L 3 ¥ N Y PR
LA-UR-7 -268% mm e

. ¥

Tn‘LE STATISTICAL ANALYSIS OF A (ASL SYHY 0%
PLUTON RS IR U5, ALY TISSR

AUTHCH{S)Z Terry Fox
_ Gary L. ¥ictjep
Cames F, M bnroy

idthiie’) YO Eour? chop on the 2 oare= ut ard  Int vrpoetation
of Aviinide Wwonmintion b MHan, Snouwi:ird, Utah,

Octok: - 4. 15, 1979,

1L MO AMN &

T

1 ™ ~ N F i c"‘f\ :'_ 1': f\ RY ¥ mi -.‘-- .-
\ - e : ' LC‘:’ .tl'.l.! ") '!'/s) kNS Lt h ] 33 dbs L-A\L-.-,\— hl "$ H ',,‘."
POt O . Do 10033 Los Al o5, Now |‘.‘..:.\':(‘.U £7545
1

a2 AT Lea Ottty Fospdey o

T I

| IRy .. .. Crere 1

Nt Ny, el 1o 15 0 o200 ) o) v
[ . Yol e ' oW X ey .


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


STATISTICAL ANALYSIS OF A LASL STUDY OF
PLUTONIIM IN U.S. AUTOPSY T1SSUE

Terry € MS-600, LASL, Los Alamos NM 37545
, , LAS., Tos Alamos WM 37545
James 7, Mcinroy, MS-494, LASL, Los Alamos NM 87545

ABSTRACT

The Autapsy Tissue Program was Segun in 1960,
To date, tissues on 900 o~ move persons in 7
geagraphicz regions nava bHeen collected and analyzed
fy slitonim ~nntant The tiggyes ganerally
consist of lung,  liver, Tidney, lymph, bone, and
9o91adal tissues for each individual., The o-iginal
nhiactive nf +the program was 49 determire tha layel
af 2lu%07ium In human tissues due solely to fall-ou*
from w23pens testing, The 4waseline thug astahlishe-
w2t %9 e ssed o eva'yate fut,re changes., F-om the
firgt, %5 9v0g97an w35 Hesat wita caemica’l and
statigtical difficy’tiog, Many faztors  whos2
offazeg wera a9t -2Zognized and not planned for ware
€3un? Vate- %ty 5o important.,  Privacy and ethinal
tons’ derationg hiader2+ tne gathering of adequata2
Aata, Sinze the cfemists weve ln0king for amounts
2€ pluton um vecy close tn backaround, possinle
Znntaminatinn wias a vary veal! urnhlem, Widelv ised
cnemical terhniques introduced a host of statistica’l
ornhlems, The difficulties encounte~ed touch on
a=231s zomon to lar3- data sets, wunusu2l outlia-
dotettion methods Minimum deteztion limits, oro%lems
with aliquot sizes, and time-%rends jn the data,
The conclysions point oyt areas  to whiny fva
hinlogists will have to devote much more czare. u®
attention than was Helieved,



1. Int'oddction

Plutor “um 15 extremely -~are in nature, hen-e

233

non-occupatiomal exposure to Pu is wusually a

result of Fallout “rom atmospharic w2anons testing,

-

Jecynatioma expssures may tate olace in facilities
oroducing o using plutonium. Exposures zan wesylt
feom oxtornal! wad-atine

ingasiian, Gangtatige oA

w2135, J2%31 A =yv93507 pecgany mays yaan Ta lantod

A%t geyony YAy 3taciag hr o oan g r?ssl aytangiya

g7ale than at _An lTamac

Szizmiifie Layarataey AT
1D Tty oami3omat odhdest s g3s tc yitida
Ninast . Akt irats ~f gt atan T gm n Acs nadfona
exposed 1ahoratory emp'ovees and to detarmine the
n2steen af 5Lt ent g qigagieiae i- tna hady, 5
s2zont ahjestiva uniin deyaigned Frpm the firgt 3
that of estadrlishing Hisaline concentratinny  nf
plutoniyn  in  tissues of the non-occupationally
expnsad gener3y’ monu¥ation in various geographi-

3veas. Onze estahlished, such haselines will He
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useful in monitoring changes related to the grow'h
of the nuclear industry. It should be emphasized
that the total amounts of plutonium found in tissue
samples of an individual in this study are 3-4
orders of magnitude smaller than the ICRP
recommended maximum permissible body burder of 40
nCi of plutonium for occupational exposures.

Tissues from seven geographic regions are
collected. These regions include (1) Los Alamos,
New Mexico (2) New Mexico other than Los Alamos)
/3% Colorado (4) New York 5} Pennsylvania {§)
[1linois (7} Georgia-South Carolina. The tissues
collected iiclude bone ([rib and/or sternum and/or
vertebral wedge) kidney, 1liver, 1lurng, lymph node,
spleen, thyroid, and gonadal tissue. Pathologists
from around the country provide these tissues as
permitted by their local and state autopsy laws.

When these tissues are received, they are ashed

and dissolved in acid. Only a fraction of the



solution (the aliquot size) is eanalyzed, the
remainder being retained as an archival sample,

The samples are passed through an ion-exchange
column and the isolated plutonium electrodeposited
on stainless steel planchets. For samples analyzed
before 1972, ?36Pu tracer was added (just prior to
ion-exchange) to estimate the fraction (R) of
plutonium recovered. Since June, 1972, 242Pu has
beer. the tracer of choice because of its longer
half-1ife and 1lower energy of alpha decay.
8eginning in 1976, the tracer has been added to the
wet tissue prior tc ashing in order to give an
indication of the recovery for the entire analytical
procedure. The .-activity of the 239Pu spectrum
is measured for 50,000 seconds. The measu}ed
activity is divided by an efficiency factor (E)
which is the fraction of the total activity reaching
the detector. The result is given in

disintegrations per minute (D),

D=(S/t1 - 8/t,)/RE



wiere S is the sampole count, B the average
background count, and t1 and t2 the respective
times (in minutes) fo- which the sample and
backgrounds are counted. One disintegration per

minute of ?3un

is  amoroximately «quivalent to
1.14x10" 12 grams of 239,

The data gathered to date [aporoximata2ly 900
c3ses) a~e given in a special issue of Heaaltlh
Physics (Mz79). The data consist of the measured
roncentrations on =2ach sample and an indication of
whether the measurement s significantly greater
than zero, Two methods we-e used to ass2ss the
significance of the sampl2 count. In the first
method a minimum detection limit  f(the  99%h
percentile of the net hackground for reagent blanks)
was set up and samoles whose net count f211 bSelow
the detection limit were declared not to be
significantly different from zero. i.e. nothing was
detected, This method did not, however, tak2 into
account the recovery, efficiency, or count rate for

the sample, and the second method consisted of



constructing an approximate 95% confidence interval
on the concentration (D) of each sample, hased on
propagation of error formulae. If the confidenze
interval included zero, the activity in the sample
was ‘judged not to he significantly different from
zero. With the published data there is an expanded
account of the 4wistory of the program, the
measurement prncess, and the gquality control niogram.

5.G. Bennett of th2 Health and Safety
LaSoratory [Fallout Program Qua~terly  Summary
Repo-t, Janua-y 1, 1374, HAS.-278) has estimatad
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that 320 «Ci of Pu ware dispersed globally

during atmospheric weapons testing. Beginningy in

1965, levals of 239

Pu in surface ai- were measured
on a monthly basis at a number of localities
throughout the wo~1d [Environmental Measurements
Ladoratory EML-355, Aopendix). Annual averagas, as
calculatad at McClellan Air Force Base, appear in
Fig. 5. which s2ws that the levels of plutonium in

the stratosphe-e hegan rising sharply abou’ 1961,

reached a peak adout 1953, then fell off to the



former levels in about 1967. Unfortunately, the
localities at which the measurements were made do
not coincide with vi0se at which the autopsy tissues
were taken (except NYC), but a study of the data for
1966-77 for three widely separated localitiec in the
U.S. (New York City, Miami, and Sterling, Va.)
indicates that these localites do not differ
significantly in the total amount of 239Pu
received, despite the fact that some localities lag
others by a month. However, surface air data for
Salt Lake City (the closest station to “he Colorado,
New  Mexico, and Los Alamos sites) differs
considerably fiom that on the east coast, sc that
fallout patterns across the country might have been
quite different and could account for some
geographical differences seen later.

There are also highly significant differences
in the amounts of 23%y 5 the air from month to
month within a year for a given station. In Table

11 are given the annual total amounts of



2
'3un collected by one air sampler at the given

staticns. These data show sizeahle yvear-to-year
differences.

As a resultf, some time trends in the data are
to he exnected, particula-ly since people are still
inhaling plutenium which has retention times in the
lung of 100-1000 days and in the 5on2 and liver of
4N-2797 yea-s.

The form of the fallnut was most probably
PuO2 and in1alation is believed to bz the only
significant patiway into the “ody. Bennett used a
compa~tmental model *n the plutonium intake and
~2sulting hurdens in the lung, liver, and hHone,
basing his estimates on the ICRP Tasx Group on lLung
Dynamics model and observed levels of fallout in oil
and air sampl2s in New York City.

In Figures 2 and 3 we have plotted thea annual
median lung and liver concentrations for the New
Mexjco cases, as squares sSince it is the earliest
data availahle, The plots also show the results

8ennett's calculations as a solid line. The shape



of his curves agreas with the autopsy data, and it
is surp~ising that the agreement in magnitude is as
good as it ds. It 1is quite conceivahle *that a
rofinement in Bennett's parameters o+ our data could
produce even hetter agreement. The autopsv data,
then, does lend support to the theoref.ical model and
dnes show that there are definite trands with time.
Tha imnlication from thesa time ‘~rends is tha*
repo~ting a single mean o~ median for a given
1ocality is not sufficient; a summa-y for e:h year
is nacessaty fo~ future wor',

7. Statistical Nature of th2 Sample

It is impo-tant to r2alize that autonsy samples
do not, in goneral, constitute -random samcles from
ali deaths. The reason for this is that some causes
of death 3»2 move heavily rep+-asented in autopsy
cases than in a sample of all deaths. ‘“raumatic
deaths or deaths from un'tnown causes [including
unattendecd deaths) are more likely ~equire autopsy,
although nractices vary from place to place. As

long as the '"reasnn" for autopsy “as nothing to do



with the plutonium concentration in the tissue, the
sample may he treated as a ~andon one. Traumatic
deathse and deaths f-om unknown causes are not
nelieved to have anything to do with exposure to
fallouct. In order to verify this helief, we present
in Tables 1 and 2 some common causes of death in our
sample along witah the  associated plutonium
conzaent-ation in lunc  and  liver  tissue. A
chi-square test of independence was us2d to measure
association "“etween cause of dcath and »plutonium
concent-atinn, Chi-square values of 32.5 and 35.4
with 23 dagrees of freedom indicate no deteztible
association. We conclude from this that nu~ sample
may he treated as a random samole with respezt to
nlutonium concentration,

Many autopsies are done because the patholagist
has obtained <onsent of the person or h1is next of
kin, If a person knew or feared that he had bean
(cccupationally) exposed to plutonium othe- than
fallout, he o~ his next of %in mav have bLeen more

likely to give consent fo~ autopsy. This might have



been cause for real concern, but if there was eaven
the slightest evidence of occupational exposure: the
sample was classified as such and does not appear in
the nuhlisnhed data with which we are dealing here.

Tahle 3 gives the numher of samples °n each
geographic-tissue-sex category. The age
distributions for each geograohical region are shown
in figure 1. (The numher of cases shown in Fig, 1
and Table 3 do not agree bHecause the age was not
<nown for every subject in the data Yase). These
may o may not Se tvpical of the gene~al pooulatinn
(New Yorc is not), bhut the effest of age will be
dealt with in Section 5.

The years during which the data was cnllected
is given in Table 4, The effect of time is
discussed in Section 4.

3. Data Editing

In every large set of data one finds cutliers
(obse~vations which do rot appea- to 5S¢ a part of
the bulk of the data). These may result from errors
in observation, transcription, keypunching., o~ a

failure to measure what was intendad (such as



contaminatsd o= misclassified samles). In our
“data. o the 'ﬁTutonium“ enncent=atign s near
-backgrouﬁd. and even slight contaminatinn may “ave a
significanf etfert, Som; contamination from qa3ty-2l
uranium and tho+ium has %een absacyed in freshly
purchased reagents, on new. s(ain%ess steel
planchaettes, and as é resylt of processing a 53mple
with a igh a~tivity along with nther samplas, The
ams . of contaminant adda2d to the az2topsy during
the analysis may niave Hean 29431 tn tha 37%%y%%y in
the sample, thus c3ausing %12 meas ~ament 3raceq; 43
give erroneously high rasults,

We show latar that meygyraments using sma™?
aliquots and small tissure samplas are mury more
variable than samples from large~ 3liquots and
Targas ‘tissues, an” *4¥5 fazt olays 2 pa~t in
creating outliers, A third contributos *o 72itliers
is the fazt that some solids may interfore with the
measurement process. Finally, the-e iz 2
possihility that, despite 211 efforts to orevent 3¢,

some occunational exnosures may have zrept into the



data “ase. Frequently twwe only ?ndiﬁatian that an
aservation is an autlier s i¢s magnityde, IF it
s wuch large~ than the bu't of the data, we suspect
the meax rement pracaess,

.age  a--gnedys éﬁse'vatiaqs zan  se-iously
imp3ir the stitist!:a! amalysis of the data, They
237 3735 th: mean yowacd, iaz-exse yasigr e, ~ayss
Lactg 2F wmathegas o- it Tac Shaca -eagant, w0

naye yitlad ayg2ei3t My ¢t haye Saan idencifiad

R TR S T L T A L - 5 ML SRS AN S
2T a L IR Te WY giee meer vaatigeis
et rntzg af magmg zfaedaed daiiad A 3
Dertentiias . Nk t3ie st Ing 3UUnheT statistic ag

3 tee” Far <iegts anl %18 Tratian o Yazea
tesgt "Ti7Z: ag 3 %test for mu'tinle gutiars,

m TanTe 3, A& D-ra3ent tne wag ity of 4 e
21tTiar tegting. Tor eatn es3-3dniT “Matian sgex,
and tigt e * A, %8 ajmhaes of shgos fatTaAng e Sqae
$3% Tm anZ tae aumhe- af gLt as; detesces (T i

given.  Sig9e7%ed ahse-,atiant ave “actaced tn Ye

2% e My when faynd 4~ ha gigatfizant at the



1 =05 leya', Alsa grasented are the zase numbar,
t®e ronceni-3tion, and the percentile ‘nerzantage of
ohseryationg lagy than'  cor-cagponding o thé
conzentrition,

Tha Z3ge 3gaingt an wtlier canndt He praven
a%solutely with statis®ical mathods. There may he
statistical ayidence that the ahgergatinn 4oes a0t
Yelang xita the a9t af tne data, 94t thers g
3'43ys  seme  2a3anze ‘angoye- ?qno:?_ that  the
=ny3 i 3mant e uasiian M3y gt 92 arednangs, 7O
a3"73% im daq’7 ag *he 1352 333031 an Natlian we
Qiye §7M2 #2ai3zted ‘nfagsmatian ghich, in qany c3sas,
S4r272°%% the agidensa tnaf the Hhsanyatinn i3 inde3
ace9naj;s, S'ace ¢mall 3ligyayt Fraztiong and gmal)
we? weignts can lead to high apparent
cancentratiang 37 nt siza angd wet weight of tha
tissus iavnlved 23=2 reyoprted. [t is expeczted that
when onne tissue n€ a given individual shows 2
~olatively high concentration of plutonium, othe-
tigsyas from tha*t individual also he high. If this

is not the case, the high tissue value is suspect.



He haya, the-efgre, presented the percantilag of
relatad 1issu§s for tha game individual. A tonathe~
we detacted and omitted '33 putliers in the 4373
nhsarvationg  (3.70),  For tha mogt a3-t, tae
2utliers wave oYysigus 'from thai- magnityda) ayen
wi*hogut statistical ‘tagts; frequently :ﬁey- were
soyaral a~da=3 nf magnit,gda lg-qges tajzn tha :clngag?
Ahga-yatingn,

1. Estimatas of Tant-al Tenduacy

Afte~ tha ajtlierg hava fM2an identified and
ramaged, it 95 a9n-9n-iatas  i9  estimate crcaentra’
tendanciey ‘!,e, maang, medfans, atz.). Each
7297~39%7  1gian, sex, anT tissye zomhination s
exaAmined sgapar~itely, Fo~ each of thase sals the
1Nta, ?25th, 50th, 75tk and 90th percentiles a=2
caizalated, Thage give 2 good i42a n® tha gn-ead f
the d43ta 3s shown "1 Tahle 5, Tha S)th pe-centil2
is the med!an,

Shown o1 Tabla 3 a-2 tha median and two means:
unwnigited and waigrted, The unweightad mean 15 the

a~ithmetic mean of the data. The weighted meins are



related to aliquot sizes and wet weights.
Measu=ements derived from small aliquot sizes and
small wet weights are more variabla than those from
larger aliquats and large~ tissues. The reason for
this is that count data a2 considerad to have a
Poisson distribution with a parameter 7 which is the
average <count pes time fatarval., For a Poiss3on
distrinytion H0th the mesn and va~iance arz 2qual to
+. A 25% aliqun:t would yield a saml2 with an
ave-age count flo- sa~ianze) of - /4. For such an
aliquat, the measu-2d activity x is muitiplied Yy 14,
hence the quantity of intarest is the variance of
y=4x. The va-iance of y is 4?(Varfx)) = 15 Var/x)
= 15 {-/4) = 4, so that the va-iance of a 25%
aliquot s four times that of the undivided sample.
In othe- words a 25% aliquot hnas twice the standard
deyiation nf a 1I0% aliquot. The same is %-ue of a
tissue with small wet weight. The weighted means in
Table 3 use inverse variances as weights so that

small tissues and small aliquots get less weight,



5. Age Trends

The age at death of the persons considered in
this report was an uncontrolled variable, and the
ohserved age distributions might not be typical of
the population at large. The age distributinns over
the entire time period are shown by locality in
Figure 1. While the distributions rese.ble each
other generally, the New York data is a clear
exception: the individua1s from that population are
much younger thar those from other areas. This
difference may be due to the fact that the New York
sampies are largely from unclaimed bodies and
traumatic deaths which occur more frequently ir
younger males.

It has been suggested (Anﬁua] Report of the
Biomedical and Environmental Research Program,
Jan-Dec 1972, LASL Health Division, LA 5633 PR,
p. 32) that for a given exposure the amount of
plutonium in the liver increases with age. The same
effect, to a far lesser degree, was noted for lung

tissue. If age trends are present, it is important



to adjust for them YSefore making geographical
cbmpafisons. Separate regressions indicate no
depehdence hetween age and geography. In order to
test for such trends with the autopsy tissue data
presently availahle, we selected four very short
segments of time  (1968-69; 1970-71; 1972-73;
1974-75) during whvich time trends should he nearly
constant., Fo~ the liver and lung *issue data (over
all ay2s and lozalities), the nlutonium
concent-ation versus age at death was fitted to a
linea~ relationship by least squares for each of the
four short *time perinds. Another line was fitted to
the data (fo~ each tissue separately) over the whole
time period (1968-75). - Tests of whetha~ the slope
of the 1line is significantly different from zero
were made. For the 1liver, the <slobes are
¢onsistentlv different from zero, hut a single line
fits as well as separate lines for each time
period. We conclude from this that the linear
ralationship. (dkg) = .91355 + .01692 (age) hast

represents the effect of age en liver



concentration. Over an B0 year 1lifstime, an
increase of about 1.3 dkg could be expecied in the
liver. From age 40 to age 80, the 1ncrea§e would be
about 0.67 dkg due to age alone.

For lung tissue, the evidence of ‘a trend with
age is not convincing.

For xidney, lymph tracheobronchial node, rib,
and male gonadal tissue, there 1is no detectible
effect of age for any of the time periods.

Fc+ vertebrae, the slcpe (of concentration vs.
age at death) is significantly different from zero
for the 1974-75 data and the 1968-75 data. More
importantly, the slopes for this tissue are negati\e
(or near zero), and this supports the hypothesis
that the skeleton is being remodeled by transfer of
plutonium from skeleton to 1liver. Moreover, the
slopes do not seem to differ from each other,
particularly if the 1968-69 data is omitted. An
estimate of the slooe (from the 1970-75 data) is
-.0073. A single regression line is not adequate;

the age effect is affected by the year of death.



(i.e. the %inlogical effect cf aging is also a
function of atmospheric concentration). This makes
it necessary to report Soth year of death and age at
death when reporting means o~ medians.

6. Sex Differences

There are roughly twice as many males in this
study as females. To test the hynothesis of sex
differances, w2 used all t- Colorad: 1370-77 data
adjusted fo- age tren;. The results are nresented
in Tahle 7. The Mann-Whitney Tast shows that there
a~e no significant diffe~ences due to sox.

7. Geographical Zomparisons

We now wish to compare levels of plutonium
concentratinn in the various geographical regions.
Since the data depend upon age &t death and year of
death, we attempt to c¢liminate these factors by
conside=ing only very sho~t segments of time (i.e.
year of death) (1374-75 and 1967-68) and subtracting
out the ane trends found during those time periods.
Almost all of the subjects in this sample were born

wefore 1945, hence had nea~ly =qual exposure %times.



Plots of median plutonium concentration versus age
at death for lung and liver tissue for 1974-75 are
given in Figures 4 and 5. These periods of time
were selacted hecause they include the major portion
the data anu because they are the only perinds where
data is available from certain georriphical
locations.

There 1is no evidenze that the conzentrations
a2 normally distributed in any of the ticsues. The
Xidney, vertebrae and gonadal tissues are the only
tissues in which the concent-ations appear to be
logno=mally distributed. The W-test (Sh75) was used
to estahlish this conclusion.

As a result of the above *esting, we have
chosen to use a nonparametric procadure. The
procedure we use has been recommended %Yy Lin and
Haseman (Li78) and Conover (Lo071). This procedure
consists of a Kruskal-Wallis test of the
significance of among-region differences at the
a=.05 level. If this test indicates overall

significance. “lann-Whitnev tests are performed for



all pairwise comparisons of the geographic regions
(at the «=.05 level). If the Kruskal-Wallis test is
not significant, then all pairwise comparisons are
declared not significant.

In Table 8 we present the medians adjusted for
age trends. They are ordered from largest to
smallest. This indicates which geographi: regions
have consistently large medians.

Table 9 npresents the results of  the
Kruskal-Wallis tests. For those tissues in which
the p-value exceeds .05 no significant differences
among regions are indicated. For the other tissues,
there is an overall effect, and we proceed to test
pairwise differences with the Mann-Whitney test.

Tabie 10 summarizes the results of the
Mann-Whitney testing. For each tissue, those
regions underlined with the same line do not differ
significantly. Median  values are given in
parentheses. Even in the cases where there are
significant differences, however, the differences in

median are quite small--on the order of one



disintegration ner minute pe~ %ilogram of tissue--S0

that they may not e of any p-actical signifizance.

Fo- exampie,
tissues

Kidnev, Vertedrae,
Female Gonad, Soleen,
all 1957-53 tissues

Liver

Lymnoy Nod2

Ri%

Mala Gonad

Thy=nid

Lung

interoretation

No significant differences

LA, NM, G\ not sig. diff.
IL, PA, 0 not sig. diff.
LA, NM. GA sig. greater
than 1L, PA, €O

NM, LA, C0 not sig. diff.
PA sig. lower than NM, LA,
co

LA, N1 not sig. diff.
PA s5ig. lowe~ thian LA,
NM

LA, PA not sig. diff.

GA, C0, NM not sig. diff.
LA, PA sig. greate~ than
GA. CO, NM

LA, PA, £0, IL not sig.
diff. GA, NM not sig.
diff. LA, PA, 20, I.L siqg.
g-eater than GA, \M

IL sig. lower than other
tissues. The ~emaining
tissues divide into two
groups

NM. LA, GA, CO on the high
end and GA, CO, PA on the
low end; with GA and CO
helonging to Soth groups.



8. Relatfonshins hetweer Tiver concentration and

concentration _of other _tissues of the _same
individual

We wish to investigate the relationshin between
plutonium concentration in the livar and »nlutonrium
concentration in selected other tissues (lung,
vertehrae, gonad) of the same individual.

Combining the data Tur al: -eographic regions,
we selected  tanse mon-o0ccupatinnally  exposed
individuals who had measurements for Hoth livar and
the related *issue in question.

For each of the three selected related tissues,
we ~an a linear ragrassinn of tha related *issue

concantrations on liver concentration. The resul*s

were:

‘males only)
Related tissue: Lung Vertedrae  Sonad
numher of observations 712 352 199
interceont 0.518 1.12 0.917
slope 0.074 -0.021 -0.04
cgrre]ation cnefficient 0.1 -0.02 -0.045
RZ* 0.01 0.0004 0.002

*Amount of variahility in the related tissue concen-
tration explained hy the regression on liver
concentration.



We  conclude  that knowledge  of liver
concentration is of 1little use in predicting ths
concentration in otha2r tissues in the same
individual. The explanation fo~ the lack of
relationship is that hHoth the liver tissue and the
lung tissue concentrations, For example, are
changing with time and age, but at vastly cdifferant
ratas 'one is increasing and the other decreasing).
It is, therefore mathematically impossihle for these

»3tins to He constant,



Table 1. Lung Tissue: Number of persons in each cause of deatn category

Plutonium Concentratien

Cause Of Death .2dkg* .2 - .4dkg. 4-.83 dxg. .R2-2 dkq. 2 dkg Totals
Hunicide 2 8 9 7 4 0
Accident 7 2 4 3 ? it
Injury 3 5 4 3 4 19
Heart 14 23 13 ) 8 ha
Pneuronia 8 8 2 4 1 23
Cancer ) 8 3 4 3 22
Alcohol, Drugs 2 7 8 2 0 20

. Other 16 21 23 13 3 75
Totals 59 ?2 66 4?2 25 274

x ¢ = 32.53 with 28 d.f.

Table 2. Liver Tissue: Number of perscons in each cause of reath category

Platonium Conncentration

Cause of Death .4dkg*  .4-1 dkg 1-? dkg 2-3 dka 3 dkg Tatals
Homicide 3 6 19 6 5 3N
Accident 1 3 5 3 ) 12
Injury 7 3 5 ? 4 2°
Heart 4 1? 20 12 a e2
Pneumonia ) ) 11 3 1 20
Cancer 3 6 3 6 7 oe
Alcohol, Drugs 9 7 4 2 4 25
Uthers 10 0 25 16 2 RO
Totals 41 53 83 51 47 2758

x 2 = 36.40 with 28 d.f.

*dkg = dis/min per kilogram of wet tissue



Table 3. ESTIMATES OF CENTRAL TENDENCY
(dis/min per kg wet Sissue)

GEOGRAPHIC REGION* WEIGHTED MEAN  UNWEIGHTED MEAN MEDIAN
-SEX-TISSUE
LA F GONAD .3141 . 7551 0.0000
LA M GONAD .7240 .662¢ . 5685
LA £ KIDNEY .4310 .6610 .1240
LA M KIDNEY .3808 .7130 L2700
LA F LIVER 1.5547 1.7574 1.5850
LA M LIVER 2.3421 <.0875 1.9755
LA F LUNG 1.2257 1.7679 1.0240
LA M LUNG 1.0745 1.5398 . 9860
LA F LYMPH NODE 18,2887 23.6345 8.3330
LA M LYMPH NODE 16.7592 20.2821 5.9285
LA F THYRO!D .2063 .7210 .8110
LA M THYRCID 3.2724 4.3034 1.6580
LA F VERTEBRAE 1.009! .9759 .4320
-A M VERTEBRAE .5280 1.3463 .7730
NM M GONAT: 5728 .1453 .0525
NM F KIDNEY 2141 3514 .0810
NM M KIDNEY .2250 .4381 .1095
NM F LIVER 1.6310 1.7476 .7210
NM M LIVER 2.0498 2.0487 1.7645
NM F LUNG 1.8273 1.4863 .9540
NM M LUNG 1.9337 1.003% 6135
NM F LYMPE NODE 12.5277 14,6945 6.6670
NM M LYMPH NODE 8.5974 12.7800 5.4233
NM M RIS8 1.0588 1.2274 .9582
NM M SPLEEN .1856 .2081 .1810
NM M THYROID 1.0785 . 9864 .5380
NM F VERTEBRAE 1.0219 1.5089 5560
NM M VERTEBRAE 1.0787 1.622¢ L7730
CO F 8ONE 1.2260 1.3575 .8800
CO M BONE 1.8941 1.9441 1.5055
CO F GONAD .494?2 .2784 .N4r°c
CN M GONAD 37¢8 .4144 L1119
CO F KIDNEY 2266 .4887 .140C
CO M KIDNEY .1693 .3877 .1010
CO F LIVER 1.533% 1.6215 1.4010
CO M LIVE® 1.8423 2.0132 1.7350
CC F LUNG .5252 .4950 .4005
CO M LUNG .588% .6093 .4360
CO F LYMPH NODE 4.6882 13.2410 7.0495
CO M LYMPH NODE 4.4788 20.2287 3.0385
CO F RIB 793¢ .6645 .7430
CO M RIB 4742 .4488 L4145
CO F SPLEEN 1420 .1488 .1075
CO M SPLEEN L1071 L1130 .1190
CO F THYROID .2681 .2545 .4365
CO M THYROID .8503 .8813 .3330
CO F VERTEBRAE .£824 .6641 .4590
CO M VERTEBRAE 9400 1.082? 7225



NY M GONAD

NY M LIVER
N' M LUNG
NY M VERTEBRAE
PA F GONAD
PA M GONAD
PA F KIDNEY
PA M KIDNEY
PA F LIVER
PA M LIVER
PA F LUNG
PA M LUNG
PA F LYMPH RODE
PA M LYMPH NODE
PA F RI8
PA 4 RIB
PA F SPLEEN
PA M SPLEEN
PA ¥ THROID
PA ¥ THYROID
PA F VERTEBRAE
PA M VERTEBRAE
GA M GONAD
GA F KIDNEY
GA M KIDNEY
GA F LIVER
GA M LIVER
GA F LUNG
GA M LUNG
GA F SPLEEN
GA M SPLEEN
GA F VERTESRAE
GA M VERTEBRAE
IL F LIVER
IL M LIVER
IL F LUNG
IL M LUNG
*LA =
NM -
co =
NY =
PA -
GA =
IL =

1.1291
1.5789

9426
1.4080

.6732

.6531

.1496

.1419
1.312¢
1.3644
.4494
.3532
.9043
.2742
.9732
.5062
.2007
.1966
1.2062
2326
L3772
.4571
.1875
.0825
.145]
.6440
.11A0
.3188
.5994
.2047
.1667
.5651
.40g1
1.4967
1.6514

.1358

.1022

oy O

-

) 1—

Los Alamos

— W O M =

—

.4324
. 7680
.0999
.8785
.7051
.8522
.1523
1671
.44p7
.4988
.5017
.3729
.8241
L9771
.0404
.5604
.2318
.2839
.9023
. 5684
.3892
.4556
.1362
.1004
.1853
. 7958
. 2240
.3454
.6252
.2362
L1854
.6083
.3870
.5170
.7810
.156%
.1128

New Mexico (other than Los Alamos)

Colorado
New York
Pernsylvania

Georgia and South Carclina

I1Mlinois

oD

.0000
.5000
.6290
.5395
.7665
.3135
.0990
.1115
.4970
.2900
.3025
.2540
.0630
.6160
.9270
.4310
.1520
.1645
.9620
5750
.3630
. 3650
.1050
.0520
.1155
.5270
L1470
.2985
.3325
.1730
.1635
.6075
L4070
.4430
.7445
1179
.097%

29
27
)
26
12
108

150
4]
121
a2
117
19
73
12
68
42
142
20
191
11
67
2]
49
62
57
78
56
78
47
49

—

a2
2¢
14
23
14



Table 4

YEARS DURING WHICH DATA WERE COLLECTED

GEOGRAPHIC REGION YEARS

LOS ALAMOS T960-1963, 1966-1977
NEW MEXICO 1960-1963, 1966-1977
COLORADO 1970-1977

NEW YORK 1967-1968
PENNSYLVANIA 1974-1977
GEORGIA-SOUTH CAROLINA 1972-1976

TLLINO{S 1973-1977



TABLE 5.
GEOGRAPHIC
REGION-
SEX-TISSUt
CASE
n k NO.
LA-F-Kidney 58 2 3-38
1-142
LA-M-K idney 40 1 3-36
LA-F-L fver 64 F4 11-82
1076
LA-F -Lung 64 1 11-18
LA-M-Lung 18 2 3-62
1-88
LA-F Lymph
Node 56 3 7-1i4
7-2
5-2
LA-M-L ymph
Mode 9 5 1-60
3-124
11-128
1-60
11-150
LA-F-Spleen 11 2 7-114
11-86
LA-F-Thyroid 16 1 11-138
LA-F -Yertebrae 36 4 2-146
"2-102
3-318
5-56
LA-M-Vertebrae 21 3 1-/6
1-82
3-62
NM-M-Gonad 28 2 ,-128
11-58
NM-F-Kidney 41 2 1-82
1-84

*dkg = dis/min per kg wet tissuc

DKG

11.055
7.647
17.651
43.974
7.000

8.783
14.081 -
7.655

857.692
369.512
290.00

1093.182
327.5
293.13
221.213
218.947

3.554
2.857

8.000
23.256
20,974

9.559

9.143

49 .80
19.737
18.750

5.185
4.313

25.937
4,701

OUTLIER
PERCENTILE

98
97
98
98
97

98
97
95

98
%
95

T
%
N3

na

92

aa
97
a5
2
&9

95
91
B6

97
93

98
95

ALIOVOT WET
SiZE WEIGHT
(¥) (xG)
10 .199
10 .170
10 _315
’h 1.00
10 . 700
25 .475
2.5 .167
20 207
20 .0013
40 L0041
20 .003
40 .00??
mn 002
50 .0009
10 066
50 .0ol19
10 121
50 217
S0 .04
2 215
4 .267
4 .170
o .070
10 .050
10 .018
4 .088
50 .01l
9.9 .015
0 .320
10 .23

53NAD

27

55

81

36

i KIDNEY

12
56

12
34

PERCENTILES OF RELATED TISSUES

a w
< 3
=z - [~ ]
T a 2 B g B
= 3 r = 2 oz g
— ~ -1 o w — -
66 80 32 92
58 53 66
67 69 75
19 55 21 69
91 39
3 84 ¥ 6 25
54 60 86
8 80
65 € 92 44 58
81 2?2 61
25 50 a7
64 3 18
% 18 9
93
64 3 18
92 20
65 60 98 aa 53
66 6l B 7 81 33
30 12 70
?5 47 80
41 94 93
66 80 32
13 56 5
3 28 70
a a9 23
56 97 60
35 6 65 20 8 40 18
o 17 8s 55 85 88 82
72 38
59



TABLE 5.
GEOGRAPHI C
REGIGH-
SEX-TISSUE
CASE
n k NO.
MM-M-Kidney 87 1 7-50
NM-F-Liver 35 2 7-92
5-22
NM-F -Lung 36 3 2-104
2-78
3-64
NM-M-Lung 85 1 3-94
NM-F - ymph
Node 3 5 5-12
3-52
7-94
5-88
11-56
NM-M-L ymph
Node 85 3 11-112
2-32
3-9?
NM-M-Rib 21 2 11-8
11-94
NM-M-Spleen 24 1 11-76
NM-M-Thyro ' d 27 2 11-120
11-140
NM-F -Vertehrae 25 4 3-56
3-42
3-64
5-46
MM-M-Vertetrae 69 6 3-30
3-42
3-50
2-148
7-10
2-150
C0-M-Bone 33 1 8-12
CO-F-Kidney 53 4 f1-38
6-134
8-7

6-124

DKG

5.761

120. 705
9.003

46.626

36.315

9.653
231.82

400.00
385.00
256.667
188.750
142.00

305.714
277.50
141.25

7.000
4.957
1.192
18.00
10.667
125.796
60.00
57.00
14.643

77.00

35.769
33.857
17.368
16.84?
17,556

16.667
56.711
9.115
7.119
7.21)

OUTLIER
PERCENTILE

99
97

94
a3

91

97
93

95
93

ALIOUOT
SIZE
()

.001
.00?
.0015

“001

.007
-004
.004

.01?
.0?73
.0?7?
.004
.003
.063
070
50
115

015

175
1
076

223

.00
.N76
A1
.14
A0?

70

67
8

63

14
14
67
14

60
79
10
67

68
8
10

53

PCRCINTILES OF RELATED TISSUIS

19
89
44
27

50
25
14
31
69

76
18

55
47
49

a3
?5
44
8

9]
SR
51
95
57
7?

27
62
51
68
11

75
68

30
67
38

Y-
£

RYB
SPLEEN

%
|

&
~

~ —
w o

DN N
PO~ L

43

39 2?2
79 91
69

74
30
46
95
57
43

48
76
45

62
37

17
98
4 67
76

Y

s

THYRD

65
62
12

VERTEBRAE

[o-]
[V,

~N
[N -]

88
31

13
54
62

78
26
53

93
a8
65



OUTLIER
PERCENTILE

TABLE 5.
GEOGRAPHIC
REGION-
SEX-T1SSUE
CASE
n k NO. DkG
CO-M-Kidney 94 2 6-126 30.357 99
8-66 10,972 98
C0-M-Liver 131 2 8-12 10.824 99
8-116 10.61) 98
CO-F-Lung 69 1 6-4 3.372 99
CO-M-Lung 128 3 8-24 67.533 99
8-12 15.951 93
6-10 4,950 98
CO-F -L ymph
Node 44 2 6-134 76.136 98
g-44 73.333 96
CO-M-L ymph
Node 89 1 6-150 537.50 99
CO-F-Rib 11 1 8-64 £.235 92
CO-M-Rib 24 2 8-18 2.429 96
8-68 2.203 92
C0-M-Spleen 33 2 8-136 1.321 97
22-4 1.087 94
CO-F-Thyroid 13 1 8-130 3.412 93
CO-M-Thyroid 17 3 16-36 21.684 94
16-42 20.824 89
8-128 5.500 83
CO-F-Vertebrae 28 1 8-16 12.620 97
CO-M-Vertebrae 46 2 6-150 18.156 98
8-4 6.549 96
NY-M-Gonad 32 3 4-16 214,75 97
4-52 45.50 94
4-6 10.60 91
NY-M-Liver 29 2 4-16 6.618 97
4-10 6.579 93
NY-M-Lung 33 2 4-8 10.958 97
4-2 8.000 94
NY-M-Yertebrae 29 3 4-10 23.529 97
4-30 19.583 LR
4-46 19.112 90
PA-F -Gonad 15 3 19-64 13.714 94
19-110 9.000 88
14-22 7.333 81

AL TQUOT
SIZE
(%)

10
10

25
25

i
5
25
50

40
40

40
50
20
20

50
50
50
50
50

PERCENTILES OF RELATED TISSUES

a w
2 o =
WET > =z = =
WEIGHT  w < 3 = o a = 2 P
k) & & = = 5 = = z x o
o (6] pV4 ) -3 -3 o %] — o=
.196 69 a1 51 32
.072 45 91 4 48
.306 97 24 98
.286 28 18 33
.325 50 84 84
.890 28 55 78 73 24
163 97 24 99
.404 35 97 59
.0022 9 52 59 93
.0015 76 41 17 83
.002 97 77 86 88
.017 35 67 :
.140 93 69 63
.227 86 42 n
.268 a4 16 25 95 84
.046 61 46 35 60 a7 50
.017 13 52 14 4 2 16
.019 5 36 59
o017 15 50
.004 28 65 28 9 16 68 45
.2n 63 18 64 13 50
.282 97 77 86 88 99
.142 95 21 93 84 16
.020 97 71 69
030 83 12 17
.025 27 68 83
.550 97 n 69
.456 61 79 97
.480 76 20 77
.615 79 73 73
.170 61 93 79
.180 52 13 76
.74 64 7 15
.0u/ 93 14 5 29
.002 62 61 P 4
.005 88 86 o’ 45 62 83



TABLE 5.
GEGGRAPHIC
REGION-
SEX-T1SSUE

PA-M-Gonad
PA-F-Liver

PA-M-Lung

PA-M-L ymph
Node

PA-F-Rib
PA-M-Rib
PA-F -Spleen

PA-M-Spleen
PA-F-Thyroid

PA-M-Thyroid
GA-F-K i dney
GA-M-Kidney
GA-F-Liver

A-M-Liver
F-Lung

[}

-Spleen

GA-
GA-M--Lung
GA-F
GA-M-Spleen

CASE

n k NO.
110 2 19-96
15-70
43 2 15-2
19-42
120 3 19-92
20-94
23-80
124 4 14-26
15-92
14-24
15-36
14 1 14-2
70 ¢ 14-32
14.58
44 2 15-76
14-2
149 1 19.150
23 3 14-54
19-6
14-2
104 3 15-56
19-98
15-64
52 3 9-14
17-86
17-52
64 2 9-28
9-12
58 1 9-150
77 1 17-138
58 2 25-12
25-10
77 1 9-10
48 1 9-126
49 1 17-32

QUTLIER

DKG PERCENTILE
81.111 99
13.714 98
61.394 98
6.506 95
20.714 99
13.674 98
7.109 98
150.00 99
123.33 97
56.25 96
55.00 95
9.60 93
8.571 99
4.300 97
3.059 98
2.175 96
6.624 99
26 .500 9%
13.000 92
12.50 a8
137.00 99
69.867 98
26.588 97
30.00 98
1.747 96
1.505 94
83.633 98
3.75 97
6.957 98
8.035 99
15.375 98
4.014 97
73.016 99
1.650 98
1.244 98

» 10UDT
S1ZE
(%)

50
5C

25
25

25
25
25

60
50
60
50

WET

-
WEIGHT 54 =z
(KR) 5 & =2
o () b4
.018
0”1 8
1.004 17
.4R?
.336 82
. 356 16
.341 40 11
.002 83
.006 85 17
.008 92
.004 41 2
.01 98
.028 54 98
.02 19 88
.017 13 37
.057 98
170 95
.0na 38 8
.008 31 19
.004 93
.008
.015 28
.017 9% 8
.062
.079
.101
.245
.184
.445
.458 69
L3712
573
425 77 94
.08R0 49
.04s 62

PERCENTILES OF RELATED TISSULS

Sw&

52
42
13

583

80

62
64
17
80

a9

2?
29
56

85
22

o

(]

z

x

- a

& =

> o

54 28
49
72

86

51

45
33
84

35 20
34
11

55

35 20
7
40
72

35 20

82
64

27
54
83
4?
1
91
86
64
59
78

;.1
o o
=z — @
80 g
an - > [e4
— a. P o w
ar wvy - ==
83 63 86
1 4?2 53
56 69 63 62
12 64 94
62 62 65
85 89
95 69
93
96 88
29 22
a5 22
7 13
99 a8
34 3
58
84
99 96
81
65
25 49 10
93
53 97
63 10
18 23
92 73
82



PCRCENTILES OF RELATED TISSUES

TABLE 5.
GEOGRAPH! C
REGION- w w
SEX-TISSUE o <
wimor .z . = ;2 i
CASE OUTLIER S12¢ HWEIGHT w =3 F< L o a o w x =
n k NO, DKG PERCENTILE (%) (XG) S 3 = = 5 > = = x w
GA-F -Vertebrae 29 I 17-86 2.175 97 50 .080 96 29 83 53
GA-M-Vertebrae 44 1 9-60 8.80 98 50 .050 32 91 28 70
IL-M-Lung 15 1 13-24 0.471 94 25 .780



GEOGRAPHIC REGION

Table 6:

-SEX-TISSUE
LA F GONAD

LA
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA
LA
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

TN MT NI IMNMITMMIONMICNMMIOCOMIONIIIXIGTAIMNMITNMII NI NMIMIMIMITINNI

GONAD
KIDNEY
KIDNEY
LIVER
LIVER

LUNG

LUNG

LYMPH NODE
LYMPH NODE
THYROID
THYROID
VERTEBRAE
VERTEBRAE
GONAD
KIDNEY
KIDNEY
LIVER
LIVER

LUNG

LUNG

LYMPH NODE
LYMPH NODE
RI8

SPLEEN
THYROID
VERTEBRAE
VERTEBRAE
80NE

80NE

GONAD
GONAD
KIDNEY
KIDr -y
LIVER
LIVER

LUNG

LUNG

LYMPH NODT
LYMPH NODE
RI8

RI8

SPLEEN
SPLEEN
THYROID
THYROID
VERTEBRAE
VERTEBRAE

PERCENTILES 8Y GEOGRAPHIC REGION, SEX, & TISSUE TYPE

LI D I I e I B T R |

T PpPOOOO

10

.4572
.0951
. 0453
.0000
.1585
L3117
.2120
.1423
. 315€
.381¢
.1000
.3215
.0000
.2801
. 2589
.0320
.0015
.0570
.2625
.1634
18655
. 3302
.2800
.3230
.0148
. 4666
. 0000
.0000
. 0000
.0000
.7500
. 3750
.0500
.0785
1512
L1900
.1153
.1308
.2977
.3148
.5706
.0749
. 0469
.0000
. 9639
.0770
.1018
L1195

0.

OO

[ N

25

.2500
.1128
0000
.0550
.7573
.8913
.4770
.3930
.0000
. 2260
.0000
.6670
.1633
.3010
.0833
.0000
.0000
.4605
.7353
.3650
.3973
.0000
.6045
.6150
.0710
.0000
.0140
. 2720
.1665
.7105

1.3998

oo

.0445
0215
.0205
.6718
.8380
.2013
.2570
.0000
.0000
1875
.1615
.0315
.0190
.2855
.0000
.2130
L3133

~J

50

.0000
.5685
. 1240
.3700
.5850
. 9755
.0240
. 9860
. 3330
. 9285
.8110
.6580
.4320
.7730
.0525
.0810
.1095
.7219
. 7645
.9540
.6135
.6670
. 4285
.9580
.1510
.5380
.5560
.7730
. 8800
.5055
.0470
.1110
.1400
.1010
.4010
.7350
. 4005
.4360
.0495
.0385
.7430
L4145
.1075
.1190
.4365
.3330
.4590
7225

w

[ )

~N (D
N O NNOMNDNDMN PN

—
0NN

N W N = 2

NN

75

.6670
.1065
.0790
.9200
.5870
.8468
. 3300
. 1145
.8845
.5000
.3330
.1968
.5450
.064°
.3873
5140
.4608
. 2690
.8770
.4625
. 2460
.1250
.5415
.7780
. 3540
.7915
.8330
.8750
. 0465
. 2240
.8258
.5185
.5115
.5600
.2913
.9210
.6408
.7145
26.
13.
.0500
.7560
.2518
.1740
.7980
.5093
.8700
.4653

1493
4375

@ (O
2O PO WESEOTHWNIND N O

—

S
WO NN WD U= —

~ D
O NF = WO DN A_OTU O,

N = (D »—

90

. 7056
.9242
.3750
.4750
.9052
. 2868
.3882
. 3154
L7776
0715
.7602
.5000
.4326
2,14
.7632
. 2400
.5343
.5270
.1410
. 5844
.3010
.4286
.2292
.0910
.5502
.0356
.2882
. 7600
. 5890
.2166
.13@5
.7370
.4240
.0381
.9874
.6240
.0741
. 2698
.0000
. 6365
. 7058
. 9564
. 342¢
.2868
L1617
. 3445
.8276
. 9385



GONAD
LIVER
LUNG
VERTECRAE
GONAD
GONAD
KIDNEY
KIDNEY
LIVER
LIVER
LUNG
LUNG
LYMPH NODE
LYMPH NODE
RI8

RI18
SPLEEN
SPLEEN
THYROID
THYROID
VERTEBRAE
VERTEBRAE
GONAD
KIDNEY
KIDNEY
LIVER
LIVER
LUNG

LUNG
SPLEEN
SPLEEN
VERTEBRAE
VERTEBRAE
LIVER
LIVER
LUNG

LUNG

w N N [ACNAN] — NN

—

.6015
.4040
.3570
.0785
. 1875
.8655
.2670
.2080
L1318
.0160
.6453
.4045
.0000
.4485
.0690
.7228
. 3183
.3298
.5748
. 3810
.5000
.6600
.3310
.1380
. 2150
. 8685
.0433
.4545
. 7815
.4030
.290¢
.8378
. 8000
.9470
.4965
.3140
.1360

p-value*

.1151
.7096
.4851
1932
5611
.3031
.1356
. 3594

-.5130 .2105 1.0000
.2722 1.0440 1.5000
.0662 .2040 . 6290
.0140 .5650 1.5395

-.3400 .0555 . 7665

-.4305 ~.0165 .3135

-.2464 -.0440 .09130

-.0299 .0298 1115
.1386 .6250 1.4070
.3096 .6135 1.2900
.0877 .1663 .3025
.0548 .1380 .2540

-25.0000 0.0000 4.0630
-1.3136 .0N985 1.6160

-.040? .5360 .9270
.0669 .2323 .4310

-.0399 .0278 .1520

-.0010 .0655 .1645

-.7906 0.0n00 L9620

-.3974 0.0000 .5750
L1344 .1880 .3630
.1108 .1810 .3650

-.2178 -.0870 .1050

-.0400 -.0085 .0520

-.0218 0252 L1155
.3780 .7675 1.5270
.3516 1.1203 2.1470
.0346 .1240 .2985
.1457 . 2158 L3325

-.0478 .0620 L1730

-.G372 .0843 .1635
.1736 .23 .6075

-.0218 .2400 .4000
.6396 .9330 1.4430
.6975 .9813 1.7445

-.022?2 .0520 L1170
.0200 .0558 .0975

Table 7. Sex Comparisons in Colorado

Tissue Female Male
Bone 17 32
Kidney 49 92
Lymph Node 42 88
Rib 10 22
Spleen 18 31
Thyroid 12 14
Vertebrae 27 44
Lung 60 120
Liver 64 124

*Significant if less than .05

.1528
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.5900
. 2960
.1858
.9797
.8668
.65067
.7156
.4183
. 5090
.2548
.3316
.7262
32.

5000

.8182
.0088
.4072
.7521
.6814
0000
.8428
.7744
.9248
7222
.4290
.3949
.5688
.2378
.7456
1691
6166
4292
.1105
.9242
.5894
.2505
.3958
.2865



Teble 8

Medians Adjusted for Age Effects

largest - Smallest

1974-75
Kidney PA LA GA co NM

Liver LA NM GA IL PA co
Lung NM LA GA co PA IL
Lymph Node NM LA co PA
Rib LA NM PA
Vertebrae NM co GA PA LA
Female Gonad co LA PA

Male Gonad LA PA GA co NM

Spleen LA PA GA NM co
Tuyroid LA PA co L GA NM
1967-68

Liver LA NM NY

Lung LA NM NY

Vertebrae NM NY LA

Table @

Kruskal - Wallis tests

1974-75 p-value
Kidney .5764
Liver .0000
Lung .0000
Lymph Node .0247
Rib .0072
Vertebrae .0560
Female Gonad .9507
Male Gonad .0077
Spleen .0969
Thyroid .0110
1967-68

Liver L8091
Lung L1277

Vertebrae .1202



1974-75
Kidney
Liver

Lung

Lymph Node
Rib
Vertehrae
Femzle Gonad
Mal2 Gonad
Spleen
Thyroid
1957-58
Lo

Lung

Vertelirae

Tahle 10

Results of Hypothesis Testing

largest - smallest

funadjusted m-4ians in parentheses)

PA(.114) LA(.108) GA(.075) €0{.081) NM(.063)
LA(2.399) NM(2.123) GA(1.942) Ii(1.451) PA(1.398) CO(L.275)

NM(.535) LA(.447) GA(.316) €0(.301) PA(.271) I.(.104}

NM(5.500) LA(5.553) C0(2.917) PA(1.923)
LA{1.125) NM(.955) PA§.460)
.579) C0/.631) GA(.400) PA(.363) LA(.213

LA S

[~

0
LA(.558) _PA(.319) GA(.042)

£0(.051) NM( 053)
) PA(.154) GA(.150) NM(.147) CO(.191)

0
303 PA(.709) CO(,353) IL(.285) GA(-.139)N(9.00)

NM(4.557 NY(1.533) LA(0.753)




1966
1967
1968
1963
1970
1971
1972
1973
1374
1975
1975
1977

Table 11 Total 239Py concentrations ir surface air for years
(atto curies/cubic meter)

1965-1977.

New York City

.40
965.
652.
774.
719.
.29
150.
454,
240.

74.
251.

611

326

70
79
05
30

53
91
53
40

49

Sterling, Va.

1195.50

402.
829.
629.
659.
629.
275.
125.

86
20
90
00
10
50
24

Miami

10T4.79

593.
348.
550.
752.
728.
327.
202.
534.
256.

85.
270.

43

Sal%t Lake City

1326.10
727.50
255.54
590.39



References

fo71

Li73

Mc73

Ti72

Sh75

Conover, W.J. 1971, Practical Nonpa-a-
met-ic _Statistics. New Yorc: Jnhn #iley
and Sons, In<.

Lin, F.A. and Haseman, J.K. 1973, "An
Evaluation of some HNomparamet—~ic Multipnle
Compa~ison  Procedures Hy Monte Ca-lo
Methods," Communications in_ Statistics -
Simulation and Computation. B7 [No. 27},
17-178.

McInroy, J.F., Camphell, E.E., Moss,
W.D., Tiatjen, G.L., Eutsie-~, 8.7., 3ovi,
H.A. 1379. "Plutonium in Autonsy Tissue,"
Healt Physics 'to apn2a-).

Tietjen, 4G.'.., and  Mon-2, RH. 1372,
"Some  Godhe-Twm2  Statistizs for tha
Detaction of Sava-al JQutliary "
Technamet-ics. 14, 333-537,

Shapi=o, S.S., and Wilg, “.8. 1975, "An
Analysis 2f Va~iance Test fo~ No-mality
(completa  sampizs),”  3iomat-i<a. 52.
591-511. T



List of Fiqures and Tahbles

Table 1 'ung Tissue: Numbe~ of nersons in eazh
case of death ratago-y

Tahle

"~

"_ive~ Tissue: Numher of bpersons in each
cause of death cacago-y

Tan'2 3 Estimata of central tendency
Tahle 4 Years du~ing wh.ch data weve cdllected
7ari2 3 %esyiss of aytlier tagting

T3y’

b
-

Jdeccentilag Hhy ger0Q-anric  ~egion, s2x ang
tissue tyme

Tay'~ ? 32x 2993 ‘305 ‘n Caln-ady

w
J
-
]
(8]

Yodiang 3di s5tad Far age oflects

Ta3%e 3 Resylis  2f Yrysual-Wallis tests  for
32737390 T diffarancag

TasTe I3 Rasyics 27 aymathesis tassing o
g279-29n 1 A Feranzag
Tahia 11 Total Py concenteations i1 suface ai-s for

years 19651977

Fiqi~= 1 Age 7i3i-~i%utions 2f gengraphizal grouLs

"~

Tiqire _ing  tissue--median  ‘oncent-ation  vs,

vear 5% death

Tiqur2 3 L_iver tisgue--maiian concent-ation vs,
vea- of geith

Figura 4 _yng tissue--median  conZantration vs,
132 3t death



Figure 5 Liver  tissue--median concentration vs.
age a* death

-

Figure 5 Atmospharic olu%onium Tevals



Age Dictributrons of ff‘@“”-,ﬁﬁf'cﬂ/ Groupst (1457- 14 7%)

20 . B» - qo -t S & 70 . Jo 90
4/“'“‘.5 _g_._...-__..._. —— - ﬂ} 4" ('ﬂ.‘..']“)
Mexico [ - Tt b . (n: lo5)
sradp . S —— -} s (N2 2.27)
Yﬂfk s 9 ": —_— {ns 35°) 1

= --._.,__.-_---__.--1___._;; w{n=asy)

Syfvam'( ..  e— [ =
‘g IR > $ S SE— ' =z 13%)
nois ’ 2 o » (n = H5)

.1 Jhe dots re presemt o t0™h Soii, G, G OT . rz,_v,_u,.w_,,_, .11_._._, ol é
P mutrl.Jb as ot s LSlhe cindd 7574 1)0;mw o That 7"/‘4?.

M@Lu.lu’ LR ’hud/./b GE 9 I.’_t'ta{({ _

- .

AN
a3
iy




———

NIILS)

-
-

MED:8N CONIENTRET!

LUNG--MEDIAN CONCENTRATICN VS YEAR OF DEATH
NEW MEXICO DATA FROM 1960-1975

w
~ 7

o
o
]

(4]
w
o
—_‘ U
o
w
o
o
C; T )
T T A | T T 0
1960 1852 1964 1966 1568 1570 1972 1974 1976

YEAR OF DCATH




NiZ<G)

~
~

-

CENTRATI

MED!AN CON

2.5

LIVER--MEDIAN CONCENTRATION VS YERR OF DEATH
NEW MEXICC DATA FROM 1960-1975

T
13566

\J

T T LI
ici8 1970 1972 1974

YEAR CF DEATH

1976




Ni9<0)

[

- -

(SRS

CINTRRA

MEOIAN CON

LUNG--MEDIAN CCNCENTRATION VS AGE AT DEARTH

ALL GEOGRAPHIC REGIONS 1974-1975

(9]
-
d—-
o
o o
-
d— D D U
8 (4]
o (s]
o

] o)
o
0'—1
o
o T L) T T T T L T L 1

0 10 20 0 49 S0 €0 70 80 90 100

AGE AT DEATH




— em e - m—

FINTOKG)

Mo

AmamnaT~
(SRSl |

MED! AN CON

3.5

3.0

2.5

2.0

L] S

1.0

0.5

2.0

LIVER--MEDIAN CONCENTRATIJN VS AGE AT DEATH
ALL GEOGRAPHIC REGIONS 1974-1975

10 50 60 70 80 %0
AGE AT DEATH

&
g+




1000

100

10
E
o
7]
™~
e

- 1.0
=
a
o
<
N
+
()]
[12]
N

0.1

0.01

cLarnt

STRATOSFHERE

.
IR\
\
= \\ —
/ R
f( \
[} \\
i / \ .
\
ﬂ / N
\ / \

\ ! \  TROPOSPHERE

\\ / \

L L}
- P \ -

" \\ Ao >
N // ~o
I v R
1 1 ]
1960 1965 1970

ATMOSPHERIC

PLUTONIUM LEVELS



