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Radioiodine Levels in the U. S. Public Health Service Pasteurized Milk (2_/
Network from 1963 to 1958 and their Relationship to Possible Sources ‘
Lester Machta and Xosta Telegadas
Environmental Science Services Administration

Silver Spring, Md. 20910

Abstract. Meteorological analysis of the paths of nuclear clouds has been
used to assign the source of radioicdine in the milk samples collected_in
the U. S. Public Health Service Pasteurized Milk Network (PMN). Most of
the instances of elevated values bétween April 1963 and December 1968 are
attributed to six atmospheric nuclear explosicns in westexrm China. Only
one of Tfive cratering events at the Nevada Test Site caused elevated values
in the PMN milk, Two periods with relatively low concentrations of rsdio-
iodine in milk possess no apparent explanation. By selecting periods with
no atmosphefic or cratering events, it is argued that at most small amounts
of radioiodine in the PMIN can be attributed to asccidental releases from
underground nuclear tests in tae Uﬁited States during the period of
analysis. Radioiodine‘froﬁ accidental releases, reactor tests, and cratering
Jevents has been'detected in a local raw milk network surrounding the

Nevada Test Site.
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TIntroduction

The potentially important sowrces of radioiodine (IlBl) in milk are: ,
(a) atmospheric nuclear tests, (b) nuclear cratering experiments, (c) unscheduled
ventings from underground nuclear tests, (d) releases from fuel reprocessing
plants and other installations. In 1963, Machta (1) attributed the origin
of Il3l in milk samples of the U. S. Public Health Service Pasteurized Milk
Network (PiV) having <300 pCi/l (picocuries of 3t per liter of whole
milk) to particular sources during the period September 1961 through 1962.
The present report updzaies the origiral report for the following six-yeaxr
period.

Waile radioiodine in milk has been measured because of its health
implications, the primery purpose of this study is to account for the origin
| of Il3l in PMN milk samples. For present purposes, the absolute values of
the concentration are secondary to the assurance that the milk truly contains
1131. At least one PMN sample per week was routinely scheduled for analysis
in each of about 60 milksheds; the sampling frequency increased to twice
weekly when elevated concentrations were expected or found. A single seample
each week may not reflect the highest level in milk. 4
| The generally accepted limit of detection for iodine-131 analysis is
10 pCi/l. This level is based on the random deviation in the analysis and
count statistics and is defined as that:

"level of activity which results in a 100% error at the 95% confidence

level." |
Yowever, if there are smwall quantities of unidentified’isotopes present,
such as naturally occurring radium-226, or unusual background fluctuations
wnich are not accounted for in the analysis, a blas can be introduced in
the results which will raise the minimm sensitivity. On this basis, a
cut-off value of greater than 30 pCi/l was chosen es that representing a
high level of confidence that iodine-131 was actually present (2).

Many states operate their own milk hetworks; their results will be
exzmined Tor support of the PMN findings. 3Beczuse of earlier controversy,
speciel attention is devoted to the possible sources of radioiodine from
various nuclear activities at the Nevade Test Site (NTS). A local network
operated by the Public Health Service surrounding the test site provided
data which bear on the interpretation of the PM findings in terms of & .. -

Nevada source.
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origin of I*‘l in PMN nilk,

A5 shown in figure 1, there are ten veriods with I
Ci/1 in the PMIN from April 1963 through December 1968. The

.. . . LA . .
vericd Janmuary through March 1603 is a continuation of the elevated values

a

131 concentrations

Adlasa 30 p

in the lete 1952, almost certainly from the large scale atmospheric testing
in late 19562. Teble 1 shows these ten periods in chronological order
taer with the most likely source of radioiodine.

(2) Atzospheric events:

Six of the »meriods (1, 3, 5, 7, 8, and 9 in fig. 1) followed six of
the eight atmospheric tests conducted at Lop Nor in weatern China (LO°N,
90°Z). These six nuclear tests were reported to have total yields ranging
froz less than 20 kilotons to a few hundred kilotons equivalent TNT (3).
Kuclear explosicas near the grouad with yields in this range inject radio-
activity mainly into the itroposphere, the active weather iayer of the
atmosphere (4). The movements of the leading edges of these six nuclear
clouds epypear in Figures 2 through 7. The behavior of the clouds from the
May 1955 aad Mzy 1966 tests has already been discussed by Machta (5) in
connection with preferential thunderstorm scavenging in the mid-western
United States. Two other atmospheric nuclear detonations were reported
each having & total yield of about 3 megatons of equivalent TNT (6). Fallout
of all boab produced radioisotopes from the first megaton test of 17 June 1967
was virtuellv noa-existent in ground level air or rainwater for months after
the event. Tais may be due to the fact that an explosion with the yield of
agbout 3 megatons will inject most of its radiocactivity into the stratosphere.
The second megaton test took place on 27 December 1968 so that its fallout,
1if azy, would not cceur in the pericd covered by this study. '

Tnirteen atmospheric nuclear tests have been conducted by the Republie
of France in the South Pacific near Muraroa (22°S, 1%0°W), (7, 8).
Unforturately, the sparsity of weather data over the egquatorial oceans

revents the counstruction of reliable meteorological trajectories of the

clouds from these tests. Iodine~l3l coancerntrations in excess of 30 pCi/l
occurred during period 10 following tests in the South Pacific. One milk
sammple, 32 pCi/L, in the Caral Zone in the last week of August 1958
probably cderived its‘Il3l from these tests. ther short-lived radiocactivity
was Jouad in air during the same pericd at stations in South America and
the tropics, which fits a pattern expected of a South Pacific source (9).
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(o) Cratering events:

Five cratvering vesis conducted as part of the U. S. Atomic Energy
Cozmission Plowshare Prograom for the peaceful application of nuclear
explosives took place between 1953 and 1988. Although some radio-
activity was detvected in the atmosphere Tfollowing each test, only the
Palanquin event of 14 April 1965 resulted in elevated IlSl levels in
the 2MN milk (Period 2). The metcorological trajectory for this event
is shown in Tigure 8. Only Helena, Montana, reported detectable levels
of Il3l

Radioiodine must pass from the atmosphere through crops, cows, dairy

in milk.

transport, storage and pasteurization before its radicactivity 1s measured
in milk in the PHS loboratories. These delays involve only a few days
but may, in rare cases, take up to five days for the PMN. Further, only
one sample per week is routinely collected from each milkshed. Thus,

the delays and periodic sampling can resulf in tinme differences between
nuclezr cloud arrival and first milk ccontamination in Table 1 of up to

& week and a half. The longest time difference, eleven days, was found

in period 2. As discussed in the next paragraph, the explanation involves

.. another factor, the weather.

During the colder half of the year ir northern milksheds, herds are fed
stored hay so that the cows have little opﬁortunity to obtain radioiodine
even if fallout were present (10). A specific instance in which this was
observed took place at Helena, Montana, which according to Weather Bureau
records, was snow-covered on April 15, 1965, the date of fallout deposition
from the Palanguin cratering event, until a thaw a few deys later. This
probable deley in exposure of the cattle to the deposited radioiodine
may help to account for the eleven day delay between deposition and first
milk cortamination.

Tnere were four other cratering tests at the NS between 1963 and 1968,
none of which elevated the PMN milk radioiodine. These tests were
intentionally conducted during the colder half of the year with wind blowing
towards the north to tzke advantage of the fact that dairy cattle were on
dry feed; the absence of 1131 in milk does not preclude its depositionm.

(¢c) Underground tests:
Tre contribvution of radioicdine from underground nuclear tests at the

Nevada Test Site (NTS) in PMV milk since September 1961 has been questiored
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(11 through 20). Undergrouzd tests ot the NS must always be viewed as a
potential source of radiolodine for nilk within the U. S. because of its
vroxizity compared with any provins ground cutside the continental U. S.
Turther, the radiocactivity from underground tests at NTS'may often be
released near vwhe ground so thet direct contact with the crops and scavenging
by precipitating clouds is easier than for nuclear clouds aloft. Finally, A
since I131 is gaseous, atmospheric contemination from underground tests may
be postulated even when particulates‘féil to escape.

Questions about the source of radioicdine have been raised for the
veriod in 1951 and 1962 when both gtuospheric and underground tests were
being conducted. Over five and one half years have elapsed since the Il3l
fallout from the 1961-62 atmospheric nuclear test stopped and there are
now intervals with frequent underground but no atmospheric nuclear tests.
Inspection of Fig. 1 reveals nine such in?ervals which are listed in
Teble 2b, during which 5 cratering and 137 contained underground testﬁlyere
revported to have taken place witain the United States. In addition, 13
underground tests were reported to have vented. The term "vented" is used
to mean that radiocactivity was detected off the Nevada Test Site. Excluding
the interval after the Palanquin cratering event of 14 April 1965 and the
unexpliained November-December 1965 episcde in southeastern United States
(to be discussed later), no Il3l concentration in milk of the PMN exceeded

30 pCi/1.

Because of the cattle feeding practices during cold weather, & better
measure of the lack of radioiodine in milk Ffollowing underground tests
in the absence of atmospheric_nuclear tests or the Palangquin event may
be obtained from the warm seasons, May through October. Examination of
these warm season PMN milk concentrations also shows that no milk saxple
contained over 30 pCi/l despite 64 reported underground tests of which
three were reported to have vented (Table 2c).

Daring the pericds of 1131 fallout from atmospheric tests in 1963-68
there were glso 30 reported underground tests in the Uaited States, four

- of which were reported to have vented. There remains the possibility that

these underground tests contributed 113L to the PMN milk which mey have
been rasked by atmospheric testing. t is unlikely, however, that under-
grouzd tests will produce Il3l'in PMN milk only when there are atmospheric

tests.
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(d) Unexplained Episodes:

.Figure 1 reveals two other isolated periods (L4 and 6) of slightly
elevated isolated radioiodine conceatraticns in the PMIN that have not
been previously discussed. From November 30 to Decexber 8, 1965,
eleven milxsheds in the southeastern U. S. (Baltimore, Md. to Tampes, Fla.
to Little Rock, Ark.) reported concentrations between 14 and 36 pCi/l.
Reanalysis of the gamme spectra for the detectable values during the |
Novexber 30 - December 8, 1965 period confirmed the presence of radio-
iodine as originally reported. The Savanneh River and Oak Ridge Atomic
Energy Comaission instellations lie in this area and mere proximity suggests
them as possible sources. However, neither their local monitoring results
nor reported 1131 releases, if any, implicate either plant. The other
period, July 1966, followed the South Pacific atmospheric tests. A value
of 60 pCi/1l was observed at Palmer, Alaska, on July 19, 1966. But it is
deemed unlikely that an Alaskan milkshed would be contaminated by a source
at 22°S. Tnere is, however, no independent evidence for accepting or

rejecting southern hemisphere nuclear tests for the several elevated 1131

milk concentrations in 1966.

In addition to the two unexplained periods in November-December 1965
and July 1966, there are others during which the radioiodine concentrations
exceeded 10 pCi/1l but failed to reach 30 pCi/l, most lying close to the

lower value. These concentrations do not, of course, appear oan Fig. l.
P4 2

~In all of these latter cases the geographical and temporal distribution

of milksheds appears to be almost random. These relatively few concen-

trations above 10 pCi/l might be expected as statistical fluctuations

.because of the routine handling and analysis of the many thousands of

samples.
Conmnexrison of PMN with State milk network

In additioa to the PMN, ebout L0 states monitor Il3l in milk. In 1963
only 11 states reported to the PHS, which publishes their results in the
Radiological Health Data and Reports (21). By 1968 the number of states

reporting had increased to fifteen. Many of the state networks collect

and analyze milk samples on & monthly basis while some collect more
frequently. Neill and Snavely (22) summarized the criteria used by the

states in their milk sampling progrens.
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e state results almost always confirm the presence of I in milk
wnen the radioisotope cppears in the PO, sometimes higher and sormetires
131

lower thaa the PV coxncentration. During the periods with no I

tate findings also confirnm the avsence of radioicdine in

2ille in the United States, with iwo minor exceptions. On September 12, 1966,

Pulsa, Cilahouma, reported 45 pCi/l but four other milksheds in Oklahoma
velues below & pCi/l. Del Norte, California listed a mean monthly value
of 40 pCi/1 for March 1957. Again, other California milksheds were much
lower. These elevated values in the state networks are not accounted for.
The general lack of I T3t in milk semples collected by the states is not 8
conclusive verification of its sbsence in the PMN because of infrequent
sexpiing, limited reporting, and the mornthly averaging.
Cozvpariscn of PMY with SWEHEL nilk network:

Tae Southwest Radiological Eealth Leboratory of the U. S. Public Health

Service (SWRZL) overates a milk sampling network which surrounds the Nevada

Test Site. Milk is routinely sampled each month from deiry farms and
individval family cows ian Nevada, western Utah and eastern California. 1In
the event of a release of airborne radiocactivity from the testing activities
“at the NIS some 155 producing deiries in 11 western states can be alerted
by televhone to collect rilk samples. The SWRHL conducts a continuous
survey of off-site milk sempling locations.
A summary of ;131 findings in milk in the SWRHL network appears in
et

Table 3 Tor nuclear rocket tests, cratering tests, and unscheduled venting

from underground testis. _

Levels of redicicdire in the SWREL milk network following the reactor
tests in Jackass Flats of the NTS show a peak value of 240 pCi/l. The
farthest farm from the test site with a concentration in excess of 30 pCi/l
(frem a test on February 23, 1967) was located at a distance of 250 miles.
There was no detectable 1131 in the SWRHL milk network for about half of
the reactor events.

Four of the five cratering events resulted in readily detectable
cencentrations of radloicdine in the SWRHEL network. The Sulky cratering
event created a mound rather than a conventional crater and only very small
arounts of radioactivity were released to the atmosphere. Thus, it is
nct surprising that no detecteble axzounts of radioiodine could be found in
milk. ZIodine-13l from the Palanquin cratering event provided the highest
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milk concentrations of any NIS event and, &s noted earlier, its I

131

appeared in the PM milk at Helena, Montana as well. The SWRHL collected
iilk samples froz 154 locations in the western U. S. for this event with

extensive sampling concentrated in seven states. The farthest distance

900 miles from the test site. The date of this sample preceded that found

at Helena in the PM from the same event.

/éig;gg of thelgzéééggxﬁnscheduled releases of radioactivity from under-
ground tests at the NTS precduced no detectable Il3l in the local NTS milk
sexples. The Pin Stripe event on. April 25, 1966, resulted in a milk concen-
tration of 4,800 pCi/l at a distance of 60 miles. Concentrations decreased
to 70 pCi/l in & sample obtained at 550 niles. Aside from Pin Stripe, the
highest concentration of Il3l in the SWRHL milk network from an unscheduled
release of radioactivity from an underground test (130 pCi/l) occurred from
the June 16, 1965 event. Actually, at this time, fallout from a Lop Nor
nuclear test deposited radicactivity over the United States and the assignment
o2 the origin of the radioiodine in milk is ambiguous (23). The same

- confusion cn the scurce of radioiodine in milk existed a yéar later for
_the June 8, 1966 rocket test (2k).

Why did the PMN not reflect the presence of radiciodine when it was
seen in the locel SWRHL network? The probable explarations are both
meteorological and non-meteorological. In the latter category one notes
that the PMN composites milk from farms dispersed over hundreds to thousands
of square miles. Milk from farms with detectable concentrations of 1131

. can be diluted by milk from cther farms in the milkshed with no radioiodine,

- the composite 1;31 being too small to detect. This contrasts with the '

SWREL network where, for the most part, individual farrsor dairies are
sampled. The clouds from some of the atmospheric releases in Table 3 moved
northward in the cold half of the year when cows were not on pasture. But
probedly wore important are the several meteorological reasons. A cloud
of radioiodine dilutes as it moves downwind of its source due to both
horizontal and vertical turbulent mixing and to removal processes. The
dilution caused by atmospheric diffusion, on the average, decreases the

peak concentration in the cloud at trhe rote of roughly the square of time. The

peak concentration et 5 hours woulid tacrefore be reduced by a factor of
25 ore day later. The rate of loss due o uptake of I131 by the soil and




vegetation is wnknown. Precipitaiion scavenging is effective whenever

it rcins or snows. It is believed that this removal process was particularly
effective Tor the Palancuin cloud which was snowed out while moving over
Idaho and Montana. Finelly, the Z4T milksheds cover only small areas of

the United States. Could a cloud of radiociodine have passed through the
country missing every BMY milkshed? Such a passage is possible but is

nizhly unlixely. However, the first P nillkshed that the debris will

L]
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Chrough outside the State of Ievada lies from 300 to 600 miles from
the NTS, depending on direction ¢f cloud travel. The answer to the
question heading this paragraph therefore is that the concentratioan of
radiciodine in most cases is probably too low to cause an elevated milk
concextration by the time the radioiodine cloud reaches the PMN.

Summery and Conclusions

Six atmospheric tests conducted in Westerm China provided the source of
radioiodine for the majority of cases of elevated concentrations of 1131 in
PMN milk in the United States from April 1963 to December 1968. Atmospheric

tests in the South Pacific probably accounted for only one elevated value, in

the Canal Zone.

1 .
During periods without I 3L fallout from atmospheric tests, 132 contained ~

undexrground and 5 crat ﬁ_ng tests were reported in the U. S. almost all at

the NIS. In addition, Ii\hhdercﬁ ound tests were reported to have vented.
During the same period no PMN milk samples contained Il3l greater than 30

pCi/l excepv for the period following the Palanquin cratering event and
the unexplained episode in the southeastern U. S. The evidence since 1963
strongly suggestcs that nuclear cratering events conducted in the cold season
with wind blowing toward the north did not contribute significantly ©
elevated radioiodine in the EMN milk.

The limited data from state nevworks nmeasuring radioiodine in milk
confirm the presence or absence or 1131 in PMN milk with minor exceptions.

However, a 1ldcal Public Health Service network surrounding the NIS showed

radiciodine_ in milk following 13 of 25 rocket tests, four of five cratering

_ feur SY T~ . . . ;
tests, and foex of =rteen unscheduled ventings from underground tests.

Only aftter omne cratering test, Palancuin, did the PMI also contain 1131
in milkx. It is suggested that atmospheric mixing and removal processes
dilute the radioactive clouds. Trcse as well as non-meteorol ogical Tactors

account for the absence of BT cont nation when the locel PES neuworx

revealcd elevated radioiodine.
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Table 1, Cases of 1-131 230 pCi/l of milk in PHS Pasteurized Milk Network

Period

(April 1963 through December 1968)

Perlod of

" First Contaminated

Highest Contaminated Milk

Nuclear Cloud Arriyil Probable
(See fig. 1) Milk Contaminatfion Milk 1-131 1-131 Date from Meteoro}bgical Source
Begin End Milkshed (pC/1) Milkshed Date (pC1/1) Trajectories
1 10/26/64 11/2/64  Albuquerque, N.M. 60 Albuquerque, N.M, 10/24/64 60 10/20/64 (/ Lop Nor Atmos-
: £ pheric test
2 &/21765 4/27/65 Helena, Mont, 80 Helena, Mont, 4727765 80 4116764 NTS Cratering
' : event
3 5/25/65 6/22/65 Minneapolis, Minn., 90 Kansas City, Mo. 5/28/65 220 5/19/65 Lop Nor Atmos-
. ’ pheric test
4 12/1/65 12/1/55 Chattanooga, Tenn. 36 Chattanooga, Tenn, 12/1/65 36 ‘ -- Unknown
5 5/20/66 6/24/66  Kansas City, Mo. 80 Little Rock, Ark. 5/24/66 392 $/13/66 Lop Nor Atmos-
- : pheric test
6 7/19/66 7/19/66  Palmer, Alaska 60 Palmer, Alaska 7/19/66 60 .- Unknown
? 11/10/65 11/16/66 Kansas City, Mo, » Kansas City Mo. 11/10/66 37 A
Austin, Tex. 11/16/66 3 11/2/66 Lop Hor Atmos
_ pheric test
8 1/6/67 1/16/67 portland, Ore, 74 Charlestown, S.C., 1/10/67 12/31/66 Lop Nor Atmos-
' ’ pheric test
e : )
/9 1/4/68 1/4/68 Charlotte, N,C, 36 Charlotte, N.C, 1/4/68 36 12/28/617 Llop Nor Atmos-
! pheric test
10 8/26/68 8/26/68 Canal Zone, Panama 32 Canal Zone Panama  8/26/68 32 Unknown S. Pacific’
: Atmospherfc test
."’-—.—_\“‘
(»/’-__——._‘

—



Table 2. wumver of roportaed underground and craterinz events in the
Yy (&3 (=]

United States (Apzil 1963 - December 1968).

a, Tozal numbexr of events
. - : o
Yon-vented underground - 138%

Veanted underground------ 15/
Cratering eventg==-====- 5

b. Number of events during perlods ci non-atmospheric testing

Non-vented Vented

Undexroround Underoround Cratering
A»r, 1983 - Oct, 16, 1964 39 ' 3 0
Nov., 2, 1964 = May 14, 1965 13 3 2
June 22, 1985 - May 9, 19638 27 2 0
July 19, 1966 = Sept, 11, 1966 2 0 0
Nov. 16, 1956 =- Dec. 27, 1966 3 0 0
Jan, 16, 1567 - June 5, 19867 12 1 0
Juiy 2, 1967 - Dec. 24, 1967 ' 11 1 0
Jan, &, 1968 = July 7, 1963 /Y A 2 =
Sept. 8, 1968 - Dec. 27, 1968 10 0 1

TOTAL: =2 3 5 ———
124 1 ‘
¢.. Number of events during period May through October excluding atmospheric
tests.,

Nea-veated Vented .

Underground Undexrground Cratering
May 1 - Oct. 31, 1963 13 1 0 ‘
May 1 - Oect, 16, 1964 14 0 0
May 1 - May 14, 1965 2 1 0
June 22 - Qct. 31, 1965 7 0 0
May 1 - May 9, 1966 3 0 0
July 19 - Sept. 11, 1966 2 0 0
May 1 - June 5, 1967 & 0 0
July 2 - Oct, 31, 1967 8 1 0
May 1 - July 7, 1968 & 0 0
Sept., 8 = Oct. 31, 1968 4 0 0

TOTAL: [ 3 0

* Includes two joint US-UX events,



ity
v Table 3. Iodine-131 in the PHS Southwestern Radiological Kealth Laboratory .

éyy { milk ngtwork surrounding the Nevada Test Site (25).

’ a, Reactor tests:

Date Location receiving Farthest location
Max 1-131 in milk receiving 30 pCi/l
Distance Distance
~(miles) (pCi/1) {(miles) (pCi/1)
1964
May 13 90 140 220 40
Aug 28 150 20 - -
Sept 10 80 40 80 . 40
Sept 24 - ¥p(1) - - -
Oct 15 - ND - -
1965
Jan 12 - ND - T -
Apr 23 - ND - -
May 20 80 90 80 90
May 28 30 70 30~ _ 70
June 25 130 180 130 ‘ 180
1966
Feb 3 . - ND - -
Feb 11 - ND ' - -
Maxr 3 _ - ND . ' - -
Mar 16 - ND - . , -
Mar 25 ’ 100 140 115 40
June 8 30 50 30 50
June 23 o 170 240 ' 200 ’ 50
1967
Feb 10 ) - ND - -
Feb 23 180 ‘ . 60 . 250 40
Dec 15 30 , 90 . 30 90
1968 )
June 8 - ND _ - -
June 26 80 30 - -
July 18 140 20 140 90
Nov 21 - " ND - -

Dec 4 | . - ND . -

e r—— o e

[V VY




N Date

Jan 256
Mar 12
Dec 8

1965

Feb 12
May 7
June 16

1966

Mar 5

Apr 25
June 15
Sept 12

Jan 18

for AY

D Cratcoring inerimants:
Test Locction wecciving
waw I-231 in nailk
Distance
(miles) (=Ci/1)
Sulky - XD
Palenguin 135 11,000
Cabriolet 275 620
Buggy I 3C0 550
Schooner 250 100
£, .Ungcheduled Ventines
Yuba V& - ¥ (2)
Zagle - ND
pike 300 80
Parvot - : ND
Alpac7‘f/ - - HD
Tee - ND(z)
Diluted Water 130 130
Red Hot ‘/ - ' ¥D
Pin Stripe 60 4800
Double Play - XD
Derringerd/ - ND

NacP {? - ’ND

Unmberx - ND
Door Hist - ND
-Huprobille 3 30
niiKghake —_— ND

1 C . . ; \
( )ND indicates I-131 in milk was oot detected,

(2)

No milk samples were collected £
ground levels was not detacted in the oif-site area by air samples

Farthest Location

recelving >30 pCi/l

Distance

(niles) (pCi/1)
500 60 .
285 40
320 40
250 100
300 80
280 60
550 70

Radioactivity above back-




Fig.

Fig.

Fig.

Fig.

Caption for Figures

The highest individual milk concentration (>30 pCi/l) of 1131

for each weeck reported in the U.S. Public Health Service Pasteurized’
Milk Network and the announced nuclear detonations. The hatched bars
indicate the highest coacentrations were outside the contiguous 48
states. Asterisk indicates joint US-UX underground test,

The successive areas covered by the leading edge in the upper

troposphere from the announced atmospheric nuclear detonation near

 Lop Nor, western China, on October 16, 1964 determined by meteorolo-

gical trajectories..

The successive areas covered by the leading edge in the upper
troposphere from the announced atmospheric nuclear detonation near
Lop Nor, western Chinz, on May 14, 1965 determined by meteorological

trajectories.

The successive areas coverad by the leading edge in the upper

troposphere from the announced atmospheric nuclear detonation near
Lop Nor, western China, on May 9, 1966 determined by meteorological
trajectories.

The successive areas covered by the leading edge in the upper

troposphere from the announced atmospheric nuclear detonation near

Lop Nor, western China, on October 27, 1966 determined by meteorolo-

. \
gical trajectories.

. The successive areas covered by the leading edge in the upper

troposphere from the announced atmospheric nuclear detonation near
Lop Nor, western China, on December 28, 1966 de;érmined by meteorolo-
gical trajectories. '

The successive areas covered by the leading edge in the upper
troposphere from the announced atmospheric nuclear detonation near
Lop Nor, westera China, on December 24, 1967 determined by meteorolo-
gical trajectories,

The successive areas covered by the nuclear cloud from a cratering
event (Palanquin) on April 14, 1965 determined Ey meteorolbgical.

trajectories,
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MAXIMUM J-131 IN PASTEURIZED MILX {pCi/hiter)
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£ OF UPPER TROPOSPHERIC.

' APPROXIMATE PATH OF LEADING EDG

" DEBRIS FROM THE FIFTH CHINESE NUCLEAR

DETONATION
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“A few hundred kilotons

" Yield:
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