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THOMAS RICHARD COLPETZER ABSTRACT

This thesis reports an investigation of the relation-
ship detween air partieulate radicactivity and rainfall ‘
radlioactivity. The effects of the amount of rainfall upon
rainfall activity levels were also studied.

Statistical tests were made to determine whether any
assoclation or correlation exlsts between air particulate
aotivity and rainfall activity. In addition, inferences
were made adbout how rainfall activity levels vary with
amount of rainfall.

The analysis of data collected duringz periods of low
activity levels indicated that rainfall activity in units
of po/ml tended to inorease ag the amount of rainfall
inoreased. For the same period no relationship was found
between rainfall and rain activity in units of pc/om?/day,
and the correlation coefficient for these two variables
was not significantly larger than gero.

Rainfall aotivity in unita of po/ml and po/omz/day
was found to be correlated with air particulate activity
when the radiocaoctivity levels were relatively high. No
correslation was found between the two variables when activity
levels wers low. ﬁ

It was found that when activity data were analyzed
on a baslis of menthly averages rather than weekly averages,

correlation was found between air particulate activity



and total deposition of rainfall activity (Po/enz/day)
when the activity levels were low,
Statistical tests not used in this study werse proposed

for use in future investigations.
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I. INTRODUCTION

The increase in the background level of environmen-

tal radioaotivity in recent years has prompted many

investigators to study the sources and characteristics

of radioactivity in our .environment. Monitoring of the

radiocactivity in rain water, surface water, food, soil,
and the atmosphere 18 deing carried on continuously,

It has bdeen the purpose of this -tudy to investigate

alr particulate activity and rainfall activity to deter-

mine 1f any relationship exists between these two varie

ables., Some degree of correlation was expected since the

radiocactive matter in rainfall originates from air
particulate activity and high activity levels in the atmos-
phere would be expected to cause correspondingly high
levels of rainfall activity,

The data used in this study were from three sources,

The Division of Ocoupational Health of the Michigan Departe
ment of Health provided records of radicactivity levels

at wvarious stations near the nuclear reactor site at

Monroe, Michigan. Precipitation records for the same period

of
by

time were obdbtained from climatological reports published
the U, S. Government, The final source of data was

the U, S, Publioc Health Service whioh reported atmos-
Pheric and rainfall radiocactivity levels for Lansing,

Michigan,



II. LITERATURE REVIEW

rges of Environmental Radjoactiv

Setter and Russel (1)%* discuss radioactive contami-
nation of the environment in the Oincinnatil, Ohlo aree,
They indicate that the more important sources of man
vmado radiocactive wastes are from: use of radioisotopes
in Aindustry, medicine, and research institutions; mining
and chemical proocessing of uranium ore; nuclear reactors
for power production or research; chamlcal precessing of
spent reasctor slements for the recovery of nuoclear fuelj
and fallout due to the use of nuoclear testing deviees.
In their study of radloactivity in the surface waters of
Texas; Gloyna, Drynan, and Smallhorst (2) state that the
major potential sources of surface-water activity are falle
out and washout, natural deposits of radiocactive materials,

and radiocactive wastes,

Atgospheric Radioactivity

Recently, emphasis has been placed on the study of
nuclear detonation fallout; whereas, it has long dbeen
established that signifioant amounts of radon (Ra222)
and thoron (Rn®2°) in equilibrium with their daughter
products ars found existing naturally in the atmosphere.
Davis, et al. (3) found that decay curves for air samples

which they collected indicated an apparent half-life of

* Numbers in parenthesis are references listed at
the end of this paper,
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about 30 minutes. Since radoen in equilibrium with its
daughter products exhibits an apparent halfelife of
approximately 30 minutes, it was assumed that radon was
the primary active element in the air samples. On this
bvasis, Davis, et al, (3) performed a correlation analysis
on the relationship between weather variables and atmos-
pheric radioactivity. They found statlistiocally signlifi-
cant correlations between wind speed at the time of
sampling and temperature, dew point, vieiﬁility, and the
north-south component of the wind vector prior to the time
of sampling.

Calculations wers made by Dunning (4) on the contrie
bution of shorter lived fission products in radlioactive
fallout to the world-wide external gamma levels., These
shorter=-1ived isotopes represent a mixture of fallout
debris from many nuclear detonations in the past and have
besn stored for different lengths of time in the strato-
sphere and troposphere,

Radlioactivity in the atmosphere is associated with
particulate matter to a greater or lesser degree. Setter
and Russell) (1) report that in 1957, the annual fallout
in the Oincinnatl, Ohlo area amounted to 15,200 mpo/m?
0f which 56 per cent was attached to suspended matter,

A large proportion of the fallout was young fisslon
products (2 = 5 days o0ld). The 1-year-old portion of this
fallout was estimated to be 200 mpe/m?.



Badiosctivity ia Precipitation

Without precipitation there is little fallout even
though the partioulate activity of surface air is
abnormally high., PFallout measurements, largely as pre-
cipitation, have deen made on a continuous dasis at
Cinocinnati, Ohio since March 1953, Setter and Straubd
(5) state that a correlation study is now possible between
aireparticle concentration and rainout (washout by precipe
1tation). Analysis of data dy List (6) shows that a pre-
ponderence of the fallout ocours during precipitation.

The activity which is measured in rainfall is that
of the long-lived fission products whioch are potentially
the most hasardous, Morgan and Stanbury (7) state that
the fission products derived from the testing of atomio
and thermonuclear weapons are normally washed out of the
lower atmosphere by rain after hold-up periods in the
stratosphere during which time the shorter-lived nuclides
decay.

Beta aotivity in rainfall reflects nuclear weapons
testing. In a study of the radiocactive fallout in the
Oincinnati, Ohio area by Nader, et al. (8), it was found
that a sharp rise in the beta activity of rain ocourred
two days after the first Atomic Energy Oommission's
nuclear-weapons test in March 1953. In addition, the radio-
activity of subsequent rains during the test period was

usually of greater intensity and varied widely. It was
Lound that the activity of rains oan generally be



attributed to particular bomb bursts, on the basis of a
comparison of the half-lives of rain activities with the
theoretical decay of the fission product.

The units in which the activity of rainfall 1is
reported are of two general forms, Many researchers
(5,7,8,9) prefer to report rainfall activity in terms of
activity per unit volume of rainfall such as mioro-curies
per 1liter (po/l). Others (1,10,11) prefer to report raine
fall activity in terms of activity per unit area of sur-
face on which the rainfall is collected. Typlocal units
would be milli-micro-curies per square meter por'day
(mpo/m2/day). The first method of reporting is useful
when one i8 interested in the variation in rainout of
sotivity with time. When total radiosctive ralnout is
being compared with radiocactivity which appears in surface
waters, the latter method appears more appropriate,

Accerding to the Division of Radiological Health,
Public Health Service (12), measurements have indicated
that the dulk of deposited activity ocours through preoip=-
1tation, but concentrations in surface alr are not directly
related to the amount deposited through precipitation.

Precipitation of radiocactivity may be in the form of
snow as well as rain. Observations on radioactive snows
at Ann Arbor, Michigan (13) definitely estadblished the
presence of radioactive rare earth isotopes. The energy
and half-life for these isotopes were such that it oould
De stated that the activities undoudtedly originated in



the Las Vegas atomic test explosions., Activities as high

as 100 times background were obtained in these samples,

act r Waters

Inoreasing attention has recently besn paid to the
posslible contamination of drinking water supplies with
radioactive materials., The measurements of Kahn and
Reynolds (14) have shown that water from rivers and lakes
contains detectable smounts of Sr90 and a7 wnich are
potentially the most hagzardous of the long-lived fission
products, The quantities of pollution by natural radio=-
activity end from nuoclear-energy operations are so small
quantitatively that chemicel separations, energy determina=
tions, and half-l1fe measurements are diffioult (15).

Setter, et al. (10) found a linear reletlonship to
exist between radloactivity and concentration of suspended
solids in stream surface water, These findings provide
circumstantial evidence that radioactive runoff is
proportional to rain intensity, because the concentration
of suspended matter is roughly proportionsl to rain inten-
sity. Because radlosctivity is assooclated iith suspended
matter, impounded waters have a high ratio of dissolved
to total act1f1ty and a low concentration of suspended
matter (10).

Thomas, et al. (16) found slgnirioant inoreases in
activity in the surface waters in Massachusetts which were
apparently due to fallout of fisslon products from Nevada



nuclear-weapons tests., Previous testing did not eause
large inoreases in the activity of surface waters in
Massachusetts, but meteorological conditions were such that
& portion of the air mass over the Nevada test site on
June 18t moved rapidly eastward with only a small amount

of rainout before reaching the Massachusetts area.



III, APPROACH TO PROBLEM

biec

The primary purpose of this study has been to detere
mine if there 1s any measurable amount of corrslation
between radlioactivity in rainfall and the level of radioe
activity in the atmosphere. It would be desirable to ascere
tain what, if any, effect a rise in the atmospheric radio-
aotiyity level would have upon the amount of radliocactivity
wvhich reaches the earth in the form of precipitation.

There is also 1n£ereat in the levels of radioactivity
in other media such as surface waters, soil, and biologleal
specimens. It was hoped that on the basis of thls statlise
tical study, new light would be shed on the factors which
influence these radioactivity levels.

The results of this study will provide a basls for
re-evaluation of the present method and extent of dats
collection. A considerable amount of time, effort, and
money has been, and will be, spent on the monitoring of
radioactivity levels in various media., If some part of
this data collection is found to be unnecessary, a consid=-
erable saving in effort and expenditure could dbe aittained.
An 1deal development would bs the elimination of the
necessity for monitoring of rainfall radioactivity. This
could be realized by finding a high degres of correlation
between the levels of radloactivity in the atmosphere and
in rainfall.



An additional objective has been to provide a some-
vhat systematic procedure which can be followed in the
future study of correlation between radiocactivity levels
in other media, This thesis reports the first extensive
study of correlation botwoag levels of gross beta radio-
activity in the atmosphere ;nd in rainfall, and the
statistical procedurs presented will be found useful in
future studies,

On the basis of the results of this study, it was
hoped that some answers could be given as to the method
of transfer of the radioactive partioulate matter from
the atmosphere to the earth in the form of rainfall. It
was realized that this goal might be severely limited by
the method of attack used in this study and the amount of

data used in the analysis.
Pinally, the purpose of this study was to provide an

insight into the difficult problems involved and to provide
a basis for further research in the field of environmental
radlioactivity.

2reblens Rageuntered

One of the most serious problems encountered in this
study was the limited amount of data which was availabdle
for analysis. Some of the possidle methods of analysis
which might have been used were precluded by the fact that,
for various reasons, the weekly rainfall activity levels
were not all reported., If a continuous series of weekly
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observations had been available, it would have been possibdle
to investigate the activity levels for the existence of

a time lag between the atmospheric radicactivity and
radiocactivity of rainfall. In any future study of this

type where data are being collected by the investigator,

an effort should be made to assure that all the possibdle
data are taken and that no unnecessary omissions are
allowed.

Radloaotivity levels are often reported on a weekly
basis and the data used in this study were weekly averages.
Analysis of this data did not permit insight into how alr
particulate activity is affected by dally rainfall. If
records of dally sotivity levels had been available, it
would have been possible to determine how effioclently vari-
ous types of rains remove radioactive particles from the
atmosphere. PFuture analysis should be based on dally
activity levels if at all possible.

An inherent 4ifficulty of the statistiocal analyuig .
of data of this sort is that it is not possidble to prove
beyond doubt that correlation between weather variables
does not exist. If ocorrelation is found to exist between
twof;ariables, this result may be stated with a well defined
4qé}oe of certainty and no speolal prodlems arise. On the .
,éiher hand, 1f no correlation is found using e certsain
type of analysis, this does net preclude the possibity
that the two variables being studied might de found to
be highly correlated if some other type of analysis were
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used. Thils problem cannot de avoided, but an attempt

has been made to conduct a thoreugh analysis reporting the
procedures used so that future efforts by other analysts
will not be wasted.

Low levels of radiocactivity are a problem to &
correlation study of this type. 8Such low levels are
difficult to determine aceurately and the standard errors
of the results tend to be quite high, This normal variation
of counting makes a correlation analysis very diffiecult
and a large amount of data is required to show correlatien
even if the variadles are indeed related.

Many weather variables have been found to influence
the atmospheric radiocsctivity levels to a greater or lesser
extent. An important factor is the movement of alr due
to wind from one area to another. ALr moving from an area
where a rain has just occurred is likely to have a low
coneentration of radioactive partioulate matter. It 1s
obvious that the activity of & given rainfall might be
quite low if the air activity is low on that partloular
day while at the same time, the average alr partioulate
activity for the week of record has been very high, If
situations of this sort oocour often, it will appear that
there 48 no correlation between alr and rain activity,
Possibdbly the activity levels in rainfall are zalso affected
by a number of undetermined weather paramsters, It is
obviously impossidle to recognise and take into acsount
all the possible variables which exert their influence
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and this limitation should be recogniced when evaluating
the results of this study. - |

The radiocactivity levels being analyszsed in this study
are composed of contributions from various sources., In
addition to the nuclear testing debris in the atmospherse,
there is secondary radiation from cosmic rays, aotlvity
initiated at nuelear power reactors, and natural backgreund
radiation. PFor a striotly acourate correlation analysis |
1t is necessary that there be comparability among data for
different periods. If any of the varisbles are varylng with
time the data are sald to be non-homogeneous, This was
actually one problem faced in this study, and the assump=
tion was made that this non-homogenelty would have no
adverse effect upon the comparability of the data for
different periods., The validity of this assumption deter-
mines the validity of the results of this study to some
extent.

AAr particulate activity as reported in the data used
in this study is actually the activity of air which is
near the surface of the sarth. Thinder storms which ocour
during the summer months originate as 1ce crystals at alti-
tudes ranging from 30,000 to 50,000 feet (21). These ice
orystais are formed around partioulate matter some of whioh
is radiosoctive, Therefore, partloculate activity from very
high altitudes as well as from surface air is ralned out
during the summer months, Particulate activity at the
higher altitudes is not necessarily the same as surface
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activity and 1t s possible that no correlation exists be-
tween surface air activity and the rainfall aoctivity.

Winter rainfall is of a different nature than that
vhich occurs during the summer months. Winter rains are
caused by the movement of a warm front into a lower
temperature area, The warm air is forced to rise and at
altitudes of 3,000 to 8,000 feet the temperature falls delow
the dew point of the air and precipitation results, Theree
fore, during the winter months the activity in rainfall
may be quite different than the activity found during the
summer, and comparison of the data without regzard to the
seasons 1s not entirely justified. Seasonal variation
in activity was not taken into acocount in this study
because of the limited amount of data avallable for analysis.

Suture Sgggx

Por the purpose of future study a block diagram is
presented in Figure 1. The steps shown ln the dlagram are
essentielly the ones followed in the approach to the
problem of this study. PFPuture correlation studles of
environmental radioactivity may use this approach with some

modifications,



IV, ANALYSIS OF DATA

es t

The data used for analysis in this study were
obtained from the Division of Ococupational Health of the
Michigan Department of Health (11) and from the U, S.
Public Health Service (17). Supplementary data on precipe
itation at Monroe, Miochigan were obtained from U, 8,
Weather Bureau publications (18).

The data supplied by the Michigan Department of Health
were observations of radioactivity levels in rainfall and
alr particulate matter. These observations were originally
made to determine any ochanges in background radiation which
might have ocourred as a result of activation of the Enrico
Fermi nuclear power reactor near Monroe, Michigan. This
analysis used data which the Michigan Pudblic Health Departe
ment collected in the period from June 15, 1959 to Decenm=
ber 19, 1960, The U, S, Publioc Health Service data covered
the period from October 29, 1961 through May 20, 1962 and
was collected by the Lansing, Miochigan station of the
Radiation Survelllance Network.

Radloaotivity of air particulate matter was:repoftga
as gross beta activity one day after colleotion. Weekly
average values of activity were reported in units of
micro-mioro-curies per ocubic meter of air sampled,

The radiocactivity of rain samples was also expressed
a8 gross beta activity whioh did not include the

14
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contridution of naturally ecourring radon and thoron and
their daughter products. The data were tabulated in two
separate units; mioro-curies per milliliter, and mioroe
ouries per square centimeter per day. As with the air
partioulate activity, the results were reported in terms

of weekly averages. Oertain weekly data wers missing where
no samples were collected and where the net count rate of
the samples was less than or equal to the bdbackgPound count
rate of the counting equipment, the results were reported
as, "Trace”,

The precipitation data obtained from U. S, Weather
Bureau publications were reported in inches of rainfall.
Rainfall data were only aveailable at the Monroe station
and daily rainfall records were cendensed to weekly totals
corresponding to the weekly sampling periods for radiosc-
tivity of the rain samples,

Radloactivity of Ralp Samples

Data from the Michigan Department of Health were used
to investigate how the radiocactivity of rain varles with
rainfall. Rainfall activity expressed in units of mioro-
ouries per square centimeter per day (pc/om?/day) wae plote
ted agzainst the corresponding volume of rainfall in inches.
These plots are shown in Pigures 2 and 3. It was expeoted
that some trend would be observed in these plots if average
activity precipitated per day was:
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(1) independent of the atmospheric activity levels,

and
(2) independent of the frequency, intensity, and

duration of the wvarieus rains contriduting to
the total weekly rainfall.
It was further expected that the trend would be for an
increase in average rain activity to ocour if the ralne
£all inocreased.

Another approach used in the investigzation of rain
activity was to plot activity, expressed in units of mioro-
curies per milliliter (po/ml), versus rainfall in inoches.
It 18 to be noted that each wvalue plotted was a palred
observation of rainfall and rain activity for a certaln
week. A trend in the plots was expected if the averape
activity per unit volume of rainfall was: ‘

(1) dependent upon the total amount of rain whieh

fell during the week, and

(2) independent of the atmospheric activity levels.
These plots appear in Pigures 4 and 5.

The third relationship studied was a plot of rainfall
activity in po/ml versus a measure of the total deposition
of activity. The measure of total depositlon was obtained
by multiplying the rainfall activity expressed as po/ml
by the corresponding total weekly rainfall in inches.
Again, eath of the points plotted represented a paired

observation. Por convenience, the plot was made on
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semi-logarithmic paper and ies shown in Fisure 6.

tmospheric Actl Versus tivit

In an effort to determine Af there was any relatione
ship between atmospheric radloactivity and radiocactivity
of rainfall, several different approaches were taken,
Figures 7 and 8 show air particulate activity and rainfall
aotivity plotted on the same time scale. These figures
show data reported by the Michigan Department of Health,
The time scale is not continuous because of the disconti-
nuity of the data, and therefore the rain activity and alr
particulate activity ocan enly be compared on a2 same week
basis, Figure 7 shows rain activity in units of pc/ml
and Figure 8 shows raln activity in units of pc/em?/day.

Using the data reported by the Michigan Department
of ﬁaalth, alr partioulate activity was plotted versus
rainfall activity in Pigures 9 through 12. The points
on these scatter dlagrams each represent alr partioculate

activity and rainfall activity for a given week.

Acplication of Oorger Test
For preliminary investigation for correlation, Figures

9 through 12 were used to make a statlstlcal test called
the Corner Test (19). The Corner Test was made to test
the hypothesis that the two variables were independent,
The non-parametric test statistic was computed in the
following manner. A4 vertical line was passed through each
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scatter dlagram which divided the data with 50 per ¢ent
of the observations on the right and 50 per cent on the
left, A similar horizontal 1line divided the observations
with 50 per cent above and 50 per cent below. Positive
and negative signs were assigned to fhe various quadrants
as followst upper right positive, upper left negative,
lower left posltive; and lower right negative, Starting
at the extreme right and moving toward the vertioal median
line, the number of observations encountered before an
observation was found across the horizontal median were
counted. In PFigure 9 this number was +1. This number
was given the sisn of the quadrant in which the extireme
observations were found, Proceeding similarly from the
top, left, and bottom, four numbers were obtained. The
algebralc sum of these four numbers (46 in Pigure 9) was
taken as the test statistic., If thls sum was found %o be
too large at the 5 per cent level of slcniflicance, the
hypothesls that the variables were unrelated was rejected.
The test statistic was judged to be too larce when 1its
value exceeded a computed value found in an appropriate
table (19). The chance that this computed value would be

exceaded was only 5 per cent if the variables were not

associated,

Application of F-Test

Air and rain activity data from the ifichizan Depart-
ment of Health and from the U. S. Public Health Servioce

were used to test for the existence of correlation. The
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Department of Health data were analyzed on a monthly and
weekly basis to see if the same results would be obtained

in both cases. The Public Health Service Data were analyged
only on a weekly basis. All rainfall activity was expressed
in units of po/ml and pe/em?/day., To simplify the analysis,
the rain activity and air activity observations were
classified into various categories according to the magnie
tude of the activity. The P=test was applied by comparing,
(1) the total variation in the rainfall activity for spsee
cified levels of air activity with, (2) the total variation
between the mean rainfall activities for the various ocate-
gories and the overall mean rainfall activity. The test
statlstlc, P, was the ratio of the varlation between the
categories to the variation within categories. If P was
found to be larger than the critiecal F wvalue at the 5

per cent level of significance, the hypothesis that there
was no correlation between the variables was rejected.

The critical F value was selected so that ths chance of

it bveing exceeded was only 5 per cent 1f there was truly

no correlation between the variadles. A sample calcula-

tion for the test statistic, F, is shown in the appendix.



V. RESULT3 AND EVALUATION

a t 8 8 _Versus

Radioaotivity of rainfall, in units of pc/om2/day,
was plotted versus rainfall in inches in Pigures 2 and
3 to determine if there was any relationship between the
two variables., It was predicted that radlioactivity would
increase with rainfall 1f the rain activity is independent
of the corresponding air particulate activity and indepen-
dent of the frequency, intensity, and duration of the
various rains. By examining Pigures 2 and 3 it was seen
that no such trend was present., This result does not
indicate that rainfall activity is dependent upon the chare
acteristios of the various rains and upon the air partice
ulate activity, However, it has been shown that the
possibility of dependence of the two variables does exist,

A similar approach was made in Pigures 4 and 5 where
rain activity, expressed in units of po/ml was plotted
versus rainfall, A downward trend in rain activity wes
expected if the rain activity in these units is independent
of air partioulate activity levels and dependent upon the
total amount of rain which falls. This trend was observed
to some degree in Figure 5, although the trend was not
definite and unquestionable., Because of the dispersion
of the observations in these PFigures, the striot indepen-
dence of rainfall activity and air particulate activity
was not verified. The faoct that rainfall activity in units

20
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of pc/ml will decrease with increasing rainfall if air
particulate activity remains essentially constant was not
defini tely proven and further investigation of these
variables was made.

In Pigure 6, radiocactivity of rainfall in pc/ml was
plotted versus a measure of the total deposition of
activity. The measure of total deposition was obtained
by taking the product of rain activity in pc/ml and total
weekly rainfall in inches, It was expected that the ocon-
centration of aotivity in rainfall would decrease as the
total amount of deposition increased. The result, however,
was in direct disagreement with this prediction. The obser-
vations, when plotted on a semi-logarithmic graph, indl-
cated an inocrease of the intensity with an inorease of
total deposition. The data used in this partiocular
analysis were those collected by the Michigan Department
of Health and the activity levels in reinfall at the time
of colleoction were very low. These low activity levels
which are very difficult to measurs may be the reason t&at
the prediction was not verified, In very small amounts of
ralnfall where concentrations of activity are expected to
be high, low activity levels would be more diffioult than
usual to measure and counting errors as high as 50 or 100
per cent of the observed count rate might be present. A
similar situation might be found when the total precipitation
18 high. The rainedeout activity would be very highly
diluted in this case and again difficult to measure, It
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is not impossible that a complete reversal of the results
ooulﬁ occur within the limits of the counting errors,

It is concluded that investigation of the variation of active
ity concentration with total deposition of activity should

be made when activity is at a much higher level., Ko
definite statement can be made about the results of this

partiocular analysis,

A statistiocal test ocalled the Corner Test was applied
to the scatter diagrams of air particulate activity and
rainfall activity shown in Figures 9 through 12. The data
were those taken by the Michigan Department of Health at
two separate statlons. The purpose was to test the hypoth-
esis that the two variables were not associated, The results

of the analysis were as follows:

o hhe Siugar Sone g
9 1 nre/cm2/dey 6 10
10 2 po/om?/day 5 10
11 1 pe/ml 13 10
12 2 pe/ml 10 10

With rain aotivity expressed in pc/om?/day, the hypothesis
that there was no association between the variables was
not rejected at the 5 per cent level of si-snificance for
either Station 1 (Carleton) or Station 2 (Monros).

However, when the rain activity was expressed in units of
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pe/ml, the hypothesis of no assoclatlon could be rejected
for the data from Statlon 1 and Station 2. Thls means

that the test statistic, S, could have taken values as high
as those observed no more than 5 per cent of the time Aif the
variables were truly not associated. In summary, it has
been found that weekly rainfall activity in units of po/ml
was assoclated with air particulate activity for the same
week, Weekly rainfall activity in units of po/cma/day

was not associated with alr particulate activity.

The F=-test was used to test the hypothesis that there
was no correlation between air particulate activity and
rainfall activity. The Michigan Department of Health data
were tested both on a monthly and weekly bas;s to determine
if results would be influenced by the period of record,

The results are shown below.

(1) Monthly averages of radiocactivity levels reported

by the Michigan Department of Health gave the following

resultss
Station Unite of Raine Critioal
Humber £all AGHAVity 7 7
1 po/om?/day 5.87 3,48
2 po/cma/day 3.69 3.58
1 pe/ml 0.03 3,63
2 po/ml 0.80 3.58

(2) Weekly averages of radiocactivity levels reported
by the Michigan Department of Health ylelded:
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Station Units of Rain- Oritical
S L L F_
1 pe/om2/day 1.03 2,64
2 po/on2/day 0.73 2,64
1 pe/ml 2.39 2.36
2 Pc/ml 0.52 2.37

Using the weekly averages it is seen that the
F-ratios were less than the oritical values with only one
exception and in this case the F-ratio wes only very slightly
larger than the critical level. In general it could be
stated that there was not sufficient evidence to reject
the hypothesis of no correlation bvetween air‘partioulato
activity and rainfall activity in po/ml or pc/oma/day.
However, when the monthly averages were tested for corre-
lation, it was found that rainfall activity in units of
po/cm?/day sppeared to be correlated with the average air
particulate activity for the same month, This result can
be expleined by the fact that total deposition of radio-
activity as po/cma/dny depends upon the amount of rain
whioh falls., Even if alr particulate activity remained
at a constant level for a series of weeks, the total depo=-
sition would be highly variabdle becauss of the large vari-
ation in weekly rainfall., When monthly averages are con- .
sidered, the fluctuation in amount of rainfall is much
smaller. As a consequence, & correlation between total
depesition of activity and air partioculate activity 1;

more easily discovered when monthly averages are considered.
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The results of the F-tests applied to the data

collected at Lansing, Michigan are shown below,

Units of Raine Oritical
fall Aotivity F il
pc/on2/day 6.72 2.83
po/ml 3.47 2.83

It 18 possible to reject the hypothesis that there is no
correlation betwesn air particulate activity and rainfall
activity in units of po/oma/day and po/ml. This disagrees
with the results of analysis of the data collected by the
Michigan Department of Health where it was concluded that
no correlation existed between air particulate activity
and reinfall sctivity. The activity levels reported by the
U. S. Public Health Service were approximately ten times

as high as those reported by the Michigan Department of
Health. The higher activity levels were the result of
recent nuclear testing by the USSR, The higher levels
were determined more acourately because the ceunting errors
waere greatly reduced, and the results of analysis of the
higher aoctivity levels are more.reldable. In addition,

1t 1s obvious that the components of gross beta activity
are different for fisesion products of different ages, It
18 quite possibdble, although not verified by experimental
results, that correlation exists between alr and rain ace
tivity for some nuclides and not others, At present it

is only possidle to state that there appears to be definite
correlation between rainfall activity and air particulate
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activity when the aotivity levels are high and consist
of young fisslon products, and no correlation is found
for the low levels of activity.

Because of the dlispersion of the observations
on the scatter siagrams, it was decided that develorment
of predlction equations for the data was unwarranted.
For the same reasons, correlation coefficients were not
computed. If the correlation coefficients had been com-
puted they would have been quilte small and would not

have been especlally useful in this study.



VI, CONCLUSIONS

Prom the results of thls study the following general
conoclusions may be drawng | .
(1) Radloaoctivity of rainfall in units of po/om°/day is
apparently not related directly to the amount of rainfall
in inches; Two conditlons would heave to be satlisfied for
for these variadles to be so related that an increase in
reinfall aotivity as pc/omz/day would result from an
increase in rainfall., PFirst, 1t would be necessary that
the level of air partioculate activity remain constant or
have no effect upon rainfall activity. Second, the conoene
tration of rainfall aotivity (po/ml) would have to remain
nearly constant for any amount of rainfall. Since concenw
tration of aotivity wvaries independently from amount of
rainfall then no relation would be expected between rainfall
and rainfall setivity as pe/om®/day.
(2) The average weekly concentration of rainfall activity
as pc/ml has been found to 1n6:ease as the total amount
of rainfall inoreases. This result disagrees with original
predictions that rain activity concentrations would decrease
with increasing rainfall. These results were interpreted
as being inoonclusive because the low levels of activity
being analyzed were highly veriable. It would be necessary
to analyze data taken at a2 time when the activity levels
were much higher to obtain reliable and conclusive results,

(3) When environmental radioactivity levels were low,

27
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rainfall activity in units of po/cm?/day appeared to be
unrelated to alr particulate activity when average weekly
levels were considered. However, the monthly average depo=-
sition of aotivity appeared to be highly correlated with
the ocorresponding monthly average air partioulate activity.
The explanation for the monthly Correlation and not weekly
correlation was that total deposition of activity depends
upon the number of rains which ooour during the period
of record. Sinmce weekly rainfall is much more varlable
in intensity, frequency, and duration than monthly rainfall,
a better correlation is expeocted if monthly averages are
consldered rsther than weekly averages, |

With high environmental radioactivity levels, there
appeared to be highly significant oorrel#tion between air
partioulate sotivity snd rainfall activity &s po/om/day.
Analysis of the high activity levels was made only on &
weskly basis.
(4) The ooncentration of gross beta activity in ralnfall
was found to be unrelated to alr particulata activity levels
when the activity levels were generally 1°"-\ Both woekly
‘end monthly averages were considered. Significant sorre-
lation was found between air partigulate activity and raine
fall aotivity as po/ml when the activity levels were high.
Iﬁ was suggested that dirtorentlfioalon prbduots were ocon=-
tributing to the gross beta activity depending upon the
iglative‘agos of the activity. Purther stﬁdy of speocitin
nuolidos and their relation to gross beta sotivity will be

‘nocossary to provide reliabdle answers to thoeo questions,




VII. FPUTURE INVESTIGATIONS

The Public Health Service Radiation Surveillance Net-
work was estadlished in 1956 in cooperation with the Atomic
Energy Commission to provide a means of promptly determin-
ing inoreases in levels of radiocactivity in alr and precip-
itation due to fallout from nuclear weapons tests, Since
the resumption of nuclear testing in September 1961, the
network has been expanded to 62 stations. Gross beta activ-
ity of alr and rain are reported daily by these stations,
It is suggested that the data collected by the Radliation
Survelillance Network stations should be used in the future
study of gross beta radiocactivity levels in air and rain,
The advantages of using these data for analysis are: (1)
the data are readily available, (2) the activity levels
observed since September 1961 are relatively high, and (3)
the results of such an analysis would be appliocable to the
entire ocontinental Unlted States.

In addition to the statistical procedures used in this
study, more refined and extensive analysis can be made on
the Public Health Service data, The following systematic
approach is suggested and 1s fully described by Mills in
Statistical Methods (20). To provide a rational attack
upon the problem the following questions are to be askeds

(1) Do the availeble observations provide sufficient

evidence that the two variables being studied
are related?

29



30

(2) If the exlstence of true correlation is assumed,
will a straight line acoeptably define the
regression?

(3) If correlation exists and a straight line is not
approp;iate as a regression funotion, will a glven
second degree function provide an acoceptable
measure of regression? If such a function is not
suitable, will a different function with the same
number of oconstants, or a polynomial of higher
degree, give an acceptable f£it?

To obtain the answer to the first question, the
procedure followed in this study is adopted. If the answer
to the first question 1s no, the investigator should go
no further, If it is yes, the testing of regression func-
tions should be carried out until an acceptable function
is found.

In the second step a straight line is fitted to obser-
vations by the method of least squares, Computed values
of the dependent variable are compared to the observed
values by the technique of analysis of variance. The var-
jation of the dependent variable due to the influenece of
random forces is compared to the variation between computed
and observed walues by the P-test., If the latter variation
18 signifiocantly larger than the random variation, it is
concluded that a linear relationship does not adequately
predioct the results,

A search is made for a polynomial of higher order
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which defines the relation between the two variables if a
straight line is not aoceptaklée. The procedurs 1s.the same
as desoribed above where the method of least squares is
used to determine the best values of the constants in an
equation of the desired form.

To make such an extensive investigation feasible,
it is suggested that the analysis be done on an electronic
computer, The application of computer analysis is desiradle
to save time and labor and to obtain aocurate results,

After the analysis of gross beta activity levels in
air and rain, an investigation should be made of the corree
lation between specific nuolide conocentrations in air and
rain. Potential health hatards such as strontium-90,
io0dine~131, and cesium~137 contridbute to gross beta activity
and research is required to determine 1f any correlation
exists between concentrations of these isotopes in air
and rain, Study 1s also required to determine how various
individual nuclides are related to gross beta.aotivity
levels, At the present time no relationship has bdeen
discovered ﬁetwaen gross beta activity and concentrations
of various radiocactive isotopes, and great deal of study
1s required in this partioular area.
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SAMPLE OALCULATION

The formulas to compute the P-ratio used in this
study are shown below. An sxample of the computation of
the P-ratio for monthly averages of activity levels at
Monroe, Michigan is also inocluded,

Anplysis of Variance Table

Category | Sum of Squares L Meap jauare
Between gni(z.i- -¥.,)2 K = 1 S,% = -,E”n;(!é- - X..)

2
Within EZ(Xij - !1.)2 N « k 3% = §§(I11 - !1.)
’ N -k

P=sh /S

where; k = number of categories into which the air
particulate activity levels are divided,

ny = number of rain activity observations in the
ith category of air activity.

N = total number of rainfall activity observations.

X4j = the measurement of the Jth rainfall aotivity
observation found in the ith category of air
activity,

Xj;. = the average level of rainfall activity within
the ith ocategory of air activity,

¥.. = the overall mean rainfall activity obtained
by summing all the rainfall activity observae
tions and dividing by the number of total
observations.
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Between Sum of Squares:
3 027 - 0‘8 2
02? - .*'8 g
. - o‘a
36 [43)2
Pl it

-t Qedas
ugou
N D

:

-t s =\l O\
nunanu
NOOOOO

8

3.233

Summarys
Anslysls of Veriange Table
Oategory | Sum of Squares | df | Mean Square

Between 3.233 5 0.647
Within 0.988 9 0.110

P.95(5.9) = 3.48

OConcluslont
Since the Peratio is greater than the oritiocal
Peratio for 5 and 9 degrees of freedom, we reject
the hypothesis that there is no correlation detween
alir particulate activity and rain activity in
units of pe/om2/day. The value of 2.20 for rain
activity contributed heavily to the high value obtained
for the F-ratlo. It 1s qulte probable that the
F-ratio would be significantly reduced if this
observation were not used ih the analysis, and the

strength of the conclusion obtained is not great.
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FORMULATION OF ATTACK TO PROBLEM

Basic

investigation

of data - charts,

diagrams, calculations
1

Literature review
to determine the
work already done

J

]

Formulation of
problems to be

basic
solved

[

Recognize and enumerate
the main difficulties to
be overcome : .
1
Limited Inherent
data problems
| |
Limited Decay, wea-
applica- ther, var-
tion of iation of
results counting
1T T
Form of Dependence
data on unmea-
sured var-
iables

1

Recognize all possible
ways to analyze the
data

Apply statistical tools
analysis.
tica

others

Rationalize statis-
approach and make method
general enough to be useful to

to the

1

I

Draw conclusions from
the results of the
analysis

Suggest possible work
which might be done in
future studies

Figure |
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Radloactivity data used in analysis from

Station 1 at Carleton, Michigan.
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Tadble 1. (continued)

Sampling Alr Partioulate Rainfall Rainfall
Week Activi Lctiz}ty Aotivity
(upe/m (pe/om</day) (pe/ml)
91 0.27 0,64 1.10
92 O.1 1.10 1.40
93 0.4 0,43 1,90
94 0.13 O.1% 0.17
95 0.4
96 0.38 0,09 0.15
9 0.35 0.49 0.90
9 0.37
99 0,18
100 0.18 0.16 0.59
101 0.19 0.25 0.80
102 0.25
’o 00‘9 o.gg 2.7
1 0.37 0. 1.2
105 0.26
106 0.25 1.20 t.9
107 0.20
108 0.45
109 0.2 0.12 0.40
110 0.09
111 0.19 0.15% 0.55
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Radioactivity data used in analysis from
Station 2 at Monroe, Michigan.

Table 2.

Ralnfall

Activlity
(ne/m1)
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(continued)

Table 2,

Rainfall
Activity
(ne/m1)

Ralnfall

Actliylty
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Table 3. Rainfall data used in the analysis from
Monroe, Miochigan.

Sampling Rainfall S8ampling Rainfall
Week (inches) Week (inches)
39 0.75 83 0.52
ﬁ? 0.02 34 0.10

2,97 0.
42 0,99 82 O.Z?
23 0.35 87 0,56

0.39 88 0.99
45 0,33 89 0.64
46 0.14 90 -
47 0.64 91 -
48 0.78 92 -
49 2.24 93 -
50 0.72 04 .
51 2,22 95 Trace
52 Trace 96 0.36
53 0.04 97 0.09
54 0.84 98 0.
55 2,02 99 0.98
56 2,60 100 0.28
57 0,07 101 0,50
58 0.50 102 0.93
59 0.52 182 0.03
60 O.Z9 1 Trace
61 1.40 105 1.64
62 0.04 106 0.43
63 0.51 107 0.15
65 1.13 109 0.05
66 0.17 110 0.16
67 0.58 111 0.68
68 0.27 112 0.12

113 0.40

82 0.07 114 0.39
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