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Fallout

New York City data

410974

from 1957 and 1958

Nuclear Test Series

show contributions from short-lived

nuclides for as long as 14 months after testing.

W- R. COWSS,Jr., George A. Welford, Robert S. Morse

71se unique production of radio-
tursgsten in Operation Hardtack and
the moratorium on testing after the
autumn of 1958 have made fallout
measurements during the past few
years very useful in assessing some
of the more perplexing ?ispeet-s of off-
site fallout distribution, Several com-
prehensive summaries and interpretive
articles on ground-level contamination
during this period ( 1–5 ) and new ob-
servations on the atmospheric behavior
of nuclear debris have been published
(6+. As a result, many questions
pertaining to fallout are now answer-
able. However, the emphasis histori-
cally placed on strontium-90 and cesi-
um- 137 and the practical difficultia
involved in large-scale surveillance of
large numbers of nuclida have resulted
in a serious lack of detailed informa-
tion on many of the shorter-lived con-
taminants that are dispersed by nuclear
testing.

This article cleats with some of the
causes and effects of high concentra-
tions of shorter-lived fission products
in fallout in New York City during
1958 and 1959. Data previously re-
ported (9) are supplemented with data
on conceutratiorss of strontium-90,
ccsium-137, ruthenium- 106, cerium-
144, sfrontium-89, zireoniurn-95, and
wolfram- 18S, measured in monthly faU-
out collections during 1959. Casuaf
examination showy that the shorter-lived
tissiors products predominated over
.%” an&-Cs* from the beginning of
1958 through the middfe of 1959. This
was due primarily to the heavy rate
of testing that prevaifed during 1957
and 1958, but further interpretation of
the measurements indicates that the
conditions under which individual test
series were conducted during this pe-
riod also had an etkct. Tlsrough anal-

ysis of isotope ratios, V concentra-
tions, and morsthfy rainfalf vohuna, it
has been atahlished (i) that more
fallout arrived in New York City from
the Soviet series in October 1958 than
from earlier seria, and (ii) that the
Soviet debris was richer in short-lived

nuclides because it was deposited soon-
er after its production.

The New York City measurements
also provide a means of investigating
external dines delivered to the popula-
tion from photon+mittissg tion prod-
ucts. Theoretical gamma-radiati~n dose
rata and integral doses are cdmputed
from the reported amounts of Zf’, Cc=,
Ru’”, and C-s- that accumulated on
the ground during 1958 and 1959.
These calculations show that faffout
made substssstid contributions to
open-field dose rates, and that the
shorter-lived nuciides, particularly 2P,
produced dosea comparable to doses
of cd”. Site the New York City ob-
servatioru probably are applicable to
other sitse its the Northern Hemisphere,
a more thorough evaluation of the
world-wide effects of the shorter-1 ived
nuclida is indicated.

Metfsti

Throughout 1959, replicate monthly
fallout sarnpla were taken on the roof
of the Atomic Energy Commission’s
Health and Safety Laboratory in New
York City with funnel-shaped-ion+x-
change collectors (9, 10). At the end
of each exposure the paper pulp and
rain were removed, aahed at 450”C,
and separated into aliquots for deter-
mination of gross beta activity. Tung-
sten, caium, strontium, cerium, and
zirconium fracfiom were then seqrsen-
tially separated, purified, and counted

for beta radiation. Dislntegratlon rates
wem calculated by correcting the ob-
served counts for counter efficiency and
background, recovery, self-absorption,
build-up, and decay (// ). The count-
ing factors for the separated activities
were obtained by counting the beta
radiation of known quantities of the
individual nuclides under the counting
conditions for the ~sample. Self-a&
sorption and efficiency factors for the
mixed beta activities were approxi-
mated by using potassium chloride as
a secondary standard.

when sufficiently high levels of ac-
tivity were indicated by the initial gross
beta-radiation assay, at least two sam-
ples from the month’s collections were
analyzed for Ru’- by gamma spectrom-
etry. The determination was based on
the intensity of the Rh’_ emission peak
at 0,51 Mev. The detection efficiency
of the scintillator was calculated from
the combined ZP-Nb- peak at 0.76
Mev, with the radiochemically deter-
mined 2s” concentration as a stand-
ard. Niobium-95 was assumed to be
in transient equilibrium with ZI”, at a
daughter.t~parent activity ratio of 2.4.
The correction factor was then related
to the rhodium measurement through
the data of Heath (12) on peak- to
totaf-emission ratios and totaf absolute
crystaf efficiencia. AU flnaf determina-
tions were made after the sampla had
beerr stored for at least 120 days to
minimize interference from Ru’- emis-
sions at 0.49 Mev.

The mthenium estimata were con-
firmed by beta-absorption analyses in
which the 3.53-Mev Rh’” beta com-
ponent was resolved from the total
counting rate of the sample and cor-
rected for counter efficiency (/3 ).
1ss addition, periodic kta.decay meas-
urements were made, from immediately
after the sampling period through the
end of 1959. Mixed longer-lived nu-
clides were identified by the decay
SIOW apparent from the later counts
and extrapolated back to the original
counting date (14). Approximate Ru’”
levels were then obtained by subtract-
ing the measured concentrations of
Ce’e, Cew, and Ss”.

Gamma-radiation doses delivered to
a point in air 3 feet above the
ground were derived by adapting the
method of Hallden and Harley for
mixed fission products ( f5 ) to specific
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TabJe 1. ACIiVIfY le~els measured m New York City durms 1959 [sotopIc activ,t- are reported as
of Ihc end or the mmdlns monrh. Total ~M ●CtIVItY -Ilmat= arc reported = Of t~ Wunw dale
(in psrenlhcses).
-—

Samplinc
Activity Ievds (mc/rmI)

month SC.. Cst 17 RU,46 CC1*4 Zr+f srl* W19S Gross acta. tly

Jan. 1/30 I .60 30.9 -81.7 36.1 22.4 24 I
Feb. t.81 3.36

(6 Feb. ;9)
49.0 88.6 31.3 16.9 22’4

Mar. - 4.45 6.S8 48
(23 Mar. S9)

86.0 .90.0 61.1 18.4 356 (29 Apr. S9)
Apr. , 4.16 6.93 S6 83.1 -79.4 397 9.84 413
May

(5 May 59)
-1.52 190 13 19.I -11.3 8.03 4.69 75.7 (9 June 59)

June , 2.43 3.46 31.3 ,1s.7 8.01 3.05 97.s (13 J”ly 59)
July / 0.52 0.88 5.69 2.36 ~0.78 0.94 21 0 (10 Aug. 59)
Au#. , 0.65 0.88 7,24 223 ~o.49 <0.50 23.3 (8 Sept. s9)
SCpl. ,0.11 0.20 1.19 1,0[ <0.21 50.20 406(120CL 59)
Oct. 0.39 0.61 2.70 <0.33 <0.36 <o. t4 830 (24 No, 59)
Nov. 0.34 0.51 L64 <0.24 ~o.17 <0.12 S.96(I5 k. S9)
Dec. , 0.52 0.43 2.S3 <0.17 <0.16 <0.068 7,54(I3 Jan, 60)

Total de-
p0wt40n 17.9 27.3 320 419 221 83.8 1480

Actw#tY
level on

JI Dec.
1959 36, I 48.5 27S 28.1 3.63 9.[8 542

—

nuclides. Emission energies, decay con-
stants, and other pertinent decay-scheme
characteristics were taken from the list-
ings of Strominger, Hollander, and Sea-
borg ( 16). The radiation sources are
assumed to be evenly distributed over
an infknite plane, and no corrections are
made for weathering, shielding, Comp-
ton scattering, or the effects of the
ground-to-air interface.

The beta-radiation counters used
were standard end-window Geiger-
Muller tubes surrounded by anti-coin-
cidence rings and shielded with mer-
cury. The gama-radiation instrument
was a 3- by 2-inch sodium iodide
scintillator equipped with a transistor-
ized single-channel analyzer ( 17).

Monthly fallout activity levels meas-
ured during 1959 are listed in Table 1.
Each value is the mean of at least two
determinations. The ZP, SP, and W’”
concentrations were considered rmde-

tectable after August, June, aad July,
respectively, when the counting error,
expressed as one standard deviation,
exceeded the apparent counting rate.
In other cases, the relative percentage

of uncertainty due to counting factors
averaged 3 percent and ranged from
2. I to 12 percent of the activities re-
ported. The total depositions were ob-
tained by summing the monthly levels
and correcting for decay during the
sampling period (9). The activity
levels shown to exist at the end of 1959
include Mtals previously reported for
the end of 1958, corrected for decay
through the end of 1959. The cumula-

tive gross activity estimate for 1958
was obtained by assuming a mean pro-
duction date of 30 June 1958 and
correcting for decay by the T“’t law

(f 8 ). The decay corrections for the
1959 monthly increments are the results
of actual measurements described in
the ruthenium analyses.

Since the counters used were not
sensitive enough to detect the leas ener-
getic beta emitters, the gross activity
estimates are probably low, and more
representative of activities with energws
in excess of 0.3 Mev. However, these
levels do show that at least 5.1 (9)
and 1.5 curies, respectively, of beta
activity per square mile were deposited
in New York City during 1958 and
]959 The predominance of shorter-
Iived nuclides noted in 1958 continued
through the first half of 1959, with the
result that the effects of radioactive de-
cay reduced the two years’ total depo-
sition by a factor of 10 by tbe end of
1959.

Age and Origkn of Debrk

It is generally conceded that delayed
fallout is primarily of stratospheric
origin and that the mean atmospheric
residence time of weapon-test debris
is, from one to three years, depending
on testing conditions (5, 6). It follows
that the possible major sources of the
New York City fallout reported in
Table I are limited to Soviet, United
Kingdom, and United States test series
conducted during 1957 and 1958.
Although the sensitivity of debris dat-
ing methods is lessened by considera-
tion of monthly collections rather than
individual rainfalls, the production of

W“= in the United States Hardtack
series and the cessation of testing after
the Soviet series of October 1958 make

it possible to identify contributions (o
[otal fallout from these sources w]th
some degree of accuracy.

From estimated radiotungsten yields
for the Hardtack series (6, 8) and
measured fission-product yields (atoms
per fission ) for thermonuclear weapons
In general (/9), the Sr”/W’m and Sr-/
W’* ratios at an assumed mean produc-

tion date of 1 June 1958 are estimated
to be 0.00380 and 0.436, respectively.
Monthly depositions of St” in New
York City from Hardtack are calculated
directly from measured W’= levels by
extrapolation of the Sr”/W’ produc-
tion ratio to the reporting dates for the
fallout measurements. Levels of Sr”
from other sources are obtained by
subtracting the Hardtack Sr” and slmi-
Iarly determined SrD fractions from the
total isotopic concentrations and anal-
yzing the Sfl/Sr” ratios calculated for
the non-Hardtack debris.

The interpretation of these ratios is
illustrated in Fig. 1. The clearest indi-
cation of debris age occurs in the 1959
ratios, which uniformly show the Soviet
series of October 1958 to be the pre-
dominant source. A second trend indi-
cates contributions from late 1957 and
earl y 1958 testing in samples taken
before June 1958. The incressea in the
ratio observed during the summer
months of 1958 are attributed to the
arrival in New York City of mixed
debris. The compositions of these mix-
tures are determined by extrapolating
the ratio curve for the earlier measure-
ments through the middle of 1959 and
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Fig. I, Fallout from non-Hardtack
sources in New York City during 1958
and 1959; Sfl/SP ratios, corrected for
calculated Hardtack concentrations. are
used, Most of (he 1958 data are taken
from the report of Welford and Collins
(9). Slrontium.89 values for the first
[hree months of 19?8 ~re ~aken from [he
dut~ summuries of H~rdy <I d (2).
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the 1959 curve back to October 1958.
Points falling m between are then re-

solved algebraically into cwo values
(black @OSS in Fig. 1) that coincide

with the extended curve.
Calculated contributions to totaf SC”

fallout from Soviet testing in the fall
of 1958, from operation Hardtack,

and from earlier series are listed in

Table 2. Since the W’= levels fell be-
low the detection limits of the collec-
tion system used ( f O), it is not poasi-
blc to trace Hardtack activities in sarrr-
ples taken after July 1959. An addi-
tional dit’Ttculty for this period is the
possibility that there was fallout from
U.S. high-altitude devices detonated
during the summer of 1958; this has
been inferred by Gustafson ( f ) and
others from the detection of Rh’” in
air and ground measurements. How-
ever, it is clear that, prior to July, rates
of fallout from the Soviet series were
as much as ten times as high as rates
of fallout from Hardtack, and that the
Soviet series delivered a total of at
least four times more Sr- to the New
York City area.

Air ActMty Corrcenfadons

Tbe rough proportionality that exists
between fallout level and amount of
rainfall permits the use of the specific
activity of rainfall as a relative index
of concentrations of activity in air.
Thus, with knowledge of the sources
of debris and monthly precipitation
totals, it is theoretically possible to
follow the fluctuations in air levels that
resulted in the Sfl depositions listed in
rable 2. With the additional assump
tion that the atmospheric dispcmion of

Tabk 2. Sources O( Sr** fallout in New York
City durins 195.S and 1959.
—.— ._

Sr*~ activity level {rrw /miJ)

Sampling
Oct.month Soviet,Operation ~,

AL!r%59 ‘ard”ck 1958—.—
May 19S8 I.U ‘“ 0,006
June 1938 I .23 0.0J9
July 1938 1,25 0.224
Aug. 19S8 0.3s8 o.I95
Sept. 1958 0.17s 0,197
IX!. J95S 0.396 0,227 0.J47
Nov. 1956 0.450 0.320 0.420
Oec. 195*- O.II9 0, I79 0.474
Jan. 1959 0.521 0.479
Feb. 1959 0.512 1.30
Mar. 19s9 0.707 J.74
Apr. 1959 0.492 3.67
May 1959 0,313 1.21
June 19S9 o.2&J 2.17
July 1959 0.104 0.416

Table 3. lntegmmd gamma. mdialioo do- delwered by prmclpal gunma<mmin~ pmm m falloul m
New York City dun”g 195g md 1959, 7% J&YUr dose from the cwjmatcd IOMJ Ru..*-Rh 10s
depomtion durmc ,19$S IS gwen m pammheses.

— .—

Sampling J@Year gamma dose (mlllirads)
qUusu

C,I1l-B.1J7 Zr*~-Nb*~ R“l,LRhl,* CeB*~Pr~*4
— .—

Jan.-Mar. 1958 3.21 4.10 0.105
Apr.-June 1958 4.36 4.42 0.20s
Jul.-SePt. 19$S 2.93 2.04 (1,17) 0.0862
Ott.-occ. 19s8 }.23 7,J9 0.166
Jan.-Mar. 1959 7.20 6,24 1.20 0.2s4
Apr.-June 1959 7,67 2.05 1,24 0.217
JUIY-SSPL19S9 1.22 0.0?25 0.I78 0.0230
OCI.-OSC. I959 0.967 0.0 0.125 0.0113

Total Wyear dose 30.8 26.4 1.91 1,10

Total 70-rear doss 47.6 26.4 391 1.10

Total mtlnity doss 56.7 26.4 3.91 1.10

other fission products is not radically
different from that of W“, the build-up
and depletion of concentrations of total
Hardtack and Soviet debris in the air
over New York City during 1958 and
1959 may be traced. Moreover, it is
not unreasonable to expect material
from possible future polar and equa-
torial detonations, carried out under
the same conditions, to arrive in simi-
lar fashion.

Figure 2 compara the fractions of
total tkaion-product yields from Hard-
tack and total yields from the Soviet
October 19S8 aerica found in unit
monthly rainfall volumca in New York
City after May 1958. Tfre vahes are
derived from the Sd’ data in Table 2;
an average SF yield of 4.o atoms per
I W, fissions for the two series was used
( f 9). Total TNT megaton equivalents
for the two events are taken from the
reporta of Libby (8) and Mar’tell (6).
A mean production date of 18 October
1958 for the Soviet series is calculated
from the S</SF ratios illustrated in
Fig. 1. Rainfall voluma are taken
from monthly weather summaries dis-
tributed by theUnited Stata Depti-
mcnt of Commerce (20).

The curves show that both seri~
produced significant levels of specific
activity and, by inference, significant
concentrations of activity in air in New
York City as ●arly as 30 days and as
late as a year after their mean detona-
tion dates. Although it is not possible
to follow the long-term effects, it ap-
peam that the major contributions from
the Soviet series occurred over a span
of about 150 days, while the dissipa-
tion of concentrations from Hardtack
required about 250 days. In addition.
the soviet activity build-up was higher
by roughly a factor of 10 and occurred
about 100 days sooner relative to the
date of production !han did the Hard-
tack build-up. The break in the Hard-

tack curve suggests a decline in tropo-
spheric activities after 90 days, followed
by the delayed arrival of stratospheric
debris after 150 days. As a result of
the difference in timing, there was ap
preciably more shorter-lived material
in the fission fragments deposited from
the Soviet series.

Gamma Dssee

From theoretical gamma- to bcta-
fkssion-product ratios (15), the total
de~ition of fallout in New York City
during 1958 and 1959 is estimated to
have produced from one-half to one-
dsird as many gamma photons as beta
particles. Calculated contributions of
cumulative levels of representative
photon-emitting paim to total inflnite-
plane gamma dose rata from fallout
are illustrated in Fig. 3. All values are
corrected for monthly decay. Tbe Ru’-
Ievels for January and February and
for June through December 1959 were
obtained from the Cc’” measuremen~
by extrapolating the decrease observed
in the Ce’”/Ru’- ratio during March,
April, and May. The estimate is be-
lieved to be fairly consistent with ac-
tual ruthenium Ievela, since the slope
of fJse decrease agrees with that theo-
retically calculated from the decay
constants of the two nuclides. The esti-
mate for gross 1958 ruthenium depo-
sition is obtained by assuming a Rum/
Cc’- activity production ratio of 0.71
( 19) and a mean production date of
30 June 1958, as in the approximation

for total beta activity.
Although the dose rates shown for

the shorter-lived photon-emitting sys-

tems are sustained through only a few
half-lives of the parent activity, sig-
nificant integral doses are produced.
Table 3 lists the genetically important
3d-year gamma doses calculated for
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quarterly isotopic depositions dur!ng
1958 and 1959. These contrbmons
are summed to give the total dose that
would be delivered if th!s debris were
undisturbed untd 1989. These levels
are in turn compared with ii fet!nle or
70-year doses and infinity doses.

In relation to ionization-chamber
measurements of dose rates from cos-
mic and natural terrestrial sources made
by Solon and his associates (2J ). the
Infinite-plane dose rates from fallout
in New York City reached as high as
50 percent of total background rates.
Suggested correction factors for ab-
sorpuon produced by vertical displace-
ment of fallout activity, Compton
scattering of gamma radiation, and
partial shielding by topological and
architectural structures range from one-
fifth to one-tenth of the uncorrected
calculated doses (3, 5). Even with the
maximum correction, however, dose
rates for Zr’’-NbW fallout alone were
between 0.2 and 0.4 microrad per hour
for most of the 2-year observation

period. Moreover, both the instan-
taneous and the long-term doses pr~
duced by the shorter-lived nuclides
were of at least the same order of
magnitude as those produced by the
long-lived Cs’’’-”a’” chain.

Discssssioss

As is well known, the use of meas-
ured nucfide ratios to study meteoro-

logical factors Cmr[mlling fallout is
subject to serious error. In addition,
the effects of rapidly changing factors,
such as the air mass trajectories and
the Ba’” concentrations which Mar’tell
(6) has studied, are largely obscured
In monthly sampling. Nevertheless, the
calculations for Hardtack and for
Soviet contributions to total fallout in
New York City are in fair agreement
with Marten’s observations on New
England rains, with Gustafson’s Cs’”
analyses in Chicago ( 1), and with
Lockhart’s earlier measurements of
Sr”- concentrations in air over Wash-
ington, D.C. (7). The extension of
isotopic data to total fallout is ad-
mittedly limited by such unknown fac-
tors as fractionation of volatile fission
products in the fission process, resus-
pension of deposited debris, variation
of actual yields from theoretical val-
ues, and the assignment of single ap-
parent production dates to series of
tests. These difficulties are illustrated
by the anomalous SF/Sr” ratioa shown
for -the August and .%ptemba 1958
samples in Fig. 1 and the uniform

divergence of Ce’”/Sr” and Zr- SF
r~tlo curves calculated for 1959 from
those obtained from theoretical decay
constants. Precise knowledge un-
doubtedly awaits more exhaustwe study,
but that there is more sustained and
more diffuse fallout from the equa-
torial tests as compared with the polar
series appears to be established.

Generalization of these findings to
future testing ts limited because the
peak depositions of Soviet debris are
attributable to seasonal effects as welt
as to latitudinal considerations. Ab-
solute assay of either factor could only
be achieved if one factor were held
constant—that is, ]f Hardtack and the
soviet series had both occurred near
the poles but at different times, or if
they had been conducted simultaneously
at different latitudes.

The significance of the data in terms
of radiation dose levels is more clearly
discernible. The calculated contribu-
tions of the fallout that accumulated
on the ground in New York City dur-
ing 1958 and 1959 to external-gamma-
radiation dose rates and to long-term
doses are illustrated in Fig. 3 and
Table 3, respectively. The values are
in agreement with the results of gamma-
radiation spectrometric analyses of SOIIS

I 1

aeo - 4- se9 0.01
Id I I I I

OATS APTSR MSAN OS1OMATIOM ltla~ 1?s0 I*1*

Fig. 2 (left). Comparison of the arrival patterns in New YOrk City Of debris from polar (Mviet ) and from ‘quamria] ( ‘ard-
tack) test series conducted during 1958. Pig. 3 (right). Calculated infinite-plane dose rates from cumulatwe levels of gamma
activities measured in fallout in New York City during 1958 and 1959.
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from similar latitudes in both [he

United .%MCS (/, 4) and ffre united
Kingdom (~). The soil levels of ZF-

Nb-, which are kss affected by the
1957 and earlier fallout than are levels

of the longer-l Ned nuclides, show a
maximurff variation of 20 percent from
the New York City cumulative fallout
levels. In addition, the results of sys-
tematic ionization+ hamber measure-
ments of own-field dose rates per-
formed by Vennart (3) in Belmont,
Surrey, England, c!oaely parallel the

Zr”-Nb” dose rate curve of Fig. 3.
These observations imply (i) that
weathering and roughness of terrain

had little effect on doses from fallout

activities during the two-year period.
and (ii) that the most significant con-
tribution to total-radiation dose rates
was made by radioactive zirconium,
or possibly by other fission products

of comparably short half-life.
Although the beta emitters in fall-

out are not sufficiently energetic to
cause significant external doses except
through direct deposition on body sur-
faces, internal doses do occur through
inhalation and ingestion of debris parti-
cles (5). [n addition, the chemical
similarity of some of the radionuclides
to elements normally assimilated by the

body results in concentrated doses to
speetfic ti~ues. The over-all effect of
radiation on the population cannot be
known, therefore, until many complex
meteorological, physical, chemical, and
biological factors are thoroughly under-
stood. It is clear, however, that any
valid assessment of the effect of radi-
ation, past or future, must include con-
sideration of fallout and more realistic
treatment of the short-lived fission prod-
uct9.
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