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useful in monitoring changes rel~ted to the growth

of the nuclear industry. It should be emphasized

that tte total amounts of plutonium found in tissue

\ samples of an
\

individual in this study are 3-4

orders of magnitude smaller than ,the ICRP

reccmnended maximum

nCi of plutonium for

Tijsues from

permissible body burden of 40

occupational exposures.

seven geographic rrgions a~’e

collected. These regions include (I) Los Alamos,

New Mexico (~) New Mexi~~ (other t$an Los A~amos)

(3) Colorado (4) New York (5) Pennsylvania (6)

Illinois (7) Georgia-South Carolina. The tissues

collected ilclude bone (rib and/or sternum and/or

vertebral wedge) kidney, liver, lung, 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 analyzed, the

remainder being retainsd as an avchival samplP.

The s~mples are passed through an ion-exchange

column and the isolated plutonium electrodeposited

on stainless steel planchets. For samples analyzed

236Pu tracer was added (just prior tobefore 1972,

ion-exchange) to estimate the fractioq (R) of

plutonium recovered. Since June, 1972, 242Pu has

beer, the tracer of choice because of its longer

half-life and 1qwer energy of alpha decay.

Beginning in 1?76, 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 l-activity of the 239Pu spectrum

is measured for 50,000 seconds. The measured

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/tl - B/t2)/RE



whe-e S is t$e sample CO~Jnt, B the average

5ac’<ground count, and tl md t2 the ~espective

times (iq m~nut~s) fo~ w?ic? the sample and

5actg~oknds are counted. One disintegration per

minute of 23qPu is approximately ~quivalent to

1.14x1!)-12 grams of 239Pu.

significance of t+e samgle count. In the

met?od

percenti’

was s$t

first

a minimum detection limit (the gg~+

e of the net $ackground for reagent b’anks)

up and Samoles W+OSe net count fell ~elow

t$~ detection limit were declared not to be

significa~tly diffwent from Ze-o. i.e. Iot$ing was

de~~cted, This met+od did not, bowev?r, ta’~z into

ac~~unt the re~ove~y, efficiency, or ~olJ~t -ate for

t*e sample, and the second method coosisted of



ccmstructing an approximate 95% confidence interval

on t?e concentration (D) of eaci sample, 5as9d cm

propagatio~ of error formulae. If

interval included zero, t+e activitv

was j~dged not to 5? significa~tly

zero. IAith tte pu51is?ed data there

account of the ?istcry of the

the confidence

in t$e sample

d<ffe~ent from

is an expa~ded

program, t+e

measuwnent process, and t+e quality ccmtp~l orografn.

5.G. Bennett of tl12 Healt? and Safety

La90Tato*y (Fallout program Qua-te”ly Surmna-y

Repo-t, JanlJa’”y !, 1974, HAS!.-279) fias estimatsd

that 320 ‘?Ci of
239

?U wsre dispersed glo5ally

fiu’”!rlg.atmmphel”ic weapons testing, 9egilminJ in

1965, l~v~ls I-Jf239Du in surface d:- Xe!-e measured

on a monthly basis at a ~um$er of localities

tbrol~g+out t+~ we’-1d /Environmental ‘4\ I easuremen~s

~ajo-story EtfiL-35!5,AC)F2di X). Annual averages, as

calculat~d at McClellan Air Force Base, appear in

Fig. 5. wbicb ~’~?ws that the levels of plutonium in

the stratosphere began rising s$avply abou’- 1961,

*eac?ed a peak a501Jt 135?, tfi~n fell off to t$e



former levels in about 1967. Unfortunately, the

localities at which the measurements were made do

not coincide with ~lose at which the autopsy tissues

were taken (except NYC), but a study of t$e data for

i966-77 for three widely separated localities in the

lJ.s. (New York City, Miami, and Sterling, Vs.)

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 (tfieclosest station to t.be Colorado,

New Mexico, and Los Alamos sites) differs

considerably ftom 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 Z39Pu in the air from month to

month within a year for a given station. In Tabl~

11 are given the annual total amounts of



~~g
Pu collected by one air sampler at the given

stations. T$ese data show sizeable yea~-to-yea~

di~fevencqs.

As a result, some time trends in the data aye

to 5e e~pected, pa~ticula-ly since people a~e still

inhaling plutcnium which has reten+ion times in the

lung of !00-1000 days and in t$e bons and liver of

49-299 y~a’-s.

T$e fo-q of t$e fa!lnl~t was most probably

PuQ2 and inhalation is beli~ved to be the only

significant pat’lway into tk ?ody. 8ennett used a

com~a-tmqntal model t? the plutonium intake and

+:sulting +urdens in the lung, liv~y, and hcme,

basing $is estimat~s on the ICRP Task Group on Lung

Dynamics model and observed levels of fallout in oil

and air samples in New York City.

In Figu-es 2 and 3 we have plotted the annual

median lung and liver concentrations for the New

Mexico cases, as squares since it is the ea-liest

data available. The plots also show the results

Bennett.’s calculations as a solid line. The shape





with t$e plutonium concent~ation in the tissue, the

sampls may be t~eatsd as a ‘andom one. Traumatic

deaths and deaths f-em unknown causes are not

~elie~ to have a~yt+ing to do wit+ exposu~e to.—.

fallout. In order to verify this belief, we present

in Tables 1 and 2 some comnon causes of death in our

samp?e along wit+ t+e associated plutonium

ccmcz~tpati on in ~unp and live- tissue. A

c$i.~q~a.-~ test of in~e?e~d~l~~ was us,~d to measure

association ‘]etween cause of dcat+ and plutonil~m

cmcent~aticm. Chi-squa~e value; of 32.5 and 35.4

wit’1 23 jpg~oes of freedom indicate no detecti51e

association. We conclude from t$is t+at DUV sampl~

may be treated as a random sam~le with respect to

~lQt~~ilJm cOncentratiOq,

‘4any autopsies ar~ dooe because t~~epathologist

has obta!ned <ofisent of the pe~son or +is next ~f

‘<in. If a pe?son knew OY feared that he +ad be?q

(occupationally) exposed to plutonium otfis- t+al

fallout, he o~ $is next of kin may have been more

litely to give consent fow autopsy. This might hai~e



been cause for real concern, but if there was ~ven
.

t$e slightest evidence of occupational exposure; tfe

sample was classified as sucf and does not appear in

Table 3 gives the num5er of samples “n each

geographic-tissue-sex catego~y. The zge

dist~ibutions for each geographical region are shown

in Figure 1. (The num5er of cases shown in Fig. 1

and Table 3 do not agree because t$e ags was not

?~own for eve-y subject in the data 5asel. Tfiess

may or may not 59 typical of tIe genwal poDulati9n

(Ne# Yor’t is not). but t+e effect of age will 5e

dealt with in Section 5.

The years during which the data was c~llscted

is given in Table 4, T$e effect of time is

discussed in Section

3. Data Editi~--—-—

In every large

(obse-vati ons w$ich

4.

set of data one finds ti~tliers

do rot appea- to 5(? a part of

the bulk of t$e data). These may wsult from e~rors

in observation, transcription, teypunc+ing, 0- a

failure to m~asure what was intendad (such as



,.
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contaminatwl w misclassified sanplss). 11 our

pu-chased reagents, on new Staf+ ?ss steel
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5. Aqe Trends

The age at death of the persons considered in

this report was an uncontrolled

05served aqe distributions might

the population at

the entire time

Figure 1. h’bile

other generally,

large. The age

variable, and the

not be typical of

distributions over

period are shown by locality in

the distributions resei~ble each

the New York data is a clear

exception: the individuals from that population are

much younger than those fran other areas. This

difference may 5e due to the fact that the New York

sam~~es are largely from unclaimed bodies and

traunlatic deaths ~hich occur more frequently in

younger males.

It has been suggested (Annual Report of the

Biomedical snd Environmental Research Program,

Jan-Dee 1972, LASL Health Division; LA 563? 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 5efore maling geographical

cmnpa~!scmm Separate reg~essions indicate no

dependence 5etw!?en age and ge~grapby. In order to

test for such trends with the alutopsy tisiue data

presently available, we selected four very short

segments Df time (1968-69; 1970-71; 1972-73;

1~74-75) during w+:ch time t~ends shoIJld be nea-ly

Cclflst?lrit.Fv the liver and lung tissu~ data (over

?11 a~?s a~d lo~alitjes), t+!? glutonium

~~nc?~t.-a$iol ve-su> ~g~ a! d~~~ll was fjt~~d ~~ a

Iinea* Pelations?ip by least squa-es for each of t9e

fou* s+ort time pericds. Anotbe~ line was fitt~d to

thle data (fo- each tissue sepa~at~ly) over the w~ole

tim~ pcl”iod (1959-75). Tests Of W+etfi2- tb~ SIOP~

of the line is significantly different from zero

were made. FOr t+e liver, the slooes ave

c~lsistently different f~om zero, but a single line

fits aj well as separate lines for eac$ time

Deriod. We conclude from this that the linear

rolatio~s$ip{ (dkg] = .91355 + .01592 (age) bsst

re~resents the effect of age cn liver



concentration. Over an $0 year Iifttir,e, an

increase of about 1.3 dkg could be expected in the

liver. From age 40 to age 80, the incr~~se would be

about 0.67 dkg due to age alone.

For lung tissue, the evidence of a trend with

age is not convincing.

For kidney, lymph tracheobronchial node, rib,

and male gonadal tissue, there is no detectable

effect of age for any of the time periods.

oT concenrra~lon vs.

different from zero

1969-75 data. More

Fc- vertebrae, the slcpe ~ “
,.

age at death) is significantly

for the 1?74-75 data and the

importantly, the slopes for this tisslJe are negatijs

(or near zero), and this supports the hypothesis

that the skeleton is being remodeled by transfer of

plutonium from skeleton to liver. Moreover, the

slopes do not seem to differ from each other,

particular~y if the 1968-69 data is omitted. An

estimate of the sloge (from the 1970-75 data) 1S

-.0073. A single regression line is not adequate;

the age effect Is affected by the year of death.



(i.e. the 5iological effect cf aging is also a

function of atmnsD4eric concentration). T?is ma’:es

it lecessa~y to report 5oth year of death and age at

d~attiw+en ~epo+ting means ow medians.

5. sex ~ifferen~es

The-e are roug$ly twice as many males in tfiis

stody as females. To test t% ?ypotfiesis of sex

diffe~?~~?s, w used all t ~~l~rad(:,1370-77 data

adjusted fo- ag? t~e~+s. The results aye pwssenteci

in Table 7. The !4arln-M+itneyTest shows t$at t$ew~

a’~eno sig~ificant dif?e’-elcss due to sex.

7. Geoqrap+ical Comparisons—

We now wish to compare lev~ls of plutonium

concent~ation in t:w various geographical regions.

Since t$e data depe~cl ugrm age C! death and yea” of

death, we lttempt to uliminate these factors by

considering only very sbo=t segments of time (i.e.

year of death) (1974-75 and 1957-59) and subtracting

out t~e a~e t~encls found during those time periods.

Almost all of t~e subjects in this sample were born

5efo~c 1943, +ence had nearly equal exposure times.



Plots of median plutonium concentration versus age

at death for lung and Ifver tissue for 1!)74-75 are

given in Figures 4 and 5. These periods of time

were selected because they include the major portion

the data and,because they are the only periods Were

data is available f-un ce~taln geO~~ip’lic?ll

locations.

The-e is no evidence ttat tbe concentrations

a-e no?mally dist~ibutecl il any of tfie tissws. Tye

?idney, vertsbrae and gonaclal tissues are the mly

tissues in w$ic+ the concent~ations appear to be

logno~mally distri5utQcl. T$EI W-test (Sh75) was used

to establist t$is conclusion.

As a ~esult of the above +esting, we have

chosen to use a nonparametyic procedure. The

procedure we use *as bee~ recommended 5y Lin and

Haseman (Li78) and Conovw (C07!). This p~ocedu~e

consists of a Kruskal-tiallis tist of the

significance of amolg-region diffwences at t!le

cl=.05 level. If this test indicates overall

significance. ‘!ann-Whitne.v tests av perfo~med fop



all pairwise comparisons of the geographic regions

(at theu=.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 w+ich geographic regions

have consistently ?arge medians.

Table 9 Freseots the results gf the

Kruskal-Wallis tests. For those tis~~e> 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,

Table iU surrrnarizes the results of the

Mann-Whitney testing. For each tissue, those

regions underlined with the same line do not differ

significantly. Medi an valUPS are given in

parentheses. Even in the cases whe:-e there are

significant differences, however, the differences in

median are quite small--on the order of one



disintegration ger minut~ pew ‘<ilog~am of tissue--so

t~at t%y may not ‘)eof any D-actical signifi:anc?....—.-— —

Fe:-example,

tissues

Kidn:y. Verte’31.ae,
Female Gonad, Soleen,
all 1957-53 tissues

I ive..

~’Jng

interpretation-—- -

YO significant differences

LA, NM, G’1not sig. cliff.
PA, Ciln~t sig. cliff.

~;~ NY. GA sig. g~eater
t’lan IL, PA, CO

‘W, LA, CO not sig. cliff.
PA sig. Imier than N!l,LA,
co

LA. N:inot siq. cliff.
PA sig. Iowe--t?al LA,
NY

LA. PA not sig. cliff.
GA, CO, NM not sig. cliff.
LA, PA sig. g-~ate- t+an
GA, CO, NM

LA, PA, CO, IL not sig.
cliff.GA, WI not sig.
cliff.LA, PA, CO, IL sig.
g-eater than GA, ?lM

IL sig. lower t+an ot+er
tissues. The -emaioing
tisslJes divide into two
g’~ups
NM. LA, GA, CO on t$e high
end a~d GA, CO, PA on t+e
low end; wit+ GA and CO
belonging to both groups.



8. Relatlonshins Muew live~ concentration and——...

concentration of ot+er tisslJ93 of t?? sarne.—— —.- ----------.— ----.-..-—-— .—— --.--..-— —

il~dlvidual——— -

We wisfi to lnvestigat~ th~ relations$i~ 5etw9en

plutonium concentration in tile liver and plutoliurn

co~ceotration in selected other tissues (’

ve~teb~ae, gmad) of t%? same individual.

Combining t$e data fur all :=ograpfic reg

unq,

Ons,

w s~l~ct!qd t+c)se arm-occupationally exposed

individuals wbn ?ad measufiements for 50L9 Iiva- an?

tte rel,?ted tissue in ql.lestinn.

For eat? of tbe t4~ee selectsd related tissues,

we ‘a~ a linear ~eg-ession of the wlated tissl~e

concent~titions WI liver concentration. T$e results

were:

(males only)

~~lated tissue: Lflng Ve-te5rae Gcmad--—— -.—..— —.---—— -——

numhey of observations 71? 352 199
interceDt 0.518 1.12 0.912
slope 0.074 -!).021 -0.04
c $relation coefficient 0.1
?

-0.02 -0.045
R 0.01 0.0004 0.092

----..—
%$nount o~~iability in the related tissue concen-
t~atior, explained by t+e ~egr~ssion on liver
concentration.



we conclude t+at knowledge of 1iver

concentration is ~f little lJS? in ~redicting t?e

concentration in otbw tissues in th~ sme

individual. T9? explanation f()” the lac’: of

relat!

1ung

Cbang

T?,t?s

ons?ip is t?at 5ot? ttle live:- tissue and t+e

tissue concentrations, f97 example, ave

ng witti time and age, 5ut at vastly differ?nt

,,,on~ is inc~easinq and t$e ot9ey dec~easin]l.

It is.,therefore math~matically impossible foe t+se

rati5s to ‘]ecOnStant.



Table 1. Lung Tissue:

Cause Of Death .2dkg*

HL~icide 2
Accident 7
Injury 3
Heart 14
Pneuronia !3
Cancer 6
Alcohol, Drugs 3
Other 16
Totals 59

Table 2, Liver Tissue:

Cause of Deatt ,4dkg*

Homicide 3
Accide~t 1
Injury 7
Heart 4
Pneumonia 4
Cancer 3
Alcohol, Drugs 9
others 10
Totals 41

Number of persons in each cause of rleafncategorv

Plutonium Concentration.—

.2 - .4dkg. 4-.3 d~g. .3-2 dkq. 2 dk9 Totals

8 9 7 4 30
2 4 3 2 i@
5 3 4 :9
23 1: 5 8 58
8 7 4 1 ~~
a 3 4 ~a
7 9 2 : P-J
21 23 13

82 66 42 2: 2;:
y,2= 32.53 with 28 d.f.

*dko ❑ dis/min per kil~aram Of Wet tissU~



6E06RAPHIC RE610M*
-SEX-TISUE

iAFGMAo
LAMW
~ ~ KIDNEY

LA M KIDNEY
LA F LIVER
LA M LIVER
LA F LUNG
LA M LUNG
LA F LYMPH NODE
LA M LYMFW NODE
LA F THYRO!O
IJ M THYRC1O
LA F VERTEBRAE
.A M vERTEBRAE
W N GQNACI
NM F KIDNI;Y
NM M KIDNEY
NMF LIVER
NflM L!VER
NM F LUNG
NMM LUNG
NM F LYMPH NODE
NMM LYMPH NODE
NMM RIB
NM M SPLEEN
NM K THYROID
NM F VERTEBRAE
NM ~ vERTEBRAE

CO F BONE
CO M BONE
CO F GONAD
Cn N GONAD
CO F KIDNEY
CO M KIGNEY
CO F LIVER
COM LIVF”
CC F LUNG
CO M LUNG
CO F LYMPH NODE
CO M LYMPH NODE
CO F R19
CO M RIB
CO F SPLEEN
CO M SPLEEN
CO F THYROID
CO M THYROID
CO F VERTEBRAE
CO M VERTEBRAE

Table 3. ESTIPMTE5 OF CEMTML TE@EHCf
(dis/mln per kg wet tissue]

HEIGHTEDMEAN

.3141

.7?()

.4310
● 38U8

1.5547
2.34?1
1.2257
1 ● !3745

18.2987
16.7592

.2063
3.2724
3.009:

. S280
n-*-

.’Jf:3

914!

.2250

!.6310
.2.9493
!m~,~73

1.933”)
]~.52:~
gm5~74

1.9588
.1856

;.9785
1.0219
!.?787
!.2260
1.8941
.4962
.37!5
.2~~6
.1693

i.533S
1.84?3
.5~5~
.58P5

4.6982
4.4788
.7936
.4742
.1420
.1(J71
.?68!
.8503
;!33;

● 755J
. 662!
.6610
.7130

1.7574
2.0875
1.7679
1.5398

23.6345
20.28?1

.7210
4,3034

.9759
1.3463

.1453

.3514

.4381
~. 7476
2.0487
1.4863
1.9035

!A.6935
!?. 7800

1.2274
.2081
.9864

1.5089
!.6?25
1.3575
1.9441

.2794
,d]u4

.48e7

.3877
1.6215
?.9!3?

.4950

.6093
~3.p41(3
29.2287

.6645

.4488

.1488

.l~3f3

.25d5
JJ8~3
,(364]

l.oe??

WDIAN

O.oalo
.5685
.1240
. ~7(’jQ

1.5850
~.g755
1.0240

.9860
8.3330
5.9285

.8110
1.6580

.4320

.7730

.05~5

.0910

.1095

.7?!0
1.7645
.9540
.6~~5

6.6670
5.42?5
.958?
.l~~o
.538Q
.5569
,773@
.8800

1.5055
.947?

.1119

.140C

.1010
1.4(310
!. 7350

.4r305

.4360
7.0495
3.C385

.7430

.4145

.1075

.1190

.4365

.3330

.4590

.7:~5

N



NY M GfMAI)
NY M LIVER
N’1M LUNG
10 M VERTEBRAE
PA F GONAD
PA M60NAD
PA F KIDNEY
PAM KIDNEY
PA F LIVER
PA M LIVER
PA F LIJNG
PA M LUNG
7A F L~PH H@9E
PA M LYMPH NODE
PA F RIB
pA .+RIB

PA F SPLEEN
PA M SPLEEN
PA F THROID
PA H THYROID
PA F VERTEBRAE
PA M VERTEBRAE
GA M GONAD
GA F KIDNEY
GA M KIDNEY
(MF LIVER
GA M LIVE:
GAF LUNG
GA M LUNG
GA F SPLEEN
GA M SPLEEN
GA F vERTE9RAE
GA M VERTEBRAE
IL F LIVER
IL MLIVER
IL F LUNG
IL M LUNG

1.1291
1.5789

.9426
1.4080

.6732

.6531

.1496

.1419
1.312!
1.3644

.4494

.3532
6.9043
?.2742

,973?
.5062
.2007
.1966

1.2062
1.2326

.3772

.4571

.ldl-5

.0835

.145!
1.544f3
?.!]69

.3182

.5994

.2047

.1667

.5651

.40el
1.4967
1.6514

.1358

.1023

1.4324
1.7680
1.0999
2.8?85

.7051

.8522

.1523

.1671
1.4467
1.4988

.5017

.3729
6.8241
3.9771
1.0404

.5604

.2318

.2839
1.9023
i .5684

.3892

.4556

.1362

.:004

.1853
1.705~
2,~240

.3454

.625?

.?36?

.1854

.6083

.3870
1.5170
1.7810

.1569

.1128

●LA , Los Almos
NM = New Mexico !other than Los Alamos~
CO = Colorado
NY = New York
PA = Fer,nsylvania
GA = Georgia and South Carolina
IL = Illinois

1.0000
1. q)(y)

.6290
1.5395

.7665

.3135

.0990

.1115
1.4979
1.2900

.3025

.2540
4.0630
1.6169

.9270

.4310

.1520

.1645

.9620

.5750

.3630

.3650

.1050

.0520

.1155
1.5276
?.1470

.2925

.3325

.1730

.163s

.6P75

.4~’)fJ
1.4430
1.7445
.1175
.0975



Table 4

YEAitSDURING WHICH DATA wERE COLLECTED

GEOGRAPHIC REGION
LOS A A1405
NEW P+XICO
COLORADO
NEW YORK
PENNSYLVANIA
GEORGIA-SOLJW CAROLINA
ILLINOIS

YEARS
~1963, !!!66-1977
1960-1963, 1966-1!?77
1970-1977
lag7.~gl~~
1974-1977
1972-1976
i573-1977



PERCENTILES OF RELATED TISSUES

.

:ABL[ 5.
GEWUWH I C
REGI~-
SEK-lISSUE

AL!~KIT
CASE OUT1 IIR Siz[

n k No. WG ● PERCENTILE (%)

—. . . . . . . -. ——. ..- ——.——.. —-—— - ---

1~-F-KidnPy

LA-M-K itiey
LA-F-! iVW

LA-F -Lunq
LA-#1-Lwg

M-F LP@
Node

LA-M-L#I

LA-F -SplfMI

LA-F -1 hyro i d
LA-F-Wrtek.M

lA-m-Wrtebrae

m-m-mild

M-F-K idIwY

5a

40
64

64
3a

56

39

11

16
36

21

2R

41

2

;

1
2

3

5

2

1
4

3

2

2

lR
3-36

11-a2
1076

11-10
3-62
l-aa

?-li4
7-2
5-2

1-60
3.124

11-12!3

11:;%

7-114
11-M

11-13a
7-146
?-10?

3-3a
5-%

3-;6
3-W
3-6?

,-1?8
1)-58

l-w?
1434

11.055
?.64?

17.651
43. W4

7.000

8. 7R3
14.081

7.655

857.692
369.512
2m. oo

1093.182
3?7.5
?93.33
2?7. ?73
218.947

3.554
2.857

?::%$!
?0.974

9.559
9.143

49. f30
19.737
1!3.750

5. )85
a. 333

75.937
4.701

98
97
qfl
98
97

w
97
95

98
%
95

(1(>
95
91
w
[la

97
83

?4
Q?
(15
q?

t39

95
91
M

’77
91

‘w
95

.—--- _.. —-

10
in
10
?5
10

75
?.5
70

to
ao
7(3

49
m
5(3
10
50

10
50

so
7
4
4
10

10
10
4

50
99.9

10
10

UE T
W IGHT
(KG)

.lW

.170

.315
1.IK3
.700

.475

.767

.307

.0013

.[ICMI]

.(303

--)(’)??
-~?

.0009

.mlml

.ool~

.I?l

.?17

.004

.?15

.767

.170

.070

.050

.nln

.0FH3

.1313

.015

.3?0

.7’34

a
LJ<
-. --

c>
m :;

?7

55

m

36

L
E
1,

40
91

95
71

1:
41

12
56
‘K1
1?
34

5
62

71
38
98
67

78
29
95

a7
m

m
w
>.-
-1

_—— _

66
58
67

~a
Sa
38

65
81
75

64
36

64
92

65
66

30
75
al
66
13

3
74
56

35
40

80
53
69
19
91

6)
77
50

1:

3

643
61

]~
47
94
Em
56

?!+
49
97

6
17

>?
59

32
66
75
55
39

8a
60
80

9a
M 71

92

27 69

36 6 25
a6

92 44 58
61
41

18
9

93
la

20

a4 53
al 33

70
80
93
32
5

70
23
60

65 20 78 40 30
a5 55 85 88 W?

3a

●dkg ‘ dis/min per kg wet tissue



TABLE 5.
GELNMAPHI C
REGItYN-
SEI-T[SSLK

MI(MOT
CASI OUTL IER SIZE

n k No. OKG PERCENTILE (z)

——_. ---- ——.. ——-. —— -—.- -.— —-—.————— ..-—

lM-M-Kirhey 87

M-F-Liver 35

NM-F-Lung x

W-Lung 0’5
lM-F-L@I

mode 36

m-M-L)m@I

mode ml

W-M-R ib 21

M-M-!ipleml 24
l@M-Thyroid 27

WF-Vertetrae 25

M-M- Vertetmae 69

Co-m-cone 33
CO-F-KidIW 53

1

2

3

1

5

3

2

1
2

4

6

1
4

7-50

7-92
5-7?

7-104

2-78
3-64
3-94

5-12
3-52
1-94

1:X

11-112
?-32
3-92

11-R
11-94
11-76

11-1?0
11-140

3-56
3- !,2
3-f)4
5-46

3-30
3-4?
3-50

2-148
7-1o

2-150

8-1?
II- 30

6-134
s.;>

6-124

5.761

120.705
9.003

46.6?6
36.315

9.653
231.82

400.00
385.00
256.667
1R8.750
142.00

305.714
277.50
141.25

7.oim
4.%7
1.1!17

IR.00
10.667

175.796
60.00
5?.00
14.643

77. m
15.769
33. f157
17.36fl
16. f14?
1?.556

lti.6fi7
56.?11

9.115
7.719
7.?13

99

91
94

97
95
97
99

Q7
95
97
R9
1%

99
9R
97

%
91
%
%
9.1
%
q?

WI
Rs

W
97
%
94
q]

91

97
W
96
95
9J

5(3

75
50

10
5

7.5
7.5

20
70
40
40
50

5(-J
70
70

50
50
50
50
50
4
4
4

?5

4
4
4
4
5
4

>
10
10
10
10

W T
HE IGH1
(KG)

.309

.596
1.555

.163

.R63

.750

.,.[,

.001

.(307

.0015

.00?

.001

.007

.004

,017
.073
.n??
.004
.001
.063
.070
.1)50
.115

.-J,lq

.lUI

.175

.7?1

.076
-;>?~

.Wl

.r)/6

.117

.114

.1?7

*
l,U
=1 EZy
,3

52
2

14
14
67
14

60
79
10
67
m

70 68
78
10

67 53
78 63

34
7

63 ?
88
79
57
71

6fI
91
84
81
91

74

PIRCINTILES OF RELATEO TIS5111$

6

19
89
44
?7

50
75
14
31
69

76
18

55
47
49

83
?5
44
78

93
W
51
95
57
7?

W
96
5?
86
II

12

41
Et6

27
6?
51
68
11

75
68

30
67
38

65
67
9?
78

76
97
7C
%
?5
85

9n

E
71
73

4?

14
73

14
54

ZI

39
79
69

ccl..
u

30
46
95
57
43

48
76
45
69
62
37

17
9R
4 67

76

f.
L,

->
CA
m

_——

.
u

c. a.- m
,, L.,
m b-

=
uF: >

E5

69
?3

7

80
31

w
92
73

::

43 46

78

2? 65 26
91 62 68

12 53
74

9;
48
66



TA8LE 5.
GECHWPHIC
REGIM-
SEX-TISSUE

AL1W3T
CASE OUTLIER SIZE

n k No. OKG PERCENTILE (%)

PERCENTILES OF RELATED TISSUES

Ld
n .

CO-M-Kihey

CO-M-Lfwr

CO-F-Lung
Co+wlng

CO-F-LWPII
Node

CO-M-L~h
Node

CO-F-Rib
CO-M-Rib

CO-M-Spleen

CO-F-Tkyroid
CO-M-Thyroid

CO-F-Vertebrae
CO-N-Vertebrae

NY-m-Gonad

NY-M-Liver

NY-M-Lmg

NY-M-Vertebrae

PA-F -&mad

94

131

1!:

44

89

;:

33

;;

28
46

32

29

33

29

15

2

2

;

2

i
2

2

1
3

1
2

3

2

2

3

3

6-126
8-66

8-12
a-116

6-4
8-24
8-12
6-10

6-134
E-44

6-150
8-64
8-18
El-68

8-136
22-4

8-130
16-M
16-42
8-128

8-16
6-150

8-4

4-16
4-52

4-6
4-16
4-1o

4-8
4-2

4-1o
4-30
4-46

19-64
19-110

14-22

30.357
10.972

10.824
10.611

3.372
67.533
15.951

4.950

76.136
73.333

537.50
0.235
2.429
2.203

1.321
1.087
3.412

21.604
20.8?4

5.5(H3

12.620
18.1%
6.549

214.75
45.50
10.60
6.618
6.579

10.950
8.000

23.529
19.583
19.112
13.714
9.000

7.333

99
98

99
98
99
99
98
98

98
%

w
92

E

97

::
94
89
t33

97
98
96

97
94
91
97
93
97
94
97
Q7
90
94
88

81

::

25
25

9
(!5
?5
50

4(1
40

40
50
20
20

50

:
50
50
50

20
20
20

20
20
20

5
~
5
5
4
4
4

50
50

30

.196

.07?

.306 97

.286

.325 50

.8W

.163 97

.404 35

.0022

.0015

.00?

.017

.140

.227

.268

.046

.017

.019

.01?

.004

.271

.282

.142

.0233

.030

.0?5

.550

.456

.480

.615

.170

.180

.?47

.Ouf

.002

.005

28

28

97

44
61
33
45
15
28

97

97
61
76
79
61
57
64

24
18

55
24

96
76

77
35

86

46
46
52
36

65

63
77
95

62

88

69
45

84
78
99
97

52
41

86
67
93
42

25
35
14

28

18
86
21

97
83
27

20
73
93
13

9;
61

86

;;

98

59
17

88

69
11

95
60

4

9

64
88
93

71
12
68
71
79

79
76
15
14
?6

07

51
4

33
84
73

59

63

47
2

16

13
99
84

5

45

32
48

24

93
83

84
50

16
59

: 45

50

16

69
17

::
97
77
73

29
4

62 83



TABLE 5.
GEOGRAPHIC
REGl~-
SEX-TISSUE

CASE
n k No.

—. ——— —___._

PA-M-Gcmad

PA-F-L i ver

PA-H-Lung

PA-t4-;~eh

PA-F-Rib
PA-n-Rib

PA-F -Spl em

PA-14-Spl em
PA-F-Thyroid

PA-M-Thyroid

GA-F -KidwY

&A-H-Kidney

G#-F-Livm
GA-M-Liver
M-F -L ung

M-W.Lung
GA-F -Sp I een
GA-M-Splem

110

43

120

77

14
70

44

149
23

104

52

64

5EI
77
58

G
49

2

2

3

4

1
d

2

1
3

3

3

.2

1

;

1
1
1

19-96
15-70

15-2
19-42

19-92
20-94
23-80

14-26
15-92
14-24
15-35

14-2
14-32
14-58

15-?6
14-2

19.lm
14-h4

19-6
14-2

15-56
19-98

15-64

9-14
17-%
17-52

9-28
9-12

9-lW
17-138

25-12
25-10

9-10
9-126
17-32

OUTLIER
OKG PERCENT ILE

.—. —--— —

81.111
13.714

61.394
6.506

2(J. 714
13.674

7.109

150.00
123.33
56.25
55. a3

9.60
8.571
4.300

3.059
2.175

6.624
26. W&l
1~.~
12.50

137. (M3
69.867
26.588

30.00
1.747
1.505

83.633
3.75

6.957
8.035

15.3”;
4.014
73.016
1.650
1.244

99
9fl

98
%

99
98
9EI

99
97
%
95

93
99
97

98
%

99

:
08

99
90

97

98
%
94

98

97

98
99
98
97
99
98
98

, lquol
SIZE
(%)

50
v

25
25

?5
75
25

60
50
60
so

?5
so

50

59
?5

50
50
50
30

50
50
50

10
50
50

10
10

75
75
?5
?5
?5
50
50

HET
HE [GMT
(KG!

..

.018

.0:1

1.004
.4F12

.336

.356

.341

.002

.EHM

.008

.004

.01

.078

.0?

.017

.057

.170

.004

.008

.004

.008

.015

.017

.062

.079

.101

.245

.184

.q45

.458

.J72
-513

.4?5

.080

.045

82

40

85

41

54
39

13

38
31

28

%

77

8

17

16
11

83
17
92

2

98

:

37
98

95

1:
98

38

69

94
49
62

PERCENTILES W RfLATfO TISWS

a
L.J

>
.-

—.

86

84
8

79

52
42
13

80
36
46

Ro

62
64
77
80

89

?7
?9
56

85

7?

59
64

;;
95

54

49
72

33

84

35
34
11

35

7
40
72
35

64

54
83
4?

1
91

f%
64

59
78

28

R6
51
45

20

55
20

20

82

-1-

—

83 63
1

56 69
72

62 62

85

95

%
29
45

7
99

34
58
84

99%

83
65

25 49

53
63

78
9?

86
42 53

63 62
64 94

65

Ei9

69
93

80
22
22

13
88

3

10

93
97
10

23
73

82



PERCENTILES ~ RELATED TISSUfS
TA8LE 5.
GEOGIWW!C

.— .—_—

GA-F-Vertebrae 29 1 17-86 2.175 97 50 .080 % 29 83 53

GA-M-Vertebrae 44 1 9-a EI.80 98

lL-WLung

50 .050 32 91 2B 70
15 1 13-24 0.471 94 25 . ?80



Table 6: PERCENTILES BY GEOGRAPHIC REGION, SEX, & TISSUE TYPE

GEOGRAPHIC REGION
-SEX-TISSLIE
LA F GONAD
LA M GONAD
LA F KIDNEY
LA MKIDNEY
LA F LIVER
LA MLIVER
LA F LUNG
LA M LUNG
LA F LYMPH NODE
LA M LYMPH NODE
LA F THYROID
LA MTHYROID
LA F VERTEBRAE
LA M VERTEBRAE
NM M GONAD
NM F KIDNEY
NM M KIDNEY
NMF LIVER
NM M LIVER
NM F LUNG
NM M LUNG
NM F LYMPH NODE
NM M LYMPH NODE
NM M RIB
NM M SPLEEN
NM M THYROID
NM F VERTEBRAE
NM M VERTEBRAE
CO F BONE
CO M BONE
CO F GONAD
CO M GONAD
CO F KIDNEY
CO MKID!’Y
CO F LIVER
CO MLIVER
CO F LUNG
CO M LUNG
CO F LYMPH NOD1
CO MLYMPH NODE
COF RIB
CO MRIB
CO F SPLEEN
CO MSPLEEN
CO F THYROID
CO MTHYROID
CO F VERTEBRAE
CO M VERTEBRAE

10
-4.4572
-1.0951
-.0453
0.0000
.1585
.3117
.2120
.1423

-.3156
-.381!

-1.1000
-.3215
0.0000
-.2801
-,2589
-.0320
-.0015
.0570
.2625
.1634
,1655

-2.3302
-.2800
.3230
.0148

-1.4666
o,~()()~

0.0000
0.0000
0.0000
-4.7500
-.3750
-.0500
-.07s5
.1512
.19(KJ
.1153
.1308

-2.2977
-1.3148
-.5706
-.0749
-n046!?
0.0000
-.9639
-.0770
.1018
.1]05

25
-.2500
-.1128
0.0000
.0550
.7573
.8913
.4770
.3930

0,0000
1.2260
0.0000
,6670
.1633
.3010

-.0833
0.0000
0.0000
.4605
.7353
.3550
.3973

0.0000
,6045
.6150
.(3710

0.0000
,~111~
.2720
.1665
.7105

-1.3998
-.0445
.0215
.0205
.6718
.J3380
.2013
.2570

0.0000
0.0000
.1875
.1615
.0315
,Olao
.2E55

0.0000
.2~30
.3133

50
0.0000
.5685
.1240
.3700

1.5950
1.9755
1.0240
.986(3

8.3330
6.92!35
.8110

1.6580
.4320
.7730
.@5~5
.0810
.10P5
.721~

1.7645
.9540
.6135

6.6670
5.4285
.9580
.1510
.5380
.5560
.7730
.8800

1.5055
.0470
.1110
.1400
.1010

1.4010
1.7350
.4005
.4360

7.0495
3.0385
.7430
.4145
,1075
.1190
.4365
.3330
.45!lo
.7225

3.;;70
1.1065
3.c17qo
.9200

2.5870
2.8468
2.3300
2.1145

~o,8845
22.5000
1.3330
8.1968
1.5450
2.0645
.3973
.5140
.4608

2.26!I0
?.8770
2.4625
1.2460

18.1250
18.5415
1.7780
.3540

1.7915
1.8330
1.8750
2.0465
3.2240
2.8258
.5185
.5115
.5600

2.2913
?.9210
.6408
.7145

26.1493
13.4375
1.0500
.7560
.2518
.1740
.7980

1.5093
.8700

1.4653

5%56
2.9242
2.3750
2.4750
3.9052
4.2858
5.3882
4.3154

G3.7776
81.0715
2.7602

14.5000
2.4326
4.2/’14

.7632
1.2400
1.5343
5.5270
4.1410
3.5846
?.3010

42,4286
40.2292

3.0910
.5502

5.0356
5.2832
5.760CJ
4.5890
7.2166
4.1305
1.7370
2.4240
2.0381
2.9874

3.6240
1.0741
1.2698

46.0000
70.6365

1,7058
.9564
. 342F
.2868

1.1617
3.3445
1.8276
2.9385



NY M GONAD
NY M LIVER
NY M LUNG
NY M VERTECRAE
PA F GONAD
PAM GONAD
PA F KIDNEY
PA M KIDNEY
PA F LIVER
PA M LIVER
PA F LUNG
PA M LUNG
PA F LYMPH NODE
PA M LYMPH NODE
PA F RIB
PA M RIB
PA F SPLEEN
PA M SPLEEN
PA F THYROID
PA M 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
;4 F SPLEEN
~~ M SpLEEN

GA F VERTEBRAE
GA M VERTEBRAE
IL F LIVER
IL M LIVER
IL F LUNG
IL M LUNG

-.5130
.2722
.0662
.0140

-.3400
-.4305
-.2464
-.0299

.1386

.3096

.0877

.0548
-25.0000

-1.3136
-.040?

.0669
-.0399
-.0010
-.7906
-.3974

.1344

.1108
-.2178
-.0400
-.0218

.3780

.3516

.0346

.1457
-,0478
-.C37?

1736
-:0218

.6396

.69?5

-.0222
.0200

Table 7.

.2105
1.0440
.2040
.5650
.0555

-.0165
-.0440
.0298
.6250
.6135
.1663
.1380

0.0000
.0985
.5360
.2323
.0278
.0655

0,0000
0.0000
.1880
.1810

-,0870
-.0C)P5
,-J~5p
.7675

1.1203
.1240
,2158
.0620
.0843
.3123
.2400
.9330
.9813
.0520
.0558

1.0000
i. 5000
,6290

1.5395
.7665
.3135
.09’]0
.1115

?.4Q70
1● 2!?00
.3(?25
.2540

4.0630
1.6160
.9270
.4310
.1520
.1645
.qj~f-J
.5750
.3630
.3650
.1050
.0520
J155

~.5~7rJ
2.1470

.2985

.3325

.1730

.1635

.6075

.4000
1.4430
1.7445

,1170
.0975

2.6015
2.4040
1.3570
4.0785
1.1875
.!3655
.2670
.2080

2.1315
2.0160
.6453
.4045

18.0000
4.4485
1.0690
.7228
.3183
.3298

2.5748
1.3810
.5000
.6600
.33]0
.1380
.2150

2.8685
3.0433
.4545
.7815
.4030
.290!
.8378
.8000

1.9470
2.4965
.3140
.1360

Sex Comparisons in Colorado

Tissue Female

Bone 17
Kidney 49
L.ynphNode 42
Rib 10
Spleen 18
Thyroid 12
Vertebrae 27
Lung 60
Liver 64

●Significant

Male p-value*

32
92
88
22
31
14
44
120
124

if le~s than .05

.1151

.7096

.4851

.1932

.5611

.3031

.1356

.3594

.1528

3*5g~()

3.2!360
3.1858
8.9797
1.8668
2.6067

.7156

.4183
2* 5090
3.2548
1.3316

.7262
32.5000
14,8182

3.0089
1.4072

.7521

.6814
g , ~f)()~
3.84?8

.7744

.9~48

.7?22

.4290

.3949
3.5688
4.3378
.7456

],1591
.6166
.4292

1.1105
.9242

2.5894
~ 95(35---
.3958
.2e65

.



Tcble 8

1974-75
Kidney
Liver
Lung
Lymph Node
Rib
Vertebrae
Female Gonad
Male Gonad
Spleen
Tl;yroid

1967-68
Liver
Lung
Vertebrae

Medians Adjusted For Age Effects
1argest smallest

PA
LA
NM
NM
LA
NM
co
LA
LA
I.A

LA
NM
LA
LA

:;
LA
PA
PA
PA

GA
GA
GA
co

;:
PA
GA
GA
co

LA NM NY
LA NM NY
NM riY LA

Table Q

Kruskal - Wallis tests

co n’ cok PA IL
PA

PA LA

co NM
NM co
IL GA NM

1974-75
Kidney
Liver
Lung
Lynpti Node
Rib
Vertebrae
Female Gonad
Male Gonad
S~leen
Thyroid

P2Q#

.0000

.0000

.0247

.0072

.0560

.9507

.0077

.0969

.0110

1967-68
Liver .8001
Lung .1277
Vertebrae .1202



1974-75. ——

Kidney

~jvev

I-ung

Lyn@I Node

2i!3

1357-&!——

Li( -

Table 10— . .

Results of Hypothesis Testing

1argest --smallest

(unadjusted ~-~ians in parent $esss)

PA(a~l.~) LA~.108) GA(.075) CO(.081) NM(.063~

LA~2.399) NM(?.123) G4~l.942) 11.(1.451)PA!l.398) CO[l.27Q--...-.——- .--—___ — -— —--- -—--L—.—---- .- -.-

!4!4(.535] ) CO(,301) PA(.271) IL(.’IO4)

NM~.500) LA~6.553) CO(2.917) ~AJ1.923)—— —.-—--- --— -_ —-—

~A(l.125) NM(.956) PA(.450)

NM(.573\ CO~.631~ GA~.400~ PA~363) LA~.~13)--4.-—----- — -——- -——L-— _ - -- -- ---- _ -i —

CO(2.769) LA(O.567) PA(l.000~

~~[~~~~! PA/.313) GA( .042) CO~.051~ NM~o~~)—, .———.——--.4 --—- —— -— -——

LA(,350) PA(.154) GA(.150) NM(.147) CO(.lIJ1)—.—-—

LA(l.303 PA~.749~ CO~.357) IL~.285~ GA(-.I3!)NW(2.00).-.——---–—---b-— AL_——_---—___ ~ —— ---—- ------.—

LA(l.823) NM(I.730) NY(l.500)——

LtA~.272) NM~l.155) NY(CI.668).--..--_— -__.—_-___

NM(4.557 NY(l.533) LA(O.753)—— .d



1965
1967
1968
1969
1373
1971
1972
7.973
1.374

1975
1975
1977

Table 11 Total 239Pu concentrations ir,surface air for yea~s
1965-1977. (atto cuPies/cu5ic meter)

w
511.40
365.70
632.79
774.05
719.30
326.29
150.53
454.91
240.53
74.40

251.49

%ww
40~a3(j

829,X3
62’3.30
659.00
Ij?g,lo
275.50
125.?4

593.43
849.80
550.80
752.20
728.74 1326,10
327.90 727.50
202.11 255.54
534.20 590.35
256.24
85.87

270.18
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Figure 5 ‘-ivy tissue--median concent’atifm VS.

age at @at4
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LUNG--MED[R~J CONCO.!TR13TIGN V5 YERR OF DEflTH
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LIJNG--MEDIfIN CCNCENTRRT;ON VS fiGE FIT DERTH
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