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OCCUPATIONAL HEALTH AND ENVIRONMENTAL RESEARCH PROGRAM OF THE HEALTH DIVISION 

1980 

Edited by 

George L. Voolz 

ABSTRACT 

The primary responsibility of the Health Division at the Los Alamos National 
Laboratory is to provide effective health, safety, waste processing, and environmental 
programs for the Laboratory. These activities are designed to protect the workers, the 
public, and the environment. Many disciplines are required to meet these 
responsibilities, including health physics, industrial hygiene, safety, occupational 
medicine, environmental science, epidemiology, and waste management. The diverse 
research and development activities at the Laboratory provide new and challenging 
health and safety problems. Research in the Health Division developed from these 
applied needs. These continue but are also being extended to meet specific problems 
for the Department of Energy in its development of various energy technologies. 

During 1980, several new technical areas of radiobiological literature assessment 
were started that may be applicable to standards development. These areas include a 
new method for comparison of long-term effects of internal emitters in different 
species, a review of plutonium concentration in gonads, and preliminary study of 
Plutonium distribution between bone and liver. 

Industrial hygiene studies were directed particularly toward the evaluation of 
potential hazards involved in the emerging oil shale industry. This work involved 
field surveys, aerosol production for inhalation toxicology experiments, and assistance 
in design of a controlled laboratory retort. Work was done on studies of resuspension 
of particles in controlled wind tunnel experiments. Instrumentation development 
resulted in a new type of prototype particulate stack sampler and a fluorescent lidar 
system that monitors the dispersal of atmospheric pollutants in real time over 
distances up to 8 kilometers. 

Investigation of human health effects that may be associated with exposures to 
plutonium and other transuranium radionuclides continues as a major effort in the 
Health Division. The national epidemiology study of plutonium workers at four 
Department of Energy facilities was devoted primarily to records ascertainment. The 
groundwork has been laid so preliminary mortality analyses will begin next year. An 
important study was completed on the validity of determining mortality status through 
the Social Security Administration. The study showed ascertainment of death was 
strongly related to the individual's age at the time of death. Analysis for plutonium 
and americium in human autopsy tissues was continued for both transuranium workers and 
for base-line studies of persons in the general population. 
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Introduction 

A small professional staff in the Health Divi

sion Office is responsible for several projects 

sponsored by the Environment (EV) Office of Health 

and Environmental Research (OHER) of the US De

partment of Energy (DOE). 

One project involves preparation of technical 

evaluations and recommendations to the OHER. 

r,During 1980, comments were provided to the DOE on 

the Environmental Protection Agency (EPA) proposed 

high level waste standards and on the mill tail

ings standards as well as on a Nuclear Energy 

Agency document on waste management. 

A note was prepared for Health Physics commenting 

on the current misuse of the dose equivalent for 

risk estimation, along with the many problems with 

long-lived emitters resulting from the use of the 

committed dose equivalent as a primary standard. 
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Assistance was given in the preparation of a book

let, for the Bikini Island people, to explain the 

radiological status of their homeland and the rea

sons for removing them 1n 1978. A proposed policy 

on decontamination and decommissioning was pre

pared. This policy emphasized the need to keep 

control of operations so that effective "as low as 

reasonably achievable" (ALARA) steps could be 

taken as well as the need to use currently ap-

proved radiological limits rather than ad hoc 

limits chosen for particular jobs. We worked 

closely with the Center for Disease Control 

(Atlanta, Georgia) on the assessment of doses re

sulting from the Churchrock tailings spill and 

commented on the draft of their final report. In 

cooperation with the Laboratory Director's office, 

we prepared estimates of risks involved with plu-

tonium and other material:, in a study of the use 

of plutonium as a terrorist weapon. 

The Division Office also coordinates a program 

of applied studies on occupational health for oil 

shale workers. The industrial hygiene work for 

these studies is described in the research of the 

Industrial Hygiene Group (H-5). 

Plutonium Concentration in Gonads 

[R. G. Thomas and J. W. Healy] 

The possibility of genetic damage from the 

incorporation of plutonium in the gonads is one of 

the concerns about plutonium in the environment. 

A previous study of the degree of incorporation 

was done by Richmond and Thomas. They derived 

a value of ~3.5 x 10 for the fraction of 

plutonium available for deposit (from blood) that 

could localize in testes and ovaries after in

travenous injection of soluble plutonium. The 

International Commission on Radiological Protec

tion (ICRP),2 using the testes and ovaries 

weights of standard man and woman, derived a 

recn.wnended value of 10 per gram for plutonium 
U 

transfer from blood to the gonads for both sexes. 

WP have reviewed the data available to either con

firm the ICRP recommendation or to propose a new 

one. 

Some recent studies have been directed toward 

an evaluation of the localized distribution of 
A a 

plutonium in the gonads. In this study, we 

are concerned with the distribution factors for 

plutonium from intake to deposition in the go

nads. A preliminary analysis of data from three 

nonhuman species compares the plutoniuin concen

trations in testes and ovaries to those in bone 

and liver. Bone and liver were used as standard

izing factors in the comparison of gonads, assum

ing that the behavior of plutonium would be rea

sonably consistent within a given species. Table 

I presents ratios of plutonium concentration in 

ovaries and testes to bone and liver. It is im

portant to note the difference between the use of 

tissue concentration here and the total organ ba

sis used by Richmond and Thomas. The data used 

for Table I were analyzed as if the individual 

values were normally distributed and values lying 

outside a range of the mean ±2 standard deviations 

were eliminated from the population and a new mean 

and standard deviation were calculated. These 

values are given in Table I. 

The mouse data for ovaries in one study ° 

are inconsistent with results from other studies, 

even though the range of values is large through

out. Weighted mean values for the four ratios of 

concentrations, disregarding differences between 
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TABLE I 

RATIO OF PLUTONIUM CONCENTRATIONS IN THE BONE,a LIVER, 
TESTES, AND OVARIES OF THREE SPECIES FOLLOWING VARIOUS 

ROUTES OF ADMINISTRATION 

Ratio of Plutonium Concentration in Gonads to that in Reference Organsb 

Species 

House 
Dog 
Dog 
Dog 
Mouse 
Swine 

Routec 

INH 
IMH 
INH 
IMP 
IP 
IT 

Number 
Subjects 

6 
5 
1 
19 
3 
2 

Bone/ 
Testes 

25 i 14 

30 ± 47 
24 * 10 
38 ± 1 

Bone/ 
Ovaries 

0.12 J. O.OB 
£.8 ± 4.7 
1 8 

1.9 ± 0.5 

Liver/ 
Testes 

41 i 13.6 

76 * 98 
17 * 11 
15 * 4 

Liver/ 
Ovaries R< 

0.24 ± 0.23 
10 ± 7 
7.6 * 7.3 

1.6 * 1.1 

jference 

9 
10 
11 
12 
13 
14 

aThe bone samples reported were not consistent between studies ( r i b , vertebrae, femur) thus leading to 
some of the v a r i a t i o n . 

^Values l y ing outside the mean ±2 standard deviat ions were e l im inated. The mean and standard dev ia t ion 
of the remaining values are l i s t e d in the tab le . 

C IP , I n t rape r i t onea l ; IT, I n t ra t rachea l ; INH, Inha la t ion ; IMP, Implant. 

species, are Bone/Testes = 29; Bone/Ovaries = 2.2; 

Liver/Testes = 59; L iver/Ovar ies = 5.9. I t may be 

in fer red from these concentrat ion ra t i os that p l u -

tonium deposits in ovaries are about a fac to r of 

10 greater than in the tes tes . These data (Table 

I ) , however, are fo r experimental animal species 

and may not be appl icable to man. Further evalua

t ion of human autopsy data w i l l help assess the 

v a l i d i t y of th is re la t i onsh ip i n man. 
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Partitioning of Plutonium Between Bone and Liver 

[R. G. Thomas and J. W. Healy] 

Skeleton and liver are the two major systemic 

sites of deposition for plutonium entering the 

blood circulation. The ICRP initially assumed a 

fraction moving from blood to organ of reference 

of 80 percent for the skeleton and 15 percent for 

the liver. More recently the ICRP2 suggested 

a partitioning of 45 percent to each bone and liv

er, with the remaining 10 percent distributed 

among other tissues or excreted. A comprehensive 

review of the ..literature on transuranium element 

re

distribution and retention in' various mammalian 
9 

species is included in the ICRP report, and it 

contains two quotes of interest'-that directly bear 

on the quantitative relationships of plutonium 

deposition in bone and liver. They are as follows. 
1. "Because of uncertainties in the trans

location of inhaled plutonium it seems 
reasonable to assume an equal partition 
between bone and liver; this assumption 
cannot result in an underestimate of the 
dose to either tissue by more than a 
factor of two." 

2. "The rate of movement into the blood will 
vary with compound and route of entry, 
but the proportionate distribution from 
the blood in any case will not differ 
greatly from the ratio 45:45:10." 

Although assumptions such as those made by the 

ICRP may be useful and appropriate for the deriva

tion of standards used for control of radiation, 

1n actual exposure situations more definitive in

formation is required. The major purpose of this 

discussion is to re-examine the question of dis

tribution so that, eventually, more precise infor

mation will be available for dose estimation. 

Most of the data used to obtain the calculated 

values to be presented were from Tables 3.2, 6.1, 

6.2, and 6.3 of ICRP Publication 19.2 The data 

are from animal studies in which plutonium was 

administered by inhalation, or by intravenous, 

intramuscular, or subcutaneous injection. Many 

different compounds of plutonium were used for the 

tests listed in these tables. We made no attempt, 

however, to analyze by specific compounds. All 

data in the ICRP tables were presented as a 

fraction (percentage) of absorbed or retained plu

tonium. Individual values (generally a mean of a 

few animals) for a given species and a given route 

of administration were analyzed as ratios "of 

skeleton to liver, regardless of the form of ad

ministered plutonium. The ratios in Table I, 

therefore, represent SJ spectrum of forms and com

pounds of thejplutonium entering the circulation. 

Only data from sacrifices prior to 33 days post-

administration were used to help avoid confusion 

that would result from the changing distribution 
/A'. \. -

ratios between ' booe and liver because of itheir 

different retention times. The values in Table I 

are presented^ as means and standard deviations 

assuming that the data from which they derived 

were normally distributed. < 

The lowest values in Table 1 are from the 

intravenous route of administration. The liver is 
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a functional accumulator of polyatomic material 

(colloids) entering the circulat ion. Thus, the 

ratio of bone to l iver is often lower following 

this route of entry because the injected plutonium 

is not always in monatomic form. The Inhalation 

data are f a i r l y consistent between dogs and ro

dents and the number of values used in the calcu

lations 1s sizable (>24). From this a ratio of 5 

seems appropriate for the bone/liver compartmen-

tal izat ion of plutonium entering the circulat ion. 

Data on human tissues analyzed for plutonium 

were also analyzed. These human data were ob

tained both from a published report4 and from 

some unpublished data. The published material, 

in the basic form of radioactivi ty per gram of 

tissue, was from autopsy material from persons not 

associated with plutonium handling industries. 

The unpublished data were from autopsy material 

from workers who had been associated with a 

plutonium handling operation. The ratios of the 

bone concentration of plutonium to the liver con

centration of plutonium, on a wet weight basis, 

TABLE 1 

Ratio of skeleton to l iver content of plutonium following 
various routes of administration to various species. Values 
were calculated from data presented 1n Tables 3 .2 , 6 . 1 , and 
6.3 of 1CRP Publication 19. 2 

Route of 
Exposure 

Intravenous 

Intramuscular 

Inhalation 

Subcutaneous 

Number 
of 

Values 

111 
6 
4 

22 

35 
25 

13 
13 

Mean * 
Standard 
Deviation 

4.7 * 6.5 
1.5 * 1.4 
1.4 * 1.0 

12.3 * B.8 

5.3 * 4.0 
4.8 * 10.5 

5.8 * 4.5 
7.4 ± 8.6 

Species 

Rodent* 
Rabbit 
Dog 

Rodent* 

Rodent* 
Dog 

Rodent* 
Pig 

were combined from the worker and nonworker popu

lations. The mean ratio obtained was 2.1 ± 2.6 

for 171 individuals. To equate this value with 

those ip Table I, the standard tissue weights for 

reference man presented in ICRP Publication 30 

(Ref. 3) were used [5000 grams for total skeleton 

(marrow-free) and 1800 grams for liver]. Applying 

these organ weights to the mean concentration ra

tio results in a whole skeleton-to-liver compart-

mentalization for man of 5.8 [2.1 x (5000/1800)]. 

Thus, both man and animal appear to distribute 

plutonium entering the circulation in a skeleton: 

liver ratio of -5:1. If it is assumed that 10 

percent of the plutonium is elsewhere in the 
2 

body, this ratio would lead to a deposition in 

bone of 75 percent and in liver, 15 percent. 

There are variables that must be investigated be

fore this ratio is used. 
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Introduction 

The OHER funds several projects in the Indus

trial Hygiene Group (H-5) that are related to th*. 

evaluation and control of health hazards associat

ed with the working environment. These include 

(1) field industrial hygiene studies of oil shale 

technologies, (2) production and characterization 

of aerosols for inhalation toxicology, (3) defini

tion of material transport due to particle resus-

pension from surfaces, (4) development of remote 

sensing instrumentation, and (5) development of 

instrumentation for stack sampling. 

The major OHER effort was directed at indus

trial hygiene requirements that may impact on de

velopment of alternate oil shale technologies. 

This is part of Los Alamos National Laboratory oil 

shale research effort that is focused on occupa

tional hazards, because the work force will be the 

first and potentially the most intensely exposed 

population as the industry develops. Data derived 

from this approach can contribute to estimating 

risk to the general population. Field studies are 

an important first step in such an integrated 

program. The Aerosol Section is working with per

sonnel from the Life Science and Design Engineer

ing Divisions to develop and use a controlled lab

oratory retort to generate representative vapors 

for inhalation studies. The Aerosol Section also 

provides support for all inhalation toxicology 

studies performed in the Life Science Division, 

including animal exposures to oil shales and 

transuranic compounds. Oil shale program activi

ties of the DOE have been coordinated through the 

Oil Shale Environmental Task Force organized under 

the DOE Assi:'.3nt Secretary for Environment. One 

member of the Aerosol Section serves on the Task 

Force and advises on industrial hygiene and 

aerosol related issues. 

Resuspension studies were directed at simulat

ing realistic field conditions in a wind tunnel by 

employing thick particle beds. Tracer materials 

were mixed into a matrix of inert particles to 

simulate loose soil or tailings situations. The 

efforts are preliminary to future controlled field 

resuspension studies. Instrumentation development 

and evaluation involved final development of a 

special stack sampler and a fluorescent lidar 
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system that can remotely measure the dispersion of 

fluorescent aerosols 1n real time at distances up 

to 8 kilometers. 

Oil Shale Studies 

Sampling was performed at two modified _[n 

situ (MIS) shale oil extraction facilities and one 

surface retort operation. These activities pro

vide the opportunity to obtain both industrial 

hygiene data and relevant samples under site-

specific conditions. The major purposes of these 

field studies are to (1) identify unique indus

trial hygiene concerns in the work environment, 

(2) collect representative materials for use in 

laboratory toxicology studies, and (3) provide in

dustrial hygiene data in conjunction with assess

ment of the health status of workers employed in 

oil shale extraction. Field tasks were coordi

nated with the DOE Oil Shale Environmental Task 

Force. Support for the laboratory toxicology ac

tivities included development and monitoring ani

mal exposure aerosols and input to the design of a 

controlled experimental retort to permit animal 

toxicology experiments more representative of pol

lutants associated with oil shale retorting. 

Paraho 

[M. Gonzales, G. Royer, L. L. Garcia, H-5; 

E. Vigil, LS-1, H. J. Ettinger, and H. 1. Tillery, 

H-5] 

The industrial hygiene and occupational medi

cine study at this facility was completed and a 

report summarizing all results was published dur

ing FY 1980 (Report LA-8459-MS). Additional work 

Was not performed at this site because the facili

ty has very limited use. However, an air sampling 

field study was performed to evaluate any hazards 

associated with extinguishment of the raw oil 

shale _fines pile fire at Paraho. These results 

could then be compared to previous data obtained 

in March 1979 and summarized in the CY 1979 annual 

report on OHER supported activities. The "fire" 

consisted of a smoldering pile of raw shale fines 

contiguous with a pile of spent shale (Figure 1). 

Open fissures on the surface were emitting smoke 

and gas, and oil condensed on the edges of the 

fissures and on the surface rocks near the 

fissures. Small amounts of retorted oil flowed 

from the base of the pile and were collected in a 

holding pond. 

Initial extinguishing plans called for strip

ping off layers of the pile by bulldozer. The 

stripped material was then to be spread over a 

large prepared area and cooled before adding an

other layer. This procedure proved to be dusty 

and hazardous because of the proximity of tlv 

workers to the hot spots and was abandoned after 

one week. High pressure water was then used to 

strip the overburden and wash the stripped materi

al down to the base of the pile. This procedure 

reduced the hazards, as manned heavy equipment no 

longer had to traverse the surface of the pile, 

eliminating the need for personnel to work near 

the hot spots. Hot spots were uncovered and ex

tinguished in place so that the material handled 

by the heavy equipment at the base of the pile 

was cool and of a mud consistency, markedly reduc

ing the dust levels. 

Dust samples were collected to determine the 

concentrations of respirable and total dust and 

the particle size distribution of the dust. Free 

silica content such as o-quartz was determined on 

u 



Figure 1. 
Photograph of the burning pi le of raw shale fines 
at Anvil Points. 

representative samples. Length-of-stain indicator 

tubes were used to determine arsine, benzene, CO, 

H2S, NO + NO2, and SOg air concentrations. 

Adsorbent tubes were used to sample for formalde

hyde and aliphatic amines. Additional a i r samples 

were collected with the 3M organic vapor monitor, 

evacuated gas bottles, charcoal adsorbent tubes, 

and Tenax adsorbent tubes with si lver membrane 

pref i I ters . 

TABLE I 

GAS AND VAPOR CONCEIITRATI Of. S 

Contaminant 
and No. of 

Samples 

Cone, at 
Fissure Opening Cone. 18" Cone. Breathing 

(ppm) Above (ppm) Zone (ppm) 

310 - >1000 <b - 5b <b CO (PT)« (21) 

NO; (OT)l (17) <0.Z <0.2 <0.2 

HjS (DT)1 (27) bO - =00 >0.5 - 6.0 <0.5 

S02 (0T)» (12) 22 - >100 <5.0 - 100 <5.0 

Arsine (DT)» (6 ) <0.05 <0.05 <0.05 

Benjtne (DT)J (12) <S.O <5.0 <5.0 

HChO (AT)1: ( l 6 ) <0.3 

A lpMt ic (AI)C 

Am,. " ( B ) <d.9 
"~- >>.-< 

Organlcs 
(AT and GB)a.e (30) 
Benzene <0.5 
Toluene <0.5 
Phenol ;<0.01 

Combustible 
gas(7) 

THC (15) 

10 - 20 LEL° 

10 - >1000 1 - 700 

1 - 8 LEL 

<1 - 30 

a0T - Detector Tube. 
^Percentage of lower Explosive Limit . 
cTotal Hydrocarbons. ^ ; 
dAT - Adsorbent Tubes. • ' , • 
eGas Badges - G8. 

Direct reading field measurements and labora

tory analyses of field samples identified the 

presence of toxic gases and vapors. Sampling re

sults are summarized in Table I. Samples taken at 

fissure openings, and at the breathing zone level 

in Ray 1979, and again during extinguishment in 

July 1980, indicated carbon monoxide and oxygen 

depletion were potential problems. However, the 

CO levels at the workers' breathing zone was less 

than minimum detectable (5 ppm), and oxygen levels 

were 20 to 21 percent during the 1980 sampling 

period. Relatively high levels of benzene and 

toluene, collected by charcoal tubes and organic 

vapor monitors, and elevated levels of formalde

hyde seen during the first sampling trip were less 

than the minimum detectable during the second 

sampling period. Hydrogen sulfide and S02 mea

surements, although high at the fissure opening 

(up to 500 ppm and 1000 ppm, respectively) were 

just detectable (<0.5 ppm for H9S and <0.2 ppm 

for S02) at the breathing zontvduring the second 

sampling period. ^ ^ 

Gravimetric analysis data of material collect

ed on the membrane filter substrates used in the 

Andersen Impactor were used to determine particle 

size distributions. The mass median aerodynamic 

diameter (MMAD) ranged from 2.9 \>m to 5.2 pm with 

an average (for six samples) of 3.7 urn, and the 

geometric standard deviation (o ) ranged from 

3.0 to 3.7, with an'average of 3.4. Total dust 

concentrations averaged 0.34 mg/m3 based on six 

impactor samples, and 0.41 mg/pr based on five 

total dust samples. Two impactor samples analyzed 

for polynucleararomatic hydrocarbons (PAH) by ex

traction with cyclohexane and analysis by high 

pressure liquid chromatography (HPLC) indicated 
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PAH levels s l i g h t l y higher f o r the larger p a r t i c l e 

f rac t i on of the aerosols. However, the data from 

these two samples were not s u f f i c i e n t to establ ish 

a t rend. 

Only two impactor stages indicated free s i l i 

ca. Two-thirds of the t o ta l dust and respi rable 

dust samples were pos i t i ve for f ree s i l i c a . The 

pos i t i ve s i l i c a impactor stages are associated 

wi th pa r t i c les ranging from 3.3 to 9.0-um MHAD and 

indicated =3.6 percent free s i l i c a . Three samples 

of respi rable material indicated =4.8 percent f ree 

s i l i c a , whereas three gross samples showed 4.5 

percent free s i l i c a . 

These sampling resu l t s ind icate a very low 

p robab i l i t y of any s i g n i f i c a n t exposures to per

sonnel involved in ext ingu ish ing th is f i r e . How

ever, accidental s i tua t ions such as th i s f i r e w i l l 

. always be somewhat unique and w i l l require sam

p l i ng and planning before exposing personnel. 

Occidental - Logan Wash 

[M. I . T i l l e r y and M. Gonzales, H-5] 

Analysis of the f i e l d samples obtained at 

Occidental 's Logan Wash F a c i l i t y during FY 1979 

was completed. Pre l iminary data described in the 

CY 1979 annual report covering OHER supported ac

t i v i t i e s were updated in a report issued by the 

DOE Oil Shale Environmental Task Force. These 

f i n a l resu l t s summarized below are not s i g n i f i 

can t ly d i f f e r e n t from the p re l im inary data. 

MMAD of airborne pa r t i cu la tes ranged from 

1.4 »m to 3.0 um wi th an average of 2.4 um f o r 11 

impactor samples. The average geometric standard 

dev ia t ion was 4.1 f o r a l l runs w i th a range of 2.6 

to 5 .7 . These values ind icate a resp i rab le f r a c 

t i o n of approximately 55 to 60 percent according 

to the American Conference of Governmental Indus

t r i a l Hygien is t 's resp i rab le dust curve. The 

average dust concentrat ion determined by the small 

volume f i l t e r s and Andersen impactors was 

0.5 mg/m . Free s i l i c a measurements of airborne 

dust samples indicated less than 10 percent f ree 

s i l i c a by weight so that the threshold l i m i t value 

(TLV) would be 2.5 mg/m3. Maximum t o t a l dust 

concentrat ion was 1.1 mg/m . The average resp i 

rable dust concentrat ion was 0.36 mg/m . The 

TLV, assuming 10 percent f ree s i l i c a , would be 

0.83 mg/m , and only one sampler indicated a 

concentrat ion in excess of t h i s l e v e l . This sam

p le r was not located at a work s ta t ion but was 

located on the wall of a d r i f t having high vehicu

lar t r a f f i c . Formaldehyde a i r concentrat ion was 

less than 0.2 mg/m3, we l l below the TLV, and the 

t o t a l concentrat ion of 21 hydrocarbons (16 po ly -

nuclear aromatic and 5 heterocyc l ic ) was always 

less than 10 ug/m3 in a i r . Mater ia ls co l lec ted 

during the sampling per iod have been used f o r Dio-

log ica l s tud ies , which are described else»r.ere in 

t h i s repo r t . 

* Based on the l im i t ed sampling performed to 

date, i t appears that e x i s t i n g con t ro l s adequately 

protect workers against airborne pa r t i cu la tes ana 

formaldehyde. Hydrocarbons ire present i n r e l a 

t i v e l y low concentrat ions. 

F ie ld Sampling - Rio Blanco O i l Shale Pro jec t 

[H . Gonzales, M. I . T i l l e r y , G. Royer, H. J . 

E t t i nge r , H-5; and E. V i g i l , LS-1] 

The Rio Blanco O i l Shale Company's (RBOSC) C-a 

t r a c t f a c i l i t y i s a deep uncergrouna mine and MIS 

r e t o r t . O i l is ext racted in -p lace by removing 20 
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to 40 percent of the rock, rubb l i z ing the remaind

e r , and r e t o r t i n g by combustion of res idua l ca r 

bon. This f a c i l i t y offered the unique oppor tun i ty 

to sample the mine atmosphere before, cu r i ng , and 

•»*>ey* ffie ^fi-ef ..(at-nt-* h'JTi^ ' n fn r - i f c i o f l ^nH -ma

t e r i a l s gathered frora the indus t r ia l hygiene sur

veys here and at other o i l shale processing f a c i l 

i t i e s are used to conduct toxicology s tud ies . 

The 3B0SC nine is c l a s s i f i e d by the Mine 

Safety and Health Admin is t ra t ion (KSH.A) as a 

"gassy raine." A l l underground sampling had to be 

oerfona^d wi th approved equipaent o r sampling 

purcps placed on the fresh a i r side o f the mine 

w i th sampling l ines extended into the working or 

exhaust s ide . A i r saiaples f o r CO, benzene, 

a rs ine , f ^ S , NO * N02, and S02 were c o l l e c t 

ed wi th d i r ec t reading detector tubes. Samples 

f o r t o t a l dust concentrat ion and p a r t i c l e size 

d i s t r i b u t i o n were co l lec ted w i th cyclone personal 

s a i l e r s , Andersen irapactors, and raecibrane f i l 

t e r s . Adsorbent sampling tubes were used f o r 

a l i p h a t i c amines and formaldehyde. Tenax and 

charcoal tubes provided samples fo r laboratory 

analyses. Minimum levels of detect ion f o r each 

mater ia l sarapled and p re ign i t i on sampling resu l t s 
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that have been analyzed at this time are summa

rized in Table II. 

The first set of samples was collected during 

retort preparation. This involved sampling near 

and blasting operations. A second set of samples 

was obtained soon after ignition of retort zero. 

This involved nine personal sampling pumps with 

charcoal tube samplers placed near the retort and 

connected to a mechanical seven day clock. Sam

ples were scheduled to be started approximately 

1-1/2, 3, and 5-1/2 days after ignition and 

operate for 8 to 12 hours. These samples will De 

analyzed for benzene, toluene, and phenol. In 

addition, 30 organic vapor monitors were placed at 

various sites adjacent to the retort. A third 

sampling period will be started approximately 16 

days postignition. 

Impactor samples obtained during the preburn 

indicate a MMAD of 2.8 urn with a mean geometric 

standard deviation (o_) of 3.5. Air concentra-
y 

tions had maximum levels of 1.2 mg/m respirable 

dust and 3.9 mg/m3 total dust. These levels are 

low and are probably due to the work practices 

observed and the wet conditions in this mine. The 

silica concentration was not well defined due to 

the small quantity of material collected for anal

ysis. 

Samples of CO, H2S, S02, NO + N02, 

arsine, and benzene collected prior to retort ig

nition at several locations using direct reading 

length-of-stain tubes (Table II) were generally 

below the minimum detectable level. Traces (<5 

ppm) of CO were found at the ventilation exhaust 

shaft, near retort zero and at the sump pump 

station. Traces (<5 ppm) H2S were found at the 
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same locations and one 10 ppm reading of H*S was 

recorded near retort zero, about three inches 

above where water was bubbling up through the 

ground. Formaldehyde, aliphatic amines, benzene, 

and toluene air concentrations measured by gas 

Ladyeb and charcoal tubes placed at various sites 

adjacent to the retort were also below detectable 

limits. 

Analyses of impactor sample sets and Tenax 

tubes for polyaromatic hydrocarbons by HPLC is in 

progress. Initial analysis is for pyrene, phenan-

threne, benzo(a)pyrene, fluorene, acenaphthene, 

fluoranthene, anthracene, and chrysene; however, 

the presence of other organic compounds is indica

ted. 

Analysis of samples obtained during late FY 

1980 should be completed by early CY 1981. Addi

tional field studies will be scheduled during CY 

1981. 

Oil Shale Aerosols for Inhalation Toxicology 

[M. Gonzales, M. I. Tillery, and G. Royer, H-5] 

Inhalation toxicology studies using infor

mation and raw material gathered by several field 

sampling surveys are being continued in the lab

oratory. Fisher-344 rats have been exposed in a 

"nose only" exposure mode to specimens of both raw 

and spent oil shales, which have been pulverized, 

milled, and sieved. Dispersal of the dust into 

the exposure chambers is by means of Wright dust 

generators. Six exposure chambers, each of which 

can accommodate 64 rats, 90 hamsters, or 120 mice, 

are being operated 6 hours per day, 4 days per 

week. Plans are to increase new exposures to 5 

days per week in the near future. 

Mean aerosol concentrations and particle 

sizes as determined by field sampling, vary widely 
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according to the type of activity occurring, (that 

is, blasting, crushing, burning, general traffic, 

etc.) and from facility to facility. These field 

data have been used to develop criteria for the 

aerosols to be generated for inhalation toxicology 

studies. 

Groups of 62 rats each are being chronically 

exposed to (1) raw shale, a longevity study; 

(2) raw shale, a serial sacrifice group for depo

sition determinations; (3) spent shale, a longevi

ty study; (4) Estonian raw shale, a longevity 

study; (5) pure quartz, positive controls; and 

(6) a blank control group. 

Aerosol characteristics (Table III) in the 

exposure chambers range from 2.4 to 3.6 um with 

o of 1.7 to 2.2 and a respirable fraction of 

approximately 56 percent for raw shale. Concen

trations average 159 mg/rrr but can be varied 

over a wide range by varying the generator blade 

speed and dilution air. Spent shale aerosol MMAD 

ranges from 2.0 to 3.6 urn with an average o of 

2.0. Aerosol, concentration averages 164 mg/m . 

Estonian raw shale aerosols MMAD averages 2.8 um 

with a o of 2.2 and a mass concentration of 50 

mg/m . The blank control group is handled just 

like the experimentals but is exposed only to 

clean air. Ninety paired concentration samples 

taken at diagonally opposed ports on opposite 

sides of the chamber were all within 10 percent of 

the mean. 

Ttait in 
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Because oil shale mine samples contain up to 

22 percent free silica, a positive control 

group of animals is being exposed to approximately 

14 mg/m quartz. The quartz aerosol is produced 

by compressed air nebulization of a 6 g/1 suspen

sion of quartz powder in water. The dispersion is 

diluted with air and passed through a mixing/ 

drying chamber that contains silica gel. The dry 

silica particulates are then passed through an 

Kr neutralizer and into the exposure chamber. 

Thirty-two paired concentration samples in this 

system were found to be more uniform than the 

shale chambers. Silica aerosol particle size has 

also remained very uniform at 2.0 ± 0.2 pm MMAD 

and a a of 1.6 * 0.4 and respirable fraction of 

80 percent by the American Conference of Gov

ernment Industrial Hygienists' (ACGIH) standards 

on the basis of these size parameters. 

REFERENCE 

1. J. C. Volkwein and P. F. Flink, "Respirable 
Oust Survey of an Underground Oil Shale Mine 
and Associated Milling Facility," Bureau of 
Mines Information Circular 8728, US Depart
ment of Interior (1977). 

Development of a Laboratory Retort for Inhalation 

Experiments 

[L. H. Holland, LS-1; H. I. Tillery and 

K. Gonzales, H-5; F. P. Schilling, J. W. Barnes, 

and K. E. Christensen, WX-4] 

Questions of inhalation hazard within the oil 

shale industry cannot be fully addressed without 

consideration of mixed exposures. Both _iri situ 

and surface retorting techniques may produce 

unique industrial environments involving exposure 

to dusts in combination with organic vapors and 

gases. Oxides of nitrogen and sulfur can be 

obtained as bottled gases; however, the only 

realistic way to obtain relevant organic vapors is 

to burn shale. With the development of a labora

tory retort of sufficient size to provide "burns" 

lasting several days, we will be able to expose 

laboratory animals to vapors alone or in combina

tion with appropriate shale dusts in chronic stud

ies. 

As a first step in retort development, we are 

using a controlled-state retort loaned to Los 

Alamos by the Laramie Energy Technology Center 

(LETC). Initially this device will be used to 

generate gases/vapors for use in short term stud

ies designed to observe acute toxic phenomena and 

to establish tolerance levels. The retort has 

been assembled so that two heating vessels capable 

of 36 to 48 hour burns can be run simultaneously 

or in a sequential manner. Internally placed 

thermocouples monitor temperature and the progress 

of the burn. Heat for retorting is supplied by 

staged electrical heaters applied to the outside 

of the retort vessel. A variety of gases at a 

flow of about 1 £pm may be used to drive the va

pors toward the collection point. Product gases/ 

vapors are diluted with room air and subsequently 

run through the inhalation chambers. 

Development of a second, more sophisticated 

retort is in process. Actual design ;s being per

formed by chemical engineers in the Design Engine

ering Division (WX) with consultation from indi

viduals at LETC, Lawrence Livermore Laborr..ury, 

Lawrence Berkeley Laboratory, and Occidental Pet

roleum. This second retort will be capable of 

longer sustained burns and will be more fully 

instrumented. With the more sophisticated model, 

we will be able to conduct chronic low-level ex

periments lasting up to a year or more. As spin-
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o f f from th is e f f o r t we should be able to produce 

su f f i c i en t amounts of crude o i l and re to r t water 

from a wel l -def ined process for use in other b i o 

logical tes t ing experiments. 

The major purpose of th is e f f o r t is to pro

vide wel l -def ined mater ials fo r inha la t ion s tud

ios. As an example of the problems associated 

with the exclusive use of the f i e l d - c o l l e c t e d ma

t e r i a l s , the di f ferences in the single parameter 

of r e to r t i ng temperature are reveal ing. Tempera

tures associated with surface re to r t i ng techniques 

range from as low as 480*C to as high as 815°C. 

In s i t u temperatures can range from 760*C to near

ly 1400*C. The probable s ign i f icance of these 

di f ferences on the chemical charac te r i s t i cs and 

b io log i ca l a c t i v i t y of the product gases and o i l s 

i s apparent. 

Resuspension Studies 

[C. I. Fairchild, M. I. Tillery, and L. Wheat, H-5] 

Investigation of the fundamentals involved in 

the res-.pension of particles by wind from sur

faces has continued. Wind tunnel simulation ot 

environmental resuspension has provided data on 

horizontal flux (FJ, vertical mass distribu

tion, resuspension rate (A), and vertical particle 

fl u x (F,,) of thin (monolayer) particle beds. 

Recent experiments employed thick particle beds to 

simulate loose soil or tailings pile structures. 

A comparison of the horizontal particle flux re

sulting from monolayer vs deep beds (Figure 2) 

indicates that a significant difference in resus

pension from the two types of beds occurs for 

different velocities and saltation conditions. 

Equal numbers of monodisperse saltation particles 

of each size shown are introduced into the air-
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Figure 2. 
Comparison of flux from monolayer and thick beds 
of aluminum spheres as a function of saltation. 

stream 3 m upstream of the particle beds. The 

horizontal flux of bed particles is shown as a 

function of the saltation particle diameter at 

different airstream velocities (U). For the 

monolayer bed a maximum flux occurs at 240 pm 

saltation particle size (type C saltation). The 

decrease in F. after this maximum may be due to 

depletion of particles available for resuspension 

from a monolayer bed. Kesuspension from deep beds 

results in a much lower flux than that from mono

layer beds until a saltation particle size of 

500 um is reached, where the flux from a deep bed 

apparently exceeds that from a monolayer bed. 

Evidently resuspension from the deep bed is de

creased initially by the rough surface (mechanical 

interlock) and perhaps cohesive forces. As the 

saltation particle size increases, the energy 

transfer from saltation to bed particles becomes 

more efrective in the deep bed. 

Studies were also conducted to determine the 

fate of simulated contaminant particles mixed into 

a matrix of inert particles. This situation 
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arises when contaminants (for example, radioactive 

particles, fly ash, coal, etc.) are deposited on 

the soil downwind of a source and are available 

for resuspension. A fluorescent monodisperse dye 

aerosol (E-Y) used as the simulator was deposited 

on a deep bed of spherical aluminum particles. 

Although the simulator was deposited primarily on 

/bed surface, it also penetrated into the bed 

•/ simulate weathering of the surface. 

The results of resuspension from such sur

faces are shown in Figure 3 with the resuspension 

rate (A) plated as a function of saltation par

ticle diameter. Both the matrix aluminum and the 

simulant E-Y particle resuspension rates are 

shown. A for E-Y is shown on the left ordinate 

and A for the aluminum is on the right ordinate. 

The resuspension rate curves for the 7-um aero

dynamic diameter (Dae) E-Y and the 0.8-um count 

median diameter (cmd) aluminum are quite similar 

at 10 and 12 m/s wind velocity. Although the E-Y 

and aluminum resuspension rates differ in magni

tude by a factor of 10 , the similarity of the 

curves suggests that the E-Y particles are pri

marily at the surface of the bed and possibly are 

( C O 100 ZOO 300 100 500 3 
(TYPE A) (TYPEB) (TYPE C) (TYPED) J2 

SALTATION PARTICLE DIAMETER liunl AND (TYPE) * 

Figure 3. 
Comparison of A of tracer (E-Y) and matrix materi
al (aluminum) resuspended from a mixed, thick lay
er bed as a function of saltation. 

attached to aluminum particles. On the other hand 

for 1 um D g e E-Y, A differs considerably from 

the corresponding aluminum resuspension rates. 

[The data point at 5.8 x 10"5 (fract1on/s) 1s 

probably a factor of 3 too high; this curve should 

increase monotonically with Increasing saltation 

particle size.] Moreover, little change in A for 

1 um E-Y is exhibited as the saltation particle 

size increases. This constant A was found to be 

due to the dispersion of the 1-um particles 

through the aluminum matrix. Although the E-Y 

concentration was highest on the surface, approxi

mately 80 percent of the E-Y was below the sur

face, consequently A, based on total E-Y deposi

ted, was relatively insensitive to surface resus

pension. Evidently, most surface E-Y particles 

were removed even in nonsaltation conditions, and 

in subsequent runs the same amount of surface E-Y 

particles was removed even though larger saltation 

particles impacted the^surface. 

Production of Radioactive Aerosols for Inhalation 

Studies 

[M. Gonzales and M. I. Tillery, H-5] 

Studies on tumor induction resulting from in

halation of radioactive materials by Syrian ham

sters require aerosols with well-defined physical 

characteristics. Radioactive aerosols having par

ticles of similar physical characteristics' except 

for type and energy of radiation emitted are pro

duced for these studies. Aerosols have been pro

duced by compressed air nebulization of solutions 

and passage of the droplets through high tempera

ture heat columns (T > 900°C) for drying and vit

rification or oxidation of the particles.. The re

sulting particles are a carrier or matrix particle 
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of zirconium oxide or uranium dioxide encapsulat

ing the desired quantities of radioactive materi

als. Aerosols produced to date are zirconium 

oxide for control studies, zirconium oxide with a 

57Co tag for distribution, excretion and in vivo 

solubility studies, zirconium oxide, " Pu, 

-1 Co mixtures for deposition and dose effects 

TOO 

studies and also zirconium oxide, Pu, 

14'Pm, and Co mixtures as well as zirconium 

oxide, Pm, Co mixtures for effects stud

ies. Aerosols using natural uranium dioxide for 

the carrier material have also been prepared mixed 

with 57Co and 2 3 8Pu for similar studies. 

The aerosols are cooled after the heat treat

ment and then pass through a nose only exposure 

chamber for inhalation by the experimental ani

mals. Samples are collected from the exposure 

chamber for characterization. Characterization 

includes determining the distribution of radio

activity and isotopes as a function of particle 

size, determining of average airborne concentra

tion and the distribution of concentration across 

the exposure chamber, and determining jn, vivo 

solubility. 

This aerosol generation technique is also 

used to provide particJis'in specific size ranges 

for use in lung instillations, Intramuscular in-

w 
j ec t i ons , and cy to l cg ica l s tud ies . 

Instrumentation and Sampling 

Development of a Stack Sampler (EPA Pass-Through 

Funding 

[ J . Elder, M. T i l l e r y , and H. E t t i nger , H-5] 

Development of a prototype pa r t i cu la te stack 

sampler (PPSS) f o r the EPA was concluded. The 

major features of the PPSS were a var iable-area 

I n l e t 1n a v i r t u a l Impactor nozzle wi th a s ing le 

cutpolnt separating f i ne and coarse p a r t i c l e s ; an 

i n - l i n e wet-bulb, dry-bulb psychrometer to c o n t i n 

ua l l y Indicate moisture content of the sample 

stream; continuously reading e lec t ron ic i n s t r u 

ments f o r measurement of f low, temperature, and 

pressure; and a microcomputer-based ca l cu la t i ng 

and display system providing frequent update of 

system var iables and calculated quant i t ies . F o l 

lowing an extensive instrument c a l i b r a t i o n and 

t rouble-shoot ing per iod, the f u l l y assembled sam

pler was laboratory tested at a va r ie ty of sam

p l ing ra tes , loop temperatures, and humidity r a 

t i o s . With the exception of de f i c ien t s t ruc tu ra l 

strength at p r o b e - t o - f i l t e r holder j o i n t s and mar

g inal performance of the probe heater con t ro l c i r 

c u i t , the PPSS was essen t ia l l y operat iona l . Re

duction of funding in 1979 had precluded a f i e l d 

tes t inq program. A f i n a l report describing a l l 

phases of PPSS development has been drafted and i s 

undergoing in terna l review. 

A research proposal to develop a two-stage 

c i r c u l a r or annular v i r t u a l impactor nozzle w i t h 

out the large p a r t i c l e losses encountered i n the 

PPSS rectangular nozzle has been funded by EPA. 

Symmetry provided by a c i r c u l a r or annular j e t and 

longer t rans i t i ons provided by larger ove ra l l 

dimensions are expected to improve performance 

over the PPSS nozzle. 

Fluorescent Lidar System for Real Time Tracer 

Studies 

[T. G. Kyle and J. C. Elder, H-5] 

A fluorescent lidar system has been construc

ted to monitor in real time the dispersal of at

mospheric pollutants. The system measures the 
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range and concentration of aerosols at distances 

tip to 8 kilometers from the lidar system; however, 

the aerosol could be released at a source location 

that 1s much farther away. The only limitation on 

the range-to-source location is the dispersion of 

the particles and the sensitivity of the system. 

The system responds to particles sufficiently 

small to allow the settling velocity to be ne

glected. The fluorescent nature of the particles 

makes them identifiable even though background 

aerosols are present in the air. 

The range and concentration of the particles 

are determined by the response to a pulse of light 

from a dye laser located in the mobile lidar van. 

A light collecting system accepts only the specif

ic wavelength at which the particles fluoresce, 

which is different from the wavelength of the la

ser light. The wavelength shift of the fluores

cent return distinguishes from the other scatter-

ers in the atmosphere and gives the fluorescent 

lidar system a higher sensitivity than can be ob

tained with conventional lidar systems. At a 

range of 1 kilometer, one particle per cubic 

centimeter is detectable. That means a concentra

tion of 20 micrograms per cubic meter can be de

tected at a range of 1 kilometer. The lidar sys

tem is pointable and takes data at a series of 

angles. This permits a plume or stream of parti

cles to be searched for in the atmosphere and then 

the geometry of the stream measured as it evolves 

and changes. 

During FY 1980 the lidar system was mounted 

in a van for field operations. The electrical 

power requirement is only 5 kilowatts, which can 

be supplied by a motor generator if no electrical 

hookups are convenient. 

The van-mounted electronics and the computer 

that directs the system control pointing the 

transmitted pulse and the light collecting system, 

record the digitized signals, and present the 

information returned on a cathode-ray display. 

The display allows the operator to see the signal 

returns plotted out as they are received, which 

provides continuous and instantaneous guidance to 

the operator of the system. 

The fluorescent particles measured by the 

lidar system are an inexpensive, commercially 

available 0.3-pm diameter thermoplastic material 

containing a fluorescent dye. The particles are 

suspended in a solution of methylchloroform with a 

concentration of about 1 gram of particles to 8 

grams of methylchloroform, and the mixture is 

sprayed into the atmosphere with a sonic nozzle 

aerosol generator. The droplet liquid quickly 

evaporates generally leaving only a single fluo

rescent particle in the air. ('•' 

The particles were selected on the basis ot 

the wavelength that is absorbed to cause them to 

fluoresce and the wavelength at which Die fluores

cent emission occurs. It was possible to select 

wavelengths that would allow the particles to be 

distinguished from any natural aerosol and provide 

a uniquely identifiable particle for tracer stud

ies. The use of a visible excitation wavelength 

has been critical in meeting the uniqueness crite

ria. Many particles fluoresce when illuminated 

with ultraviolet light, but few do when illumi

nated with visible light in the blue-green region 

of the spectrum. The particles used are illumi

nated with light having a wavelength of 490 nano

meters by the lidar laser system. The fluorescent 

emission is at wavelengths near 610 nanometers. 
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The laser 1s a flash!amp operated dye laser that 

pulses for 300 nanoseconds at a rate of one pulse 

per second and with an energy of 0.25 joules. 

The system has not yet been tested fu l l y in 

the f i e l d . A test of the operational feas ib i l i t y 

> 
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has been carried out with a mockup of the system 

to be used to determine system sensi t iv i ty. This 

program was transferred to the Geosciences (ESS) 

Division in late FY 1980. 
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Introduction 

The Epidemiology Group (H-14) has been in 

existence as a group since 1979. The major pur

pose of the group is to conduct research on health 

effects in humans that may be associated with en

ergy related technologies. Current efforts have 

been devoted to investigating health effects that 

may be associated with exposures to plutonium and 

other radioisotopes. Two major ef forts, funded by 

the OHER, are currently being conducted. These 

include a national epidemiologic study of workers 

in the nuclear industry and populations residing 

in the v ic in i ty of these fac i l i t i es and a nation

wide investigation of the deposition and dist r ibu

tion of plutonium and other transuranic elements 

in human tissues. 

The health study of workers in the nuclear 

industry is an epidemiologic investigation of the 

incidence jand mortality from selected diseases, 

especially cancer, among nuclear workers who have 

internal deposition of plutonium and other, radio

isotopes. The incidence arid mortality of cancer 

and other diseases among plutonium workers at six 

DOE f a c i l i t i e s are being evaluated in conjunction 

with levels of exposure. This investigation is an 

expansion of earlier efforts to follow up the 

health status of heavily exposed Manhattan Project 

personnel at I'JS Alamos. Concern regarding the 

public health of populations residing in the v i 

c in i ty of some of the above f ac i l i t i e s has also 

been raised. This problem is under evaluation 

through the use of available health data such as 

national mortality s tat is t ics, tumor registry data 

when available, and death cer t i f ica te information. 

The investigation of plutonium concentrations 

in human tissue encompasses two study popula

tions. These include analyses of autopsy speci

mens obtained from participating hospitals at var

ious locations throughout the US and analyses of 

tissue concentrations in autopsy specimens ob

tained from former nucleari-workers. The lat ter 

effort is being conducted jo in t l y with the United 

States Transuranium Registry (USTR) at Hanford, 

Washington. The former endeavor is concerned with 

monitoring plutonium levels in the general popula

tion that result from exposures to atmospheric 

fa l lout . The investigation of plutonium deposi

tions in former workers has the additional purpose 

of evaluating the relationship between tissue 
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levels and bioassay sampling results and ascer

taining the uptake and distribution of plutonlum 

throughout the human anatomy. 

Activities comprising the epidemiologic study 

of nuclear workers have undergone considerable 

expansion during FY 80. Agreements regarding data 

acquisition at all of the study sites have been 

finalized. Data have either been obtained or are 

in the process of being obtained from all the fa

cilities with the larger plutonium exposed popula

tions. A new interview schedule has been develop

ed and is nearing completion. Methodologic and 

data quality control studies have been initiated 

and completed. Several special studies within the 

context of the overall incidence and mortality 

effort have been started. Data collection and 

coding activities continue and are nearing comple

tion for one of the study facilities. Several 

types of analyses will be conducted during the 

next fiscal year. 

Data processing capabilities have continued 

to be upgraded this past year in both hardware and 

software. The batch operating system on the PDP 

11/34 has been replaced with a time sharing 

operating system. Five additional terminals have 

been obtained to allow direct entry of data by 

more than one person at a time. Personnel are 

being trained to use these new capabilities. A 

large capacity disk has been purchased that will 

allow more efficient manipulation of the large 

data files now being built. In addition, a data 

base management system has been purchased to 

enhance the extraction of pertinent information 

from the data files. 

The Epidemiology Advisory Committee met in 

September 1980 for the purposes of reviewing the 

status of the project. The Committee Membership 

is Saxon Graham, Ph.D., Chairman; Warren 

Winkelstein, Jr., M.D.; Strother Walker, Ph.D.; 

Roy Shore, Ph.D.; and Robert W. Miller, M.D. A 

favorable review was obtained with the recommenda

tion that the project's main focus be directed 

toward Lite surveillance of disease incidence among 

current and former plutonium workers, with the 

caveat that death certificate based case-control 

investigations, studies of mortality, and continu

ation of the Manhatten Project Workers follow-up, 

with the addition of a control population, be com

pleted whenever advantageous and judicious. A 

major recommendation was that, because of the 

major confounding effect of smoking, analyses of 

tobacco-related diseases, such as lung and bladder 

cancer, not be conducted in the absence of smoking 

information until such data have been obtained. 

The next meeting of the Advisory Committee will 

take place in the summer of 1981. 

Surveillance of Incidence and Mortality Among Plu

tonium Workers 

[G. S. Wilkinson, G. L. Voelz, M.D., M. Reyes, 

L. Wiggs, L. H. Hempelmann] 

Since 1976, an epidemiologic study of workers 

exposed to plutonium at six DOE facilities has 

been in process. Early efforts have been devoted 

to defining data sources that are available, de

fining worker populations (populations at risk) at 

the six study locations, obtaining cooperation of 

appropriate officials at the various facilities, 

compiling rosters of workers and submitting them 

to the Social Security Administration (SSA) for 

ascertainment of mortality status, compiling ex

posure information, coding raw hard-copy data into 
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machine readable form, and developing survey 

instruments for the purpose of investigating the 

incidence of selected diseases. Analyses of mor

tality for selected diseases will be completed for 

the populations of several study facilities as 

will several death certificate based case-control 

studies in FY 81. 

The major purpose of this study is the sur

veillance of disease incidence for selected dis

eases among plutonium workers who have experienced 
238 

a range of exposures, primarily to Pu and 
239 

Pu. Surveillance activities are expected to 

continue through 1990 and will comprise a lifetime 

follow-up for many of the more heavily exposed 

early workers. Because the data necessary for de

termining the incidence of most diseases are not 

readily available, the information must be ob

tained by means of directly contacting study sub

jects, seeking their cooperation, and obtaining 

information regarding their experiences pertaining 

to selected diseases of interest. 

Because the data necessary for conducting the 

aforementioned effort are identical to that re

quired for conducting evaluations of mortality 

status with the addition of social security 

searches and collection of death certificates, it 

will be possible to investigate mortality rates 

and to condtt.-.t death certificate based case-

control studies prior to completing the first 

analysis of incidence. Several of these endeavors 

have begun and should be completed during FY 81. 

Should investigations of either mortality or 

incidence demonstrate excesses of certain diseases 

among plutonium workers or among the more heavily 

exposed workers, case-control studies entailing 

collection of more detailed information on impor

tant confounding and risk variables will be devel

oped. 

Autopsy studies of plutonium depositions in 

workers have demonstrated that the largest concen

trations are stored in the tracheobronchial lymph 

nodes followed in decreasing order by the lungs, 

liver, and bones. The primary routes of entry are 

by means of inhalation and wounds. Dissolution of 

plutonium from the portal of entry throughout the 

body occurs by way of the lymphatic and circula

tory systems. These findings, plus the results of 

animal experiments, cause us to first direct our 

attention toward diseases of the lymphatic and 

circulatory systems (lymphomas and leukemias), 

respiratory tract (especially lung cancer), liver 

and biliary tract, and bone (osteosarcoma). The 

studies, nevertheless, will include data on 

incidence of all cancers. 

Each of the facilities being studied has been 

found to vary widely in the types of data avail

able and the form in which they exist. Further

more, questions have been raised regarding the 

health effects purportedly experienced by workers 

at several of the facilities. Efforts have been 

directed toward those study sites where such ques

tions have been raised. '•''"'. 

Rocky Flats Plant. An internal consistency 

check of personnel records that had been coded 

revealed a number of variables that failed to meet 

a standard of less than 2 percent error. Because 

these variables were straightforward and required 

little interpretation and because these records 

were the first set coded, it was decided to recode 

the entire set of records with the addition of a 
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detailed occupational code. This recoding effort 

will be completed during the spring of FY 81. An 

additional submission to Social Security for mor

tality status was made for the entire Rocky Flats 

worker population. Death certificates have been 

obtained and have undergone coding by nosolo-

gists. Computerized health physics records have 

been received for all employees who were monitored 

for internal and external exposure. These data 

sets will be merged and analyses of mortality con

ducted during late spring and summer of FY 81. 

As a result of allegations that workers at 

the Rocky Flats facility are experiencing a high 

rate of brain cancer, a death certificate based 

case-control study is being conducted, This in

vestigation will compare brain cancer cases with 

several types of controls on levels of exposure 

and other important variables. Analyses should be 

completed by the summer of FY 81. 

•, Mound Facility. Personnel records for Mound 

employees have been coded. Results of an internal 

consistency check showed error rates to be less 

than 2 percent for all variables. A roster of 

Mound employees was submitted to Social Security 

and has been returned. Death certificates have 

also been obtained and have undergone coding by 

nosologists for cause of death. Health Physics 

data in machine readable form have been request

ed. Barring unforeseen delays, mortality analyses 

should begin late in FY 81. 

Savannah River Facility. An agreement was 

reached with Savannah River Plant officials re

garding use of plant records for study purposes. 

The initial Social Security search of the entire 

Savannah River worker roster has been received and 

an attempt is being made to obtain death certifi

cates for deceased individuals. A list of de

ceased pension plan participants has also been 

obtained. A problem exists regarding former em

ployees. Records containing demographic informa

tion are destroyed after an individual termi

nates. Some of these data will be available from 

computerised health ptiybics records, which have 

been requested, and medical records. Mortality 

analyses should begin late in FY 31. 

Los Alamos National Laboratory. A complete 

personnel roster is being finished and will be 

submitted for a Social Security search during the 

winter of FY 81. Health physics and other record 

systems have been inventoried. 

Plans are being made for the next round of 

medical examinations during FY 81 - FY 82 of the 

24 Manhatten Project workers who were heavily ex

posed to plutonium during Wjrld War II. Smoking 

histories have been obtained from some 240 early 

plutonium workers and will be entered into the 

data base during FY 81. A sample of unexposed 

controls will also be selected and interviewed 

during FY 81. 

Validation of Study Methodologies 

The results of these studies will greatly in

fluence the scientific and political communities' 

understanding of the health effects of radiation. 

To guarantee continued quality in the mammoth 

amount of data being collected and analyzed for 

this study, periodic review and examination of 

these data are performed and reported. 
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M o r t a l i t y Studies 

[M. Reyes, J . H. Stebbings, G. L. Voelz, M.O.] 

Our invest igat ions of m o r t a l i t y are highly 

dependent upon the SSA for the determination of 

mo r ta l i t y s ta tus . As part of the general e f f o r t 

to va l idate study methods, a test of the SSA route 

of fo l low-up was i n i t i a t e d in 1977. 

A sample o f persons of known v i t a l status 

from a cross section of our Los Alamos study popu

l a t i on was submitted by the Los Alamos National 

Laboratory to the SSA for a mo r ta l i t y record 

search. Name and social secur i ty numbers served 

as i d e n t i f i e r s . Other informat ion such as sex, 

e t h n i c i t y , age, b i r t h date, death date, place of 

death, cause of death, and employment status at 

time of death was entered in to the data base in an 

attempt to assess the inf luence of these v a r i 

ables upon SSA repor t i ng . These study groups are 

i d e n t i f i e d and described in Table I . 

The SSA co r rec t l y i d e n t i f i e d as dead 77.2 

percent of our known dead populat ion. Correct ly 

ascertained deaths ranged from 76 percent to 90 

percent among males and from 53 percent to 79 per

cent among females. Sex and e thn i c i t y speci f ic 

and to ta l death ascertainment rates are given in 

Table I I . 

At the time of the f i r s t submission,. persons 

not i d e n t i f i e d as "dead" by the SSA were a l l as

sumed to be a l i ve . The SSA was not furn ishing the 

UOE wi th i den t i t i es of "s tatus unknown" subjects, 

tha t i s , those neither report ing earnings nor 

receiv ing benef i ts . I t was hypothesized that most 

of the un iden t i f i ed deceased belonged in that 

category, and a l l records not previously i d e n t i 

f i e d as deceased were resubmitted to the SSA in 

November 1979. Returns were received in July 

1980. Death ascertainment among males was raised 

from the 88 percent to 96 percent range and in 

females from 71 percent to 37 percent. Table I I I 

presents the improvement in death ascertainment. 

The low ascertainment rates for females re l a 

t i v e to males were s t a t i s t i c a l l y s i g n i f i c a n t at 

the 0.01 percent l e v e l . Death ascertainment ap

peared to be independent of e t h n i c i t y (Hispanic 

and Anglo) , cause of death (cancer or noncancer), 

loca t ion of death, and decade of death. Age at 

time of death was strongly related to ascer ta in

ment. Ind iv iduals 65 years of age and over at 

t ime of death were i d e n t i f i e d much more accurately 

than persons less than 65 years of age at time of 

death. Lack of incent ive to report deaths of per

sons under ret irement age i s believed to be re-

sponsible. The age of an i ndus t r i a l f a c i l i t y and 

of the work force may have an inf luence on the 

adequacy of mor ta l i ty ,ascer ta inment . 

Two major problems may resu l t from inadequate 

i d e n t i f i c a t i o n of deaths. F i r s t , standardized 

m o r t a l i t y ra t ios (SMRs) based on comparisons with 

mor ta l i t y rates from v i t a l s t a t i s t i c s w i l l c lear ly 

be lowered and the e f fec t l i k e l y m is iden t i f i ed as 

a "healthy'worker e f f e c t . " 

The most important e f f e c t , however, is that 

most occupational studies are concerned w i th r e l a 

t i v e l y rare events, such as cancers of speci f ic 

s i t e s . A very small number of leukemias, fo r ex

ample, missed among the unascertained deaths, can 

y i e l d t o t a l l y misleading study resu l t s . Because 

occupat ional ly related cancers are l i k e l y to occur 

a t e a r l i e r ages, the p o s s i b i l i t y of missing impor

tant cases is s i g n i f i c a n t . 
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There is a study strategy that can resolve 

this problem of Inadequate death ascertainment 

through the SSA. The plan is to establish a sys

tem of active tracing and death certificate re

trieval and coding for the most highly exposed 

subjects and a sample of the remainder. Such a 

system must be maintained independently, isolated 

from the Social Security mortality tracing and 

death certificate retrieval system. This require

ment of independence imposes a considerable re

quirement for sophistication in study management. 

It yields two benefits: (1) a valid statistical 

estimate of unascertained deaths and (2) complete 

ascertainment of deaths and causes of death among 

the small, crucial segment of the study population 

on which the results largely depend, the most 

highly exposed subjects. This study strategy, 

complemented with additional resources for the 

determination of mortality status, is being used 

in an attempt to achieve 100 percent follow-up. 

We feel the findings of this exercise were 

sufficiently disturbing to interest occupational 

epidemiologists in general, rather than only the 

several investigators concerned with mortality 

among radiation workers. Therefore, an expanded 

report of these findings has been written and sub

mitted for publication review. 

Assessment/of Data Collected for Rocky Flats and 

Mound " "7. •'• 

[M. Reyes, G. S. Wilkinson] 

Personnel records from these facilities are 

stored on microfiche on site at Los Alamos Nation

al Laboratory. Selected data are abstracted and 

edited, following detailed instructions, onto hard 

copy and then entered into the data base. 
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Before accepting and analyzing the data coded from 

these records, an Internal consistency check was 

undertaken. 

Ten percent of the records were recoded and 

re -cd i ted by coders who had not deal t w i th any 

aspect of these record systems 1n the past. Cod

ing and ed i t i ng ins t ruct ions u t i l i z e d previously 

served as ins t ruc t ions for recoding. In an a t 

tempt to assess consistencies in In te rp re ta t i on 

and coding, comparisons between the two sets of 

coded informat ion were completed that included 

analyzing 

1) the di f ferences between the o r i g i n a l l y 

coded and the edited in fo rmat ion , 

2) the di f ferences between the recoded and 

re-ed i ted informat ion, 

3) the di f ferences between the coded and 

recoded information, and 

4) the di f ferences between the edi ted and 

re-ed i ted informat ion. 

I t was decided a p r i o r i to accept data f o r 

which there was 98 percent agreement between the 

edited and re-edi ted versions. The i ns t ruc t i ons 

f o r re jected f i e l d s would be reviewed, r e w r i t t e n , 

pre tested, and used in recoding. Subsequent i n 

ternal consistency checks would be performed upon 

a l l recoding u n t i l a l l data meet t h i s minimum 

er ro r ra te standard. 

A review of the resu l t s f o r Rocky F la ts 

(Table I ) indicated that there were no problems 

w i th the i ns t ruc t i ons and coded informat ion f o r 

las t name, t i t l e , f i r s t name, middle i n i t i a l , 

socia l secur i ty number, Rocky Flats I .D. number, 

sex, terminat ion wage, and summer employment. 

The d i f ferences between coded/edited and 

recoded/re-edi ted e f f o r t s fo r h i r e data, 

term date, and state of b i r t h were s i g n i f i c a n t , 

but disappeared 1n comparing coded/recoded and 

ed i ted / re-ed i ted vers ions. This showed problems 

with the coders' i n te rp re ta t i on and therefore a 

problem in the i n s t r u c t i o n s . There was a d i f 

ference between coded/edited comparisons f o r be

ginning wage and employee record cards, which 

disappeared 1n subsequent analyses. As there were 

no di f ferences in the ins t ruc t ions f o r these 

f i e l d s wi th t ime, t h i s could have re f lec ted a pos

s ib le d i f fe rence in previous coding experience in 

the f i r s t and second set of coders. Differences 

in education were greater than 1 percent f o r a l l 

comparisons and greater than 5 percent f o r a l l 

comparisons except ed i ted / re -ed i ted comparisons. 

The coding of race was a problem, in tha t persons 

f o r whom no race was mentioned on the employee 

record card were assumed to be whi te . This e le 

vated the number of whites and def la ted a l l other 

race categor ies. Once coding and ed i t ing were 

completed, race documentation was received from 

Rocky F l a t s . This category was re-edi ted to agree 

wi th the Rocky F la ts data. The b i r t h date d i f 

ferences were simply due to carelessness, usual ly 

inversion of year, month, day to month, day, and 

year. 

There was informat ion on the f i che that was 

not incorporated i n to the data coded but would be 

of value to an occupational study. Such informa

t i o n included type of work performed, job loca

t i o n , and period of time in a pa r t i cu la r job and 

loca t ion . 

A major recoding e f f o r t has been undertaken 

f o r Rocky F la ts to incorporate information 

excluded in the o r i g i n a l coding and to use the 
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Improved instructions for those fields found non-

acceptable to the internal consistency check. 

The internal consistency check results for 

Mound are presented in Table II. Setting 2 

percent as the minimum error rate acceptable for 

coding dictated that the original Mound coding was 

acceptable. However, as with Rocky Flats, the 

greatest error rate involved education. It is 

extremely difficult to write instructions for this 

field, because employers were not always consis

tent in recordkeeping. 

Recoding efforts for Mound, if undertaken, 

will only incorporate data not entered into the 

data base during the initial coding: multiple 

periods of employment and the corresponding oc

cupational codes. 

Determination of Plutonium in Man 

Plutonium in the Tissues of the General Population 

[J. F. Mclnroy, H. A. Boyd, B. C. Eutsler, and 

G. L. Tietjen (S-l)] 

Analyses of tissues from the nonoccupational-

ly exposed general population have continued on a 

TABLE I 
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much reduced scale, compared to former years, be

cause of the increased number of occupationally 

exposed cases and special legal-medical cases 

analyzed by this Laboratory during CY 1980. The 

analyses of tissues from the general population 

continue to be of interest, however, and are pro

viding information on (1) the actual human ex

posures (depositions) to plutonium resulting from 

environmental sources before a major expansion of 

the nuclear industry occurs; (2) the uptake and 

distribution of fallout plutonium in the human 

body as a function of time; (3) the current annual 

baseline levels of plutonium in the tissues of the 

general population resulting from worldwide or 

regional environmental fsllout from radioactive 

contamination; and (4) useful control data for 

comparison with studies of plutonium distribution 

in occupationally exposed i»ci/iduals. 

Autopsy cases have bet* collected mainly from 

seven geographic areas ••.tfifn the United States. 

These areas include portions of Colorado, 

Georgia-South Carolina, Illinois. Pennsylvania, 

New York, Hew Mexico and Washington. Specimens 

fron residents of 25 other states that were 

autopsied in one of oar participating hospitals 

have also been anal/zed. A total of 168 sets of 



autopsy specimens were collected during 1980. To 

date, a total of 5711 tissues from 1300 general 

population cases has been analyzed. The data show 

continued decrease in lung concentrations, consis

tent with the ICRP lung model and reflect the 

decrease in dtfnuSplier ic CGiiCei'itf'al iGflS Of fallout 

Plutonium. The tracheobronchial lymph nodes, how

ever, have plutonium concentrations that are more 

than an order of magnitude lower than the concen-

trations predicted by Bennett, using the ICRP 

compartmental model and the air concentrations of 

Plutonium measured in New York City. Our results 

are in agreement with a smaller study recently 

reported by the DOE Environmental Measurements 

Laboratory in New York City. These results 

suggest that the transfer coefficients used in the 

ICRP model for the movement of plutonium into and 

from the pulmonary lymphatic system may be grossly 

in error or that the analytical process is not 

measuring the plutonium in this tissue accurately 

because of the small mass of the tissue. To eval

uate the latter, we are currently pooling several 

lymph node specimens to obtain a larger mass and, 

as a result, a larger quantity of internally de

posited plutonium for rieasurement. By pooling 

/,,_. - ai ^y 

specimens from the same geographic location and 

from individuals that died in the same year, the 

analytical results can be compared with the re

ported median concentrations for that year and 

location. Similar comparisons are being made for 

other small tissue samples having low concentra

tions of plutonium. These techniques, we think, 

will enable us to verify the apparent higher up

take and shorter residence times also observed in 

the human skeleton, liver, and kidney than those 

being used in the current models for predicting 

Plutonium deposition and retention in humans. 

Legal-Medical Cases 

[J. F. Mclnroy, H. A. Boyd, B. C. Eutsler, and 

G. L. Tietjcn (5-1)] 

Notification has been received that two liti

gations against the US Government claiming per

sonal injury as a result of exposures to radio

active materials were either dropped or settled 

out of court to the Government's advantage. This 

Laboratory was involved in the exhumations of both 

bodies and the subsequent analyses of tissue for 

various isotopes. One case involved an indivi

dual, a chemist, assigned to the Manhattan Project 

during the 1940s. He left Los Alamos in 1945 and 

pursued his vocation as a chemist until his death 

in 1975 of a malignant lymphocytic lymphoma. His 

heirs subsequently filed suit against the United 

States, claiming his exposure to plutonium during 

his work at Los Alamos was the cause of his can

cer. An exhumation was ordered in June 1980. The 

exhumed organs were analyzed for plutonium by this 

Laboratory, LFE Environmental Analysis Laboratory, 

Richmond, California, and the DOE Environmental 

Measurements Laboratory, New York City. The 

agreement between laboratories was excellent. The 

results indicated an internal deposition of plu

tonium of approximately 5 percent of the maximum 

permissible body burden recommended for occupa

tional ly exposed nuclear workers. The US Attor

ney's Office notified us that the case was settled 

out of court. 

The second case involved a member of tne US 

Armed Forces (Navy) stationed at the Nevada Test 
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Site for three years, who, in his final year 

there, developed erythroleukemia. Shortly before 

his death in November 1978, at the age of 24, he 

filed a civil suit against the United States and 

also against Reynolds Electrical and Engineering 

Company, Inc., claiming that his exposure to 

radioactivity at the Test Site was directly re

sponsible for his contracting leukemia. Our Lab

oratory was requested by the US Attorney's Office 

in Las Vegas, Nevada, to attend the exhumation of 

this individual and to analyze the appropriate 

tissues for fission products and actinides. The 

organs were subdivided into two sets, one of which 

was given to the counsel for the plaintiff for 

analyses by an independent laboratory of their 

choice. Subsequent analyses of the tissues by 
107 on 

this Laboratory for Cs, Sr, and 

" 3" c Pu indicated that the organ concentra

tions of these nuclides were not different from 

those measured in the US general population of 

similar age. Our results were confirmed by the 

laboratory selected by the plaintiffs for the in

dependent analyses of these tissues. Subsequent

ly, the case was withdrawn from the courts in Jan

uary 1981. 

Whole-Body Analyses 

Analyses have been completed on a whole body 

willed to the USTR. The individual, a former 

employee of the Lawrence Livermore National Lab

oratory, had a significant deposition (>1C0 nCi) 

of Am and died of a malignant melanoma. The 

soft tissues were obtained immediately following 

the death in March 1979 and analyzed soon there

after. The remains were shipped first to the 

University of Washington, Seattle, Washington, for 

storage and then to the USTR in Richland, Washing

ton. The disarticulated skeleton was scraped 

clean of soft tissue and the individual bones were 

weighed, packaged, and frozen. The bones from the 

left side of the body and the even numbered verte

brae were retained by Hanford Environmental Foun

dation, Richland, Washington for further study. 

The remaining bones were shipped to this Laborato

ry for analyses for americium and plutonium. The 

long bones of the arms and legs were subdivided 

into the proximal and distal ends, and the shaft 

was divided into two or more segments so that the 

deposition in the cortical bone of the shaft could 

be compared with the more trabecular bone at the 

ends. Similarly, the vertebrae were subdivided 

into the vertebral bodies and arches. The ribs, 

skull, scapula, clavicle, and pelvis were also 

divided into smaller anatomical pieces. The in

dividual bones of the hands and feet were sepa

rated and identified. More than 250 bone samples, 

including teeth, were individually analyzed for 

?41 

Am. A few bones were analyzed for plutonium, 

but the results were very low and the plutonium 

analyses were discontinued. 

All results have been reported to the USTR and 

a detailed comprehensive document is being pre-

?41 

pared on this case. In general, the Am de

position in the skeleton was distributed as fol

lows: 16 percent in the skull; 15 percent in the 

arms and hands; 8 percent in the ribs, scapula, 

and clavicle; 11 percent in the vertebrae; 2 per

cent in the pelvis; and 47 percent in the legs and 

feet. The highest concentration of plutonium in 

the bone ash was found in the bones of the foot; 

the lowest concentration in the ischium. From 
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these data, distribution coefficients will be 

241 
estimated for the deposition of Am in the 

human skeleton. Additionally, the distribution 

and total soft tissue and skeletal burdens of 

?41 

Am will be compared to jm vivo measurements 

made during the individual's working lifetime. 

Improvements of model parameters for _i£ vivo mea

surement techniques may be possible with these 

data. 

Although this case 1s extremely important in 

our efforts to quantitate the distribution, depo

sition, and retention of americium in the human 

body, it represents only a single case with a 

characteristic set of exposure variables. It 1s 

hoped that several more whole bodies will be ob

tained and analyzed for the total distribution of 

the transuranic nuclides so that the effects of 

nuclide type, exposure parameters, time elapsed 

from exposure to death, and individual biological 

variation and response can be better evaluated. 

Analyses of Human Teeth for Radionuclides 

At the request of the Brookhaven National 

Laboratory, several teeth from natives of the 

Marshall Islands were analyzed for their plutoni-

um, thorium, uranium, and americium content. Only 

uranium was measured in the teeth at statistically 

significant levels (a = 0.05). The exercise was 

noteworthy because of the unexpected difficulties 

that arose in the analyses of the teeth for pluto-

nium and thorium. 

The wet weight of the individual teeth ranged 

from 1 to 3 grams each. The small mass associated 

with the sample indicated that the analytical 

problems probably were not due to the mass of the 

salts remaining after preparing the teeth for 

analyses using our usual wet-dry ashing tech

niques. The separation of the plutonlum and 

thorium by nitrate anion exchange resulted in very 

?42 234 
low recoveries of the Pu and Th tracers' 

that had been added to each tooth prior to the 

analyseSi Subsequent investigations revealed that 

most of the thorium had failed to load onto the 

resin during the first ion exchange separation. 

Analysis of the load effluent successfully ac

counted for the bulk of the thorium. Although 

242 
some of the Pu tracer was recovered from this 

separation, in most cases, the bulk of the pluto-

nium was not recovered from either the load ef

fluent or the resin derived from the original 

separation. The cause of these difficulties es

sentially remains unexplained. 

The analyses for flmericium and uranium in 

these teeth resulted in high tracer yields with 

none of the problems mentioned above. 

More recently, teeth from an occupationally 

exposed worker were analyzed for plutonium using a 

chloride anion ion exchange separation. The 

242 
average recovery of the Pu tracer exceeded 90 

percent. None of the problems mentioned above 

(using the nitrate anion exchange) were observed. 

Natural Matrix Standards for Human Lung and Liver 

Also completed this year was the preparation 

of the Natural Matrix Tissue Specimens (human lung 

and liver) containing "metabolized" plutonium. 

This was a joint effort by our Laboratory, the US 

National Bureau of Standards (NBS), and the Envi

ronmental Measurements Laboratory (EML) to produce 

standards for use by laboratories involved in the 

measurement of plutonium in human tissue. Fresh 

frozen human lungs and livers from the general 
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population were collected by Los Alamos, NBS and 

EML. Diseased organs were not included in the 

collection. The tissues were radiosterilized for 

the protection of laboratory personnel, freeze 

dried, pulverized to a particle size £74 pm diame

ter (to preclude segregation of the final certi

fied, homogenized material), blended with simi

larly prepared tissue from occupationally exposed 

plutonium workers, tested for homogeneity, pack

aged, and certified. In all, 220 kg of liver and 

77 kg of lungs (fresh, wet weights) were accumu

lated. Freeze drying reduced the weight of the 

liver to about 50 kg and the lung to about 16 kg. 

Cryogenic milling was required to reduce the dried 

tissue to the optimium particle size. This di

luent lung and liver tissue was then blended with 

appropriate amounts of similarly processed tissue 

from the exposed plutonium workers to give a re

sulting activity of 1 to 2 pCi per 50 g dry weight 

of sample. 

Because the plutonium in the two plutonium 

workers' lungs and livers remains after many years 

since the initial contaminating event (25 to 30 

years), it seems reasonable to assume the physical 

and chemical forms of that plutonium can be con

sidered "natural." This is not to say that any or 

every contamination situation will result in simi

lar metabolic histories, but we believe these 

specimens will provide the best approximation to 

real-life samples with sufficient plutonium activ

ity in them for statistically significant measure

ments. 

The specimens are now being analyzed by this 

Laboratory and the NBS laboratory for certifica

tion. The certified samples should be available 

for distribution in FY 1981. 
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