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NOTICE

This report is published in the interest of providing information which may prove of
value to the reader in his study of effects data derived principally from nuclear weapons
tears.

This document is based on information available at the ume of preparation which
may have subsequently been expanded and re-evaluated. Also, in preparing this report
for publication, some classified material mayhave been removed. U$ersarecauuoned
to avoid inrerpretatlons and conclusions based on unknownor incomplete data.
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This rep% is an addendum b #a final n3port of Froject 4.1,
Operation CASTLE. Its purposa is h consider the physical factors
and dosimetry of the fallout oa the Marshall Islands frm the first
shot of Operation CAST-U*

Data was summarized fmm fiel~ Radiolcgical Safety survays,
“falloutradioch=ica.1 studi?s, ar.dfallout gamma s~ctral measure-
ment. The influenco of these and o+~.er factars on an ewluation of
surveymeter ras.ponsearidb ‘W doss esthates was considered. Esti-
matas of fallout ddration ti~ss and e~er~ distrilxtion of the dose
&m a plane source were mi3 and th effect of diffuse source-geometry
on the de?+A-2ase to air-icse .%iati~nshi.pb-asconsidered. Superficial
doses from soft ga.-.-.aand be’tamdiation here also considered.

Shea the faiiout incitmt creatid an initial ener~=ncy during
which data collectionwas of secondary in~rtancsj attmpta b recon-
stmct the evant ha-a b~en uncertain. l!uchof the data was indicative
ratier than e=ct, I%-.”ear,a fairly cansi;tent estimati of extinml
ganma dosage was Fcssi?Qs, al.thcu~ LA3 qusstion of ‘betaexpsum
remainsmostly unanswered. It has been assumed that no significant
neutron or alpha ~tiicle e:.-pmre occxrred, Internal doses from in-
haled or ingestadmaterial .zN3Lhe bic-edical as~cts of the incident
hve been discussed in other CASTLE Project ~.1 reports.

It was conchdgd that: (1) the LV/PD&39A requires a correction
factor of about plus 20 percsat in dose-rati readings made under the
conditions descrihi; (2) decay of the

J
rad.oactivi~ of Lle fallout is

belie~d expressible by the i’act~rof T4* 3; (3) the ex&rnal gama
dose was c?eliv-enxlprh3rUy by radiation ewrgies of 100, 7(X3,afi
1~ kev; (4) the beta closewas delivered by beta radiation of maxizzn
energies of 0.3 and 1.8 !!cv,r.ostlyfrom fallout depsited on the skin
Itself; (S) the exposures cccurred kebJearI4 and n hours after the
detonation- tinefallcuti ~-ersprobably of 12-hwrs duration; (6) dif-
fUse source geometry incrsased the midline dose by about SO percent
canpamd to +&emidline dose which would hava reasultedfrom a bilateral
narrow beaznexposure of the same air-dose; (7) error in the estimates
is believed to be less than 5G percent; and (8) total air gamma doses
were estimated as follows: F~ngerik$ 86 r; Rongelap, 182 r; Mlinginae,
81 r; and Utirik, 13 r.

J
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FOREWORD

This report is one of the reports presenting the results of the
3h Pnjects participating in the Military Effects ho- of Operation
CASTLE. For readers interested in other pertinent tist infomatd-on,
referenceis made to WT-93L, Report of the Commander, Task Unit 13~
Military Effects Program. This summary report includes the following
Mormation of possible general interest.

(a) An over-all description of each detonation, including yield,
height of burst, ground zero location, ttie of detowtion, mbient
atanospheric conditions at detonation time, etc. ~ for We operation.

(b) Discussion of all project results.
(c) A summary of each project, inchding objectives and results. -
(d) A complete listing of all reports covering the Military Ef-

fects Test Rogxzm.
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,. CHAPTER1.

INTRODUCTION “,

The fallout on the Marshall Island atolls of Rongelap, Rongerik,
Ailinginae, and Utirik from the ftist shot of the series beginning
1 March 19sb created an initial emergency during which the gathering
of data was of secondary im~rtance. This fundamental fact has result-
ed in uncertainty in all attempts to reconstruct the cticumstances of
the event. Calculation of the external doses received by the exposed
individuals &s requtid that available information be supplerwmted by
assumptions. Much of the information itself was necessary more ind-
icative than exact. Ln spite of these difficulties, the cooperation
of many individuals and groups made it possible to develop a fairly
consistent estimate of external gannnadosage, although the question of
Ma exposure must remain mstly una=-pi?=do

It has been assumed that no significant neutron or alpha particle
exposure occurred. Thus, the main consideration in this report is the
total body ganxnaradiation exposure. titernal doses from inhaled or
ingested material have teen discussed elsewhere (Reference 1).

Data which form the basis of the analysis were furnished by sever-
al sources which are listed b the %femnces. These x=prese~t
measurementsmade both in the field and in the laboratiry in the period
immediately following the exposure. later information has also been
included wherever it was available. L summary of these results appears
in ?iefex%nce3.6,which covers the biological and medical aspects of the
incident. -
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CHAPTER 2

FIELD DOSAGE DATA ‘

2.1 EARLY DATA

When the exposures began, no monitortig personnel were ~ the
ticinity of any of the contaminated islands. One of the first tidi=-
tions of a fallout was visual, when a snow-like material uas obsemed
in the air on each of the islands. The reports on the times of obser-
vation, although confl.ictbg, serve to establish tie the of arri~
of the cloud at each island, except at Rongerik (see Chapt= 6). Here
the first evidence of a radiation field was observed when a low-level
gamma background monitoring instrument at the weather stition began to
mgistir and then went off scale at 100 mr/hr at approximately H + 7.4
hours. Table 2.1 lists the readings of this instmment during the
half hour preceding this time (Reference 2). These data are the 0~7
informationavailable on the initial rate of increase of gamma dose
rate on any of the islands.

At the time of evacuation of the military personnel from Rongerlk
on 2 March and the Marshallese from Rongelap, Allinginae, and Utti
on 3 March, dose rate readings were made on each island. This was done
tith AN/PDR-39 radiation SUIOV=Ymeters which were a-flable at the the
and which had not b-n calibrated beforehand. Their operating condi-
tion uas not known at the time of use. The readfigs of these instru-
ments am given in Table 2.2, and constitute the earliest data on -a
dose rates in any of the areas (Reference 3).

,.

2.2 EXR)SURE CONDITIONS

So’far as is known, the individuals exposed on Rongelap and
Ailingkae remained outdoors and had no access to sheltir of any kind
on the islands. No measures were intentionally taken ti pm tect the
skin, but C1Othing was worn to a degree sufficient to shield from most
of the deposited beb activity. In addition, much of the fallout skin
contaminationwas removed fmm some individuals, as a re~t of them
svlmming and fishing in the lagoon at the time. On the o~er ~~j tie
heavy coconut oil hair dressing used by the Marshallese tended h con-
centrate radioactivity h the hair. The surface contaminationon the
ground was apparently fairly unifoxm over the islands, so that th cal-
culation of average gamma doses from this source appears justified.

10
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TANS 2.1- Radiation Intensity at ~nge~
During Ear4 Fallo;t (Shot-l)

I Time ●fter H hour
(hr)

6.5 (134S 1 March)

6.8?
.,

6.91,-
/

6.9S

7.o11

7*12

7.20

7.29

?*37

Oamma Dose Rate
(mr/hr, background)

0.08

0,18

0.70

2.7

3.6

10.5

30

60

100

.. TABLE 2.2- Early Dose Rata Data (2 to 3 March)

Island Time after H hour (hr) Avers@ Dose Rate (mr/hr)

ROX@ap H+36 lm

Hongerik H + 28.5 2W -

Mlinginae H+S w

‘Utb’lk” H+~~ 160

JI I I

On Rongerik, the exposed individuals recognized the nature of the
fallout, ~t on protictivs clothing, and took admntage of the partial
gmmna shielding afforded by Butler-type buildings in the areaj staying - -
Indoors as far as possible. The ndiation dose rate encounti=d by an
lndi-d on this- island thus dewnded on his wkreabouts and probab- .
ly varied by a factor of two between ma- and minimum values i!l
different areas at a given tie. The estimation of dose received W
*V ona individual of the Rongerik group was thus subject to consider-
ahlo uncertainty, shoe no can@e ti n cord of movements was kept.
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ExJever, a group of film badge readings was obtained covering a
ran~ of values which varied with exposure conditions (Reference 3).
llme readings are summarized In Table 2.3. Several badges were mrn
both outdoors and indoors. One badge which remained outdoors over the
28.S-hour exposure reached the upper limit of 98 r given in the table.
Wveral other badges kept inside a refrigerator indoors gave the lowest
value of 38 r. Skin contamination in tb Rongerik -p appeared to
have baen much reduced by the protective measures taken and the result-
ing beta doses appeared clinically to have been clearly lower than in
the other groups.

TABLE 2.3 - Film Badge Readings on Rongerik

I.ocatlm of Badges

Indoors and Out

Outdoors only

Inside RefYigemtor Indoors

Calculated Dose to Badges (r) I

4&to52

98

M-”

2,3 LATER SURVEXS

During the period 8 to lJ March, more extinded surreys of each of
tbs islands were made ~ a monitofig team equipped with five AN/mR-39
*truments (Reference 4). Twen~-four hours previous to the departure
of the amre party, three of the tistxuments were calibrated on an
80-curie cod source and cross checked at 0.320 r/hr, where they were
found to be in close agreement. Ustig these instruments, measurements
were made In the inhabited areas of all four islands at waist height
(approximately 3 feet stove ground). Table 2.~ is a summary of these
data. Since these later readings were made under better controlled
conditions than the emergency surveys at the times of evacuation given
in Table 2.2, the data of Table 2.4 were taken to be the hst measure-
ment at a given time of the gamma dose rates in ah and were used in
the calcuh tion of the total external gamma dose.

No infontxation existed on the quantity of beta conkdna tion on
me skin of any of the eqmsed individuals. Further, no expertiental
data allowed aqy reliable calculation of the beta dose rata to an
individual fran fission products on the ground. Thus the only basis
for any estimate of external bets dosage was data fnxn other field
tistu and fhllout measurements.
Chapter 8, and a rough estimate
is made there.

This question is discussed further in
for possihl.ebeta dose fl’omt&e ground
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The after H kmr Av~ Dose Rate
&cation (*S) (mr/hr)

{

Ikx@ap:
,.. , ‘.

●vwage ‘. 3750+7 “..

., ‘. y? .’~. . “ .

OM pobt in flags H+? 280

\.
I?+lo ‘ ,.m

.

I&lgerik:

*avarage outdoors H+9 28o

%dima outdoors w

‘ Aillnginae:

average H+9 100
.

Utirikt , . .
. . . --

Wmrage x+8” u’

. .
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3.1 EXPERIMENTAL DATA
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CHARACTERISTICS ““- I
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In ozder b calculate a total gamma dose received by an indivi-
dual In an area where dose nte was measured at a given time, a value
for the rate of change of radiation intensi~ during the exposure
period must te assumed. The Iattir Wanti

%
has oftin been approxi-

mated using the well known %ay-’t’ii@er(t-l* ) decay law. In this case

however, it was knoun that large amounts of N&39 and N?@ uere to b
expected in the faUout of the 1 March shot$ matig its early decay
Characterbtics as we~ as its energy spectzum somewhat different frun
those of pzwious detir~tions. It was therefore decided, that the
tiue of decay rate assumed to edst during the exposures should be
based, as f= as possible, upon exp=tien~ da~ fr~ ~s testo

Unfortunately, no decay ratis ~ere followed ~osely ~ aW Of the
tiediatte areas where the exposures occurred, and it is knoun that the
radiochenical canposition and decay rata of the fission product mixture
usually vary both with place and tie. However, early de-y rates iII
the Bikini lagoon itself had teen measumd in a series of fallout
samples taken at other wtits nearer the site of the detonation
(Reference 5). Since these values were the best data a~flame, thISY
were used h the calculationsand were assumed M hold for the fallout
on each of the islands,

The early samples showed a consistent ~ttern among
Mona and a decay exponent (n) of between 0.8 and ,0.9h

A= A~(t/tl)-n

where: A= activity (d/m) at time to

W decay expxwnt (n) was found
‘for the period H + 5 b H + SO hours.
In Reference 5.

/.).
~
,..”

---

. . ---

various loca-
Equation 3.1.
.

(3.1)

fit the data
Th& observed ~alues are given

.!. .
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. . .
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~e fallout material.deposi~d on the ground pxwduced a large area
@ane source of radiation. Before a tital gamma dose could be calcu-

lated, it was necessary to correct the dose rate readimgs in ati taken
uith the suney ins‘~Lents with the meter respmse factars found ~ be
necessaIy for different energy regions.

firtker, to estimati the .dls-

Wbution of dose bith depth in tissue required a knowled~ of ener&Y
distributionof the incantig flux in a given exposure gemet~.

For a source as large as these fallout f ielas, this enerfl distri-
~t~on -l & ~ finctian toth of the oti&Ln~ source ener~ and *
energy degradation effect of passage through interventig azr.

A method

of evaluattig the latter, which -s due mainly ta Ccxnpton scatterfig In
●ir for the fission product energy re@on, ~s been p=sentid h
~fe~nce ?. This techni~e Was ~@oYed he=” ‘ner~ ‘~ectra ‘f ‘k*

CASTLE fallout itself has been measured with a sc~tfllation spectrome-
. ter on a series of cloud samples as euly as H + & days. The dati ti=
been @lished in Reference 8. The prelimiMX7 data on the earliest of

t&ese, a 9&-hour-old cloud sample, were used h the calculations sum-

mrized in Reference 16. These are given in Table 4.1 (Reference9).

WS 9@mr sample from Shot 1 represents the closest approach to the
actnal time during which the exposures occumdo
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., DURATION AND TIME DISTRIBUTION OF DOSES- “
., .

,..

6J AVAILAEIJ2DATA .“”
,.

In Chapter 22 the only existing field data on dose rates and to-’
W dose are summarized. The information does not protide answere b
two importantquestions: (1) what was the time for each island at
which the fallout cloud arrived; i.e., when did the radiation level on
●ach of the islands rise above the nomal background and (2) how steep-
ly and for how long did the radiation-level rise before it reached its
madmum value and decayed away at the rate det.enntiedby its own com-
position (disoassed fi Chapter 3); i.e. $ how heaw was the f~~out at
any time it was occur~.ng and how long did it last? Since only the
times of evacuationwere directly knokm, as~ptions on both ~ese a

questions were basic ta an estimate of total dose.
It would have been desirable to ham had an instmnent on at

laast one of the islands capable of recording enough data b answer
As it is, it was fortunate that there was emn a low-

.
these questions.
level monitirtig instrument in operation on Rongerik (Table 2.1), al-
thxgh its fldl scale capacity was soon exceeded by the rapidly
Incxwasingdose rate of the fallout. The time at ~~ch tie f~out
~gan was at least quits definitely established on Rongerik and it co-
inoided with the time at which the snow-like material was first seen.

For the other islands, therefore, the tiinesat which similar mate-
rLal had keen seen to ccmmence falling could be taken as the begiming
of the xadiation exposuxw tines. It only remained to determine what
tliese ties bd been!

~stiontig the inhabi-ts of the other islands resulted in a
group of estimates of arrival time which were in fairly good agreement,
though the manner of questioning sanetimes appeared to influence the
answers. ~wever the times estimated in this fashion were quite close
to those resulting from other information; i.e. ~ the ~nd Velocities
●t the time, the time of be giming fallout on Rouge rik, and the rela-
tive distances of the other islands from Bikti. OtiY on ut~fi Was
no actual observation of the fallout made; the estimate of arrival
tie there was made using only the time of arrival on kngerik and the

0

wind-and-distance-factors. The values of fallout and evacuation times
used are summarized in Table 6.1. t
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W 6.1 - Fallout and Evacuation Tties

Island

Rongelap

K

Estimated Initial
Fallout Times

(hours)

H + 6.8

H+4

Evacuation Tine
(hours )

.

H+ 28.5 (8 men)
H+3b (20 men)

H + SO (16 people)
H+ s (l@ people)

6-2 ESTIMATES OF FALLOUT DURATION

The rate of increase of radiation intensity, the ttie at which,it
reached its madmum level due to decrease of fallout, and the total
duration of the fallout can only be estimated on circumstantial grounds.
The data of Table 2.1 for Rongerik are not sufficient to warrant an ex-
trapolation over two orders of magnitude. It is unlikely tit the
increase of intensi~ was simply linear either on Rongerik or any of
the other idands. But, if the rate of increase is assumed constant
and extrapolated to a point for which subsequent decay alone would re-
duce tie dose rate to the mlues found at later times, a fallout time
of 16 hours on Rcngerik, for examples iS found to be a necessary conse-
quence (Curve a Figme 6.1).

#
That is to say, 16 hours would have

elapsed at suc a constant fallout dose rate increase before the the
of maximum dose rate on the island would have occurred - the tl.meat
which the fal.lout was ticreasing the radioactivity level at the same
rate that radioactlve decay was reducing it. For such a constant
build up, this equality wculd have occurred only for an ins~nt, (point
Al), af&r which the fa-llout would ham sudde~y ceased~

The actual fallout must, of course, ham had a ~r~~e raw of
Increase and decrease, reaching a maximum and gradually decreastig to
the rati governed by decay alone. Wwever, using the initial rate of
increase and drawing a more gradual maximum would place the cessation
of the fallout at an even later the (cum > hint A2). Stice t~
fisible fallout is believed to have ceased sometime after midnight on
1 March or at about H + 18 hours (Point A3), an increase in the rate
of increase after a short the was ahost certa~y the case (Curms
g ~ and e_). ht the steepness of this rate of ticrease, the s~~
ness of the maxinnunpoint and the gradualness of the fallout diminution
am unknown, so that there is no direct etidence to show whether Curm
~ or Curve > for instance, is closer to representing the event.

There are, however, indirect indications. Moni~r ~~ fr~ Pre-
vious nuclear e=nts kve indicated that a radioactive cloud is not
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uniformly high in activi~ throughout, the first portion being the most
intense and the balance tailing off. Initially heavy fallout has been
reported to produce a peak of atibozme radioactivity socn after its ar-
tival, with the atiborne activity level then decreasfig. The latter
paI% of a fallout, though still observable as dust, may then add only
a smal10fraction b the total dose due toth to aerosol and material
already on the ground$ especially if radioactivitywas mainly confined
b the larger particles which fell out most quickly. If ~is iS the
case, the toM phenomenon would tend tikrardthe effect of a shorter
fallout, and the total dose would then be best estimated by assuming
the fallout to have been complete in some shortar ‘feffectiv?tttime,
such as Curve f.

The ~nge~ik filn badge da’tain Table 2.3 may be used to derive
such an effective fallout time estimate. This procedure was followed.
The decay rate, ener~ spectnxn, and meter response discussed in Chap-
-tirs 3 and .5were used and the later dose rate measurer.enton Fongetik
(Table 2.L) was taken as a starttig point. The upper limit of do~e
found with the mtioor kadge readings (appro.ti~atelylCO r Table o.1)
then resulted from assuming a 12-hcur 11effecti-”~ccnstant fallcut”
time. This was, therefora, taken as a most probable tine and the re-
sulting straight line midway bet-.reenCurves a and f in Figu= 6.1 was
used in calculating the probable 12-hcmr dos6’for ~ach island (Curve
). Though this estimate differs appreciably from that of 1 hcur

%w -ch was originally used as an effective time in Reference 16, the
later spectrun, decay rate, and ~.eterresponse es:tiates made a 12-hour
due more plausible if the film badge readings were accepted.

Keeping a l-hcur assumption wculd have resulted in a dose some
SO percent higher than the ou’door badge readings showed. Since the
accuracy of the film badge readings was believed to be better than !50
percent, the 12-hGur value was therefore used, as it is more consistent

\ with all the other amilable information. Ne-mr+Jeless, the duration
of fallout still remaics the least known parameter of the exposures.
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EXPOSURE GEOMETRY EFFECTS
.

DISCUSSION

In clinical
follows a narrow
khen an air<ose
thick target, it

and laboratory expsums, the radiation flux usually
beam or at least a point-source IIdivergent’igeometry.
is used b specify the e~osure conditions for a
is generally measured at the point subsequently oc-

cupied by the center of the proximal surface o~ the patient or experi-
mental animl with respect ti tie source. For field expsures such as
occurred on the islands, the radiation source is not a poti.tand the
exposure gecmet~ is lrdiffusel’rather than lldiver~ent.ll

khen a cloud or a lar~e planar area is the source, all surfaces
of the &radiated indivtiual are llpnximal,11in the sense that the air-
dose measured an~here in tie space subsequently occupied by the indi-
vidual is the same. It is ‘thisair-dcse which is measured ty a field
instrur.ent;it does not bear tie same relationship to the skin dose
and depth dose as does the air-dose measured in a point source geom-
etl’y. ~ a bilateral exposure is made in the laborato~, one-half the
dose is usually =dven with one side of the individual facing the source ,
and one-half with the other. Ibis is a closer approach to the fiela
geome~. Wt, if the air-dc,se has teen measured at the center of the
proxiiialsurface as ako~:e,it is still not related to the depth dose
in the *,e way as is the field ,air-dcse.

l’hedoses received by the indi~iduals on the islands were frcm
both the cloud itself and the fallout,deposited on the ground. It is
believed likely, as discussed in ChaFt~r 6, that the cloud dose was
only a snail part of the total dose and that the dose f~m the plane
ground source contributed the major portion. This corresponds to the
assumption of early maximum activity and short effective fallout time
which was made in Chapter 6 for the maximum dose case. Alternatively,
If a long fallout actualQ occmrred, the source would have renained a
cloud longer and the cloud volume, rather than the surface digtribu-
tion, uould have accounted for more of the tatal dose. In either case,
it would appear that the nidline dose, rather than the dose measured
h air, would be the better common parameter in tezms of which to pre-
dict biological effect. Since most existing dab tacitly assumes nar-
row beam geanetry, this distinction beccanesimportant in relating
field air-doses and theh consequences to known clinical or experimen-
tal.results (Fefererices11, 12).

. . .. . . ● ✎✎ ● ✎✎ ,0 ●
. .

. ..* . .

:..
::....:: ““: ”.. .:::
. . ..-. .“. ”..:.

/



—

I
:7-2 EXRiIiI1-!!NTALSIMULATION AND CEL)MZTRYFACTOR

In such a diffuse field, the decrease of dose with depth in tis-
sue is less pronounced than that resulting frcm a bilateral exposure
tc an X-ray beam and the relationship to air-dose differs as noted in
the two cases. The result is that, for a giyen energy, the dose at
the centir of the abdomen is considerablyhigher than a giver.pnxfmil
air-dose would imply for the narrow-beam or point-source case.

Figure 7.1 illustrates the aepth dose curve in a 36-an diameter
cylindrical masonite phantan frcm an experimental.simulation of the
field eometry ( l% ference 13) using a s~herically oriented group of
36 Cod sources. The phantom was placed at the center of the assmbly.
This is compared to a conventional bilateral dept ~dose curve measured
in the same pbntcrn and otitainedwith a single Co2 source. Eoth are
normalized b air-dose, but the avera~e air-dose at all points later
occupied by the phantcm surface is im~licit for the difllse case, while
the proximal air-dose is used in the bilateral case.

Figure 7.2 is a similar comparison for 2CG-KVP, 0.5-mm, copper-
filtezwd X-rays, with the diffuse geornetry that of a plane rather than
spherical source assembly. This W2S produced in this case by rotation
of the phantim and ion chamber in the beam of a stationa~ X-ray unit.
The useful beam angle of the unit was wide encu@ to ticlude the whole
phantom. The avera~e air-dose around the circumference was here used
for the diffuse geonetry and the proxti.a3air-dose again in the bflab
e=l expo.suw, It is evident that for both these energies (the effec-
tive energy of the X-ray beam being akout 90 K’J),the diffuse-narrow
beam depth dose ratio for either 2 m radians (plane) or 4 r steracltins
(volume) diffuse geometry is aliiostthe same. That is, the midline
dose is about 50 percent higher and the %m dGse iS 35 percent ~gher
than the sane air-dose (measured proximally) woulc imply in the narrow
beam bilateral exposure. It is thexwforeassumed that this approximate
factor will apply throughout the field expmures.

On this basis the air-dose values calc~ated from tie survey meter
readings (Table 8.1) should be multipliea by 1,5 in order to compare
the situation to that of a bilateral expsure to a source with tie same
energy distribution but using a petit source geometry and a proximally
measured air-dose. Alternatively, if a point source of higher ~ner~,
say C060, were used bilaterally in tie same ~aY to s~Ju~a~ a field
exposure b only the higher g=mma cmponentsz Men WG ne~r ener~
correction factar WUUIC be unity. In this case, ta specify a bilateral
exposure yielding a midline dose equal b that with diffuse geometry$
the point source air-dose shGu~d be the diffuse field air-dose meas-
umd with the meter and multiplied by (1.09 x 1.5) o~Y.

The doses are discussed further in Chapter 8.
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