conservative policy. Further research is necessary, and
should take synergism between ionizing and ultra-violet radiation (2)
into account. Secondly, the micro- and macro-climatological conse-
quences of aerosol distrurbancies by °-*Kr should be investigated. Our
laboratory has started a research project on this subject.

Since different reprocessing cen-
tres are sited in Western Europe (Fig.l),
the follow-up of *"Kr activity is very
important in this area. In our laboratory,
a method, similar to the E.P.A. method (3)
for measurement of low ̂ Kr activities in
air samples, has been worked out succes-
fully. The measuring cycle has been cali-
brated. The results of a large number of
measurements performed in Ghent during
1979, are presented and discussed.

SAMPLING AND COUNTING METHOD

The set-up for sampling the air,
chromatographic separation of Kr, and
condensation in a scintillation vial (a) Fig.l

has been reproduced in Fig.2. About 1 nr"
of air is sucked to and absorbed on an activated charcoal trap (IV),
passing cooling trap I, for water removal, molecular sieve MS II, for
H-O and CO., and a cooling trap III for final CO,, removal. Immersion
in liquid nitrogen is applied for any cooling. Then the charcoal trap
IV is heated to 100°C and purged with helium, such that all gases are
transferred to MS V. This 5Â molecular sieve is 1.5 m long, with 6.5
mm inner diameter. After removal of the cooler, trap V is eluted in a
helium carrier flow, to a thermal conductivity detector. The sequence
of gases, Kr being identified with a mass spectrometer, is the same
as in (4). The chromatographic resolution between Kr and methane is
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Fig.2 : Set-up for measurement of Kr activity in air

about 1.5. Switching of the taps allows to direct the Kr fraction to
trap VI, the residual gases being vented (W). This procedure is repea-
ted for transfer to traps VII and VIII, thus augmenting the purity.
Traps VI and VII, 3 m long, 2 mm I.D., contain MS 5Â, 60-80 Mesh. He-
lium is pumped off from the cooled trap VIII, but there remains a re-
sidual He pressure, which has to be corrected for (see Calibration Me-
thod) . The gases on trap VIII are expanded at room temperature to a
cross of glas tubes (V), with precisely known volume. The pressure is
measured with a precision pressure gauge (0 to 19 psi, Texas Instr.).
The Kr gas is then condensed in a scintillation vial and the narrowing
is fused. The Instafluor scintillator is injected through a Teflon
coated septum. Counting the ^Kr activity (with efficiency 72%), and
calculating the Kr mass, from the known temperature, pressure and vo-
lume, allows to determine the ^ Kr concentration relative to the known
amount of Kr in air (1.1 A cm3/m-') . The Kr recovery varies between 55
and 70%.

CALIBRATION AND ERROR DISCUSSION
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Fig.3
total

: He pressure versus
(He + Kr) pressure

The calibration is performed with
a JKr source with known activity (8% ac-
curacy, all uncertainties given for 99%
confidence level). A fraction of this
source is introduced in the scintillation
vial for the determination of the coun-
ting efficiency. The total dilution un-
certainty is 2.8%. The He residual pres-
sure (Fig.3) on trap VIII has been found
to be dependent on the Kr content, proba-
bly through covering of the pores in the
molecular sieve by Kr. The net residual
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He pressure, together with the Kr recovery, have been measured by mi-
xing a known mass and activity of ^Kr from bottle b (Fig.l) in the
He stream, and directing this stream to trap V and consequently
through the same path as for a atmospheric measurement. The ^Kr par-
tial pressure is derived from the measured activity. The sets of mea-
sured He pressures, obtained by substraction, have been reproduced on
Fig.3, as a function of the total pressure. A straight line fitting
allows to correct the total pressure in an atmospheric measurement
with an uncertainty of about 2.2%. The computed error on the measured
amount of Kr + He, due to errors on temperature, pressure and volume,
is 1.7%. The scintillation counting error is 9.7% for normal counting
rates, about twice the scintillation background. The total uncertain-
ty is 13% (99% conf. level).

The installed equipment thus allows measurement of the atmos-
pheric 85Kr concentration, within quite narrow error limits. The
accuracy of the scintillation measurement has been verified by coun-
ting the activity of Kr from a bottle, bought in September 1971. The
gas is expanded in glas tubes V and in the scintillation vial, at the
same pressure existing in the vial in case of atmospheric measurements.
The measured activity, corrected for decay, is 0.46 Bqm~3, which is in
good agreement with the values measured by Stevenson (3) in the same
year, ranging from 0.43 to 0.50 Bqnf3.

MEASUREMENTS AND DISCUSSION

In the course of the year 1979, a large number of atmospheric
measurements have been performed, which are reported on Fig.h. The
base line of the activity is rather constant, and equals about 0.70
Bqm"3. There is thus a strong increase of the 85Kr background, from
0.46 Bqm"3 in 1971 to 0.67 Bqm~3 in September 1977 (measured with a
gas bottle of that year) and 0.70 Bqm"3 in 1979. This increase must
be essentially related to the world reprocessing of nuclear fuel in
this period. There is only a small increase from 1977 to 1979, and
no significant change of activity during 1979. Our measurements will
be continued in the next years, to allow monitoring of the evolution.

On Fig.4 a number of peak measurements can be observed,which
can be related to the transport of released activities in reprocessing
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Fig.4 : Measured. Kr activities in 197 9
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centres, under favourable meteorological conditions. In regard of the
predominant S-W wind direction, during measurement of the increased
activities,their origin should be situated in La Hague. Pilot calcula-
tions of the meteorological transport, and realistic estimations of
the releases, indicate that this correlation is justifiable. Thus, if
the detailed source data would be available, which is only the case
for Karlsruhe, these measurements of the "-"Kr activity would become
important for the study of meteorological transport on mesoscale,
"Kr serving as a tracer.
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CLIMATOLOGICAL IMPACT OF Kr

It is well known (5) that a number of radio-chemical reactions,
in pavticular with SCL, lead to formation of aerosols from the gas
phase. Reaction vessels (20 1), filled with pure air and known concen-
trations of SO,, NO- and H O , are being irradiated with U.V. light and
with a v-source. The total particulate and SO, concentrations are
measured in function of the different parameters. In the near future,
experiments wili be performed in large volumes (nP) filled with 85^r
at realistic concentrations. Aerosol distribution measurements will
be used for the assesment of transformation rates of the precursors.
Finally the effect of homogeneous nucleation induced by ^Kv o n am-
bient air will be measured, and its relevance for smog formation and
acidifies (.ion of the environment will be evaluated.
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