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Summary

Nearly three years of measurements of the speoifie
radioasetivity of preeipitation made &t Valentia
Observatory (Ireland) have been used to caleulate

the mean values for the first, second and third

day after at least one day without precipitation,

The observations were divided into two groups
covering the periods before and af ter the practiece
was introduced of washing after dry days the

surface of the rain collector. Mean values for
different daily smounts of precipitation have also
been computed. Mean values of airborme radio-
activity have been calculated for days without
peasurable precipitation and for days with less

tham or equal to, and tor greater than the median
value of the daily precipitation, From these data
and making reasonable assumption which should apply
on the average, it has been found that the deposition
of radioaetive particles on dry days amounts fo 20%,
apd the pollution collceted by the first day's rain
to 62% of the specifie radiocactivity of the
precipitation observed on the seegond or third day;
the specific radiocactivity eontained originally in
the cloud drops is as high as 80%. The results are
not only eomsistent within themselves but also provide
gome derived values,such as deposition velocity of
particles, which are gemerally in agreement with those
obtained elsewhere or appear to be reasonable.

1. Tt is thought that the observed inconsistencies of radioactivity
measurements of precipitation and of airberne particles in neighbouring
places may be explainedsat least in part, by differences, due mainly to
elimatological csuses, of the cleaning of the atmosphere by

precipitation.

There are few quantitative studies based on actual routine
observations om the efficieney with which the precipitafion removes the

partieles, liquid or solid, which pollute the atmosphere.

The present note gives the results cbtained from an investigation
based on available data [1] undertaken with a view to cortributing to

the elarification of this very complicated question, *

#*While this note was being writtem a number of important papers,
published by the Norwegian Defence Research Establishment,became avail-
able thanks to the courtesy of the Superintendent, Mr. T. Hvindem.

It has been possible to compare some of the results with those given in
a most interesting paper by Mr, S.H. Small [3]
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2, The spesgific radivactivity eof precipitation om days following

one or mops days withont precipitation at Valentia durinp the period

ist ¥Wey 1956 to 31lst December 1959 has been examimed and mean values, in
arhitrary units, of the specific activities 1, 2 and 3 days after one or
more days without precipitation have been computed, The resultis are
given in Teble I.

34 The groat wvariability of the spec¢ifisc radiosetivitiy of
preovipitation during the period of cobmervation is reflected irn the table
by the large valus of the average deviation from the mean, but there is
ro deubt about the realily of the reduction of the speeific radicactivity
between the firsi and the second day with preeipitation after a period
without, TIf we apply Student's t-test it is foumd that the roduetion of
specific radioactivity from 235 to 125, a redustion of 53%, is significant
(t = 4,02, P <0,001): the difference between the values 125 and 136
obtained for the seocond and third day is not sigmificant.

£. The radiosctivity of the rain in a series of eomseoutive days with
procipitation may be considered in the firet place as the sum of the radio-
sotivity preseni im the eloud drops plus the radiomotivity whieh the rain
drope solleot in their fall to the ground, The mean specific radio-
activity, e, of the eloud drops can be assumed to be in the average rather
eonstant indepenmdently of whether there is precipitation or not at the
ground, but the amount of radioasctivity eollegted by the raim drops or
gnow flakes in their fall would depend on the radiosetivity of the serosols
whish pollute the lower layers of the atmesphero, It will be assumed that
this pollution is being remeved by the preeipitation at a rate proportiomal
to the value of the pollution at any ome moment (megleeting any possible
gelective effest) and added to by deposition from higher levels of the
atmosphere and by mixing with surrounding air from aress without precipii-
ation, So that a moment will be reashed when equality will oeseur between
the addition (supposed constant) of radiomgtivity as pollution to the air
and the removal of it by precipitation; after that moment the averags
speeifie radiosetivity of precipitation should not ehamge, From the
values given in Table I it appears that at Valentis this equilibrium is
reavhed after one day of precipitation as the eorresponding spesifie radio-
aotivities remain substantially eomstant.

5. The pollution of the air whieh has beem deposited on the surface of
the collector during the immediately pregedipg rainless days is removed by
the presipitationm whieh falls in the rain eollestor. Therefore the
weasured radiomctivity of the precipitation after one or more days without
rain intludes not only, ss stated in paragraph 4, the radicactivity
originelly in the cloud drops and that eolleeted by the rain drops in their
fall to the ground, kit also the radioaetivity acoumulated on the surfege
of the gollecior during the day or days before the day on whieh pregipit-
ation has boen moasured,
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To eatimate the relative value of the vradicsetivity of the sample
due to these different origins it would be mevvsssiy (o have a series of
observations of samples when ome or other of ithe mentioned souryces of radio-
activity had been eliminated, To achieve this end it was found
impracticable to have the rain aollesior eovored when thers was no
preeipitation; so the next best methed was ndepted on and From snril 1058
of washing the expcsed surface of the collector whonever there hai voon no
precipitation in the previous dsy. This practice would resuli 1an the
reduction of the specific radiocactivity of the precipitation on the first
day by that part that is due to the deposition of pollution during the
previous rainlese day or days, Thus, it would be oxpeoted that theo
reduction of the specific radioactivity of the preeipitation from the first
to the second day after & poriod without preecipitation would bs greater
bofore than after washing was inirodueed. This is shown to ccour in
Table II.

The difference between the average values of the spesific radio-
activity of the first and second days with precipitation is a real cne:
t =3.43, P <0,001 before washing and t = 2.23, P <0.02 aftier washing was
introduced, The difference ir specifie radicactivity boiweon the second

and third rainy days is not gignificant in either case.

The average level of radicactivity up to April 1958 inclusive was
substantially smaller than from May 1958 to the end of 1959. For purposes
of eomparison the values are also given in Table IT as & pepsentage of the mean

of the radicactivities measurcd on the second and third day,

6. From the perventage data in the table for the period after washing
was introduced it is deduced, as stated in paragraph 4, that the radio-
egtive pollution captured by the precipitation during the first day, wy,
together with the doposmited pollution of the atmosphore om the fi.ri wet
day, dl, and the radicsotivity of the oloud droplets, ¢, ameuni to 159% of
the radicactivity measured on the second day with preeipitaiion,

Therefore

Wl+dl+o==159 (1)

Ag this relative amount of radioactivity was also present in the rain
colleeted before the practice of washing the collcotor was inircd-ced®, the
difference of 47% between the value of 206 hefore washing was introduced
and 159% ecan be attributed to be due to the dry depesition, Muring the
period concerned the average number of dry days before a day with

precipitation was 2.3 so that the mean depesition in & dry day was do’ = élg

or 20% of the speeific radicactivity on the sccond rainy dry.

*The mean daily rainfall on the first day with precipitaticn after one or
more dry days was substantiallv consiant dering the whole period
considered here: 5.6 mws before and 5.3 mms after the pruotiee of
washing the collector was introduced,
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7. As stated before, the gpecifie radiocactivity of the rain om the
third day is not significantly different from that om the second day, and,
a8 geavenging and deposition occurs on the third day of precipitation in

the same manmer as it ooours on the second day it follows that
Wy + d2 + ¢ = 100,

= 100
and ws + d3 + €

where the letters have ithe same signification as in paragraph 6 and the
sub-indices indicate that they refer to the second and third days with

preeipitation.

The radicactivity added by deposition from higher levels and by
mixing with other air is equal to the amount removed by the precipitation
and by deposition in the collector onece the equilibrium state has been

reached, Therefore
Wy + d2 = w3 + d3 = do = 20
and e = 100 - 20 = 80

i.e. the average specific radiosetivity of the eloud droplets amounts to

80% of the specific radioactivity of the precipitation of the second day.

8, It is patural to assume that the depositions on a wet and a dry day
sre in the same ratio as the average radiocactivity ef the pollution of the
atmosphere if the nature and size spesirum of the particles is supposed
similar. It has beenm found (see paragraph 12} that during the period
February 1957 to Deeember 1959 the airborne radiometivity observed at
Valentia in days without measurable precipitation®* was 140 pC per 100 cu.m.
and in days with measurable precipitation (mean value of the order of 7 mm)
160 pC por 100 ou.m, The ratio 1,40 between these two values must be
considered as characterigtic of the nature and size of the particles which
pollute the air and of the type, amount and duratiom of the precipitation,
This ratio whieh has been remarkably constant at Valentia doring the period
covered by this investigation (see Table IV) will be used, in the absence
5* It follows
therefore that d, = 20/1.40 = 14, that is to ssy 14% of the specifie radio-

activity of rain on the second day with presipitation is due to deposition

of a better possibility to compute an approximate walue of d

during the previous rainy day. This gives for the pollution eaptursd by
the pregipitation after the first rainy day Wy = Wy = 20 - 14 =6
or 6% of the specific radioaectivity of the precipitation of the second

rainy day.
9, Subgtituting for ¢ in equation (1) paragraph 6, gives

W +d =159 - 80 =79

*Days with less thaw 0.1 wmm,



-5 _

keeopting for d, 8 value which is {he mean of d ard d, it follows
tkat
dy = 17%
and w, = 62%

of the moan speeifie radicactiviily observed om the seoond day with
preeipitation,

10, In Table II1 the different perosmiages found are summarized.

For the determination of di
 deposition in dry dsys has been used. Ii is obvious that the deposition
in & dry period is an inoreasing funotiom of time until an equilibrium
value is obtained. Therefore the value of do used in paragraph 8 for

the average value d = 20% of the

eomputing dl is ouly a first approximation. A method of suecessive
approximation eould be used but it is comsidered that the charaoter of this
investigation does not justify trying to obtain greater accuracy.

11, It is not comtended tkat the percomtages found for the radicastivity
ef different owigins should be, on average, the same in all cirsumstances
end losalities, For instance, the assumptions regarding poliutiom at the
gtratosphore , upper troposphere and near the ground and their relationships
whieh are implied in previous paragraphs, may vary considerably, mot only
due to the different types of bombs and the levels at whiech their explosgions
have takenm plaee, but alsge due to elimatologieal factors and, perhaps, also
to the mature and sise of the atmospherie acrosols whieh capture some, at
least, of the radioactive particles, It is expected that similar studies
with data from other stations where the measurement of the radiocasctivity of
pregipitation and settled dust is earried out under different loeal
elimutologival eonditions may produse differemt values for these percentages.
From thess differences some indication may be obtained of the cleaning of
the atmosphore by precipitation under different ciroumstances.

Iz this eomnecetion it is of interest to asceriain the degree of
reliability to be atiasched to the valumes given in Table IIT.

12, From what has been stated in previous parspgraphks it is io be
oxpeoted that the airborme radicactivity would be greater on dry days than
on days with precipitation and that its value om raimy days from the second
orwards would be rather eomstant. As the differences botween the moan
values of the airborme radiozetivity at Valeniis for the first, second, ete.
days of & period with precipitation during the months February 1937 to
Degestber 1959 are not statistically signifieant, average values have been
computed for days without measurable preoipitation and for days with
precipitation equal or less than 3 mms. and greater than 5 mms. The value
of 3 mmg. has been seleeted because it is the mediam value of the daily
precipitation for the period. The results are givem in Table IV. The
meap precipitation in the threo differemt groups are 0.0, 1.2 and 10,1 mms.
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Figure 1 drawn using these mean values confirms that the amount of airborne
radioactivity tends to become eonstant with inereased precipitation. The
values of 140 and 100 pC per 1CC cubic metres of air adopted in

paragraph 8 for the average airborne radiocactivitv in dry days and the

sesond or third rainy days is also hereby justified.

13. The daily average specific radieaetivity of precipitation has been
classified acecording to the amount of precipitation in the 24-hour period

to whieh they refer and mean values computed for the periods May 1956 to April
1958 and May 1958 to September 1959 and fo¢r th» whole period of observations,

The results are given in Table V and Figures 2 and 3.

The curves in these figures show a marked dsorease of the speeiflic
radioactivity with inereasing amount of precipitation up to about 5 mm,
independently of whether the practiee of washing the colleetor was in
operation or not. As wae to be expooted the decrecase is less when the
washing of the collector had removed the radicactivity deposited on it.

The figure also shows that the deerease is much slower or even may ccaze in
both cases when the amount of precipitation is greater than about 5 wo, As
the average precipitation per wet day was 5.6 mm, for the first period and
5.3 mm, for the second period, the ncar constancy of the mean specifie

radicactivity after the first day of rain is easily explained.

14, It appears that the decrcase of the sgpecifie radioactiviiy with
inercased amount of precipitation is due (&) to the washing effeet of the
rain dreps falling on the surface of the collector and (b) to the
contintous elimination of pollution from the atmosphere by the falling

precipitation,

(s} Txperimenty have been made at Valentia on four occasions in
order io deleymine the rate of progressive contamination of the water used
for washing the raingauge. The amount of water used, usually one litre,
was divided on those occasions in four equal parts which were sueecssively
used for washing the colleetor. The radioasctivity in each portion was
then deiermined in the usual way and Table VI gives the average results.
These are also given in sueh a form that the effeoct of different amounts
of washing water can be appreeiated. It is, of course, impossible to say
whether the manual washing of the colleetor was more or less effeetive on
every ocoasion than the washing by falling drops but it may be noted
that the points plotted in Fig. 3 using the values of Table VI fit quite
c¢losely the extreme left hand portion of the curves. On general grounds
it is evident that if the amount of water used for washing and the number
of parts in which it is divided were increased the new values obtained
would also give & reasonable fit to the remainder of the curves for

natural precipitation.
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(b) The removal of pollution from the atmosphere by falling drops
and flakes can be assumed to be proportional to the amount of precipitatioen
and to the amount of radicastivity present in the polluted atmosphere at
any one moment. If it is further assumed that the addition of radio-
activity by deposition from higher levels and by mixing with other air occecurs
at a constant rate, it is clear that after a certzic amoumt of precipitation,

the spegific radicactivity of the water shonld tend to remain constant,

15. It is noteworthy that the curves of Fig. 2 are very similar to curves
drawn for Harwell in Greet Britain [2] and for Kjeller in Norway [3]. This
may be a general feature of the removal of pollution by preeipitation at

least in Northwest Europe.

Fer these two places the slope of the eurve also changes consider-
ably at sbout 5 mm. of preeipitation. However it cannot bs deduced from
this that the specifie radioasetivity of precipitation after the first day
of rain would tend to beoome constant everywhere a gimilar eurve ohtains,
This ean only ocour if and when the mean precipitation in a wet day is at
least equal to 5 mms., i.e. the value of the precipitation at whieh the

change in the sleope oecurs,

16. As stated before, from May 1958, the surface of the colleetor used
for radioactivity measurements was washed whenever possible at normal
sampling time, when no precipitation had been ohserved in the previous day
and the water msed for the washing was then evaporasted and eounted in the
game manner a8 ordinary precipitation, These data can be used to estimate
the dry deposition por unit of exposed area. For the period May 1958 to
Pecember 1939 the average radioactivity of the washing water expressed in
the same arbitrary units as the radiocaetivity of the preeipitation, was
122 per day. The average rainfall for wet days during the period was

5.3 om., so we obtain that the contribution of this radiocactivity to the
spegific redicactivity of the first day of rainfall would have been
122/5.3 = 23 units. This represents 74% of the figure obtained, 31 units
(20% of 153 units) by applying the perceniage determined in paragraph 6
for deposition on dry days. Given the difficuliy of this type of

measurements, the agreement is congidered as satigfaotory.

17. The veloeity of deponsition of pollution has been defined as

Rate of deposition of radiosctivity rer unit area per unit time

¥ = - —— - - p ;
Radicaptivity of airborne partieles por unit volume of air

An estimate for the conditions obtaining at Valentia can be obtained as .
follows: The 122 units for dry depesition per day obtaipned from the washed
water should be multiplicd hy 1,63 to take into account losses due to
evaporation ete, and by 2.958 to convert the arbitrary units into pC por
square metre, The result is 588.2 pl per mgquare meire per day or

6.81 x 10-7 pC per ch per gecond, The concentration of airborne radio-

aetivity per cubie metre during the relevant period was 169 pC per 100 cu.m.
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or 1.69 x 10-6 pC per cmj. Taking the efficiency of the filter as 90%,
we obtsin -

Y = 0.36 cm/seec,

In Great Britain [1) it has been found that V = 0.07 em/sec using
gummed paper for determining the rate of deposition, For Norway values
ranging botween 0,2 and 3.4 em/sec (average 0.72) are given in [2].

They have been obtaimed by a method more germame to the one deseribed here.

18, During the period May 1958 to December 1959 the pollution due to
eirborne particles was 1,69 x 10"6/0.9 =1,88 x 1076 pC/cmj. If this
pellution falls with an average speed of 0,36 em/sBeoc, then the radio-
activity deposited on a dry day is 588.2 x 1074 ¢ per om, Assuming
oonstant concentration with height this radicactivity was originally

eontained in & layer of air about 312 m. thick.

The mean amount of radicactivity eaptured from the polluted
atmosphere and brought down to the ground from the base of the elouds by
one millimetre of precipitation over one square meire during the months
May 1957 to Decembsr 1959, amounted for the first wet day to 62% of
153 uniis or

153 x 0,62 x 1.63 x 2,958 = 457 pC.

In & day with average precipitation (5.6 mm.) the mean amount of
radionotivity brought down was 0.256 pC per cmz. This eorresponds to the
radicaetivity contsined in ——942§§~:g = 1.36x 10° om = 1360 m.

1.88x 10
This would represent the mean height of the base of cloud before preeipit-

ation starts at Valentia, which seems too large by & factor of about 2.

Ancother value for the mean height of the base of cloud can be
obtained as follows: the percentage amount of radiometivity captured by
precipitation in the first day (62%) is 3,1 fimes the percentage deposition
in a dry day (20%). Assuming full eapture of the pollution by the
preeipitetion the layer of the lower atmosphere cleamed by the preecipitation
would be 312 x 3.1 = 967 m, which appears to be also too large by a factior
of 1.5.

19. The results given above appear to be fairly comsistent within
themselves and with those obtained in other countries, Although the
asooupaecy of the mean values is not high, moi only due to the inherent
uncertainiy of the oalibration of the eounters but also to the difficulties
of obtaining and preparing representative samples for counting, the results
may be considered as satisfaetory. The use of percentages eliminates or
redzees the influence of most of the inmocuracies memtiomed, On the other
hand the inacouracies aequire greater importance wher comparing the data

obiained using different techniques.
%

L4 *
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TABLE I

Mean speeific radioactivity of precipitation at Valentia on the first,
gecond and third day after one or more days without precipitation

Arbitrary Units All esses
No. of One or more days
days after with precipitation
at least
one day Mean
without speeific Mean No.of
preoipit- Radio- deviation cases
ation activity
One 235 237 156
Two 125 118 118
Three 136 121 92




¥oan speeifie radicmotivity of preeipitatior at Valemtia on tle firet,
sesond and third day after one or move days without presipitaiion

s

TABLE IT

R

R

) Fo washing Washing :;
Ko, of 1 r :
days af ter Hean Mean
at least Bpeoifie Bpeeifie
one day Radio- Mean Radio- Hean
without astivity | dovi- | No-of sotivit dovi- | Fo-oF
preoipit- Arbit - ation | 52F°F A gtion | ©
ation Units % Uaits %

Onv 227 206 243 81 243 i59 221 75

Two 102) 85 63 1%2) 138 55

; 100 ; 100
Three 120) 107 49 154) 138 43




TABLE TIT

Moan specific radicactiviiy as perventage

Cloud drops, e, 80
dry day, d_ 20
Deposition
first wet day, d, 17
per
gecond, third, ete,, wet day, dz, dj, revs 14
Air Pollution [ first day, v 62
captured by
precipitation | seeond, third, ete., day, w,, ¥, ..., 6
[ Colleotor
washed 159
’ 0+Ii+d1
Speeific first day s Collector
radioastivity not washed 206
of e+w, +d. +2,3d
preoipitation ) L 13 °
second,
| third elo, o+Wytd, , c+w3+§3, .o 100

day



TABLE 1V

Mean radioactivity of airborme particles at Valentia
in pC per 100 cubies metres

Days with Days with measurable precipitation
no measurable
precipitation < 3.0 mm, > 3,0 mm,
Period
Mean Mean Nean
Mean devi- No.of Hean devi- No.of Mean devi- No.of
. cases . eages . cases
ation stion ation

February 1957
to 100 - 128 80 - 172 72 - 151
April 1658

- —

May 1958
to 169 - 177 136 - 208 116 - 225
Deecember 1959

February 1957
to 140 104 305 111 91 380 98 89 376
December 1959




Mean specific radioactivity of precipitation at Valentia as a funetion of the amount of daily precipitation

TABLE ¥

May 1956 to April 1958

May 1958 to September 1959

All Observations

Mean daily Specific Mean daily Specifie Mean daily Specific
Procipitation Radicactivity Precipitation Radioactivity Precipitation Radioactivity
mms, pC per litre % Es, pC per litre % mme . pC per litre %
0.5 877 100 0.5 1487 100 0.5 1117 100
2.0 306 35 2.0 764 51 2.0 487 44
5.0 227 26 5.0 328 22 5.0 268 24
10.0) 168) 19) 10.0) 296) 20) 10.0) 222) 20)
) ) ) ) ) ) ) ) )
18.0) 15.0 195) 178 22) 20 18.0) 14.0 241) 284 16) 19 18.0) 15.0 215) 222 20} 20
) ) ) ) ) ) ) ) )
35.0) 178) 20) 31.0) 366 25) 33.5) 247) 22)




TABLE V1

Radioaotivity of the water used for washing the eollector

Arbitrary unite

Actunl Cumalative data
amount |
of water Actual Radioactivity
used in Radioaotivity An:gnt
successive Per unit
waehings wator Astaal volume %
e.e. 6.6, e.c
- 250 166 250 166 0.66 100
250 77 500 243 0.49 73
250 45 750 292 0.39 39
250 21 1000 313 0.31 47
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Fig. 2. Mean specific radioactivity of precipitation at Valentia as a function of the amount of daily precipitation.
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Fig. 3. Mean specific radioactivity of precipitation at Valentia (percentage) as a function of the amount of daily
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