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ABSlŸ
The radon concentrations of air samples collected during the South
West monsoon period at altitudes up to 4 km over the Arabian Sea at
two locations, i.e., 0-50 km and 300-400 km west of Bombay, are reported.
Radon was extracted from air, using a simple single stage apparatus. The
concentration of radon in the monsoon air mass was found to range
around 80-100 dpm/m 3 STP, indicative of its recent continental origin.
The results suggest that the coastal monsoon air mass, up to 400 km west
of Bombay coast, is generally homogeneous and vertically well mixed.
During the post-monsoon condition, a strong gradient in the radon
concentration in the vertical is observed. The concentration of radon
decreases from 157 dpm/m a at sea level to 35 dpm/m a at about 3" 7 km altitude, suggesting a vertical turbulent diffusion coefficient of ,~ 6 • lO ~
cm2/sec. In contrast, the near absence of vertical gradient of radon in the
monsoon air mass indicates that the vertical turbulence is much stronger
during the monsoon period.
1.

INrRODUCTION

RADON (3 "8 day half life), daughter of 2Z6Ra, is an ideal tracer for studying
short term processes occurring in the atmosphere and in the ocearts (Israel,
1962; Broecker, 1964; Rama, 1969; Wilkening, 1970; Moore etal., 1973).
The applicatiort o f radon a s a tracer for studying the monsoon air circulation over the Arabian Sea has already been demonstrated (Rama, 1969).
The concentration o f radon in an air sample is usually assessed either
by measuring the radioactivity o f its daughter products (Fig. 1) obtained
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by filtering air throt, gh a suitable filter or by first extracting the radon from
air (using charcoal traps) and then assaying it in a scintillation chamber.
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The first method of estimating radon concentration by alpha-beta
assay of the filter deposit is very convenient and simple. However, the
application of this method to high altitude samples is questionable, due to
possible uncerte.inties in the efficiency of filters for retention of radon
daugb.ters. These uncertainties arise because at high altitudes a sizable
fraction of the activities may existas ions, rather than attached to aerosols
and may thus escape ~.rough the filter. Therefore the safe procedure would
be to extract the radon itself from the air sample and assay its activity. Radon
can. be retained quantitatively on charcoal traps but the method is tedious
and time consuming. Radon can also be retained on glass surface cooled
to liquid nitrogen temperature.
Here, ,,ve reporta convenient, single step mcthod for quantitative extraction of ~'22Rn from air samples (and fromZ~SRa solutions). The results on
radon concentration measured in four vertical profiles of air samples over
the Arabian Sea ale also reported, along with some indicative conclusions
about the structure of the monsoon air mass.
2. EXPERIMENTALPROCEDURE

2.1. Sample Collection
The air samples from different altitudes, between 0-4 km above sea
level, were collected at two locations, about 0-50 km and about 300-400 km
west of Bombay coast, using Dakota aircraft~ The samples were collected
by letting in air (at the desired altitudes) into previously evacuated twenty
litre round bottom pyrex ¡
The amount of air collected in the flasks
was measured in the laboratory, by measuring the pressure in the flask.
The amount varied between 10 and 20 litres S.T.P., depending on the ambient
pressure at which the sample ,,vas coUected.
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Extraction of Radon

The extraction of radon from air can be earried out satisfaetorily by
seleetively adsorbing it either on aetivated ehaxeoal at about--80 ~ C (Mosses
etal., 1960; Moore etal., 1973) or on glass surface at liquid nitrogen
temperature (Broecker, 1964).
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Fin. 1. Glass system used in the estimation of radon.

The seeond method is simpler, more converª
and better suited for
samples eontaining small amount of radon. But the adsorption of radon
on glass surfaee is eomparatively ine¡
Therefore, quantitative extraetion is usually achieved by eireulating the earrier gas <>ver a gIass surface
cooled to liquid nitrogen temperature for suffieiently long time. We have
modified this method suitably to aehieve near quantitative adsorption of
radon in a single step ; no eireulation in a closed system is required. Radon
is adsorbed on a small volume multi-U-tube trap at liquid nitrogen temperatute. This trap is operated a s a single stage eolleetor without any preeoneentration step and has been found very eonvenient and reliable for near
quantitative extraetion. Figure 2 shows the glass system employed. Air
first passes througb, the dry ice trap whieh removes its moisture. Dry air
tben passes suceessively through two identieal multiple-U-tube traps (tube
i.d. 6 mm; wall thickness 1 mm; limb length 12 cm) immersed partially in
liquid nitrogen. Radon, along with any minor eondensible eonstituents
like carbon dioxide, is effectively adsorbed by theso traps.
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After the passage of carrier gas (air, in this case), the trapped radon Ÿ
desorbed from the traps by warning them to room temperature. It is then
transferred, with the help of He carrier gas, into previously evacuated respective ZnS counting chambers by a simple manipulation of stopcocks
(Fig. 2).
2.3.

Assay of Radon

Afler the radon is transferred to the ZnS counting chambers, its activity is assessed using a method which is essentially i91
to that employed
by earlier workers (Mosses et al., 1960; Broecker, 1964). The counting efficiency of the system is estimated using radon from zZnRa standards and was
found to be 205~o. The >100~ efficiency arises because three alphas per
decay of radon are involved (Fig. 1). Comparison of the counting rates
in the two successive chambers provides an estimate for the adsorption
efficiency of the traps.
Prior to the use of the multi-U-tube traps, experiments were conducted
using two single-U-tubes for radon adsorption. They were found to be
rather inefficient ( < 50 per cent adsorption) even at small flow rates of a
carrJer gas (0"5 litre/min). The U-tubes were then replaced by two spirals
whose tube length was increased several fold. The improvement in the
radon adsorption was marginal and completely incommensurate with the
increase in length. The adsorption on extra length was very small, as also
became evident from visual inspection of atmospheric CO2 deposit. This
behaviour could possibly arise due to the fact that the diffusion coefficient
deereases by about an ord.er of magnitude when the carrier gas cools down
to liquid nitrogen temperature and this results in a very inefficient adsorption
on the walls of the trap. It was therfore d.ecided to use a bunch of four
U-tubes for each trap and to keep their heads exposed to the atmosphere
so that the air gets warmed up while it passes in between the successive limbs.
This resulted in a very satisfactory performance of the traps. For the sake
of comparison, the experiments were also conducted by immersing the
traps completely in liquid nitrogen. Results of these experiments showed
that
(i) the adsorption of radon is more efficient when the traps are partially
immersed compared to the case when the traps ate completely
immersed in spite of the fact that the available tube length for
adsorption is more in the latter case;
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(ii) the adsorption decreases slowly with increasing flow rate of air
when the traps ate partially immersed; it stays better than 90
per cent up to a flow tate of about 2 litres/min.
These experiments suggest that warming of the carrier gas in between
the suceessive limbs certainly results in more efficient adsorption of radon,
probably due to faster molecular diffusion of perhaps simply due to the flow
becoming more turbulent.
Filling the U-tubes with glasswool was not
considered practical because of the possible blocking of the tube even bE
smali quantity of carbon dioxide and residual water vapour.
3.

RESULTSAND DISCUSSlON

The results on concentrations of 2~2Rn measured in four vertical profiles
over the Arabian Sea are given in Tables I and II.
TABLE I

Concentrations o f 2Z2Rn over the Arabian Sea

Date of
collection

Distance west
of Bombay

Altitude ~ZZRnconcentration
(km)
(dpm/m 3)

Remarks

(km)

26 August 1969

0

157i10

0.9

1044-7

1.5

534-5

2.1

354-3

2.7

28i3

3.7

354-3

0-50

Easterly winds

The net counting rates of air samples ranged between 60-120 counts
per hour. Blanks, done using stored air and nitrogen samples, gave negligible activity; the blank counting rates were less than 2-3 counts per hour.
The concentration of radon in the easterly continental air mass (Table I)
decreases fruto 157 dpm/m z at ground level to about 35 dpm/m 3 at 2" 1 km.
Between 2' 1 and 3 "7 km the concentration is nearly constant at 30+5 dpm/m 3,
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TABL~ II

Concentrations of 2~~Rn over the Arabian Sea

Date o f
collection

Distance west
off Bombay

(km)

Altitude

(km)

2SSRn concentration
(dpm/m3)
Remarks

10-50

1.2
2.4
3.7

984-10
92+ 15

Cloudy, with
alittk rala

350--400

1.2
2.4
3.7

1034-15
754-10
115-4-15

Clear weather

0

734-10

0-50

1.2

854-10

2.4
3.7

904-15
110:[:20

1.2
2.4
3.7

834-10
724-12
83=[=15

0
1.2
2.4
3.7

60• I0
1101 I0
115•
110+15

1-2
2"4
3"7

65• I0
1404-15
1604-25

27June 1970

Cloudy

10July 1970
350-400

0--50

29 July 1971
350-400

Samples were c~olle~ted between 10.00 a.m. to 12 noon.

Cloudy
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From the observed gradient up to 2.1 km an estimate of the turbulent diffusion coefficient has been made. The estimated mean value of the eddy diffusion coefficient is 6 • lOa cm2/sec, which is consistent with the val0,es reported
for the normal atmosphere (Junge, 1963).
The results presented in Table II show that the concentration of radon
in the mortsoon air mass over the coast (0-50 km) and at 400 km west of
Bombay ore similar, approximately 80 4- 20 d.pm/ma. The vertical gradients
are small except in the profile of 29 July 1971, where an inverse grad.ient in
the concentration over the Arabian Sea is observed. The results in Table
II ate preliminary, and hence only the following indicative conclusions have
been derived :
(i) the monsoon air mass is homogeneous and well mixed, often
up to 400 km west off Bombay. The absence of normal vertical
gradient in the radon concentration suggests very strong turbulence in 1he air mass, a result not unexpected.
(ii) the high concentration of 22ZRn in the samples even at 2-3 km
altitudes indicates recent continental origin of the monsoon air
I'flass.
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